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ABSTRACT

This thesis investigates the social development of immature, wild mountain gorillas
(Gorilla gorilla beringei) in the Virunga Volcanoes in Central Africa. Three maturational
phases in the behavioural development and socialisation of primates are discussed infancy,
juvenescence and adolescence. A literature review of behavioural studies on the mountain
gorilla forms a summary of the social structure within which the immature develops.

Twenty-five immature gorillas were observed for a total period of 1500 hours
between September 1990 and December 1992. Attainment of independence from the mother
was a gradual process with the infant playing the primary role in decreasing mutual contact
and association. The overall group activity pattern, namely feeding or resting, exerted a large
effect on the behaviour of the infant. There was some evidence of increased maternal
investment in male infants. Transport by the mother was investigated in detail. Transport
began with the infant ventrally supported by the mother, followed by ventral unsupported
riding, which was gradually replaced by dorsal riding. However, there was some variation
between individuals, with infants of multiparous mothers riding dorsally sooner than first
offspring. Weaning, measured by suckling frequency and mother-infant agonism, was
particularly severe in two infants while it appeared to be very gradual in others, with
increased conflict observed in individuals that were weaned at a younger age.

Total play increased through infancy, began to decrease in the juvenile period and
then increased again briefly during adolescence. Partner preference was examined and
largely supported the prediction that individuals play with like-sized partners of similar age.
The ontogeny of play types was examined. Social play replaced solitary play by the end of
infancy. Rough play emerged later than gentle play and the latter was present at relatively
higher frequencies throughout immaturity. Infant and juvenile males engaged in more
energetic play than similarly aged females, although this pattern was reversed in adolescence
when males more commonly restricted their play to that with young infants.

Immature-silverback association was examined in detail and was found to change
with the age of the immature. Having not exhibited a clear pattern in infancy, a strong
preference for individuals to associate with the dominant male emerged during juvenescence.
Patterns of association were similar in both groups. Adolescent-silverback association was
different between sexes with females preferring the proximity of the subdominant male
during feeding while males preferred to associate with the dominant male.

Grooming by immature gorillas was extremely low in infancy, increasing only
slightly in adolescence. A clear sex difference was evident, even as early as infancy, with
females grooming others more than males did. Self grooming tended to intensify when there
was little grooming received from others.

Sociosexual behaviour first emerged during play in infancy and occurred in both
dorso-ventral and ventro-ventral positions. The actor was usually the older of the dyad.
Later it was seen outwith the context of play, with juveniles initiating more bouts than any
other age class. Heterosexual pairs were most common with female-female dyads the least
frequent. By adolescence the behaviour pattern still bore several differences to adult
copulatory behaviour.

Agonism was rare in immatures as is the case in adults. Displacements were usually
initiated by an older individual and reflected the age-related dominance heirarchy already
reported for immature mountain gorillas.
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CHAPTER ONE

INTRODUCTION

1.1 The development of social behaviour

The study of behavioural development in non-human primates is a useful tool for

building on our understanding of human behavioural development. Humans share many

evolutionary features with non-human primates, including their extended reproductive

period, adolescent sterility, long inter-birth intervals, complex parental care patterns and

proportionately large brains in relation to their body size. These attributes, in addition to

the less complex cultural perspective from which most non-human primates may be

viewed, make them the closest models for increasing our knowledge of the development

of behaviour in humans, although see Hinde (1987) for a discussion of problems

encountered when relating results from non-human primate studies to the human

condition.

Non-human primates exist within a wide array of complex social systems in varied

ecological contexts. The social structure of a group results from a network of social

relationships which are continually changing. A relationship can be considered as a

series of interactions between individuals, varying in frequency and pattern over time,

where each interaction may affect any subsequent interaction (Hinde, 1979, 1983).

During an individual's life, many problems arise both relating to its immediate social

environment and to ecological pressures such as finding adequate food sources or

avoiding predators. The study of behavioural development, and in the present case the

study of social development, must encompass the continual changes in the behavioural

responses of an individual from the prenatal period through to death (Pereira and

Altmann, 1985).
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Socialisation may be defined in slightly different ways depending upon the level at

which development is being explored. McGrew (1977) defined socialisation as "the

process whereby a developing individual interacts with and relates to other group

members who contribute to its eventual adult social competence". However, Fragaszy

and Mitchell (1974) also view socialisation more on a group level with their definition:

"the process by which a new individual comes to play its part in maintaining the life style

of the particular group into which it is born". Poirier (1977) refers to the variety of

definitions used, ultimately defining socialisation as "the sum total of an animal's past

social experiences which, in turn, may be expected to shape future social behaviour".

Whichever definition is adopted, socialisation is a continuing process and would be

expected to differ within each species of primate as a result of the existence of a wide

variety of social systems.

The life cycle of primates can be divided into four developmental stages: infancy,

juvenescence, adolescence, and adulthood. Each of these phases is characterised by an

emphasis on different behavioural patterns. The first three immature phases are outlined

below.

1.1.1 Infancy

Infancy is commonly defined as the period during which the individual is

dependent upon its mother for its survival, although in some primates such as the

Callitrichidae the mother is helped by other group members (Goldizen, 1987). Since

mortality is higher in infants than in any other life stage (Eisenberg, 1981), the

adaptiveness of infants and their caretakers is of utmost importance. During early

infancy the mother is the primary socialising agent. Partly as a result of this, the mother-

infant dyad has been the focus of many primate studies examining various aspects of their

developing relationship, and has resulted in models for the investigation of other dyadic

relationships (e.g. Hinde, 1974 and 1979). The majority of studies detailing infant

development have been carried out on a small number of species in captive conditions

(e.g. Japanese macaques (Macaca fuscata) - Eaton et al., 1985; rhesus macaques
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(Macaca mulatta) - Simpson and Simpson, 1986; patas monkeys (Erythrocebus patas)-

Chism, 1986; lowland gorillas (Gorilla gorilla gorilla) - Hoff et al., 1981a;

chimpanzees (Pan troglodytes) - Horvat and Kraemer, 1981; Indian langurs (Presbytis

entellus) - Dolhinow and Krusko, 1984; owl monkeys (Aotus trivirgatus) - Dixon and

Fleming, 1981). However, several field studies have also contributed significantly to our

knowledge (e.g. Altmann, 1980 - yellow baboons (Papio cynocephalus); Nash, 1978 -

olive baboons (Papio anubis); Berman, 1984 - rhesus macaques; Tanaka, 1989 -

Japanese macaques; Goodall, 1968 - chimpanzees; Horr, 1977 - orangutans (Pongo

pygmaeus); Fossey, 1979 - mountain gorillas (Gorilla gorilla beringei); Gould, 1990 -

ringtailed lemurs (Lemur catta); Morland, 1990 - ruffed lemurs (Varecia variegata);

Clarke, 1990 - howling monkeys (Alouatta palliata); Wright, 1984 - owl monkey and titi

monkey (Callicebus moloch). More recently, research has also focused on 'non

traditional factors' (Berman, 1984) in the mother-infant relationship and infant

independence, such as mating season effects (Worlein et al., 1988), ecological constraints

(Johnson and Southwick, 1987), influence of siblings (Berman, 1992), and interaction of

these factors with the more commonly investigated attributes of mother-infant

relationships, namely infant sex, mother's parity and mother's dominance rank.

Poirier (1972) and Fragaszy and Mitchell (1974) outline three maturational stages

in the behavioural development of primate infants and these are summarised by Gould

(1990). The bonding that is important for later socialisation forms between mother and

infant very early on and takes the form of continuous contact and emotional attachment.

However, these authors suggest that such biological and emotional contact does not

satisfy the infant's need for stimulation once it develops motor and cognitive skills,

leading it to begin an independent exploration of the non-mother environment. For a

review of exploration and play see Baldwin (1986). This second stage also involves the

infant developing appropriate responses to other individuals as it begins to recognise

them, becoming part of the social network of the group while still depending on the

mother to an extent (Fragaszy and Mitchell, 1974). The "peer socialisation" stage is

maturational stage three (Poirier, 1972), characterised by the weaning process and
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diminishing infantile behaviour. Fragaszy and Mitchell point out that this period allows

the repeated performance of many elements of the social behavioural repertoire during

playful interactions with like-sized individuals, as well as the development of sexual

patterns, appeasement gestures and aggressive behavioural patterns.

Trivers (1974, 1985) predicted that conflict will occur between mother and

offspring, with the infant selected to demand more investment than the mother is selected

to provide. This conflict, known as parent-offspring conflict (Trivers, 1974), will occur

when the benefit to the infant's survival is exceeded by the cost to the mother. The

offspring would be expected to demand care until the cost to the mother is more than

twice the benefit to itself since it shares only half its genes with its future sibling. The

period of weaning in mammals is described by Trivers (1974) as one of increased parent-

offspring conflict and has been widely investigated in primates (e.g. Clark, 1977;

Altmann, 1980; Nicolson, 1987; Worlein et al., 1988; Gomendio, 1991;)

1.1.2 Juvenescence

Defined here as being between weaning and sexual maturity (Pagel and Harvey,

1993), the period of juvenescence contributes substantially to the long reproductive

period characterising most primate species (Pereira and Altmann, 1985). However, as

Pereira and Fairbanks (1993) point out, the development of juveniles has been largely

overlooked, with most details arising from studies on social play (e.g. Smith, 1978),

interaction with infants (e.g. Fairbanks, 1990), and acquisition of dominance (e.g.

Chapais, 1992). Studies of other aspects of juvenile relationships have been limited by

the relatively few species on which earlier studies were conducted: mostly macaques,

baboons and vervet monkeys (Cercopithecus aethiops) (e.g. Fairbanks and McGuire,

1985; Johnson, 1987; Janus, 1992; although see also Hiraiwa-Hasegawa, 1989 for

chimpanzees; Watts and Pusey, 1993 for great apes; Crockett and Pope, 1993 for red

howler monkeys (Alouatta seniculus)).

The juvenile period in primates may be viewed as one of ecological risk since the

juvenile must fit into a niche determined by adults when it is smaller and less experienced
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(Janson and van Schaik, 1993). This is substantiated by a comparatively high mortality

rate observed during the post weaning period (e.g. Altmann, 1980).

Pagel and Harvey (1993) discuss three alternative explanations for the evolution of

juvenescence in mammals: that it is a consequence of seasonal breeding constraints and

growth laws (although this does not explain why individuals are the size they are); that

timing of age at maturity is set only by demography and life-history trade offs (e.g.

delayed maturation gives rise to an increased juvenile period and therefore provides time

to acquire skills that will increase reproductive success, although an upper limit would be

set for shorter-lived, small species as they must breed earlier); or that selection for body

size, by providing the juvenile period, enables the evolution of social and behavioural

traits which may further affect age at maturation. Pagel and Harvey (1993) associated the

juvenile period with the reduction in adult mortality which appears to be linked with

delayed maturation and a larger body size.

Juvenescence is a phase during development in which individuals become

increasingly independent and have the opportunity to observe and practice behaviour, to

participate in an increased variety of interactions leading to the formation of new

relationships, and perhaps to develop long-term alliances (Pereira and Fairbanks, 1993),

although Milton (1993) argues that such observation and interaction with experienced

individuals might not always be necessary to attain species-typical behaviour. It is a

period usually characterised by high, although decreasing, levels of play behaviour which

began in infancy, considered to be important not only for the development of motor skills

(Fagen, 1981) but also for the development of communication and social relationships

(Fagen, 1993). However, the function of play is not yet fully understood, a problem

which is not helped by the difficulty in defining play precisely (Fagen, 1981).

Govindarajulu et al. (1993) detail the hypotheses currently prevalent to explain the

function of play. Briefly these are: i) that play enhances physical fitness and develops

other fighting skills with minimal risk of injury; ii) play enables assessment of the

response of others to their behaviour so that they can behave in a manner that serves their

own interests in the best possible way (Fedigan, 1972); and iii) that play may serve the
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purpose of facilitating the development of long term affiliative relationships. However,

some have referred to play as having little or no immediate function even though it may

have some future benefit (Symons, 1978; Enomoto, 1990). Although Govindarajulu et

al. (1993) point to the lack of ontogenetic studies as a possible reason for our lack of

understanding of play, many studies have highlighted interesting factors in primate play

which they have related to individual life histories. Sex differences in frequency and type

of play are commonly referred to, with males often reported as playing more roughly

('play fighting'), and more frequently than females (e.g. Owens, 1975a; Baldwin and

Baldwin, 1977; Wolfheim, 1977; Symons, 1978; Caine and Mitchell, 1979; Biben, 1986).

However, in juvenile common marmosets (Callithrix jacchus, Stevenson and Poole,

1982), common chimpanzees (Hayaki, 1985) and bonobos (Pan paniscus, Becker 1984,

cited in Fagen, 1993) the frequency of play in males and females is equal, while female

red colobus juveniles (Colobus badius) play more than males (Starin, 1990). Fagen

(1993) suggests that variations in food consumption might confound conclusions about

sex differences in juvenile play since play is known to decrease when foraging

requirements are high (Fagen, 1981; Boccia et al., 1988). Fagen (1993) predicts a

decrease in play where demands on nutritional resources increase, specifically during the

growth spurt seen in adolescent males and during pregnancy in young females.

1.1.3 Adolescence

The developmental phase of adolescence begins with the onset of puberty and

continues until the capacity to reproduce is attained (Pereira and Altmann, 1985). This

period of adolescent infertility is associated with several physical and behavioural

changes in development. A spurt in growth around the time of puberty is often

mentioned, although few studies of nonhuman primates have investigated this

phenomenon specifically (Caine, 1986). The change in growth pattern is associated with

the attainment of reproductive maturity, although its relationship to the development of

primary and secondary sexual characteristics differs in males and females (Watts and

Gavan, 1982). At least in chimpanzees (and humans), females grow before menarche and
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males grow after testarche (Caine, 1986). Pereira and Altmann (1985) point out that in

many primate species, females reach puberty earlier (e.g. baboons, Altmann et al., 1978)

and may experience a shorter period of pubescence than males (e.g. mountain gorillas,

Fossey, 1982). It has also been reported that primates which are provisioned or held in

captive conditions attain puberty at an earlier age than those in the wild (Altmann et al.,

1981).

Adolescence is notable for the associated decrease in immature behavioural

patterns. Play is reduced in adolescent individuals (Owens, 1975b; Gard and Meier,

1977; Stewart, 1981; Fagen, 1981; Kraemer et al., 1982; Bramblett and Coelho, 1988).

However, in some cercopithecine species the adolescent reduction in play is greater in

females (Owens, 1975b; Bramblett, 1978, 1980; Caine, 1986) with play more often

involving younger individuals (Cheney, 1978; Caine, 1986). Male gorillas and

orangutans are reported to play more in adolescence than females (Watts and Pusey,

1993) and male play is also likely to be more aggressive (Caine, 1986; orangutans,

Galdikas, 1985). Such sex differences would be expected to occur in sexually dimorphic

species if play is related to attainment of fighting ability (Fagen, 1981; Pereira and

Altmann, 1985).

1.1.4 Great apes

A large part of the literature on social development discussed so far has dealt with

old world monkeys. Few studies have dealt with this topic in the great apes, particularly

beyond infancy (Watts and Pusey, 1993; although see Horr, 1977; Kraemer et al., 1982;

Pusey, 1983; Galdikas, 1985; Goodall, 1986; Nishida, 1988; Kuroda, 1989).

Social organisation varies between species providing different environments for the

development of immature individuals. Chimpanzees (Pan troglodytes) and pygmy

chimpanzees (Pan paniscus) live in permanent 'communities' with a fission-fusion social

system such that the membership of a party depends on factors such as food patch size

and location as well as the presence of reproductively receptive females (Nishida and

Hiraiwa-Hasagawa, 1987). The core of the group consists of a band of adult and juvenile
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males with receptive females (who are usually in consort with adult males). A lactating

female and her infant may not meet up with the core of the group for days at a time

(Goodall, 1986) thereby restricting the socialisation opportunities of infants. Orangutans

(Pongo pygmaeus) lead a semi-solitary lifestyle with the only permanent association

being between a mother and her infant and young juvenile offspring (HoiT, 1977). This

results in the orangutan infant having minimal contact with other individuals since

meetings with other orangutans are relatively rare, although older juveniles and

adolescents are more gregarious than adults (Galdikas, 1985). Gorillas reside in

permanent groups containing several (usually) unrelated females and their offspring with

one or more adult males.

The cohesiveness of gorilla groups means that gorillas provide the ideal opportunity

to study the socialisation of immatures in a stable social environment. The polygynous

social system provides a useful comparison with infant development in other polygynous

Old World primates where adult females are more closely related and the dominance rank

of the immature is related to that of the mother. Little is documented on the social

development of immature gorillas, despite the wealth of knowledge which exists on adult

social behaviour, therefore the present study enabled a closer examination of immature

social relationships.

1.2 Aims of the thesis

I. To describe the social behaviour of immature mountain gorillas both qualitatively

and quantitatively.

II. To document the ontogeny of social behavioural patterns and development of

relationships from infancy through to adolescence.

III. To investigate possible sex and group effects on immature behavioural

patterns and to examine partner preferences in more detail.

IV. To highlight important aspects of social development at all stages of immaturity

in relation to life history strategies.
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Due to the excellent observation possibilities and well documented life-histories of

individuals in the Karisoke research groups, this population provided the best opportunity

to study the development of social behaviour in immature gorillas. Since gorillas are the

focus of the present study their socioecology is described in more detail below.

1.3 Socioecology of the gorilla

Distribution of subspecies

Three subspecies of gorilla are currently recognised. The western lowland gorilla

(Gorilla gorilla gorilla) is the most numerous, estimated at 40,000 (IUCN Red Data

Book, 1988), and ranges within the borders of Cameroon, Equatorial Guinea, Gabon,

Central African Republic, Congo and Cabinda (Cousins, 1978). Although several studies

have detailed the ecology and distribution of this subspecies in the wild (e.g. Jones and

Sabater Pi, 1971; Williamson, 1988), most of our knowledge of their social behaviour

originates from studies in captivity since poor visibility in the forest and the difficulty in

habituating wild groups to human observers has restricted direct observation (Williamson

et al., 1990).

The eastern lowland gorilla (Gorilla gorilla graueri) occurs in many fairly discrete

populations in both the lowland and mountain forests of eastern Zaire, between the

Lualaba River and the western edge of the Albertine Rift (Aveling and Aveling, 1987).

Although habituation of some individuals has been accomplished, as proved by the

renewedly successful tourism programme in the Parc National de Kahuzi-Biega, few

studies concerning the social behaviour of this subspecies have been carried out and

captive specimens are few.

The mountain gorilla (Gorilla gorilla beringei) is the most endangered of all three

subspecies numbering approximately 650 individuals. They occur in two isolated

populations: in the 310km2 Bwindi (Impenetrable) Forest of Uganda; and in the Virunga

Volcano region of Rwanda, Zaire and Uganda, a region which covers approximately

420km2 . The most recent census in 1989 estimated a total of 340 individuals in the latter
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region (Sholley, 1991), suggesting that, in view of previous censuses, this population was

increasing. However, due to the present political situation in the region, the future of the

mountain gorilla in this area seems uncertain. Despite the fact that they are the rarest of

all the subspecies of Gorilla, mountain gorillas have been studied by far the most

frequently, with a long term study by Schaller (1963) followed by continuing fieldwork

which was begun in 1967 by Dian Fossey. The majority of our understanding of their

behaviour has arisen from these studies in the Virunga Volcano region of Rwanda and

Zaire, and the following description of gorilla social organisation originates mostly from

this research.

Social structure

The social organisation of the mountain gorilla is inevitably linked to its feeding

ecology. It is primarily a folivore (cf. the frugivorous nature of western lowland gorillas)

feeding upon abundant, primarily low quality, food species which are densely distributed

(although non-uniformly) across its range (Watts, 1984). Mountaia g,orillas liNe

polygynous, cohesive groups containing several females and their offspring, and typically

one mature adult male silverback (Fossey, 1982; Stewart and Harcourt, 1987) although

38% and 25% of groups in the Virunga Volcano region were discovered to contain

between two and four silverbacks in the censuses of 1978 (Weber and Vedder, 1983) and

1989 (Sholley, 1991) respectively. Group size varies between two and 32 individuals

(Sholley, 1991) and home ranges overlap extensively with each other (Schaller, 1963;

Fossey and Harcourt 1977; Fossey, 1981; Watts, 1983, 1987) as they do in western

lowland gorillas (Jones and Sabater Pi, 1971) and eastern lowland gorillas (Murnyak,

1981; Yamagiwa, 1983, 1986).

Male emigration is common with young adults becoming peripheral and eventually

leaving the group to become solitary or join a 'bachelor' group (Stewart and Harcourt,

1987). Alternatively they may remain in the group of their birth, a tactic which Harcourt

and Stewart (1981) suggest may result in a higher probability of reproductive success if

the male is close to the dominant silverback in infancy and establishes a friendly
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relationship with him during adolescence. Gorillas are unusual among primates in that

they exhibit female transfer between groups (Harcourt et al., 1976), although females

never travel alone (Stewart and Harcourt, 1987). Instead they emigrate to join an

established group or a lone male, with an individual female tending to transfer between

units more than twice in her lifetime (Harcourt et al., 1976). Yamagiwa (1988)

suggested that an all male group might not necessarily be a favourable unit for a female

to transfer to, although he suggests that maturing males may profit from such a grouping

by avoiding hazards that might occur within mixed groups and by gaining protection

during their travel. Adult males have only twice been observed to transfer between

groups (silverback, Shaller, 1963; blackback, Fossey 1981; Harcourt, 1978a).

Individual strategies that maximise reproductive success are different between male

and female gorillas with the female's decision to transfer making the greatest contribution

to her future reproductive success (Yamagiwa, 1988). It was suggested by Fossey (1982)

that female transfer was linked to the fact that their rank was determined by the order in

which they were acquired by the silverback, with longer residence conferring higher

dominance rank. By transferring to another smaller unit, a low ranking female would

immediately assume a higher rank than previously. Watts (1994a) points out that

transfer is not ecologically costly for female mountain gorillas although this in itself does

not explain why females transfer (cf. Stewart and Harcourt, 1987; Pusey and Packer,

1987; Wrangham, 1987). Food availability, which influences the female's reproductive

condition, depends upon the leader male's knowledge of food resources in their range

(Yamagiwa, 1986). However, Watts (1994a) suggests that this residence by female

mountain gorillas reflects their choice of males rather than their choice of habitats.

Nulliparous females tend to transfer more often than do multiparous females (Harcourt et

al., 1976) and they remain with a particular male for a prolonged period after parturition

(Harcourt et al., 1981).

Although overt aggression is rarely seen within a bi-sexual group, there may be

fierce aggression between silverbacks during an inter-unit encounter (Harcourt et al.,

1976; Harcourt, 1978a; Fossey, 1984). The level of aggression may depend on whether
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the interactions are between established groups or involve lone males or newly formed

groups (Yamagiwa, 1988). 'Herding' of the females by the mature male is often seen,

especially in newly -formed groups, and is particularly intense in the case of proceptive

females and potential migrants (Sicotte, 1993). Infanticide may occur during inter-unit

encounters (Fossey, 1984; Watts, 1989), although it is rare relative to the frequency of

such encounters (Watts, 1989). Rather it is more likely to occur when the mother is not

accompanied by a mature male (Watts, 1989). This may help explain why most females

tend to transfer to other units if the lead silverback dies, even if a young silverback

remains in the group as the new leader (Fossey, 1981, 1983).

Adult intra-group relationships

As a result of female emigration and transfer, relatedness among females in a group

of gorillas is usually low (Harcourt, 1979a). Affinitive behaviour between most females

is rare and their relationships have been described as those of mere 'tolerance', with much

of their time together resulting from their simultaneous proximity to the leading male

(Harcourt, 1979a). However, among some unrelated females 'friendships' may develop

that can last for years although most do not have friendly relationships (Watts, 1994b).

Watts (1994b) has demonstrated that related females residing together show biases, which

are particularly strong between close maternal relatives, in association, tolerance, friendly

behaviour and aggression that favour one another over non-relatives. Although food as a

resource is plentiful, females do compete over food (Watts, 1985a; Harcourt and Stewart,

1989) with contests occurring at a rate directly proportional to group size (Watts, 1985a).

It has been established that although interactions are infrequent, linear displacement

heirarchies do exist between females (Watts, 1985a) supporting the conclusion of

Harcourt (1979a) that dominance heirarchies seem to exist. Alliances and help in

contests occur more frequently between kin than non-kin (Stewart and Harcourt, 1987,

Harcourt and Stewart, 1989).

Harcourt (1979b) reported that females spend more time near the mature male than

near a resident blackback. Furthermore, females with young infants spent a greater
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proportion of time near the silverback than females without, with an initial increase in

proximity being associated with the birth of the new offspring. When in oestrus, females

also spend more time in proximity to the lead silverback (Harcourt, 1979c). In bi-male

groups the result of a female being proceptive has been shown to result in the lead male

playing a greater role in the maintenance of their mutual proximity than in his

relationship with non-proceptive females (Sicotte, 1994). Adult males are clearly

dominant to adult females (Schaller, 1963). This is not surprising, considering the extent

of dimorphism between the sexes.

Adult males in the same group are likely to be related (Harcourt, 1979c; Harcourt

and Stewart, 1981; Stewart and Harcourt, 1987) since this situation usually results from

adolescent males failing to transfer rather than male transfer between groups (see

Harcourt, 1978a; Fossey, 1981). Relationships between adult males in mixed sex groups

have been reported to be consistent between groups only in that the mature male is

dominant over the younger ones (Harcourt, 1979c), although more recently the change of

ranks between silverbacks in one of the study groups would seem to challenge this idea

(personal observation). Sicotte (1994) reported that where dominance between the two

was clear, aggression directed between males was hi-directional while submission was

unidirectional, with the dominant individual never submitting to the sub-dominant

individual. Harcourt (1981) suggests that male gorillas compete for permanent access to

females rather than for access only during oestrus. This view is further substantiated by

the fact that antagonistic behaviour between males is not significantly higher during

oestrus days than anoestrus days (Sicotte, 1994).

Reproduction

It is not known at what age wild male gorillas become fertile, although they show

what appear to be full copulations by 9-10 years and they are fully grown by the age of

15 years (Watts, 1991a). Females give birth to their first infant, on average, at the age of

10 years (Harcourt et al., 1980; Watts, 1991a) having reached menarche at approximately

6.3 years (Watts, 1991a). Mature females do not show reliable physical changes when
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they are receptive, although a slight labial swelling is usually evident in adolescent

females. The female becomes sexually active for only one to three days (Fossey, 1982)

in each 28 day (median) menstrual cycle (Harcourt et al., 1980, 1981; Watts, 1991a) and

she usually solicits copulations by approaching the male (Fossey, 1982; Harcourt et al.,

1981).

There is no breeding season in gorillas and the overall sex ratio of births is 1:1

(Watts, 1991a). Interbirth intervals are long; the median interval between surviving

births has most recently been stated as 3.92 years, apparently not varying in relation to

the sex of the previous offspring (Watts, 1991a). There does not seem to be an increase

in the length of the interbirth interval with age of the mother (Stewart, 1988; Watts,

1991a). The highest number of surviving offspring for a female is reported to be at least

eight (Watts, 1991a).

Females with young infants have a period of about three years of lactational

amenorrhea (Fossey, 1982; Harcourt et al., 1981) before resumption of the oestrus cycle.

Stewart (1988) reported that the frequency of suckling is the major factor influencing the

resumption of cycling in gorillas.

Immature relationships

Several studies have focused on immature behaviour in captive lowland gorillas

(Redshaw and Locke, 1976; Hoff et al., 1981a, 1981b, 1983; Meder, 1990;) although few

studies have addressed the behaviour of immatures in the natural situation (but see

Fossey, 1979; Stewart, 1981; Watts, 1985b; Watts and Pusey, 1993). Most deal with the

problem in a primarily qualitative fashion with quantitative data on several aspects of

behavioural development (e.g. maternal transport, grooming, sociosexual behaviour,

infant-silverback relationship, agonism, sex differences in development) still lacking. It

is the purpose of this work to fill some of these gaps.
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1.4 Layout of the thesis

Methodology is described in detail in Chapter Two. Chapter Three describes the

ontogeny of the mother-infant relationship in mountain gorillas and the development of

independence of the infant. This is followed in Chapter Four by a description of

behavioural development in the infant, including solitary and social play, and its further

socialisation involving group members other than the mother. Chapter Five examines

the period of juvenescence when the individual is independent of its mother, and is

concerned with the continuing formation and development of social relationships.

Chapter Six explores the adolescent waning of social interactions as individuals approach

maturity and is followed in Chapter Seven by a general discussion of the findings.
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CHAPTER TWO

METHODS

2.1 Study area

The present study was conducted in the central Virunga volcanoes, an area of afro-

montane forest located at approximately 30 0 east and 10 south. The study area was

situated in part within the Parc National des Volcans of Rwanda and partly in the Parc

National des Virungas of Zaire (Figure 2.1). Research was based from the Karisoke

Research Centre and extended over the ranges of two habituated gorilla groups, a total

area of approximately 25 km2.

Vegetation varied over the ranges, particularly at different altitudes, from bamboo

stands near the border of the Parc National des Volcans at altitudes of c. 2680m, through

saddle areas of Hypericum and Hagenia woodland with dense, lush undergrowth, to

herbaceous zones with few trees but thick undergrowth (c. 3000m), areas of dense nettle

cover (mostly Urtica species) and to where, at higher altitudes (> 3700m) on the slopes

of Bisoke, there was less herbaceous ground cover with the presence of giant Lobelia (L.

stuhlmannii) and giant Senecio (S. johnstonii) in the afro-alpine zone. Detailed

descriptions of the vegetation, climate and geology can be found in Schaller (1963),

Spinage (1972) and Watts (1984). Where ground cover was dense, visibility was

restricted to around 5 m. This was presumably also the case for the gorillas although

vocalisations could carry much further.

Rainfall varied throughout the year, with a long rainy season between September

and January and a short rainy season during March, April and May. Average temperature

and rainfall variations for the area can be found in Watts (1991b).

The gorillas in the present study shared their habitat with several other large

herbivorous mammals, notably African buffalo Syncerus caffer, Bushbuck Tragelaphus
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scriptus, Black-fronted duiker Cephalophus nigrifons and African elephants Loxodonta

africana. Feeding competition between these species seemed to have little effect on the

gorillas (Plumptre, 1991).

2.2 The study population

The present study population comprised, in total, approximately one sixth of the

total Virunga Volcano gorilla population. Demography of three groups, Group 5,

Beetsme's Group and Bilbo's Group, can be traced back to 1967. Bilbo's Group

contained five adult males and was not observed during this study. Ages of all

individuals born since 1967 are known and extrapolation from these provided estimated

ages of gorillas that were already present.

2.3 Study individuals

The immature population of the Karisoke research groups comprised 19 subjects,

each less than 8 years, at the beginning of the study. Each of these individuals was

observed regularly to provide the largest cross sectional analysis possible. In addition,

data were collected from five infants born during the study period and one adolescent

female immigrant making the total number of immature subjects 25 (Table 2.1).

2.3.1 Age classification

Infancy in mountain gorillas is defined in this study as age 0-3 years after which an

infant would be expected to survive without its mother (Fossey, 1979). Juveniles were

classed as 3-6 years; weaning is usually completed between 3 and 4 years of age.

Immature gorillas between 6 and 8 years were classed as adolescents. During this period

a young adult female would usually experience her first sexual swelling. Recently, Watts

(1991a) suggested that the average age of menarche is at an earlier age than 7-7.5 years

as previously assumed by Harcourt et al. (1980). Rather, the median age is now
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suggested to be closer to 6.33 years. Beyond this there is a period of sterility of

approximately two years with the median age at first parturition as 10.05 years (Harcourt

et al., 1980).

Adult males do not become sexually mature until much later than females at 14-15

years and were classed as blackbacks from 8-13 years. Subsequently, as sexually mature

males, they were known as silverbacks.

2.3.2 Demographic changes

During the study period there were nine births, (two female, seven male), two male

infant deaths, two female immigrations and one female emigration. Neither infant death

was a suspected infanticide. These demographic changes are summarised in Table 2.2.

2.4 Field methods

During July and August 1990 I learnt to identify individual gorillas (firstly by their

noseprint and later by more general attributes), the gorilla ethogram was familiarised,

pilot studies were carried out and data collection techniques were perfected. Before

beginning data collection in September 1990 I was comfortable and competent moving

within the groups.

2.4.1 Daily observation

Karisoke research groups were tracked daily by experienced trackers, accompanied

or unaccompanied by researcher(s), from the area they were last seen the previous day to

their night nests and then to their present location. Night nests were both checked for any

signs of abnormal dung (a sign of illness or fear) or blood (an indication of miscarriage

or birth), and counted to check that all group members had been there the previous night.

If researchers were not present trackers remained with the group for up to four hours. A

brief daily report was then completed by the tracker detailing foods eaten, other animals

sighted, area and distance travelled and any signs of poaching in the area.
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The tracker(s) would normally remain outside the group when a researcher was

collecting data, thereby creating minimal disturbance to the gorillas. Usually, once the

researcher(s) had entered the group, the gorillas would continue feeding or resting as if

the researcher was not present. Only very rarely were there more than two researchers at

a group on any one occasion.

2.4.2 Observation periods

Initially, focal samples of varying lengths were tested within a group: 'A hour, 1

hour, 2 hours. It was found that a 2 hour period allowed for more continuity of data

collection, thereby giving a better impression of what was actually happening in the

group as a whole. However, it was eventually decided to extend the focal sample for as

long as possible (normally 5-6 hours) for many reasons:

(1) Often the gorillas were spread over a large area (up to 100m 2 ) and each time it

was necessary to find a new subject it could take between 10 minutes and 11/2 hours to

locate the individual, thus wasting valuable field time.

(2) Gorillas spent the majority of their time feeding, resting and travelling. The

longer the observation period, the greater was the likelihood of encompassing all activity

patterns in relative proportions into the focal sample.

(3) A better idea of the overall behaviour of an individual and its relationships with

other group members could be gained.

There were, of course, disadvantages to this method of 'one day, one focal

individual', the most obvious being that if on a particular day the group met with unusual

circumstances, e.g. met a neighbouring group, the behaviour of all individuals could be

drastically altered. During such an encounter data collection would cease and the focal

sample, if not adequate, would be repeated where time allowed within a few days. Other

disadvantages of this technique were created by particularly rainy days where play could

be rare or totally absent, difficult terrain which made it virtually impossible to keep a
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particular individual in sight, and the subject's mother being proceptive on a focal day.

Therefore, to remove the possibility of obtaining erroneous results, data collected on such

days were either treated separately or excluded from the analysis if it was felt that

external conditions were extreme.

2.4.3 Timing of daily observation

From the short pilot study it was discovered that a major rest period would rarely

begin before 0900hrs local time. A rest period (siesta), when the majority of the group

settled to let their food digest and infants had an increased chance of being near other

immatures, lasted up to three hours. The aim was to incorporate resting time into any

observation period. Therefore, data collection usually began between 0800 and 0900hrs

(although it occasionally began as early as 0715 or as late as 1000hrs depending upon the

distance the group was situated from the Karisoke Research Centre). Observation periods

ended at approximately 1400hrs to allow time to return to the research centre and process

data.

2.4.4 Rotation of subjects

Subjects were observed, as far as possible, once per month for a period of

approximately five hours. Rotation of subjects was based on date of birth and each

subject was observed at approximately 1/2, 11/2, 21/2 ... 241/2 ... 381/2 months so that data

were comparable between individuals of any particular age. If it was not possible to

collect data throughout an entire month priority was given to an individual representing

an age/sex group with fewer data points whose birth date also corresponded to the time of

the month. Occasionally if data collection had been particularly scarce in any one month

(e.g. due to evacuation of camp) two individuals were observed on one day, resulting in

approximately four hours of data per focal subject. Figure 2.2 shows the distribution of

data-months by subject. In a four hour observation period, if positioned correctly in the

day, it was also possible to get a relative proportioning of rest and feed periods, similar to

that gained in a usual day.
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2.4.5 Data collection during the study period

Data were collected in September 1990 before evacuation of the Karisoke Research

Centre due to the outbreak of war in the country. Research resumed in March 1991 and

continued through November 1991, and then from January 1992 to December 1992.

Although fieldwork was originally planned to finish in June 1992, the length of the study

was extended to compensate for frequent war-related stoppages, in order that sufficient

data were collected to examine the population in cross section as well as concentrating on

individual development. The extended data collection data period was useful in

facilitating observation over a greater period of development, but was frustrating since

subjects could not be observed every month, and sometimes periods of development that

were considered important were missed.

2.5 Recording methods

2.5.1 Equipment used and sampling methods

Data were collected by two methods, both using focal sampling techniques

(Altmann 1974). Continuous sampling of behavioural patterns was facilitated by a hand

held computer, model: DIP Pocket PC. The program used was written especially for

behavioural data collection (Marsh, 1991) and enabled three different subdivisions of

data recording to continue simultaneously. The first subdivision was used to collect

continuous data (e.g. play, grooming) enabling the recording of exact durations of

behavioural patterns between individuals while maintaining the sequence of events.

Discrete data (e.g. approaches, vocalisations) were recorded in the second subdivision

and used to calculate frequencies. In addition, I incorporated the recording of durational

data from a second individual into this subdivision for the case where, for example, the

subject was grooming one individual and was simultaneously in contact with another.

The third subdivision was used to record the activity pattern of the focal individual and

the group, in a form which incorporated whether or not it was raining, for every insertion
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of information into the previous two subdivisions. Appendix I shows a printout from

Mbuni illustrating data in their original form.

Instantaneous point sampling at five minute intervals was used to describe spatial

distribution of individuals. Every individual within 5 m of the subject was recorded as

being within a certain distance category of the subject. It was not possible to incorporate

this into the computer programme without disturbing start and finish times of continuous

recording. Therefore, spatial proximity was recorded verbally by means of a dictaphone

and stopwatch, enabling both methods to work simultaneously. In the event of temporary

breakdown of the dictaphone spatial proximity was recorded by hand.

Stopwatch and dictaphone comprised the back up system for the odd occasion that

the computer ceased to function. This method was just as accurate, although it took

several hours to transcribe and enter data into the computer.

Since the study groups were habituated to observers a researcher could usually

observe a subject from a distance of approximately 5 m. The presence of other gorillas

nearby or mass movement of the group occasionally obstructed the view of a particular

individual. In this case time lost was recorded as 'bad observation' and was withdrawn

from analyses.

2.5.2 Behavioural categories

Behavioural patterns were defined as being within distinct categories for recording

purposes. These are described below.

Proximity measures:

An individual was judged to be at the following distances from nearby individuals:

i) in contact; ii) within 1 m but out of contact; iii) within 2 m but >1 m; iv) within 5 m

but >2 m; v) beyond 5 m. Any category within 2 m was considered to be a measure of

close proximity and one necessitating a high degree of tolerance since individuals were

usually within touching range. Where vegetation was dense five metres was often the

maximum range within which I (or a gorilla) could visually determine the presence of a
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particular individual, and those individuals within this range were considered to be 'in

association' with one another.

Approached/approached by:

The subject approached, or was approached, to within 5 m (from >5 m to <5 m, but

>2 m), within 2 m (from <5 m to <2 m, but >1 m), or within 1 m (from <2 m to <1 m) by

another individual. No such approaches were recorded during group travel, travel/feed

periods or sudden group movement (e.g. aggression by silverback, fleeing).

Left/left by (departure):

The subject left, or was left by, another individual from a distance of within 1 m to

between 1 m and 2 m; from less than 2 m to between 2 and 5 m; and from less than 5 m

to greater than 5 m. No such departures were recorded during group travel, travel/feed

periods or sudden group movement.

Carried/carried by:

Subject transported, or was transported by, another individual from one place to

another. An individual could be carried in many ways including dorsally (holding on to

transporter's hair), ventrally and supported (transporter then supported the individual with

one hand while walking tripedally) and ventrally unsupported (the individual clung to the

transporter's ventrum). An infant could also be carried while sitting on its mother's head

or while clinging sideways between her dorsal and ventral surfaces. Other methods of

carrying are described in Chapter Three.

Followed/was followed by:

Subject moved in the same direction as another individual (or vice versa)

subsequent to the other's initiation of movement in that direction. The 'follower' was

within 5 m of the individual at the start of the travel initiation.
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Rumpclung:

Subject held on to the rear portion of another's body during travel, while

locomoting on two legs. This was common among infants when they were first

prevented from riding on their mother's back but also occurred between other age classes,

particularly adult females on silverbacks as a means of the former appeasing the latter.

Sat with..

Subject was stationary with a fairly large proportion of body surface in contact with

another individual. This could occur when feeding or resting and included the sitting of

infants on their mother's hip, head, foot, back or ventrum.

Embraced/embraced by:

Subject held, or was held by, another individual against the actor's ventrurn by

enclosing the other with its arms while stationary. This did not apply to a mother holding

her infant up to her breast to suckle.

Restrained/restrained by:

Subject held tightly, or was held by, another individual so that the recipient could

not break free from contact.

Retrieved/retrieved by:

Subject recovered, or was recovered by, another individual to reduce the distance

between them. This usually occurred between an infant and its mother when the mother

wished to groom or carry off the infant and could involve the 'retriever' moving a few

metres towards the other to initiate the contact.

Displaced/displaced by:

Subject was approached by, and subsequently departed from, another individual as

a result of its approach (or vice versa). The approaching individual often gained some
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resource, e.g. food, resting spot, cover from rain, even a preferred place in travel, and the

displacement could be silent or involve agonism between the individuals.

Groomed/groomed by:

Individual manipulated the hair of another with its fingers and lips in search of

ectoparasites. Groomed self was a form of grooming where the subject was involved in

the manipulation of hair on its own body.

Play. This consisted of various types:

(i) Rough and tumble: Subject engaged in energetic play, involving biting and

grappling, with another individual. This kind of play, sometimes known as 'play-fighting'

was usually accompanied by a 'chuckle' vocalisation and an open-mouthed play face.

(II) Chase (approach-withdrawal play): The present definition is used to encompass

play as follows: i) where subject and partner ran after one another through undergrowth

and up and down trees; ii) where individuals ran towards and away from each other; and

iii) play where immatures would climb up and down trees, swinging with occasional brief

physical contact (sometimes known as 'parallel play'). This play alternated with rough

and tumble play or occurred in isolation.

(III) Sparring: This type of play involved two individuals sitting or standing face to face

and hitting each other in the head/shoulder region with one hand after the other. This

was almost always accompanied by an open-mouth play face.

(iv) Gentle play: Individuals engaged in this activity were usually of unequal size or

both were infants. Qualitatively, although it was not analysed as such, gentle play

involved two major types:- i) both individuals would 'grapple', very slowly with gentle

biting of limbs and extremities and generally roll around in the vegetation - a form of
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play similar in its movements to rough and tumble play but much slower, less rough and

infrequently resulting in a chuckle vocalisation; or ii) one individual, usually the larger,

played a greater part in the play, for example, between mother and infant. The 'actor'

would also receive gentle biting from the 'recipient' but this appeared to result in a less

successful tickle than in the reverse direction. When the interactants were of different

size and strength the larger individual was, for the most part, the actor and the smaller

was largely the recipient of this gentle biting and rolling play.

(v) Rest play: Between bouts of play, particularly when the play was energetic or rough,

individuals rested for several seconds before continuing. At this point they usually sat

close together, glancing frequently at their partner in anticipation of the play restarting.

(vi) Play-on: This gentle rolling around of a young infant on an individual's back or

ventrum (usually its mother's or sibling's), waving its arms around, was characteristic of

early play before the infant left the proximity of its mother to play with other immatures.

(vii) Extremity play: The young infant subject playfully bit the fingers and toes of its

mother while she paid little or no attention during resting. This often occurred

intermittently with 'play-on' the mother.

(VIII) Solitary play: Subject swung from branches, pirouetted, slapped vegetation, rolled

on the ground, patted objects and chestbeat. The subject seemed to have no interest in

any other individuals nearby and no other individual appeared interested in the subject.

Solicited/solicited to play:

Subject encouraged, or was encouraged, to play by another individual by means of

chestbeats, slaps on the vegetation/the ground/the other individual, running toward and

away from the other, mock-biting the other, eye contact and jerky movements away as if

beginning to chase.
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Mounted/mounted by:

Subject climbed onto another individual either ventro-dorsally or ventro-ventrally

and clasped the other round the middle. This usually involved thrusting against the

recipient. This behaviour was considered sociosexual as it was similar to adult sexual

behaviour and was often associated with an erect penis in a male. It occurred both within

and outwith play bouts and between all age-sex classes.

Explored:

Subject broke contact with the mother and walked clumsily over the vegetation,

crawled along branches that were just off the ground and touched and mouthed objects in

its immediate environment. This did not incorporate play or feeding, but rather the

interest in objects and substrates around the individual. Subject was always within 5 m of

the mother and more usually within 1 or 2 m. Frequent returning to the mother to

momentarily regain contact before breaking it again was usual.

Peered at/peered at by:

Subject looked closely at the face of another individual (or vice versa), often while

in contact. This behaviour usually occurred either when the recipient was eating

something strange or seemingly 'desirable', if the recipient was acting in an unusual

manner, or between two individuals who rarely associated. It could, however,

accompany fairly usual behavioural patterns such as grooming. Such behaviour often

received a rebuff

Display behaviour:

Many behavioural patterns were included in this category. They included chest

beating, hitting of objects, slapping of vegetation, kicking of others, strut stances,

inturned lips and glance avoidance, strutting and running through the group, dragging
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various type of vegetation past others, hitting other individuals and swinging the head

from side to side with or without a leaf in the mouth.

Vocalisations. Several types were recognised:

(I) Belch grunts: Subject vocalised with deep rumbling; usually a disyllabic vocalisation

which was associated with approach of an individual and seemed to signify 'it's okay'.

This vocalisation would also be heard from adults if an infant had lost its mother and was

distressed, and also after tense periods in the group.

(n) Pig-grunts: A sharp cough sound repeated several times and with varying intensity

depending on the seriousness of the situation. This was associated with an irritated

individual and was used widely.

(iii) Whimper: A high pitched whining vocalisation used almost invariably by infants

when they were distressed.

(iv) Appeasement: An extended, tuneful 'humming' vocalisation which consisted of

many inhalations and exhalations.

(v) Chuckle: A vocalisation which consisted of many short inhalations and exhalations

created with the mouth wide open. This could be continued for several minutes during

play.

(vi) Singing: An individual created a humming sound that varied in pitch and often

continued over a period of minutes. This was associated with the eating of apparently

'desirable' foodstuffs, especially if they had not been eaten for an extended period of time.
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Bad observation..

This was recorded continuously where the behaviour of the subject was obscured

for any reason, either when the subject was no longer in view of the observer or when

other individuals with whom it was interacting were obscured or unrecognised. It was

also recorded during instantaneous sampling when the proximity of nearby individuals

was unclear for similar reasons.

2.6 Data manipulation and statistical analyses

In total, approximately 1500 hours of data (excluding periods of 'bad observation'

where the subject was out of view of the observer) were amassed.

2.6.1 Presentation of data

Continuous data -frequencies and durations

Data in the original form (Appendix I: subdivisions 1 and 2) were transformed

using a Fortran programme to provide actual durations for each recorded incidence of

behaviour that occurred. These were then sorted by focal individual, age, behaviour and

recipient to provide total frequencies and durations per day. Using the total period of

observation per individual per day (excluding periods of bad observation) it was possible

to calculate the median frequency per hour, median duration per hour, and median

proportion of total observation time for a specific behaviour type, at each age for each

focal individual.

Data points from individuals were available on a month by month basis from as

many individuals as was logistically possible. To illustrate the ontogeny of a behavioural

pattern data were grouped in two possible ways:-

I. By month: the median value was taken from the range of values

provided by all individuals at any one age and used to illustrate

the detailed progression of a behavioural pattern.
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II. By 'age-range': where the interval used to describe the changing

behaviour was three months. In this case care had to be taken to avoid

pseudo-replication. For each individual, the median value of scores

derived from all observation months during the three month period was

calculated, thereby providing one resultant score for each individual which

was most representative of the age-range. Subsequently, to

investigate the general trend in the population, the median value of

individual scores was used for each three month category.

The second method was most commonly used and increased the number of

individuals who were represented by each median point, since not every individual was

observed every month.

Instantaneous data - spatial proximity

Spatial proximity data were entered onto a computer at the research centre. At the

end of the study they were manipulated using a database (Oracle) into a form in which

they could be analysed. Intervals were divided into separate categories, according to

whether the majority of the group were feeding or resting and whether or not it was

raining, and each category was treated separately. Data were analysed in the form of the

median number of intervals per half hour in which a certain individual was at a particular

distance from the subject, for any given age of the subject. Data were then presented as

the median rate of sample points per half hour, giving a maximum of six, or as a

proportion of, for example, time spent out of contact.

It was not considered that auto-correlation was a problem in the present study since

five minute intervals were long enough that the spatial pattern of the gorillas could, and

often did, change completely within the distances considered.
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2.6.2 Rain as an influencing factor on behavioural patterns

It is widely known that bad weather can influence the behaviour of primates and

play may be depressed in gorillas (Stewart, 1981), who tend to sit motionless in heavy

rain until it ceases (e.g. Schaller, 1963). In order that this phenomenon was taken into

account the incidence of each behaviour pattern was first tested for its correlation with

the occurrence of rain in each observation period, both for individual subjects and over

the entire data set. If this produced a significant correlation then appropriate action could

be taken involving retesting after the removal of days where rain had persisted during a

high level of sampling intervals. This method was repeated at gradually decreasing levels

of rain until there was no difference in behaviour from that recorded on rainless days.

The cutoff level was discovered to be where rain occurred during more than 15% of

sampling intervals. However, a limitation of this method is that it did not take into

account any effect of rain previous to, and subsequent to, the observation period that may

have affected the overall behaviour during a particular day or season.

2.6.3 Analysis of data

Data were analysed using nonparametric statistics (Siegel and CasteIlan, 1988)

since sample sizes were small and data did not approximate to the normal distribution.

Analysis was performed on a Mainframe system (CMS/UNIX) using the statistical

package SPSS. Medians were used to describe behavioural patterns and the three most

commonly used statistical tests are described below.

I. To test for a difference in the occurrence of behavioural patterns between two

groups a Wilcoxon matched pairs signed ranks statistic was used. The statistical package

automatically corrected for ties and presented the statistic as a Z value. Data points were

matched by age of the individual.

II. Where more than two categories were tested for differences, a Friedman two

way analysis of variance by ranks was employed (X2).

III. Relationships between behavioural patterns and age were evaluated using

Spearman's rank correlation coefficient (rs).
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The level of significance at which the null hypothesis was rejected was set at

p<0.05. All tests were two-tailed unless otherwise indicated.

The following chapter begins the investigation of mountain gorilla social

relationships with a detailed examination of mother-infant interactions.
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CHAPTER THREE

DEVELOPMENT OF THE MOTHER-INFANT RELATIONSHIP

3.1 Introduction

The development of mother-infant relationships is fairly consistent across primate

species (e.g. Altmann, 1980) although for gorillas, qualitative descriptions detailing their

progression over the period of infancy are sparse (however see Schaller, 1963; Fossey

1979; Stewart 1981; Hoff et al., 1981a and 1981b). This lack of data is partly due to the

long period of infancy in gorillas and the small size of groups - there are usually only a

few infants present within a group at any one time.

It is often found that female primates (and indeed females of other mammals) invest

more time in their male offspring than in female offspring, a difference that may be

explained by the more variable reproductive success that is predicted for males of

polygynous species (Clutton-Brock, 1988). In gorillas a male has the choice of

remaining in his natal group and challenging the leadership of the existing silverback;

remaining alongside the resident silverback (if he is tolerated by the latter); or he could

leave the group and become solitary (or perhaps join a bachelor group). Conversely, a

female is fairly assured of transfer into a group whereupon she may reproduce. The 1:1

birth ratio of males and females (Watts, 1991a) is also not reflected in the composition of

reproductively active adults in groups, further substantiating the case that, in gorillas,

males have more variable mating success. This hypothesis was tested by examining

whether a mother with a male infant would invest more time in her offspring than a

mother with a female infant.

Some factors which may affect the mother-infant relationship and infant

independence in certain species would not be expected to have the same influence in

gorillas. Mating season effects on infant independence seen in Japanese macaques
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(Worlein et al., 1988) cannot be investigated since there is no mating season in gorillas

(Watts, 1991a). Similarly, predation would appear to be a minimal risk for mountain

gorillas and is not taken into account as a factor in determining infant independence.

However, the mother-infant relationship in a wild group might be expected to differ from

that in a captive group due to the effect of increased available social time on the mother-

infant relationship, as the relatively short time spent feeding in captivity is unlikely to

restrict resting time or social time, even during lactation (cf. Altmann, 1980; Dunbar and

Dunbar, 1988).

More commonly explored factors such as the parity of the mother are expected to

have an effect on the developing mother-infant relationship. Of those mothers that were

multiparous all had female infants. This thereby precluded the complete separation of

infant sex and mother's parity in this study. It is aimed to incorporate both possible

factors into discussions of the results. Although dominance rank of the mother has been

seen to affect mother-infant relationships in some species - see reviews by Berman (1984)

and Nicolson (1987) - it is not taken into account in the present study due to its subtle

nature (Watts, 1985a).

The aim of this chapter is to examine, qualitatively and quantitatively, the ontogeny

of the mother-offspring relationship through infancy from complete dependence to

weaning.

3.2 Contact between mother and infant

Contact between primate mothers and their offspring has been shown by numerous

deprivation studies to be highly important during the early months of life if adverse

effects on the development of the infant are to be prevented (e.g. Harlow and Harlow,

1965). Although reports detailing time spent in contact in free living primate infants are

few, the first break in contact between mother and offspring has been observed to be

particularly late in apes compared with other primates (Nicolson, 1987), due largely to

interspecific differences in rates of growth and maturation.

38



The dynamic nature of relationships (e.g. Hinde, 1983) and theories of parent-

offspring conflict (Trivers, 1974) make it interesting to investigate the respective roles of

mother and infant in the decrease of their mutual contact time. Two broad ideas exist

about the pattern of the reduction of contact time: that independence is facilitated by the

mother rejecting the infant and, that the infant's maturing motor and social skills lead to

its increasing exploration of the non mother environment (Nicolson, 1987).

Mother-infant contact and proximity have previously been investigated in mountain

gorillas by Fossey (1979) and Stewart (1981). However, neither author took account of

the importance of group activity which has been observed to have an effect on social

behaviour (Harcourt, 1978b). This section investigates the pattern of contact between

mother and infant gorillas and their individual roles in the maintenance of physical

contact.

3.2.1 Duration of contact

The age at which individuals were first observed to break body contact with their

mothers did not vary much. This usually occurred in the fourth or fifth month although,

at this stage the usual duration of separation was only a few seconds. In general infants

spent their first six months of life almost constantly in contact with their mother

irrespective of group activity (Figure 3.1). Beyond this age the median rate of mother-

infant contact decreased rapidly, particularly during feeding periods. Median contact

time reached a fairly constant level of less than 2.5 minutes per half hour (8% of feeding

time) by the age of two years. Above the age of 33 months individuals spent a negligible

amount of feeding time in contact with their mothers.

The decrease in median contact time during rest periods was less severe (rs = 0.232,

n = 12, p<0.05) compared to the very significant decrease during feeding (rs = -0.942, n

= 12, p<0.0001). Contact beyond the age of nine months varied between 32% and 77%

of resting time. Despite the variation in pattern of contact between feeding and resting

time there was not a statistically significant difference (Z = -1.682, n = 12, n.s.).
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Sex differences

The comparison of male and female infants' contact with their mothers showed

slightly higher scores for females in contact than for males during feeding periods

between six and 12 months of age only (Figure 3.2a). Beyond this, female-mother

contact decreased sharply, resulting in less than 26% of feeding time in contact between

15 and 36 months of age. Male-mother contact decreased rather more gradually and did

not reach this level until 24 months. They exhibited a consistently higher median contact

rate than females after the age of 12 months though, overall, this difference did not quite

reach statistical significance (feeding, Z = -1.836, n = 11, n.s.).

During rest periods the situation was somewhat reversed with females tending

towards a higher rate of contact than males for the most part (Figure 3.2b, resting, Z = -

1.362, n = 11, n.s.). Throughout infancy the contact rate remained at a level of at least

two intervals per half hour (33%) of resting time except at 21-24 months (females) and

24-30 months (males) where this level dropped to between one and two intervals per half

hour (17-33%).

Within-sex differences

Figure 3.3 illustrates a sex difference found when the activity pattern was examined

as the dependent variable. Females spent more time in contact with their mothers when

resting than feeding (Z = -2.090, n = 12, p<0.05) whereas for males there was no

difference (Z = -0.770, n = 11, n.s.).

Group differences

Mother-infant contact during feeding differed between the two study groups

(Figure 3.4). Although the pattern of contact with age was similar, infants in Group 5 -

the larger of the two groups - spent significantly less time in contact (Z = -2.430, n = 12,

p<0.01). By the age of 24 months individuals in Group 5 spend less than 3% of feeding

time in contact although this level was not reached until 33 months in Beetsme's Group.
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Again, during rest periods, individuals in Beetsme's Group were slower to reduce

their contact time with their mothers. However, from 12 months forward, infants in

Group 5 had a higher median contact rate than Beetsme's Group. This pattern continued

up until the age of four years although overall during infancy it did not reach significance

(Z = -1.172, n = 12, n.s.). In both groups the tendency was for the majority of contact

time to fall during resting time (Group 5, Z = -2.090, n = 12, p<0.05; Beetsme's Group, Z

= -1.325, n = 12, n.s.).

3.2.2 Role of mother and infant in maintenance of mutual body contact

It is important to consider not only the patterning of contact between mother and

infant but also to examine the role of each partner in changing contact rates. The relative

role of partners in maintenance of contact can be evaluated by counting contact initiation

and termination by partners to produce a responsibility index for contact (Hinde and

White, 1974), henceforth referred to as HRIc, thus: -

Mkt  x 100	 Bk x 100
Mk1+ Mkm	 Big + Bkm

where Mki and Mkm are the number of contacts made by the infant and mother

respectively, and, Bki and Bkm are the number of corresponding breaks. This gives the

proportion of contacts initiated by the infant minus the proportion of contacts terminated

by the infant as follows:

%Mkr%Bki.

The HRIc assumes that each making of contact will have its respective break (plus

or minus one). This assumption occasionally caused a problem in the present study as it

was sometimes unclear as to who initiated or terminated the body contact. In this case

the number of makes (Mki+Mkm) and breaks (Bki+Bkm) were compared and whichever

was the higher was reduced to the same figure as the opposite movement, so that the

relative proportion of that movement made by the infant and mother remained the same.

Samples where makes and breaks were less than 10 were not used as they were
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considered unrepresentative of the real situation when substituted into the index. Data

are presented as medians by age.

Results

There was a significant correlation between the HRIc and the age of individuals

indicating that the infant was increasingly responsible for the maintenance of mother-

infant contact (Figure 3.5, rs = 0.692, n = 24, p<0.001). At only one stage was the HRIc

negative, indicating that the mother was more responsible for contact (age 9.5 months).

It should be noted that, since breaking of contact was rare until the age of nine months,

no indices were available previous to this age. The number of clear makes and breaks of

contact were not sufficient to consider sex differences.

3.2.3 Discussion

The decrease in mother-infant contact rates observed by Fossey (1979) was similar

to that seen in the present study upto the age of about one year. Fossey (1979) recorded

the rate of contact as being 30% of total time by the age of three years. However, results

from the present study have highlighted the importance of accounting for different

activity patterns, since, for example, the infant spends a median 50% of resting time in

contact at the end of infancy, while during feeding periods it no longer feeds in contact.

The age at which infants were first seen to break contact with their mothers was

consistent with that observed by Fossey (1979) and Stewart (1981). However, Hoff et al.

(1981a) reported that in captive lowland gorillas, mother-infant contact was first broken

at 11 weeks, more than one month before the earliest break of contact seen in wild

mountain gorillas. Several studies have suggested that the presence of older siblings can

result in the earlier attainment of independence of young infants (e.g. Fossey, 1979;

Simpson, 1983; Berman, 1984). Infants observed in Group 5 of the present study spent

less time in contact with their mothers overall than infants in Beetsme's Group and it is

suggested that this result may be related to the larger number of infants with multiparous

mothers and siblings in the former. Since the infants in Hoff et al.'s (1981a) study had
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primiparous mothers, neither of these factors can account for their earlier development.

It seems most likely that the behavioural differences were related to the less complex

conditions in which the lowland gorillas were observed, an effect that has also been

documented for chimpanzees (Nicolson, 1977). However, since there are no studies

documenting the mother-infant behaviour of wild western lowland gorillas the possibility

that there is a difference in mother-infant contact behaviour between the two subspecies

cannot be ruled out.

3.3 Spatial proximity - ontogeny of infant's association with its mother

The development of increased independence is expected to be reflected in the

amount of time that the infant spends with its mother. This can be explored by

examining the proportion of total time that mother and infant spend at varying distances

from each other. However, it is important to take account of who is responsible for them

being at any given distance. Many primate studies have examined the roles of mother

and infant in maintaining mutual proximity (e.g. Hinde and Atkinson, 1970; Nash, 1978;

Altmann, 1980) with the common conclusion being that responsibility changes from

being largely due to the mother, to being increasingly due to the infant as it progresses in

age.

This section will focus on the change in inter-individual distance between mother

and infant in mountain gorillas and aims to illucidate their relative roles in maintaining

spatial proximity.

3.3.1 Overall spatial distribution

Rainy periods

When rainy periods were compared with dry periods the spatial behaviour of the

infant differed as shown in Table 3.1 and Figure 3.6. Periods of observation during

rainfall were therefore omitted from the data presented in this section due to the high

level of mother-infant contact that usually occurred during rainy spells.
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Table 3.1
	

Spatial association of mother and infant. Differences
between wet and dry periods of observation computed using
Wilcoxon tests over three month periods.

DISTANCES BETWEEN
INDIVIDUALS

Z SCORE n SIGNIFICANCE
LEVEL

GREATER TIME
SPENT IN SUN
OR RAIN

contact -2.6656 11 p<0.01 rain

>Om & <lm -2.6656 11 p<0.01 sun

>Om & <2m -2.0732 11 p<0.05 sun

>lm & <2m -1.5403 11 n.s. (sun)

>2m & <5m -2.5205 11 p<0.02 sun

>5m -2.3664 11 p<0.02 sun
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Figure 3.6: Differences in rate of mother-
infant contact during dry and rainy periods.
Sample size, n = 15*.
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General transition from contact to reduced association

When spatial proximity is investigated as a proportion of total observation time

(including contact time), an idea of the complete spatial transition accompanying

increasing independence can be gained, as illustrated in Figure 3.7. As expected, infants

proceeded gradually further from their mothers with increasing age. Time spent outwith

contact but within 1 m of the mother was first scored (for at least one sampling interval)

at the age of 3-6 months whereupon the frequency increased steeply to a maximum

between nine and 18 months with the median percentage of total time ranging between

21% and 25%. Beyond this there was a steady decline to less than 9% by 27 months at

which level it remained stable. The infant ventured to between 1 m and 2 m of the

mother at about the same age although total time spent at this distance never exceeded

8%. Between 2 m and 5 m was the distance from the mother which was favoured above

the afore-mentioned proximities beyond the age of two years. Infants' time at this

distance increased steadily from the first incidence at 9-12 months to this point

whereupon it remained fairly steady.

Breaking of association (>5 m) did not often occur until 12 months and did not start

to increase until 18-21 months, after which it soared and exceeded association in all

previous distance categories. By the age of 27-30 months and up until the end of infancy

the infant spent almost as much time out of association with its mother (44-49%) than at

all other within-association distances combined (including contact).

Individually there was some variation in the age at which each spatial boundary was

reached by the infant. Figure 3.8 indicates the earliest age at which each individual was

observed (for at least one interval) to progress further from its mother during focal

observations. Although the data were not evenly distributed over age for all individuals it

does appear that some individuals made a transition from contact to >5 m over a very

short period while that of others was more gradual. It appeared that it was those

individuals who had multiparous mothers who displayed a tendency to venture further at

an earlier age than those individuals whose mothers were primiparous.
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3.3.2 Within five metres - continued mother-infant association

Using the measure of <5 m between individuals as representing some degree of

association, data were analysed taking into account group activity patterns. Time spent

by infants (from instantaneous sample points) in any of the following categories: <1 m,

<2 m and <5 m was represented as a proportion of time out of contact with the mother.

Again, points collected during rainy periods were not included.

There was a sharp, age-related drop in the time an infant spent within 5 m of the

mother from a median of 100% as a newborn to between 25% and 40% by the age of 36

months (Figure 3.9, feeding: rs = -0.915, n = 11, p<0.001; resting: rs = -0.927, n = 11,

p<0.001). There was a tendency for infants to spend more time within 5 m when feeding

than when resting although this did not reach significance (Z = -1.750, n = 11, p<0.10).

Individually, there was some variation. This was particularly noticeable in the case of

Urn, a female apparently troubled by the resumption of the oestrus cycle of her mother,

who spent more time <5 m to her mother than other infants beyond the age of 26 months.

Sex differences

During feeding periods there was no difference in the time that males and females

spent in association with their mothers (Figure 3.10a, Z = -0.020, n = 11, n.s.). When

resting, males spent 80% of their first 18 months of life in association with their mothers

whereas females had dropped well below this level by 12 months (Figure 3.10b).

However, the sharp drop to less than 50% by males post 18 months was not matched by

females who spent relatively more time within 5 m of their mothers until they reached the

age of 27 months. At this point mother-female association decreased sharply. Overall,

there was no difference between males and females during rest periods (Z = -0.672, n =

19, n.s.).
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Group differences

Throughout infancy, individuals in Beetsme's Group spent more time feeding in

association with their mothers than individuals in Group 5 (Figure 3.11a, Z = -2.192, n =

10, p<0.05). This was particularly marked in the period between 18 and 36 months

where Beetsme's Group was at least 3 months behind Group 5 in its reduction of mother-

associated feeding time.

Overall during rest periods, there were no significant differences between the two

groups (Figure 3.11b, Z = -0.178, n = 10, n.s.) although, between six and 12 months,

Group 5 infants tended to spend less rest time associating with their mothers. Beyond 12

months the situation was reversed and remained so until 30 months.

3.3.3 Role of the infant in maintaining close association

Approaches and departures

The approach and departure of infants to and from their mothers (and vice versa)

between the distance categories detailed above were measured on a continuous basis. A

variation on the responsibility index used in section 3.2.2 was used to determine the role

of mothers and infants in their maintenance of spatial proximity (Hinde and Atkinson,

1970). In this context the percentage of approaches due to the infant (%A I) minus the

percentage of departures due to the infant (ALI) formed the proximity index (HRIp) thus:

AI  x 100 Li x 100
A1 + AM Li + Lm

where Am and AI represent the number of approaches due to the mother and infant

respectively, and L TA and L 1 refer to the number of corresponding departures. The

assumption that each approach will be matched by a departure was overcome in the same

way as for HRIc.
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Relative responsibility of mother and infant

In all three approach-departure categories there was an increase in HRIp and thus in

the role of the infant in the maintenance of proximity with age (Figure 3.12). Although

the pattern exhibited by the HRIp concerning the movement from within association to

outwith association was less clear (rs = 0.450, n = 9, n.s.), this may have been related to

the fact that infants were infrequently at these distances thus resulting in smaller sample

sizes. There was a strong positive correlation with age for maintenance of a proximity of

<1 m and of between 1 m and 2 m (rs = 0.933, n = 9, p<0.001, and rs = 0.867, n = 9,

p<0.001, respectively). A Friedman analysis of variance resulted in no significant

difference between the measures at different distances (X2 = 1.556, n = 9, di 2, n.s.).

Sex differences

Figure 3.13 illustrates that female infants showed a trend of higher median HRlps

than males for all categories although none of the comparisons reached significance when

tested using a Wilcoxon signed ranks test (<1 m, Z = -1.007, n = 7, n.s.; <2 m, Z = -

1.400, n = 7, n.s.; <5 m Z = -1.521, n = 7, n. ․). Females also exhibited a closer positive

relationship in all distance categories of HRIp with age than did males (Table 3.2)

indicating that female infants achieved responsibility for maintenance of proximity at a

faster rate than males.

3.3.4 Retrieval by the mother

Adult females appeared to differ in the frequency with which they retrieved their

offspring and, for the most part, such retrievals seemed rather sporadic. Retrieval was

most likely to occur during feeding or resting periods when the infant strayed too far or

the mother moved to a new feeding spot, or, during travel periods, before the mother

began her trek to the next destination.

The earliest retrieval was observed at 5 months and the latest at 28 months. Table

3.3 shows the frequency with which infants were retrieved by their mothers between

these ages. Most retrievals were observed between seven and 14 months, where there
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Table 3.2	 Mother-infant spatial proximity. Spearman's rank correlation
coefficients of association between age and HRIp for males
and females.

DISTANCE BETWEEN
INDIVIDUALS

SEX rs n SIGNIFICANCE
LEVEL

<1 m male 0.4667 9 n.s.

female 0.7833 9 p<0.01

<2 m male 0.4524 8 n.s.

female 0.7619 8 p<0.02

<5 m male 0.2143 7 n.s.

female 0.5714 7 n.s.



Table 3.3	 Frequency of retrieval of infants by their mothers
(retrievals per day) between the ages of five and 28 months.

AGE (MONTHS) SUBJECT

5

6

Ki

0

0

Ts Pk

1

1

Kp

0

In Bw

0

Sa Mk

-

Urn

7 3 3

8 1 6 -

9 6 0 -

10 4 3 - 2

11 3 5 0 1

12 1 0 0 1 0 0

13 6 2 1 2 0

14 2 1 0 1 -

15 0 0 0 0 0 0

16 - 0 0 2 0 -

17 - - 0 - - -

18 - 0 0 0 -

19 - - 0 0

20 - 0 0 0

21 - 0 0

22 - - 0 0 0 0 0

23 - 0 0 - 0

24 - 0 0 0 -

25 - 0 2 - 0 0

26 - - 0 0 0 3

27 - 0 2 0

28 0 2 0 - -

Note: Where the individual was not observed at a particular age this is denoted by
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was a 50% chance of being retrieved at least once during any observation session.

Beyond the age of 14 months only two individuals were seen to be retrieved and one

third of these occurred during group travel periods. There appeared to be no effect of

mother's parity on the frequency of infant retrieval, although the two infants who were

retrieved later than the others both had primiparous mothers.

3.3.5 Discussion

The pattern of increasing independence illustrated by increasing proximity was

similar in this study to that observed by Hoff et al. (1981a) although they reported earlier

independence in captive gorillas with infants reaching between 1 m and 5 m from their

mothers by four months of age. However, the sex difference that Fossey (1979)

suggested, with males spending more time with their mothers up to two years and rapidly

increasing time and distance spent away from her beyond this age, was not seen in the

present study. There was a tendency for mothers to play a slightly greater role in the

maintenance of proximity with male infants than with females infants.

The discrepancy between the ages at which first break of mother-infant contact took

place in wild mountain gorillas and captive lowland gorillas (Hoff et al., 1981a) was not

present when considering the time at first break of association in the two subspecies.

The mother's behaviour towards her infant has been associated with her experience

(Kemps et al., 1989). However, primiparous mothers did not retrieve their iafants mace

than multiparous mothers in this study as might have been expected if the mother's

experience was a factor in determining the mother-infant relationship. In this study the

likelihood of being retrieved seemed to coincide with the period during which an infant

began to explore further afield. An individual who ventured away to increasing distances

earlier, appeared to be retrieved more often and at an earlier age then those who reached

new limits later (compare Table 3.3 and Figure 3.8).
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3.4 Development of maternal transport and infant locomotion

Transport of infants is a costly activity for the mother in terms of energy

expenditure which in turn is related to the size of the infant. However, independent

locomotion in small individuals is costlier than in large individuals, which might result in

increased nutritional demands from the infant at an even higher cost to the mother

(Altmann, 1980). Infant motor development and maternal transport have been described

in detail for captive lowland gorillas (Hoff et al., 1983) and, mainly qualitatively, for

wild mountain gorillas (Fossey, 1979). These studies apart, there are few reports

focusing on 'travelling' of the infant gorilla. The aim of this section therefore, was to

contribute both qualitative and quantitative data on infant transport in wild mountain

gorillas.

Definitions

Infant-mother travel was defined as any movement of the infant between two places

which was closely related to that of its mother. Thus, periods where the infant was

carried by (more specifically referred to as 'transported'), rump-clung to or followed the

mother were included in the above definition, subsequently referred to, simply, as 'travel'.

Independent movement of the infant to nearby feeding spots, towards other group

members or directly related to the behaviour of other group members was not included in

the definition and therefore not in the analyses.

Presentation of data

Different lengths of observation sessions and varying periods of group travel on any

one day meant that the opportunity for an infant to travel was not constant between

samples. To take account of this, the three measures of travel were presented as

proportions of total travel by the infant in the observation session (i.e. the proportion of

travel by carrying, rump-clinging and following add up to a total of 100%). Furthermore,

different modes of carrying by the mother were examined as proportions of total carrying
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time. In order to highlight changes over a short developmental period, medians by age

were calculated on a monthly basis.

Rainy days

Each of the three measures of travel were tested for their correlation with

abundance of rain using Spearman's rank correlation coefficient (two-tailed), both on an

individual basis and as a complete data set. No significant associations ensued (carrying:

rs = -0.124, n = 146, n.s.; rump-cling: rs = -0.104, n = 163, n.s.; follows: rs = 0.024, n --

162, n.s.) and therefore no specific treatment relating to weather was necessary in the

analyses.

3.4.1 Overall distribution of travel types

During the period of infancy the prevailing mode of travel changed dramatically

(Figure 3.14). The proportion of travel by carrying decreased very significantly with age

(rs = -0.940, n = 36, p<0.001). Rump-clings was positively correlated with age (rs =

0.486, n = 36, p<0.001) although its distribution seemed rather more random. Following

of the mother exhibited a significant increase with age (rs = 0.913, n = 36, p<0.001).

3.4.2 Carrying by the mother

The task of infant transport was not a shared one in gorillas, rather the

responsibility was shouldered entirely by the mother. Older offspring did not carry their

siblings during group travel in this study although they occasionally wandered around

(particularly as young adolescents) carrying them in a variety of positions. The only

exception to this was a relationship that formed between Nd, an adolescent male, and an

unrelated male infant Ki where the former would often return Ki to his mother when he

found him alone, or even carry him as the group travelled.
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Figure 3.14: Distribution of infant travel types over
infancy: Carried, rumpclings, follows.
Sample size n = 15*.
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Types of maternal transport

Several modes of maternal transport were identified. These are outlined in Table

3.4 following the descriptions of Hoff et al. (1983). All types of transport identified by

Hoff et al. (1983) were observed in the present study. However, 'crutch walk' was seen

very rarely and only if the mother displayed by running through the group bipedally.

Two additional types of carrying behaviour were identified separately, occurring most

frequently during the transition between ventral and dorsal carry. These were referred to

as 'side carry' and 'head carry'. The mother seemed less tolerant of the latter choice of

travel by the infant. 'Arm walk', 'drag', 'extended arm drag' and 'leg walk' occurred only

rarely.

Transport of newborns was invariably ventral-supported carry. This was usually

followed by ventral-unsupported carry and, in some cases extended arm carry, before the

infant began riding on the mother's back or side (dorsal carry or side-carry) for some of

its travel time. Occasionally, older infants would be transported by ventral-unsupported

carry if they were suckling when their mother decided to move off, even if their usual

method of transport was dorsal-carry. The first and last observed occurrences of each

type of carry mode are detailed in Table 3.5

Hoff et al. (1983) highlighted the differences between individually preferred

transport methods. Figure 3.15 illustrates the methods of carrying employed by different

mothers in this study at various stages of their offspring's development. It can be seen

that some mothers allowed their infants few choices of position in contrast to the varied

ways that others carried. Four out of seven individuals were only carried dorsally beyond

18 months of age whereas two of the remaining individuals were still sometimes carried

ventrally beyond two years. Urn was not observed to be carried after 29 months although

the two individuals shown here of similar age and four other individuals sampled later in

infancy were still occasionally carried.
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Table 3.5
	

Maternal transport. Age in months at which various
types of transport were seen for the first and last
time during focal observations.

TYPE OF CARRY
	

EARLIEST OBSERVATION	 LATEST OBSERVATION

ventral supported carry 	 0.5
	

25.5

ventral unsupported carry 	 0.5
	

26.5 28.5*

side carry	 3.5
	

21.5

extended arm carry	 3.5
	

10.5

dorsal carry	 4.5
	

55.5

leg walk	 5.5
	

8.5

head carry	 7.5
	

22.5

* Infants would sometimes use this method of transport when
suckling even when it would not be used under normal
conditions
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Changing patterns of dorsal and ventral riding

The two major types of maternal transport considered to illustrate the transition to

infant-mediated transport - dorsal and ventral (supported and unsupported) - were

examined as proportions of total carry behaviour. The interaction of median values are

shown in Figure 3.16 illustrating the change from primarily ventral riding to primarily

dorsal riding between nine and 11 months of age.

Over the period of infancy dorsal carry was strongly positively correlated with age

(rs = 0.722, n = 42, p<0.001) mirroring the negative correlation with age of ventral

carrying (rs = -0.714, n = 42, p<0.001).

Individual patterns

Closer examination of individual development of maternal transport revealed a

similar pattern among individuals, occurring over varying time scales. Bw, In and Ki did

not switch to mostly dorsal transport until after 12 months of age whereas Pk and Ts were

being transported more commonly by dorsal carry by the ages of 5.5 and 8.5 months

respectively, and Kp and Mk, who were aged 12 months at the beginning of the study,

were consistently carried dorsally. The common difference between the two groups was

parity of the mother.

Parity of the mother

Data were further analysed taking into account the status of the mother in terms of

whether she had previous offspring (multiparous) or not (primiparous). Care must be

taken when interpreting the results since all female infants had multiparous mothers and

all but one male (Ts) were first offspring, implicating sex as an inseparable factor.

Figure 3.17 illustrates the differences between first offspring and those with

multiparous mothers, with the latter spending more time dorsally (Z = -3.385, n = 27,

p<0.001) and less time ventrally (Z = -3.506, n = 27, p<0.001) over the period of infancy

as a whole. The re-emergence of ventral carrying around the beginning of the second
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Figure 3.16: Infant transport by the mother. The transition
from ventral to dorsal riding. Sample size, n = 15*.
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transition from ventral to dorsal riding.
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year, particularly in first infants, is suggested to perhaps be related to an increase in

mother-infant conflict.

3.4.3 Rump -cling behaviour

The earliest cases of rump-clinging of the infant to its mother were observed at 8.5

months (Ts and Ki). However, this method of travel was not commonly seen in infants

until the age of approximately 16 months. Figure 3.18 shows the frequency of

rumpclinging per day for individuals, corrected for variation in length of the observation

period. Even at this age, bouts were usually short and it seemed to be the least preferred

method of travel. This might suggest that it was merely a transient practice for following

the mother in the transition between riding and locomoting independently, used when the

infant was not eager to walk alone.

3.4.4 Follows

This behaviour was the most advanced in age of all three types of travel. Its early

development seemed to arise from the mother moving only a metre or so away during

feeding, closely shadowed by her infant. On realising that this movement of the mother

did not signal desertion the infant appeared to be content (although constantly aware of

her position) as she moved gradually further away, as long as she remained in view.

When she began to move beyond this distance the infant would follow and, depending on

age and the distance travelled, would sometimes climb on to her back to be carried

dorsally for the rest of the journey.

The age at which following was first observed varied between individuals with

extremes at 7.5 months (Ts) and 15.5 months (In) and was, in later months, enforced by

the mother who rejected her infant's attempts to ride. This resulted in either the infant

whimpering and subsequently being allowed to ride on the mother; the infant whimpering

but having to follow regardless; or mere acceptance of the rejection and subsequent

following by the infant.
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3.4.5 Discussion

Travel modes used by mother-infant pairs varied between individuals. Similarly to

captive lowland gorillas (Hoff et al., 1983), the number of maternal transport types

decreased with age for most pairs beyond 12 months and by 15 months the majority of

carrying was dorsal carry. The lack of ventral-unsupported carry noted in Hoff et al.'s

(1983) study was not the case in the present study nor in Schaller (1963) nor Fossey

(1979) and indeed was the preferred method of transport by older infants when the group

was tense. In contrast, ventrally-supported carry was rarely seen beyond a year in this

study, perhaps as a result of more difficult terrain and longer distances travelled by the

study groups than captive gorillas, necessitating all limbs for effective travel. Mothers

with young infants who walked tripedally (ventrally-supported carry) often had difficulty

keeping up with the group if it travelled extensively.

Rump-clinging has not been documented for captive gorillas although it is

mentioned by Fossey (1979) and Schaller (1963). It occurs in a wide number of contexts:

in the transition from riding to following; between immatures most often during travel

and occasionally following sociosexual behaviour; and amongst adults accompanied by

'grumbling' vocalisations (Harcourt et al., 1993) when one individual appeased another

(often a female who was submissive and had just been hit or displayed at by a

silverback). The appearance of rump-clinging in infancy may be a precursor to adult

behaviour but it was my feeling, particularly with its individual variations in occurrence,

that it was merely related to the beginnings of long distance, independent locomotion.

3.5 Grooming

Primate infants are primarily groomed by their mothers but rarely reciprocate this

action with any frequency until older (Clark, 1977; Eaton et al., 1985; Nash, 1978;

Nicolson 1977; Fossey, 1979). Sex differences occur in several species both in the

amount of grooming given to infants by mothers and vice versa. In vervets (Fairbanks

and McGuire, 1985) mothers groomed female immature offspring twice as much as male
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offspring, a difference that was similar in grooming of the mother by the offspring.

Clark (1977) did not investigate sex differences in chimpanzees as the number of subjects

was small but she noted that there appeared to be a difference, particularly in early

offspring-mother grooming, with female infants doing more of the initial grooming of

their mothers.

Studies on gorillas have not often addressed sex differences in infant grooming

(Schaller, 1963; Fossey, 1979; Hoff et al., 1981a). Therefore, this section aims to

investigate more closely grooming between infants and their mothers and the changing

occurrence of such behaviour over this period, paying attention to any differences

between the sexes. Since it has been observed that grooming may increase with

resumption of the oestrus cycle (e.g. Nishida, 1988) this possibility is explored in infant

gorillas.

3.5.1 Grooming by the mother

Rain

Grooming of the infant by its mother was tested for its correlation with rain

abundance by frequency per hour, duration per hour, median bout length and as a

proportion of total contact time. There was no association in any case (freq/hr: r s = -

0.088, n = 237, n.s.; dur/hr: rs = -0.050, n = 237, n.s.; bout: rs = 0.021, n = 172, n.s.;

proportion: rs = -0.116, n = 237, n.s.) so all data were included in the analyses.

Patterns of grooming

Infants were rarely seen to solicit grooming from their mothers. Rather the mother

initiated bouts and frequently restrained the infant while she groomed. It was often

unclear as to who terminated the bout - sometimes merely a small movement by the

infant would cause the mother to cease grooming. At other times the mother paused,

perhaps picking something from her fingernail, and if the bout ended here it was difficult

to tell whether the mother had finished or if the movement of the infant (e.g. into an

upright position) terminated the bout.
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The proportion of contact time during which individuals were groomed varied,

increasing with age overall during infancy (Figure 3.19a, rs = 0.603, n = 36, p<0.001).

Compared alongside the more or less constant duration per hour (Figure 3.19b, rs =

0.013, n = 36, n.s. two-tailed) this suggests that grooming was an increasingly important

factor in the reason for contact between mother and infant as the infant became older,

even though grooming in general was equally important throughout infancy. The

frequency with which an infant was groomed per hour (Figure 3.19c) decreased slightly

with age (rs = -0.282, n = 36, p<0.05) matched by an increasing bout length (Figure

3.19d, rs = 0.468, n = 36, p<0.002).

Sex differences

There was no significant difference between males and females in the median time

they were groomed as a proportion of mother-infant contact time (Z = -1.186, n = 31,

n.s.) or in the frequency with which they were groomed per hour (Z = -0.265, n = 31,

n.s.). However, the median duration of grooming per hour and median bout length were

considerably different (Figure 3.20) with females being groomed for longer periods and

for a longer total duration than males (bout length: Z = -3.569, n = 31, p<0.001; duration

per hour: Z = -3.116, n = 31, p<0.002). In addition, the duration of grooming received

per hour exhibited a significant, although gradual, decrease over infancy for females (rs =

-0.323, n = 31, p<0.05), whereas grooming received by males increased during the first

18 months and then remained more variable (rs = 0.182, n = 31, n.s.). This pattern was

also present for the median frequency per hour (females: rs = -0.380, n = 31, p<0.025;

males: rs 0.125, n= 31, n.s.).

Resumption of the mother's oestrus cycle

In the five individuals whose mothers resumed cycling during the study there

seemed to be no obvious change in the pattern of grooming by the mother at this time,

even when the mother was in oestrus and when she became pregnant. For two of the

three subjects whose siblings were born (and survived) during the study period, grooming
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received from the mother seemed to decline after the birth of the new offspring. Samples

were too small to allow statistical testing.

3.5.2 Grooming of the mother by the infant

When an infant first began to groom its mother the behaviour consisted of picking

gently or parting the pelage with the finger of one hand: a very exploratory movement

which soon developed into a more mature grooming technique. The first observed

occurrence of an infant grooming its mother was seen at 12.5 months in two female

infants. The first occurrence seen in a male was at the age of 13.5 months.

During the second year of life individuals groomed their mothers at different rates,

with some grooming fairly regularly and others grooming rarely, if at all. Grooming did

occur sporadically in different individuals over the entire period following its emergence

but bout lengths were short and varied between only six and 82 seconds in length.

In the second and third years of life, the frequency per hour of grooming in the four

individuals who groomed most commonly (Bw, Kp, Mk and Urn) was very varied with

several observation days interspersed over the period where grooming of the mother was

absent. Examining bout length (thereby taking into account only those cases where

grooming was present) there was only a slight tendency for it to increase with age (rs =

0.231, n = 45, n.s.).

Sex differences

Occurrence of infant grooming of the mother in this study was too low to enable a

reasonable examination of sex differences. However, there did not appear to be any clear

contrasts. Three of the four individuals above who showed a higher frequency of

grooming were females but there were equally two other females (and two relevant

males) who did not.
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Resumption of the mother's oestrus cycle

Individuals displayed different patterns of grooming at this stage of development.

Brief descriptions only are given here of the course of grooming exhibited by those

individuals who experienced the resumption of sexual cycling of their mothers since

samples were too small for statistical analysis.

For Is, grooming of the mother increased with age but dropped after the birth of his

sibling. Jo, however, increasingly groomed his mother after the birth of her new infant.

He had sustained only a very low level of grooming during her pregnancy, following a

decrease when she resumed cycling. Mk displayed a very low level of grooming five

months into the pregnancy of her mother following a previous increase. For Um, at the

first observed oestrus of her mother, Urn groomed her relatively frequently. However,

once she was pregnant she was groomed very little by Urn. After the death of the new

infant Um increased the level of grooming again. Ug rarely groomed his mother under

any circumstances.

3.5.3 Self grooming

The youngest individual who Fossey (1979) saw groom itself did so at the age of

one year. The earliest incidence of self grooming in this study was seen at age 10.5

months (Ki). Self grooming in the second, and particularly in the third year was more

common than grooming of the mother suggesting that the infants were capable of

grooming their mothers but chose not to do so regularly.

Self grooming was positively correlated with age (frequency per hour, rs = 0.784, n

= 36, p<0.001; duration per hour, rs = 0.774, n = 36, p<0.001) with all but one

individual found to increase their frequency and duration of grooming per hour (five of

these reaching significance). Median frequencies and durations per hour are plotted in

Figure 3.21a illustrating the unanimity of self grooming towards the end of the second

year of life and beyond.

Sex differences were apparent in both the frequency and duration of self grooming

(Figure 3.21b). Females groomed themselves more frequently and for a longer total
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duration than males (freq/hr: Z = -2.201, n = 12, p<0.05; dur/hr: Z = -2.366, n = 12,

p<0.025).

Resumption of the mother's oestrus cycle

Pregnancy and oestrus may have some effect on the frequency of self-grooming as

judged by individuals in this study. For Jo, self-grooming appeared higher when his

mother was pregnant than when she was cycling but had not yet conceived. He also

groomed himself more after his sibling was born. Mk also groomed herself more during

her mother's pregnancy, as did Um who also showed high levels during oestrus periods of

her mother, and a reduced, though increasing, duration after the birth and death of her

sibling. The patterns in all these cases would have been confounded by the increasing

age of the individuals, however, and small sample sizes prevented useful analysis.

3.5.4 Discussion

Fossey (1979) reported that grooming was nearly always initiated by the mother

and terminated by the infant. In addition she noted that, upto the age of six months, the

mother would accept such a termination of grooming by the infant but after this age she

would rebuff the infant and continue. This was also the general impression gained in the

present study.

However, Stewart's (1981) conclusion that grooming received from the mother

decreases with age was not upheld during the period of infancy in this study. Instead,

grooming remained fairly consistent throughout and even during pregnancy. After the

birth of a sibling it appeared to decrease, substantiating Stewart's (1981) observation

where circumstances were similar.

Increased length of grooming bouts received from the mother resulted in higher

total durations being received by daughters. The lack of a sex difference in the

proportion of mother-infant contact time during which individuals were groomed

suggests that perhaps contact time per se is not the important factor affecting the

difference in grooming received. Rather, grooming was more likely to occur during rest
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periods and it was during this time that female infants were in contact with their mothers

for longer periods than males (section 3.2.1).

Grooming of the mother by infants is usually fairly uncommon in primates (e.g.

Altmann, 1980; Chism, 1986; Nishida, 1988;) and mountain gorilla infants were no

exception. Nishida (1988) noted that infants groomed their mothers more (and vice

versa) when they resumed sexual cycling. In gorillas a similar pattern seemed to occur in

at least two individuals and possibly in a third. However, the effect of increasing age was

not accounted for. Furthermore, it has been noted in many primate studies that female

infants groom their mothers earlier, and more often than males (e.g. Clark, 1977 -

chimpanzees; Eaton et al., 1985, Nakamichi, 1989 - Japanese macaques; Fairbanks and

McGuire, 1985 - vervets). At this stage the possibility of a similar pattern in mountain

gorillas cannot be ruled out.

Hoff et al. (1981a) noted that female infants groomed themselves at an earlier age

and for longer than did male infants, an observation also made by Nakamichi (1989), in

chimpanzees. This difference was also apparent in the present study although the

youngest infant seen to groom itself was a male.

3.6 Weaning

Nutritional weaning is the most commonly cited example of potential parent-

offspring conflict although conflicts are also particularly evident during the development

of independent locomotion (Nicolson, 1987). Redondo et al. (1992) suggest that parent-

offspring conflict should vary according to the sex of the offspring, particularly in

polygynous species, since mothers are predicted to invest more in male offspring due to

their greater variance in reproductive success than females (Clutton-Brock, 1988). These

periods of conflict are usually associated with a high frequency of rejections by the

mother and resulting distress in the infant (e.g. Clark, 1977; Altmann, 1980; Worlein et

al., 1988). Recent research has suggested that a high frequency of nipple stimulation by

the infant results in depression of fertility in the mother (Lee, 1987; Stewart, 1988;
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Gomendio, 1989). However, Gomendio (1991) challenges these ideas, finding that in

rhesus macaques, behavioural conflict did not arise as a result of maternal rejection in

suckling and that infants of non-conceiving mothers were more demanding.

Weaning, in stage three of the maturational process described in Chapter One, is

often defined as being completed beyond the infant's last suckling from the nipple (Clark,

1977). In the present study six individuals were observed to suckle for a final time

during the present study. Of these, four individuals (Gw, Is, Jo and Ug) were above the

age of 40 months and the remaining two individuals (Mk and Urn) were 29.5 and 30.5

months. A final individual (Ty) was still seen to be suckling at the age of 40 months

when the study ended. The oldest age at which suckling was seen was 44 months. All

mothers were multiparous.

As infants were observed individually only once per month a detailed quantitative

description of weaning in individuals is not offered in this study. Instead, this section

examines the changing frequency of suckling and relates the results to intensity of other

weaning-related behaviour patterns - whimpering and mother-infant agonism.

3.6.1 Suckling

In very young infants, suckling was difficult to evaluate due to the small size of the

infant and the close protection that its mother offered. Even with females that were

extremely well habituated to human observers it was often impossible to get a clear

enough view of the infant to be able to accurately record suckling while remaining at a

distance that did not disturb the dyad. However when aged three to four months,

observations of infant suckling were no longer difficult. Suckling data are presented as

the median frequency and duration per hour with median bout lengths.

The median frequency of suckling per hour decreased significantly with age (Figure

3.22a, rs = -0.798, n = 46, p<0.001) as did the median duration per hour (Figure 3.22b,

rs = -0.701, n = 42, p<0.001). Although the median bout of suckling remained fairly

constant over the entire period (Figure 3.22c, rs = -0.034, n = 38, n.s.), those individuals

who were suckled past the age of 40 months tended to do so for particularly long periods
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in these later stages. Excluding the longest suckling bout recorded (10.25 minutes)

median bout lengths for each individual varied between 19 seconds and 8.86 minutes.

Prevention and termination of suckling by the mother

Responsibility for the termination of a bout of suckling was noted when it was

clearly attributable to either mother or infant. On no occasion during the study was the

mother observed to initiate a suckling bout. However, when very young infants were

searching for the nipple some mothers did lift the infant so that it was able to reach more

easily.

Mothers actively prevented or stopped their infants from suckling in several ways.

These included:

a) movement of arms to cover breast(s);

b) re-orientation of her ventrum away from the infant;

c) lying down, ventrum to substrate;

d) eating with her arms close to her chest;

e) grooming the infant.

In addition, the mother would occasionally pig grunt and/or nip the infant. The

frequency with which the mother terminated suckling bouts varied and showed no

particular pattern with age. The qualitative impression gained was one of inter-mother

differences in tolerance levels.

Infants generally appeared distressed when they were refused access to the nipple.

This was identifiable by whimpering, which occasionally escalated in intensity to a

scream, and was often followed by the huddling of the infant against the mother. Only

one infant, Um, was seen to have tantrums which sometimes occurred several times a day

when her mother was proceptive.

An examination of the frequency with which mothers actively prevented their

infants from suckling produced no particular pattern. Some infants were prevented often,

for example Bw, who was prevented from suckling 16 out of 48 times between the ages

of 14.5 and 32.5 months - one thwarted attempt for every two successful ones. Other

90



individuals, however, were never seen to be prevented from suckling. For example, Ty

was never once seen to be discouraged between the ages of 27.5 and 40 months.

The highest frequency of suckling preventions occurred between 14 and 33 months.

The patterning seemed to be rather idiosyncratic and not a particularly good indicator of

the progression of weaning of the infant. For those individuals whose mothers resumed

oestrus cycling during the study, suckling decreased in duration after the mother began to

cycle. Although preventions did occasionally occur around this time, it appeared that

infants would not suckle unless they were fairly sure that they would succeed, with

attempts often preceded by whimpering.

3.6.2 Whimpering by the infant

It was expected that whimpering would increase around the time of weaning when

infants appear generally depressed and often distressed at their mothers' rejections and

general lack of interest (Altmann, 1980; Collinge, 1987). Whimpering, if it signals

distress, might also give an indication of the very beginning of parent-offspring conflict

when the mother is likely to initiate subtle changes in her relationship with her infant.

Accompanied by a pouted expression, whimpering was observed to occur

throughout infancy in a wide variety of contexts. These included occasions where the

infant appeared to the observer to want to be carried, be groomed, suckle or was

generally seeking contact. In addition, whimpering sometimes occurred if an infant

suddenly realised that it was 'lost' whereupon it would wander around whimpering

pitifully, seemingly awaiting reassurance from its mother. In this situation other adult

individuals, particularly silverbacks, were often observed to belch grunt ('double-grunt',

Harcourt et al., 1993) in reassurance. On several occasions I saw one mother, who was

nearby but out of sight of her infant (Ki) and fully aware that he was looking for her (as

judged by her movements), ignore his whimpering completely, leaving him to travel in

completely the wrong direction in search for her.

The relationship between frequency of whimpering and age is illustrated in Figure

3.23. It was observed as early as the first month after birth although this was probably

91



>1
01

MI
a...0 0.25 —
a.

E
0.2

E
•R'.-..o 0.15 —

t.>a
N

0.1 —Er.6.

09

'El 0.05

-

_

o

Figure 3.23: Whimpering in infancy: Its pattern with age.
Frequency was standardised by the length of the observation
period to give the number of wimpers per day.
Sample size n = 15*.

0.3 —
•

*

f

1f log/1%P* 	 11111111111111!) S S CD CD SSSSSS SS S 4) S S S
'V t'
	

(3 . 93 . \Z . N.1'. \N . 43 . \-93 . 1/Z . 1+1/ r1 N . 106 . eV' . r))Z . `);1" r)PI .
Age (months)

11 = 4 3 3 5 3 3 3 3 2 2 3 4 8 5 3 8 5 2 3 4 3 2 5 3 3 4 4 4 3 1 4 5 1 2 5 2

Figure 3.24: Pattern of whimpering across immaturity
Sample size n = 26*.

0.25 —

co-to
0.2o'a.

E

E-. .4	 0.15
3

6"4.)	 0.1
aC-

0.05-toc.)

0

o'') (3') '\!) 1> I:\ 0;') 0)c) t,f)	 4)'\ (g) (§) ,\`" ,b\- 9;\ el')
<1' '\.̀V l' 0P.' '10' NI" NV tpb( g (Ob' f \I" '\9:''	 ' 9Z'

Age (months)

*
11 = 5 5 4 4 8 7 8 5 8 5 8 5 3 4 3 2 3 5 9 2 3 4 8 8 7 8 4 2 3 2 3 2



due to discomfort as such whimpers were short and resulted in the mother moving her

infant to another position. Beyond this age infants first began to whimper fairly regularly

between 3 and 7 months and continued through the period of weaning. When the mother

resumed her oestrus cycle the effect on the infant's social behaviour was disastrous. The

infant followed the mother almost constantly, played rarely and whimpered very

frequently, appearing especially distressed during copulations. Beyond weaning,

especially after the birth of a sibling, whimpering decreased to a very low level (Figure

3.24).

3.6.3 Agonism directed from mother to infant

Agonism between mother and infant would usually occur in one of three forms:

a) pig grunts - a series of short, rough gutteral grunts (Fossey, 1972;

'cough grunts' Harcourt et al., 1993);

b) threat - usually threatening to bite - involved the mother

moving her head rather briskly towards the infant with her mouth open;

c) bite - what appeared to be a gentle, although firm, nip administered

usually to the infant's arm or leg.

Threat and bite are subsequently classed together as 'punish'.

Pig grunts

Pig grunting directed from mother to infant was rarely seen before 10 months of

age except for Ki. The median frequency of pig grunts over immaturity produced no

obvious pattern (rs = -0.315, n = 57, n.s.). There was no apparent relation between the

number of pig grunts and intense weaning conflict other than a slight increase in the case

of Jo and perhaps slightly in the case of Urn. Pig grunting was positively associated with

whimpering, however (rs = 0.536, n = 40, p<0.001). Three of the 15 mothers in this

analysis were never heard to pig grunt at their offspring.
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Punishment

Mothers did not punish their infants with any clear pattern over the course of

infancy although there were slight peaks in medians between 14 and 22 months, and

again between 29 and 35 months. Individually, no discernible patterns existed except

that some individuals seemed more likely to administer punishment when they were

proceptive, during which time there was already heightened tension in the group.

3.6.4 Discussion

The two infants who were weaned considerably earlier than others were both

females, and their mothers, despite being in different groups, were sisters. It was one of

these infant females who was seen to engage in tantrums, a behaviour which is sometimes

(Fossey, 1979), although not commonly (Stewart, 1981), seen in gorillas, in a similar

way to the chimpanzee case in the wild (Clark, 1977). Distress appeared to be

particularly intense on days when the mother was copulating with an adult male. This is

also a feature observed in other primates at the resumption of oestrus, resulting from

increased rejections by the mother (Gore, 1986; Collinge, 1987).

Whimpering was expected to show some relation to parent-offspring conflict over

the course of infancy. Although there was a decrease after weaning and the birth of a

sibling, there was no clear pattern during earlier stages of infancy that could be used to

illustrate an increase in intensity of conflict. Furthermore, pig grunting by the mother

showed no clear pattern over infancy, although it was positively correlated with

whimpering, and the fact that some mothers were not observed to pig grunt at their

infants suggests that this was also not useful as a predictor of parent-offspring conflict.

It is worth referring to the fact that one infant female (Ty) was never seen to be

prevented from accessing the nipple. Her mother was the oldest known female gorilla

and had already produced eight viable offspring (Watts, 1991a). Her health seemed to be

deteriorating and the continued suckling of her infant was probably unlikely to have

influenced her investment in future offspring.
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3.7 General discussion

The period of infancy is particularly notable for the decline in dependence of the

infant upon the mother. The decreasing time spent in contact between mother and infant

and the increasing role which the infant played in its maintenance of such contact was

clearly demonstrative of a weakening dependence on the part of the infant. The

extremely low contact rate which was present during feeding periods in the final year of

infancy may have been related in part to the infant beginning to regularly prepare its own

solid food (Fossey, 1979), thus gradually increasing the area needed by the mother-infant

pair to provide them with adequate foodstuffs.

The proportioning of the infant's time at varying distances from the mother was not

surprising. By the time an individual is approaching the stage where it should be able to

survive without its mother it would be expected to spend a large portion of its day

outwith her association. The larger part of time spent in association fell during feeding

periods, when the mother-infant pair were generally alone. Increasing independence of

the infant resulted in rest periods becoming a time for social exploration. However, the

large drop in association from two years onwards during both feeding and resting periods

was probably accentuated by the increasing role played by the leading silverback in the

socialisation of older infants and juveniles (see Chapters Four and Five).

The relative roles of mother and infant in maintaining various levels of proximity

within 5 m also reflected an increasing independence of the infant and lessening interest

of the mother when her infant was within close range. However, the less clear pattern of

responsibility exhibited in the transition to beyond 5 m may have reflected the mother's

continuing attention to the welfare of her infant when it was not in view.

Sex differences in mother-infant behaviour have suggested some differentiation in

maternal investment in gorillas. However, since all available female infants had

multiparous mothers the results must be interpreted with care. Following the prediction

that mothers should invest more in males (Clutton-Brock, 1988), it was interesting to note

the apparently more common retrieval of male infants, which was also seen in Ts whose

mother was multiparous. This may suggest increased investment in males (although it
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could be also be attributable to increased independence of males or increased restriction

by mothers). This view was also substantiated by the tendency of females to display

higher proximity indices than males, perhaps suggesting that mothers are investing more

in protecting male infants if maintenance of proximity by the mother is associated with

increased protection. Mother-infant contact differed in relation to varying activity

periods but the relevance of this to levels of maternal investment is less clear.

The transportation of infants varied considerably among mothers both in this study

and in captive gorillas (Hoff et al., 1983). Although there seemed to be a real effect of

parity on the age at which an infant was carried dorsally, the variety of carrying methods

used did not seem to be related to mother's parity. Since it would not appear that

carrying an infant dorsally needed extensive experience it is suggested that the effect of

primiparity on the later occurrence of dorsal riding in infants was due to increased

protectiveness resulting from their inexperience.

The total duration of infant grooming by the mother did not decrease with age

although the way in which this level was maintained resulted from decreasing frequency

and increasing bout length. The increasing level of self-grooming in later infancy would

therefore suggest that overall grooming activity increased with age. Authors exploring

the functions of grooming rarely deal with the mother-infant case (e.g. Dunbar, 1991).

Presumably this is due to infant grooming being considered as having a hygienic

function, and perhaps one inducing calmness, rather than being of social consequence.

That grooming consumed an increasing proportion of the relatively decreasing contact

time may be indicative (or even the mainstay?) of the continuing mother-infant bond.

The long pelage of mountain gorillas may also be a reason for a continued high level of

maternal grooming, although in later infancy the maintained grooming level may have

been related to the reduction of infant distress when weaning conflict was highest, in

which case it would be expected to decrease during the juvenile phase of development.

The development of nutritional independence observed in the present study

suggested two possible strategies of weaning in mountain gorilla females. Most

commonly, weaning in gorillas is considered to be a rather gradual, gentle process
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(Stewart, 1981) and this was substantiated by the infants who were still suckling by 40

months and their lack of behaviour to overtly suggest that they might be at the stage of

weaning. However, the pattern seen in Urn was one of severe, intense conflict arising

much earlier in infancy, with a similar, though slightly less intense, pattern seen between

Mk and her mother.

Ecological constraints acting on the nutritional quality of food have been seen to

affect mother-infant relationships in vervet monkeys (Hauser and Fairbanks, 1988).

Since there are rarely any shortages in food supplies for mountain gorillas and the two

study groups ranged in similar habitat types this was not testable in the present study. A

comparison of mother-infant relationships between different areas of the Virunga

Volcano region might produce different results since food distribution differed greatly in

different areas (A. J. McNeilage, personal communication).

The increasing independence of the infant from the mother will inevitably bring the

infant into contact with other group members, and it is the development of these new

relationships and related behavioural patterns which will be the focus of the next chapter.
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CHAPTER FOUR

SOCIALISATION OF THE INFANT

4.1 Introduction

The increase in motor skills and cognitive development during infancy lead the

infant to seek stimulation beyond that which its mother can provide (Poirier, 1972;

Fragaszy and Mitchell, 1974). New relationships between the infant and other group

members begin to develop as it grows older and depends decreasingly upon the mother.

Socialisation of the infant, by definition, will inevitably be affected by the presence of

individuals of various age-sex classes and, among the great apes, infant socialisation is

varied due to their very different social systems (see Chapter One). In gorillas, unlike

infant orangutans and chimpanzees, there are often several other immatures present on a

permanent basis. This results in the opportunity for a network of relationships among

immatures to evolve which, since relationships are of a dynamic nature (Hinde, 1983),

will be continually changing over time.

The infant's relationship with adult females varies between primates. In macaques,

vervets and baboons where matrilines exist among adult females, alloparenting is

commonly seen amongst related individuals (Altmann, 1980). In contrast, adult female

gorillas are usually unrelated and infant gorillas spend little time interacting with adult

females other than the mother (Fossey, 1979; Stewart, 1981). There is similar variation

in an infant's relationship with adult males between species (Ransom and Ransom, 1971).

In gorillas the dominant silverback appears to play a patient, protective role towards

immatures resulting in him being the focal point around which many immature

interactions take place (Schaller, 1963; Fossey, 1979; Stewart, 1981).

During infancy the individual begins to practice the behavioural patterns which

emerge during this period. Grooming of others is seen as early as infancy in most
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primates although it is usually limited (Nash, 1978; Chism, 1986), as is sociosexual

behaviour (Owens, 1976). Play is also first seen in infants and increases in frequency and

repertoire during this phase, serving many functions, not least in the formation and

maintenance of social relationships (Fagen, 1981).

This chapter deals with the second and third stages of behavioural development, as

defined by Poirier (1972) and Fragaszy and Mitchell (1974), and details the early

relationships between the infant and other group members, primarily other immatures.

4.2 Association partners

Fossey (1979) reported that siblings were the class of individuals to be found most

consistently near gorilla infants and their mothers throughout infancy. However, Stewart

(1981) found that infants tended to spend more time near preferred play partners (other

infants) than near older siblings, although the latter ranked only just below the former.

Neither author took into account the potential effect of group activity pattern.

In the present study the infant first became interested in the activities of nearby

individuals, as indicated by head movements and related body orientation, beyond month

two. This was followed by gradual breaking of contact with the mother and independent

exploration to increasingly greater distances. Increasing independence from the mother,

resulting from the changing mother-offspring relationship, resulted in the infant straying

gradually further into close proximity with other individuals while the mother also

allowed increased access to her infant.

4.2.1 Preferred associates during infancy

An examination of time spent within 5 m of other immatures (infants, juveniles and

adolescents) resulted in no significant differences between each age class (feeding: X2 =

5.542, n = 12, d.f. = 2, n.s.; resting: X2 = 0.166, n = 12, d.f. = 2, n.s.). However, the

amount of feeding time spent with juveniles was ranked higher than that spent with

infants, which in turn tended to rank higher than with adolescents (Figure 4.1) During
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rest periods however, infants were ranked as preferred associates more often than were

other classes. These results were based on the entire period of infancy for all infants (i.e.

to illustrate this stage of development rather than the ontogeny through infancy).

However, one limitation of such an investigation involves the vast number of factors that

need to be taken into account when interpreting the results. The preferred associate will

depend on the choice of individuals available, the relatedness of individuals in the group,

the continuing maturation of individuals and, not least, the spatial patterning of

individuals at any one moment. When time was spent within 5 m of two females it was

not always possible to determine whether the preference was for one or the other.

Particularly in infancy, when there was a high level of mother-infant interaction, an

individual's association with the infant could equally have been, and was in some cases

more likely to have been, a reflection of its association with the mother.

4.2.2 Changing association with time

Individuals in Group 5 were examined separately to compare the change in

association preference of infants over each of the first three years. The larger number of

immatures in this group widened the variety of potential association partners. However,

sample sizes remained small.

In the first year there were no significant differences between preferred age class

during feeding or resting bouts, although juveniles tended to be most frequently within 5

m (feeding: X2 = 4.50, n = 3, d.f. = 3, n.s.; resting: X2 = 3.50, n = 3, d.f. = 3, n.s.).

Group activity did not affect the association of the infant with any one age class (infants:

Z = -1.069, n = 4, n.s.; juveniles: Z = -1.095, n = 4, n.s.; adolescents: Z = -0.447, n = 3,

n.s.).

The second year brought no real changes during feeding (X 2 = 1.50, n = 4, d.f. = 2,

n.s.), although during rest periods, association time was not proportioned equally between

all age classes. Juveniles and infants were preferred over adolescents with juveniles

tending to be most commonly in association (X2 = 6.50, n = 4, di = 2, p<0.05).

Examining activity patterns, a tendency to spend more time with each age class during

101



rest periods began to emerge, although this was only significant in the case of juveniles

(infants: Z = -1.214, n = 5, n.s.; juveniles: Z =-2.023, n = 5, p<0.05; adolescents: Z = -

1.461, n = 4, n.s.).

During the third year there was still no differentiation of association partners during

feeding and this lack of preference extended into resting periods as well (feeding: X2 =

2.00, n = 4, d.f. = 2, n.s.; resting: X2 = 2.00, n = 4, d.f. = 2, n.s.). However, the tendency

to spend more time with each age class during resting rather than feeding grew stronger

(infants: Z = -2.366, n = 7, p<0.025; juveniles: Z = -1.690, n = 7, n.s.; adolescents: Z = -

1.826, n = 4, n.s.).

4.2.3 Individual preferences

Individually-preferred association partners were examined in both groups with

feeding and resting periods compared separately. Of the 11 infants analysed, seven had

siblings present in the same group and the remaining four were first offspring.

Infants with siblings

During feeding periods, five out of seven individuals spent more time with their

sibling than with any other immature. Of the two remaining, one was suffering through

weaning conflict (Urn) and the other (Ty) spent most of her time with an infant of the

same sex who was maternally related, i.e. her 'cousin' (development of matrilines within

gorilla groups is generally uncommon, however, since most females are unrelated). The

next most preferred partner was more variable. Five out of seven preferred an infant of

the same sex. Of the remaining two, one (Ty) preferred her sibling and the other (Mk)

spent her time with a juvenile of the opposite sex.

During rest periods again, five out of seven individuals spent most time with their

closest-aged sibling. The two remaining infants were mutually preferred partners of

different sex (Ts and Ty). The type of individual found in association next most

commonly was variable again. Three out of seven preferred infants of the same sex, one
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preferred a sibling, another preferred a same-sex cousin and the remaining two females

associated more with juvenile male partners.

Infants without siblings

All four first offspring spent the majority of their time feeding in association with

other infants. Three were of the same sex and the remaining infant preferred his female

cousin (there were no other male infants present in this case). Second choice was divided

equally between oppositely-sexed infants or same sexed juveniles.

Resting periods showed a complete lack of patterning regarding the individual with

whom a first infant spent most time. Two males preferred female infants, In preferred a

similar sexed juvenile (Ku) and Sa spent most of his time with It, a maternally related

female juvenile. The partner of second choice was in one case a same sexed infant, in

two cases an opposite sexed infant, and in the final case a same sexed juvenile.

4.2.4 Role in association

Using Hinde's Responsibility Index (Hinde and Atkinson, 1970) the infant subject's

role in association with its preferred partner was examined to discover if there was an

age-related factor in the maintenance of responsibility between dyads. However, since it

was not possible to record data for approaches and departures from <5 m to >5 m from

all group individuals accurately, approaches and departures from <2 m to >2 m were

used. These data thus represent an infant's role in 'close' association. Indices are shown

in Table 4.1 for relations between preferred partners. Few patterns emerged other than

between siblings, where the sum of indices for feed and rest combined, resulted in an

index close to zero, suggesting that overall they were equally responsible for maintaining

their mutual relationship.

4.2.5 Grooming

Grooming by infants seems to occur relatively infrequently in primates (Clark,

1977; Nash, 1978; Chism, 1986). Occasionally sex differences have been reported to
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REST

HRIp	 n

Table 4.1 Spatial association between the infant and other
immatures. Role of the infant in the maintenance
of close association (<2 m) with others,
indicated by Hinde's Responsibility Index.

a) Siblings

Subject/
sibling

FEED

HRIp	 n

Kp JM -16.22 68 17.27 20

Ts JM 4.90 22 -2.60 22

Ty JF 21.98 36 -19.23 24

Pk JM -3.03 66 9.76 56

Urn AM 0.00 40

b) Preferred partners other than siblings

Subject/
partner

HRIp

FEED

Partner

REST

nn HRIp

Kp IF -17.14 28

Mk JM 43.75 32

Sa IF -22.22 12

Ty IF 17.31 48 IF 40.00 20

Ki IM 0.00 18

In IM 39.72 80 JIM 0.00 24

Bw IM -18.96 50 IF -4.20 56

Urn JM -6.50 78 JM -27.80 18

Pk IM -9.92 56 IF -3.85 24

Partners are listed by age class and sex where I = infant,
J = juvenile, A = adolescent and M = male, F = female.
No figure (-) represents missing data where the number of
approaches and leaves was too low to calculate the index.



occur in the frequency with which some infant primates groom other group members.

Nash (1978) noted that there was a particular increase in grooming of others by females,

and Eaton et al. (1985) report more frequent grooming of others by infant female

Japanese macaques. This was also noted by Nakamichi (1989) supporting the general

finding noted by Mitchell (1979) for cercopithecines in her review of primate sex

differences. In gorillas sex differences have not been investigated in infant grooming.

Grooming by the infant

Grooming was uncommon in infancy with the earliest occurrences seen between 10

and 13 months. Only three males (in total, four bouts) were seen to groom others (Table

4.2) whereas all females except Ty groomed others, each several times, during the study

period. The three males (Bw, In and Is) were all first offspring and each only groomed

one other female individual: two unrelated adults, and an unrelated infant respectively.

Interestingly, the four females each groomed several partners and three of them groomed

only males, including juveniles, adolescents and silverbacks. The exception, Mk, only

groomed one male with her other three female recipients all being maternally related.

Siblings were among those groomed and accounted for 17 out of 32 bouts. Bout lengths

were fairly short and varied between two seconds and 2.5 minutes (overall median, 20

seconds).

Most grooming was concentrated in the second half of infancy. Infant grooming of

group members other than the mother, as a percentage of the total time it groomed,

accounted for a median of 2% in the first year, 19% in the second year and none in the

third year. This indicated that the mother received the majority of grooming that

occurred in infancy.

Grooming received by the infant

The earliest ages at which an infant received grooming from an individual other

than the mother were at the age of 6.5 months (Kp) from a young silverback who had a

particularly close relationship with her mother, and Pk at the age of 7.5 months from her
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Age/Sex

sib, JM, 2SB

sib, JM,*JF,*AF

sib, 2SB

sib, 21M, SB

Table 4.2
	

Infant grooming of group members other than the mother.
Number of grooming bouts observed during infancy detailed
by infant, age range (months), partner and age/sex
class of partner.

a) Infant males

Subject Age Frequency No. Partners Age/Sex

Bw 27.5 1 1 AF

In 11.5-13.5 2 1 AF

Is 31.5 1 1 IF

b) Infant females

Subject Age Frequency No. Partners

Kp 18.5-28.5 14 4

Mk 12.5-35.5 4 4

Pk 10.5-20.5 4 3

Urn 12.5-23.5 9 4

* maternally related to infant

Partner is given as Sibling (sib), Juvenile Male (TM), Juvenile Female (JF),
Adult Female (AF), Silverback (SB). If there are two partners
in each age/sex category, this is denoted as '2'.



adult sister. Some grooming was received in the second year but the majority of cases

were observed during the third year of infancy (Table 4.3).

Grooming received from others tended to be of a longer duration than that given.

Although bouts varied from four seconds to three minutes, the median duration was 39

seconds. In only one case, during focal observations, was an infant observed to receive

grooming from another infant. In general therefore, siblings, adults and older immatures

tended to be the primary groomers of infants.

As a percentage of the total time an infant was groomed, the median proportion

received from individuals other than the mother was zero in both the first and second

years. In the third year this figure rose to 3%.

4.2.6 Discussion

The tendency for infants to associate preferentially with juveniles was most

probably related to the fact that their older siblings were juveniles and often fed near their

mothers. Generally low levels of association reflected the large distances between adult

females during feeding which are implicated in the spatial patterning of a dependent

infant. During rest periods, group members tended to reduce their inter-individual

distance so members of all age classes were more likely to be near the infant than when

the group was feeding. The increasing amount of resting time spent with others

compared with feeding time over the first three years reflected the greater reduction in

mother-infant contact and association during rest bouts compared with feed bouts

(Chapter Three).

The preferred immature association partner, other than a sibling where available,

was most commonly another infant thus supporting Stewart's (1981) finding rather than

Fossey's (1979) observation. This was not a surprise, given that in most primates

immatures tend to spend most time with like-sized individuals, particularly in play

(Owens, 1975b). Limitations in examining the role of the infant in close association (< 2

m) with others were fewer than when looking at association within 5 m since there were

fewer individuals within this radius with whom another individual might have been
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Table 4.3	 Grooming received from group members other than the mother.
Number of grooming bouts observed for each subject detailed by
age range when groomed (months), number of groomers
and age/sex class of groomer.

a) Infant males

Subject Age Frequency No. Groomers Age/Sex

Bw 13.5-32.5 19 7 IM, 2aM, 2AF, 2SB

In 11.5-28.5 12 2 AF, SB

Ki 11.5 1 1 AF

Sa 25.5-26.5 11 2 sib, *aF

Jo 29.5 1 1 JM

Ug 34.5 1 1 JM

b) Infant females

Subject Age Frequency No. Groomers Age/Sex

Kp 6.5-28.5 10 5 sib, 25M, AF, SB

Mk 19.5-34.5 17 3 sib, AF, SB

Pk 7.5-13.5 2 1 sib

Urn 33.5 1 1 AF

Ty 27.5-34.5 12 4 sib, JIM, *JF, *AF,

* maternally related to infant

Partner is given as Sibling (sib), Juvenile Male (JM), Juvenile Female (JF),
Adolescent Male (aM), Adolescent Female (aF) Adult Female (AF), Silverback (SB).
If there are two partners in any age/sex category, this is denoted as '2'.



interacting. However, there were no obvious patterns between responsibility and age or

sex of the recipient that would lead us to make conclusions at this stage.

The finding that infants tended to spend more feeding time with siblings is

consistent with Fossey's (1979) observation that siblings were most commonly found near

the mother-offspring pair. However, during rest time the preferred partner was more

variable, and it was found overall that slightly more rest time was spent in association

with other infants than with other age-classes. This substantiated the impression that I

gained that, apart from when the infant was very young, the mother appeared to settle

down to rest near other female(s) who had young infants, whether or not the silverback

was nearby, and suggests a particularly active role of the female in the socialisation of her

infant.

Although grooming of individuals other than the mother was rare, there seemed to

be a clear sex difference in the amount of grooming given with female infants grooming

others considerably more than male infants did. This is similar to the pattern seen in

many primates where female infants groom others more than male infants do, but had not

previously been recorded in gorillas. It was also noted that the grooming dyads involving

infant groomers were mostly heterosexual, a pattern that has not been investigated in

adults.

4.3 Association with silverbacks

The dominant silverback has long been recognised as an attractive gathering point

for infants and juveniles (Schaller, 1963; Fossey, 1979; Stewart, 1981). Most groups

have one or more silverbacks with one usually dominant over the other(s). Beetsme's

Group contained two silverbacks, Beetsme (Be) and Titus (Ti). Be was formerly the

dominant silverback although leadership changed to Ti over a period before data

collection began. In Group Five there were two fully adult silverbacks at the beginning of

the study, Ziz (Zz) and Pablo (Pb), with the former being the clearly dominant individual

throughout the study. There were also two blackback males, Shinda (Sd) and Cantsbee
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(Ca), who were of adult age by the end of the study but were not included in the

following analyses of silverback-infant interactions.

Although previous studies have detailed interactions between infants and the

dominant silverback (Schaller, 1963; Fossey, 1979; Stewart, 1981) they have not

examined the effect of two mature males being present in the group. Since both of the

study groups contained two mature males, each of whom were seen to copulate with adult

females, it was possible to compare the differentiation of an infant's time between adult

males in the investigation of the role of silverbacks in the socialisation of the infant.

4.3.1 Patterning of silverback association

Data from both groups were combined to give an idea of the average time that any

infant spent within 5 m of at least one silverback. Infants were more likely to be in

association with a silverback during resting time than during feeding (Figure 4.2, Z = -

1.961, n = 12, p<0.05) with more than 40% of rest periods spent within 5 m between the

age of nine and 30 months, and an overall peak at 21-24 months. During group feeding,

infant-silverback association tended to increase only gradually with age (rs = 0.453, n =

12, n.s.) and it remained below 40% throughout infancy.

Sex differences

An investigation of male-female differences in infancy suggested some differences

in their association with silverbacks (Figure 4.3). During feeding periods males showed a

gradual increase in time they spent with a silverback (rs = 0.818, n = 11, p<0.002)

whereas females exhibited more variation throughout infancy (rs = 0.140, n = 12, n.s.).

This difference was almost significant (Z = -1.956, n = 11, n.s.).

Overall during rest periods, females decreased their association time with

silverbacks as they became older (although there was a gradual increase between 18 and

27 months, r = -0.615, n = 12, p<0.05) having had much higher rates of association at

very young ages than males who rarely associated until 9-12 months. Presumably this

was a reflection of the mother's association with silverbacks since the infants were not
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independent at this age. During the second year, males scored more highly than females

when resting and beyond this, dropped their frequency of association a little. Overall,

differences were not significant (Z = -0.711, n = 11, n.s.). There remained a difference

related to activity pattern with both males and females spending more time resting with

silverbacks than feeding (males: Z = -2.313, n = 11, p<0.025; females: Z = -2.510, n =

12, p<0.025).

Group differences

Infant-silverback association time was examined between groups to establish if the

patterning was similar. There was no difference overall between groups in either feeding

or resting periods (Figure 4.4, feeding: Z = -0.235, n = 12, n.s.; resting: Z = -0.356, n =

12, n.s.). However, Beetsme's Group did exhibit a significant increase with age during

feeding periods, especially beyond 12 months (r = 0.608, n = 12, p<0.05), in contrast to a

fairly consistent level during rest periods (r = 0.081, n = 12, n.s.). Despite any changes

with age, both groups tended to spend more time near the silverback during rest sessions

(Beetsme's Group: Z = -1.804, n = 12, n.s.; Group 5: rs = -2.197, n = 12, p<0.05).

4.3.2 Silverback preference

Although it is now generally accepted that a lead silverback is often a central

gathering point for immatures, there are no quantitative data to describe the different

relationships of dominant and subdominant silverback(s) with immatures. In this section,

data were examined to establish whether a preference existed between dominant (ZzlTi)

and subdominant (BelPb) silverbacks within each group during infancy. Certainly, the

impression in the field was that the dominant silverback was generally preferred,

although some mother-offspring pairs appeared to spend more time with the less

dominant silverback.

During infancy the trend was one of preference for the dominant silverback during

group feeding (Figure 4.5, Be v Ti: Z = -1.886, n = 12, n.s.; Zz v Pb: Z = -1.718, n = 12,

n.s.). During rest periods the preference was much less clear (Group 5: Z = 0.000, n =
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12, n.s., Beetsme's Group: Z = -0.889, n = 12, n.s.). This may have been a reflection of

the closer spatial relations between group members during rest periods.

The ontogeny of relationships with the dominant and subdominant silverbacks in

Beetsme's Group displayed an increase in time spent with Ti during both feeding and

resting periods (feed: rs = 0.880, n = 12, p<0.001; rest: rs = 0.592, ti = 12, p<0.05)

whereas the time spent with Be showed a significant decrease with age during feeding

periods although little change during resting periods (feed: rs = -0.645, n = 12, p<0.05;

rest: rs = 0.266, n = 12, n.s.). This may well have been a consequence of the recent

change in leadership within the group. In contrast, there was little pattern with age of

Group 5 infant-silverback association other than a slight positive relationship of

association between Pb and infant age during rest periods (rs = 0.483, n = 12, n.s.).

Comparing the duration of time spent with dominant and subdominant silverbacks

between groups there were no differences between median scores (Zz v Ti, feed: Z = -

0.157, n = 12, n.s.; rest: Z = -0.078, n = 12, n.s., Pb v Be, feed: Z = -0.628, n = 12, n.s.;

rest: Z = -1.836, n = 12, n.s. (Be>Pb)). A Friedman two-way ANOVA was used to test

between all silverbacks with no significant differences found (feed: X2 = 5.00, n = 12, d.f.

= 3, n.s.; rest: X2 = 1.58, n = 12, d.f. = 3, n.s.).

Preference of silverback by individual subjects

Table 4.4 shows Wilcoxon statistics for the differences between the preference of

dominant or subdominant silverback during infancy. In Group 5, there were no

differences in silverback association during feeding although Ty had a tendency to prefer

Zz. In rest periods a similar lack of differences emerged. It should be noted that the

sample size was small.

Differences were more apparent in Beetsme's Group during feeding with Bw and

Urn clearly spending more time with Ti than Be. During rest periods, Bw again tended to

prefer Ti whereas In had a tendency to spend more time in association with Be.
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Subject

Bw

In

Ki

Pk

Urn

Kp

Mk

Nh

Ts

Ty

Subject

Bw

In

Ki

Pk

Urn

Kp

Mk

Nh

Ts

Ty

Table 4.4
	

Silverback preference. Differences in association
between dominant silverback (Ti/Zz) and
subdominant (Be/Pb) silverback as indicated
by Wilcoxon (matched pairs) statistics.

a) Feeding

b) Resting

Z value n significance direction

-2.429 11 p<0.02 Ti>Be

-1.133 14 n.s. (Ti>Be)

-1.955 15 p<0.05 Be>Ti

-0.889 14 n.s.

-2.666 9 p<0.01 Ti>Be

-0.134 7 n.s.

-0.419 7 n.s.

-1.342 3 n.s.

-0.592 9 n.s.

-1.604 4 n.s. (Zz>Pb)

Z value n significance direction

-1.761 15 n.s. (Tz>Be)

-1.423 16 n.s. (Be>Ti)

-1.014 11 n.s.

-0.245 15 n. S.

-1.069 6 n.s

-1.120 8 n.s. (Pb>Zz)

0.000 8 n.s.

-1.604 3 n.s. (Zz>Pb)

-1.483 8 n.s.

-0.447 4 n. S.



4.3.3 Infant-silverback association in relationship to infant-mother association

As infant independence from the mother grows an increase in the time spent with

other individuals in the group would be expected. The silverback, known to play a

protective role amongst immatures, might also be expected to receive more attention

from infants as they became more confident and less dependent upon their mothers.

Figure 4.6 shows a comparison of time spent in association with the mother and

time spent with a silverback. As the infant spent less time with the mother the time spent

with the silverback gradually increased during feeding (rs = -0.468, n = 12, n.s.), with the

infant associating more with the mother than the silverback overall (Z = -3.059, n = 12,

p<0.005). During rest, there was a negative correlation between mother-infant and

silverback association up to the age of 18 months (rs = -0.655, n = 6, n.s.) after which the

infant spent only slightly more time in association with its mother than with the

silverback (Z = -1.992, n = 6, p<0.05).

4.3.4 Discussion

The increased likelihood of an infant being in association with a silverback during

group resting rather than feeding reflected the spread-out nature of feeding gorillas.

During the second half of infancy the infants' increased independence was illustrated by

the more frequent feeding in association with the silverback compared to feeding with the

mother. This pattern supports previous studies in their observations of silverbacks being

the focal point of an immature (Schaller, 1963; Fossey, 1979).

The similarity of infant-silverback association between groups, despite their

different demographies, is not the same pattern as that observed by Stewart (1981).

Stewart (1981) found a difference in the time which infants spent within two arms reach

(similar to the present 'close association') of silverbacks between the two groups which

she suggested was due to individual characteristics of the silverbacks. However, her

study groups each contained one mature adult male rather than two.

Beyond the age of 18 months, infants spent a similar amount of time resting with

the silverback as with the mother. This would suggest that they were resting in
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association, likely due to the reduced inter-individual distances that individuals assume

when resting. Future work will test this hypothesis, and also that which suggests that

mothers actively bring their infants to the silverback.

Differential silverback association is likely to reflect the behaviour of the mother,

particularly when the infant is very young, since she is the infant's sole means of

transportation. Female infants, who were more commonly in association with silverbacks

than infant males, all had multiparous mothers who were probably of higher rank than the

nulliparous mothers (three of four which had male infants) since they had been resident

in the group for longer (Fossey, 1982). Although it was my impression that silverbacks

were especially tolerant of mothers with young infants, it may be that lower ranking

mothers did not benefit to the same degree as higher ranking mothers (with female

infants), at least in the early stages of infancy.

It might be expected that the mother would associate more with the male that she

believed to be the father of her offspring or perhaps, if she had copulated with both

males, she might split her association or preferentially choose the male most likely to

protect herself and her offspring. In Group 5, Zz was almost certainly the father of all

infants in the group who were subjects in the present study. During group feeding in

infancy he tended to be the preferred silverback overall, although individually there were

no clear preferences at this stage. This may be partly explained by the small sample size

as well as by low levels of association in infancy. In Beetsme's Group the paternal

situation was less clear since both silverbacks were reproductively active during the

period in which the study infants were conceived, yet dominance was changing from Be

to Ti. The youngest infant (Ki) was conceived during a three month period when all

researchers were absent so paternity is unknown. It was apparent that those infants who

displayed a preference for one silverback (Urn, Bw and Ty) were the oldest infants in the

present analysis and that their choice of silverback was the dominant one. This was

probably indicative of the changing feeding associations of older infants who were not

restricted to feeding at close proximity to the mother.



4.4 Play

Play relationships have been described in wild and captive infant gorillas (Schaller,

1963; Redshaw and Locke, 1976; Fossey, 1979; Stewart, 1981; Hoff et al., 1981b;

Gomez, 1988; Gil and Gomez, 1989). However, qualitative assessments of different

social play types are not available. This section aims to describe the ontogeny of play,

and its constituent types through infancy.

4.4.1 Infant-mother play

Play types

The first observations of play behaviour occurred as early as 4.5 months in this

study. The infant would 'play on' the mother's body, rolling and sliding around and often

grasping at the mother's pelage. The characteristic open-mouthed play face expression

was seen as early as three months while the infant played on the mother, although

chuckling was not heard until later in infancy.

Another form of mother-infant play, termed extremity play, was noticed by the age

of four or five months. The mother would play very gently with the infant using her

relatively large hands (or sometimes her feet), often while she rested during a siesta. The

infant would sometimes mouth her fingers (or toes) and she would occasionally tickle her

infant using only the movement of her digits. This often resulted in a playface even

before the accompanying chuckling vocalisation emerged. When the iniant was older

this play appeared to be a lazy exercise in mother-infant contact, usually initiated by the

infant.

A more interactive type of play between mother and infant was termed 'gentle play'.

Both partners played an active part although the infant rarely managed to tickle the

mother as she tickled it. Gentle play emerged later, mostly around the age of 12 months,

although it was seen as early as seven months in Ki, and all such behaviour was recorded

during focal observations in Beetsme's Group, with an apparent absence in Group 5.
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Rain

The presence of rain appeared to play a part in the occurrence of mother-infant play

(rs = -0.229, n = 128, p<0.01). Removal of focal days from the analysis where rain time

exceeded 15% of observation time resulted in the reduction of this association to a

negligible level (rs = -0.011, n = 112, n.s.).

Pattern of mother-infant play - all types combined

Play with the mother was examined as a proportion of total contact time and as a

proportion of total play. As a proportion of contact time the median percentage varied

between zero and 16% although it was more commonly less than 3%. Mother-infant play

did not occur every day for every infant, however. Excluding the occasional incident,

mother-infant play accounted for less than 1% of contact time beyond the age of 20

months.

As a proportion of total play, mother-infant play dropped quite substantially in its

relative importance during the first year of infancy, from being the sole type of social

play to playing a minor, and relatively rare part in total play (Figure 4.7, overall during

infancy: rs = -0.648, n = 36, p<0.001). Actual duration per hour was highest at 5.5

months, varying between four and five minutes per hour. Beyond this it varied between

zero and three minutes per hour.

4.4.2 Solitary play

Individual, non-social play emerged fairly early between 5.5 and 7.5 months. It

often accompanied exploration by the infant and in the early months the infant was rarely

>1 m while swinging, twirling, hanging from branches and rolling around in the

vegetation. With increasing age, solitary play was often accompanied by a playface,

chuckle vocalisation and chestbeating or patting of local objects.
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Rain

The relationship between solitary play and the amount of rainfall was compared.

No association was found, either for individuals or over the entire data set (rs = 0.062, n

= 137, n.s.). Therefore, any effect due to rain was ignored and all data were treated

equally.

Pattern of solitary play during infancy

The median duration of solitary play was highest in the second year, varying

between 13 seconds and 9.22 minutes per hour, reaching a peak at around 18 months. It

then gradually decreased until, by 30 months, it was irregular and of shorter duration

(Figure 4.8).

A brief comparison of males and females showed similar patterns with no

significant difference up to 30 months (Figure 4.9, Z = -1.199, n = 27, n.s.). Only

beyond 30 months did differences begin to appear with males continuing to play but

female play dropping off to very low rates (Z = -1.992, n = 7, p<0.05).

4.4.3 Social play

Social play was divided into four major types: gentle play, chase (approach-

withdrawal play), rough and tumble play and sparring (see Chapter Two for definitions).

Often, between bouts of these behavioural patterns, individuals would take short breaks,

particularly after energetic play, seemingly to recover their breath. During this time they

were constantly aware of their play partner and were usually in close proximity (except

during chase). These intervals were termed 'rest play' as they were considered to be an

integral part of the play process.

Rain

Long periods of rain appeared to affect the play behaviour in the same way as is

seen in other primates (Fagen, 1981), by decreasing its occurrence (rs = -0.255, n = 246,

p<0.001). Reducing the database by different degrees according to rain prevalence
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resulted in a cutoff point where the incidence of rain was at 15% of total observation

time. Discarding these days removed the association between rain and play, both

individually and as a whole (rs = -0.005, n = 212, n.s.).

Total play

Social play in infants (including that with their mothers) tended to increase with age

over the first two years although it began to decline beyond 26 months (Figure 4.10a,

overall rs = 0.539, n = 12, n.s.). The median duration of play was highest in the second

year where it varied between 7.4 and 13.5% of total observation time. Figure 4.10b

illustrates the increasing occurrence of social play in relation to the pattern of solitary

play during infancy. It can be seen that social play far exceeds solitary play (Z = -4.142,

n = 36, p<0.001) in its duration. If play with the mother is removed from this analysis

(Figure 4.10c) leaving a comparison of solitary play with play involving other group

members, it is seen that solitary play still accounts for less time than social play beyond

the age of 12 months (Z = -3.557, n = 35, p<0.001), although this is more pronounced

beyond the age of 18 months.

An examination of sex differences (Figure 4.11) showed that the decrease in play

during the third year was largely attributable to the behaviour of females, while male

infants displayed a very significant positive correlation between play time and age (rs =

0.783, n = 12, p<0.002). Males scored more highly in play throughout infancy (Z = -

2.134, n = 12, p<0.05) except at the end of the first and beginning of the second year.

Infant social play in the two study groups was not different (Z = 0.000, n = 12, n.s.).

Differentiation ofplay types

Of the four major play types gentle play was the earliest to emerge at the age of

approximately 7 months. Chase play emerged next (10-11 months), closely followed by

more energetic play classed as rough and tumble, at 11-13 months. Sparring was much

less frequently observed than any other play types and was the latest to be observed in

any individual, emerging beyond the age of 12 months. Each play type is described
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below as a median proportion of total play time (including mother-infant play) and by

median bout length.

Gentle play

The amount of time spent in gentle play increased with age (rs = 0.700, n = 11,

p<0.025) reaching a maximum of 67% of total play by 33-36 months (Figure 4.12a).

Bout length gradually decreased (rs = -0.738, n = 10, p<0.025) from a median of 41

seconds at 6-9 months to 16 seconds by the end of infancy. There were no overall

differences between males and females (Figure 4.12b, duration: Z = -0.561, n = 11, n.s.;

bout Z = -0.889, n = 7, n.s.).

Chase play

Chase play was less important in its contribution to play time, reaching a maximum

proportion of 9.4% at the age of 27-30 months. However, it did tend to increase with age

as did the lengths of chase bouts (Figure 4.13a, duration: rs = 0.541, n = 11, n.s.; bout: rs

= 0.681, n = 9, p<0.05). Each bout of chasing (usually split by rest play or bouts of

other types of play) ranged between 5 seconds at age 9-12 months to between 9 and 13

seconds beyond the age of 21 months. Although there was no difference between males

and females overall in the amount of chase play (Z = -0.059, n = 11, n.s.), female infants

did chase for longer periods than males (Figure 4.13b, Z = -2.369, n = 9, p<0.025).

Rough and Tumble

Rough and tumble play exhibited a more variable pattern than other types of play as

a proportion of total play (rs = 0.479, n = 11, n.s.), with its duration occupying between

zero and 28% of total play time (Figure 4.14a). Bout length was quite short, ranging

between 9 and 22 seconds. A consideration of sex differences, (Figure 4.14b) uncovered

a positive relationship between the proportion of rough and tumble play and age in males

(rs = 0.807, n = 11, p<0.002) despite a drop between 24 and 30 months, whereas for

females the tendency for an increasing proportion of rough and tumble play was not
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significant (rs = 0.442, n = 11, n.s.), rather it decreased beyond 21 months. However,

there was no statistical difference overall between rough and tumble play of male and

female infants (Z = -0.350, n = 11, n.s.). Examining bout length, females tended to play

for longer periods of time than males (Z = -1.680, n = 8, n.s.).

Sparring

Sparring was uncommon during infancy and overall appeared unrelated to age in

both its occurrence and its bout length (Figure 4.15a, proportion: rs = 0.308, n = 11, n.s.;

bout: rs = 0.067, n = 9, n.s.). Sparring rarely lasted more than 7 seconds and was a very

minor contributor to total play. However, sex differences were evident (Figure 4.15b, Z

= -2.366, n = 11, p<0.05) with males sparring more regularly, increasing their time spent

doing so with age while exhibiting a fairly constant bout length within the range of 1-7

seconds (proportion: rs = 0.802, n = 11, p<0.002; bout, rs = 0.333, n = 9, n.s.). This

was in contrast with female infants who rarely engaged in this behaviour.

Rest play

A brief consideration of the rest breaks within bouts of play indicated an increase

up to 27-30 months of age, reaching a maximum of 20% of total play time, beyond which

it became more variable, occupying less than 10% of total play time (Figure 4.16a).

Median bout length varied between 7.5 and 12.5 seconds throughout infancy (rs = 0.067,

n = 9, n.s.). There were no differences between sexes in bout length but males did tend

to spend a greater proportion of total time in rest play than females (Figure 4.16b, Z = -

1.481, n = 11, n.s.), increasing this proportion with age, whereas females varied

throughout (males: rs = 0.740, n = 11, p<0.025; females: rs = 0.214, n = 11, n.s.).

4.4.4 Partner preference in play

Play in infants was examined to determine with which age class they spent the

majority of their play time. Play partners were categorised as being infants, juveniles,

adolescents, adult females, silverbacks or the infant's mother. It was found that, in total,
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Figure 4.16b: Rest play. Sex differences in

i) Proportion of time played. Sample size n = 15*.
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infants spent a median 65% of their time playing with other infants, 16% playing with

juveniles, 2% with adolescents, 8.5% playing with the mother, and no time with other

adult members.

Partners were more finely divided to account for sex and group since the

availability of potential partners was a major factor in the resulting choice. Median

proportions of total play time spent with various age/sex classes are presented as

percentages in Table 4.5 where they are compared with expected values (where every

individual in the group is classed as being equally likely to be a play partner). The most

striking difference in these values is seen when considering play with adult females.

Demographically they would be expected to be partners for more than one third of the

time whereas they scored a median of zero in every case. Similarly silverbacks were

absent from every category. Play with the mother was three times more frequent than

expected for female infants in Beetsme's Group although for others it was similar to the

calculated expected value.

Immature play partners of infant subjects exhibited a consistent pattern. In all

age/sex categories infants played a little less than expected with adolescents,

approximately as expected with juveniles and between 2.5 and six times more than

expected with infants. The only exception to this was in Beetsme's Group where infant

females were not partnered any more frequently than expected.

4.4.5 Sociosexual behaviour

This behaviour, similar in some ways to adult sexual behaviour, was often

associated with play in young individuals. Infant males were sometimes seen to have an

erect penis during bouts of play although this did not seem to be a prerequisite to

sociosexual behaviour. The actor often seemed to concentrate hard on manipulating the

usually smaller recipient, who usually did not seem to realise that it was supposed to stay

still rather than crawling away or trying to play-bite its partner.
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Table 4.5 Preferred play partners. Median proportions of total
play time that infants spent with each age/sex class,
presented as percentages. Expected proportions are
listed, where each individual in the group is calulated
to have an equal chance of being a play partner.

a) Infant males

Beetsme's Group Group 5

Age Male	 Expt. Female Expt. Male Expt. Female Expt.

I 47.5	 11.3 11.5 11.3 44.0 6.9 33.0 8.5

J 11.0	 9.7 0.5 1.6 21.0 20.7 0.0 3.5

a 3.5	 8.0 0.0 3.5 0.0 5.1

AF 0.5 38.7 0.0 34.5

SB 0.0	 12.9 0.0 13.8

M 8.5 6.5 - 0.0 3.5

b) Infant females

Beetsme's Group Group 5

Age Male	 Expt. Female Expt. Male Expt. Female Expt.

I 61.0	 17.7 1.0 4.8 26.0 10.3 28.0 5.1

J 7.0	 9.7 1.5 1.6 20.0 20.7 1.0 3.5

a 0.0	 8.1 - 2.0 0.0 5.0 5.1

AF 0.0 38.7 0.0 34.5

SB 0.0	 12.9 0.0 13.8

M 18.0 6.5 3.0 3.5

Age is given as Infant (I), Juvenile (J), Adolescent (a),
Adult Female (AF), Silverback (SB) and Mother (M).
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Initiation

The earliest age at which sociosexual behaviour was initiated by an infant during a

focal observation session was at the age of one year by Urn, a ventral-ventral embrace

accompanied by thrusting with a juvenile male. She also initiated this behaviour on a

few occasions later in her second year - this behaviour was only seen once by another

infant at this stage of development (Bw to In). In the third year infants would more

commonly initiate this ventro-ventral or dorso-ventral embrace which was often

accompanied by rubbing, thrusting or rolling backwards and forward, and soft

vocalisations similar to appeasement vocalisations. Infant males would usually have an

erect penis.

Of 31 bouts of sociosexual behaviour initiated by infants, 24 (77%) of these were

initiated by male infants with 20 (83%) of their recipients being younger. Similarly,

female infants chose younger individuals in five out of seven (71%) cases. Interestingly,

only 10% of all cases were between same-sexed individuals.

Infants as recipients

Infants were recipients of sociosexual behaviour initiated by others 2.4 times more

than they initiated it. Furthermore, 50 out of 73 such cases (68%) occurred during the

second year of infancy and only 25% were seen in the third year. Figure 4.17 shows the

ages at which frequency was highest. In contrast to the initiation of sociosexual

behaviour, receipt of it from others was spread fairly evenly between the sexes with 47%

received by female infants and 53% by males. However, the age pattern of initiators was

similar to before, with 96% of recipients being younger than their partners. Forty percent

of pairs were of the same sex although this may be a reflection of the low number of

females above the age of 40 months. In Group 5 (where 42% of cases were observed)

only six out of 31 cases (19%) involved same sexed-individuals.

Sociosexual behaviour initiated by more mature individuals took the form of

ventro-ventral genital rubbing (36% of cases) or more conventional dorso-ventral

thrusting (64% of cases). No individual used one position to the exclusion of the other.
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Figure 4.17: Sociosexual play behaviour. Spread of
occurrences over infancy initiated by others.

Sample size n = 15*.
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In these cases the behaviour was often accompanied by vocalisations from the actor

similar to adult copulatory vocalisations, and would often be completely outwith play

whereupon an infant would seem to submit and patiently wait until its partner let go. It

was not possible to see whether intromission took place.

4.4.6 Discussion

The first play seen in gorillas was between mother and infant. This may be have

been related to the fact that mothers restrict the access of others to their infants early on

in life (Fossey, 1979) in a similar way to chimpanzees (Goodall, 1968) and orangutans

(MacKinnon, 1974). Solitary play provides increased sensory stimulation to the infant

without necessitating the social skills involved in peer play. In infant gorillas decreasing

solitary play began to exhibit clear sex differences by 2.5 years with females ceasing

altogether to play in this manner. This decrease was associated with a similar reduction

in female social play while males continued to play alone and increase their social play

time. This sexual diethism may have been related to the early weaning of two infant

females since weaning-related distress has been associated with reduced levels of play

behaviour in several primates. However, the higher level of social play observed in male

infants is a commonly reported phenomenon in primates and has previously been

observed in infant gorillas (Stewart, 1981).

The quality of play identified in the present study did not differ from previous

descriptions of gorilla play (Schaller, 1963; Fossey, 1979; Stewart, 1981). Gentle play

accounted for more total play time than chase, except for a brief time in late infancy,

which in turn was consistently more common than rough and tumble play. Spar play was

most erratic and least common. Sex differences were apparent in all types of play other

than gentle play. For chase this meant longer bouts for females, but males exhibited an

age-related increase in rough and tumble play and spar play with the latter being

considerably more common than in females. An increased level of 'active' play in infant

male gorillas was also reported by Hoff et al. (1981b) although it was not observed by
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Brown (1988). The tendency for rest play to be more common in males may have been

related to the increased rate of these energetic play types in males.

The pattern of play partners indicated an absence of play with adults other than the

mother, a result which was not surprising. Infants were clearly preferred as partners as

would be expected given their similarity in age and ability. In this study infants played

more with infants of their own sex relatively more than with infants of the opposite sex as

judged by observed and expected values (except for females in Beetsme' Group, although

this was most likely to have been related to the trauma that one female was experiencing

through weaning and might also explain the high level of mother-infant play in Beetsme

females). This does not substantiate Gomez's (1988) report that male-female pairs of

infant gorillas played together more than female-female pairs.

Sociosexual behaviour as it appeared in infancy was most commonly seen in

conjunction with play as has been previously reported (Nadler, 1986; Watts, 1990). The

youngest gorillas previously seen to have mounted and thrust against another were a 26

month old female infant (Watts, 1990) and a 28 month old male (Nadler, 1986). In this

study an infant female was seen to initiate sociosexual behaviour (ventro-ventral) with a

juvenile male as early as 12 months of age and also during her second year. Results from

the present study contradict previous findings of few infant initiations with 28 out of 72

heterosexual mounts involving infants having been recorded as initiated by infants.

4.5 Agonism in infancy

Dominance rank among immature gorillas has been reported as being age-related

and not affected by the sex of an individual (Stewart and Harcourt, 1987) although this

pattern seems less clear in captive lowland gorillas (Meder, 1990). Despite food being

abundant, individuals do sometimes compete over food (Watts, 1985a; Stewart and

Harcourt, 1987). Harcourt and Stewart (1989) have argued that gorillas form alliances,

although support in contests has no effect on the dominance status of the recipient.
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Agonism takes several forms in gorillas: pig grunting, displacements, displays and

even mock-biting or full blown fights resulting in physical injury. Severe contact

aggression is rarely seen other than between adult males (usually during inter-unit

encounters) competing for females (Harcourt et al., 1976; Harcourt, 1978a). This section

describes agonism involving infants to discover the most common contexts in which it is

observed and to relate it to the age-related dominance theory.

4.5.1 Displacements

Only one infant focal subject was seen to displace others during its focal

observation session. Urn, aged 20.5 months, displaced two younger males (In and Bw) on

the same day when they were feeding too closely. However, out of 58 displacements

received by infants, six (10%) were from infants, 20 (35%) were from juveniles, three

(5%) were from adolescents, six (10%) from silverbacks and the majority, 23 (40%),

were from adult females.

Most displacements, where a reason for the displacement seemed fairly clear, were

over food (62.5%). Only 7.5% took place when the group was resting and 30% occurred

when the displaced individual had been too close spatially - the displacer approached the

displacee, it left and the former returned to its original spot and continued what it was

doing. Figure 4.18 shows all displacements received over infancy.

4.5.2 Pig grunting

Pig grunting between immatures occurred mostly in one of three contexts: play,

either when one individual became too rough or where one tried to initiate play with

another who was not willing; feeding, when one got too close to another's food source;

and occasionally, as a result of an older individual initiating sociosexual behaviour from

an unwilling partner. An adult female would sometimes intervene between an immature

and her offspring by pig grunting at the former in support of her offspring (Harcourt and

Stewart, 1989). The following analyses of infants do not include pig grunting that

involved the mother.
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Figure 4.18: Displacements. Spread of occurrences
over infancy initiated by others. Sample size n = 15*.

',N.•	 bv	 'N• SS 5 5 55 5 5 5
\ .'' •	 N.11) .fly>.rlicb

Age of recipient (months)

n = 4 3 3 5 3 3 3 3 2 2 3 4 6 5 3 6 5 2 3 4 3 2 5 3 3 4 4 4 3 1 4 5 1 2 5 2

NB. This figure shows only absolute numbers of occurrences at any age without

accounting for the number of subjects contributing to any one age category.



In the present study the median frequency of pig grunts directed towards others by

infants was fairly stable between nine and 30 months at around 0.25 pig grunts per hour

(Figure 4.19). The youngest age at which it was recorded was 8.5 months (Ki and Ts).

However, although pig grunting was first received by infant subjects between 10 and 12

months of age in some individuals, it did not occur regularly until 18 months, beyond

which time it increased dramatically (rs = 0.894, n = 12, p<0.001).

Sex differences

Overall there were no differences between males and females in their frequency of

pig grunting or being pig grunted at (Figure 4.20, Z = -1.244, n = 12, n.s.; Z = -0.840, n

= 12, n.s. respectively). However, females received pig grunts earlier than males (6-9

months onwards) with the frequency becoming lower beyond the age of two years (over

infancy, rs = 0.616, n = 12, p<0.05), whereas males received a steadily increasing number

of pig grunts from 18 months onwards (rs = 0.922, n = 12, p<0.001).

Individual recipients

The majority of pig grunts involving infant that were recorded during infant focal

observations were between infants (44%), with juveniles involved in 28%, adolescents in

2%, adult females in 14.7% and silverbacks in 10.7%. Infants directed pig grunts at

others more than they received pig grunts. Table 4.6 shows a breakdown of pig grunting

to and from different age/sex classes, illustrating a gradient of decreasing frequency of

pig grunts given with increasing dominance of the recipient (excluding adolescents).

When expected proportions are compared with those observed it is evident that infants

both give and receive more pig grunts than expected to other infants and juveniles. By

contrast, fewer cases of such agonism were observed than were expected between

adolescents/adults and infants. The only exception to this was the case of pig grunts

received from the silverbacks: infants received more cases than expected.
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Table 4.6 Frequency of pig grunting between infant subjects
and other group members (excluding the mother)
expressed as freqency and percentage of total by
age class. Expected values for each age class are
given with each individual rated as equally likely
to be involved in pig grunting.

Pig grunts given
	

Pig grunts received

Age class Freq (%) Expt. Freq (%) Expt.

I 98 (50.5) 20.00 60 (37.5) 20.00

J 62 (32.0) 19.45 37 (23.1) 19.45

a 3 ( 1.5) 9.45 4 ( 2.5) 9.45

AF 24 (12.4) 37.77 28 (17.5) 37.77

SB 7 ( 3.6) 13.33 31 (19.4) 13.33

Age is given as Infant (I), Juvenile (J), Adolescent (a),
Adult Female (AF) and Silverback (SB).



Preferred association partners

A closer examination of the data reveals a pattern between pairs of infants where

the younger of the pair is more often responsible for the greater number of pig grunts

(Table 4.7). The data were also explored for their relation to preferred association

partners. In Beetsme's Group each subject exchanged a large number of pig grunts with

its preferred feeding partner (range 7-26) whereas the number recorded with a preferred

resting partner was low (range 0-4). In Group 5 levels of pig grunting between infants

were low (0-3, except Mk: maximum 7) and did not seem to bear any relation to preferred

association partners.

4.5.3 Punishment/threat

An individual would sometimes grab at, bite (not breaking the skin), or lunge at

another individual with an open mouth to suggest an impending attack. During infancy,

only 10 occurrences of this type of behaviour were recorded during focal sessions as

initiated by the infant. Ninety percent of these were administered by males and 66%

were related to play behaviour - either it was too rough or the infant appeared to be fed

up with the continual harassment by another to play. Only 20% were directed to younger

individuals. The youngest infant seen to act agonistically in this manner was Ki at 11.5

months.

Infants received more punishment than they gave, although it was still uncommon -

a total of 28 incidences were recorded during the study period. Ninety-six percent of

these were received from older individuals, mostly older infants and juveniles, and 82%

of punishments were received from males.

4.5.4 Discussion

Displacements involving infants were all received from older individuals, thus

adding support to the view that dominance is age-related in gorillas. Adult females were

the most common displacers of infants, closely followed by juveniles. Although the

majority of displacements were over feeding spots, a large number involved the younger
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Table 4.7	 Pig grunting between infants. Ratio of pig grunts
given by each member of a pair (total frequency
over infancy).

Subjects	 Ratio of pig grunts	 Direction of ratio

Ki : Pk	 1 : 4	 0>Y

Ki : In	 19:0	 Y>0

Ki : Bw	 13:17	 0>Y

Ki : Um	 1 : 0	 Y>0

Pk:In	 5 : 0	 Y>0

Pk : Bw	 10 : 0	 Y>0

Pk : Um	 0:0

In : Bw	 14 : 4	 Y>0

In : Um	 27:3	 Y>0

Bw : Um	 8 : 5	 Y>0

Ts : Kp	 0 : 0

Ts : Sa	 0:0

Ts : Mk	 2:0	 Y>0

Ts : Ty	 2:0	 Y>0

Kp : Sa	 0:0

Kp : Mk	 2:0	 Y>0

Kp : Ty	 1 : 0	 Y>0

So : Mk	 0:0

Sa : Ty	 0:0

Mk : Ty	 4:4

The younger infant of each pair is situated on the left.
Direction of the ratio is detailed by younger (Y) and older (0).



individual being displaced from the position in which it stood, often for no apparent

reason to the observer. Since displacements were irregular and fairly uncommon, it was

not possible to detail changing frequency with age. However, it did appear that, as

infants became older, they were displaced more frequently.

The agonistic vocalisation known as pig grunting was infrequently directed towards

infants before the age of 18 months. This low occurrence may have been related to the

close proximity of the mother where an infant remained at this age (Chapter Three).

Males received more pig grunts than females towards the end of infancy and it is

suggested that this may be related to the higher rates of rough play in which they were

involved, with pig grunting ensuing if one partner became a little over-zealous. Lower

frequencies of pig grunting than expected involving adoieseents or aduks is suggested to

reflect the lack of time which infants spent in proximity to these age classes. This might

also explain the higher number of pig grunts than expected from silverbacks, in whose

company infants were often found. The dominant status of the silverbacks would explain

the low frequency of such agonism that they received from the infant, as would the

relatively higher frequency of pig grunts that were received from, rather than given to,

adolescents and adult females.

The fact that pig grunting seemed to be related to preferred feeding partners rather

than resting partners - at least in Beetsme's Group - might suggest that feeding

competition was already affecting interactions at this age. The majority of pig grunts

were directed from younger to older individuals and thus might suggest that, in infants

and juveniles at least, emission of this vocalisation was not positively related to

dominance status but may even have been involved in alerting nearby individuals to a

conflict, as well as expressing annoyance. Certainly infants are supported in conflicts not

only by their mothers but by other individuals (Harcourt and Stewart, 1989).
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4.6 General discussion

Socialisation of infants in the present study seemed to involve mostly other young

immatures and the mother. Infants and juvenile siblings were observed to be the most

common non-mother associates of the infant with adolescents rarely playing a part at this

stage of development. This pattern was also reflected in the social play of infants, with

other infants being by far the most common partners. This result substantiates the view,

that play most frequently involves partners of a similar size (Owens, 1975a).

The protective role of the mature adult male was already known to be important

from studies of wild gorilla groups containing one mature silverback (e.g. Schaller,

1963). However, it is now evident that maturity per se is perhaps not the only important

factor if there is more than one silverback in a group. Rather it appears that the leading

dominance status of a silverback, differentiating it from the subdominant silverback,

plays a role in the facilitation of infant-peer relationships.

Grooming, involving the infant and individuals other than the mother, was

uncommon and did not seem to be of major importance in the socialisation of the infant.

However, it did sometimes allow brief, non-threatening contact with unrelated older

individuals. Agonism was rarely directed towards infants when their mothers were in

close proximity thereby restricting the infant's experience of competition with others until

later in infancy.

Sexual differentiation was already evident in infancy and revealed similar patterns

to those seen in other primate species. Grooming was already more common in females

by the end of this stage of development in a similar way to the pattern seen in

cercopithecine primates (Mitchell, 1979) and in chimpanzees (Clark, 1977), even given

its low frequency. Play in male infants entailed more rough play than in females with

sparring, a similar pattern of behaviour to that seen in fighting between adult males,

developing whilst in females it remained extremely rare.

From describing early socialisation in infants I now move on to investigate the

developing social relationships in the next maturational stage, juvenescence.
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CHAPTER FIVE

SOCIAL RELATIONSHIPS OF JUVENILES

5.1 Introduction

Behaviour during juvenescence is expected to be adaptive in enhancing the

survivability of the juvenile at the same time as preparing the developing primate for

adult life as a member of its particular sex and species (Pereira and Altmann, 1985).

Relationships during this period, therefore, would be expected to form primarily with

individuals from whom relevant experience can be gained through repeated interactions.

Juvenile primates are still an understudied age group and juvenile mountain gorillas

are no exception (although see Watts and Pusey, 1993). Adult relationships have been

studied in great detail and mother-infant relationships to a much lesser degree whereas

juvenile social behaviour has usually been mentioned only in passing. The aim of this

chapter is to examine in more detail the ontogeny of behavioural patterns in the juvenile

gorilla and its changing relationships with members of the group.

5.2 Juvenile-mother relationship

Beyond infancy and weaning an individual is usually deemed to be independent of

its mother to a degree at which it would survive given her death. A juvenile's

relationship with its mother is therefore expected to be considerably less intense than that

of an infant. However, in great apes the mother tends to remain the most common

neighbour of a juvenile individual (Watts and Pusey, 1993). Furthermore, juveniles tend

to continue to receive the majority of their grooming from their mothers (Hoff, 1977;

Nishida, 1988).
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Although parental investment theory would predict increased investment in males

(Clutton-Brock, 1988), increased investment by mothers in female offspring might be

expected if there is more than one mature male residing in the group, increasing the

possibility of a female offspring remaining to reproduce in her natal group. In such a

case it might pay the mother to continue their close relationship beyond infancy since

adult females are known to cooperate in contests (Watts, 1994a). Where there exists only

one adult male, I suggest mother-female offspring relationships would be more likely to

wane as the young female would be expected to transfer to another group to reproduce,

although it is still possible that they may end up residing in the same group. However,

the two possibilities could not be directly compared in the present study since both

groups contained two adult males.

This section deals in particular with the pattern of the mother-offspring relationship

between the ages of three and six years. Limitations of the present study included the

very low number of juvenile females that were present in the study population. In total,

all data points beyond the age of 40 months, of which there were few between 42 and 60

months, represented one individual, It (except one data point at 70 months from Mh).

5.2.1 Contact between mother and juvenile offspring

Juveniles spent very little time in contact with their mothers during group feeding

bouts although, during rest periods, they spent a large proportion of sampling intervals in

contact (Figure 5.1, Z = -2.666, n = 12, p<0.01). Rest time in contact varied over the

three years reaching the highest levels between 36 and 42 months and between 57 and 63

months. Examining differences between the two groups, the pattern of very few contacts

during feeding was similar (Z = - 1.342, n = 10, n.s.) although during rest periods in

Beetsme's Group contact tended to be higher, particularly beyond the age of four years

(Figure 5.2, Z = -1.826, n = 10, n.s.). Both groups displayed peaks of contact at similar

ages. There were no differences between males and females (Figure 5.3) although

comparable data for females were not available at the ages where males peaked in their

contact.
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Figure 5.1: Mother-juvenile contact during
group resting and feeding periods.
Sample size n = 11*.
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group resting periods. Differences between
study groups. Sample size n = 11*.
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Role in the maintenance of contact

Hinde's Responsibility Index, HRIc, was used to examine responsibility for the

contact between juveniles and their mothers. However, the number of contacts were not

high and reliable indices were only available for five (out of 12) age range categories.

The index ranged between 28.6 and 61.3 in these cases, indicating that the juvenile was

the partner playing the major role in the contact between the pairs. These values were

higher than in the mother-infant case suggesting that the mother had since become less

responsible for the maintenance of their relationship.

5.2.2 Association between mother and juvenile offspring

During its juvenile years an individual spent little time within 5 m of its mother

during feeding bouts, more commonly less than 25% (Figure 5.4, data are expressed as a

percentage of the time in which mother and offspring were out of contact). However,

there appeared to be two troughs in association at 4.5 and 5.5 years. Overall, there was

no correlation between association and age (rs = -0.287, n = 12, n.s.) and no differences

between the behaviour of males and females (Figure 5.5a, Z = -0.405, n = 5, n.s.) or

between study groups (Figure 5.6a, Z = -0.761, n = 11, n.s.).

During rest periods the patterning of association with age also varied. Association

tended to be more common than when feeding however, (Figure 5.4, Z = -1.569, n = 12,

n.s.) and was frequently observed during 10% to 50% of any resting period. There were

no sex differences in frequency of association during resting (Figure 5.5b, Z = -0.674, n

= 5, n.s.). However, female resting time in association displayed a positive correlation

with age (rs = 0.9, n = 5, p<0.05) while in males it did not, varying within the same range

as that seen in females. There were no differences in the frequency of association

between the two study groups (Figure 5.6b, Z = -0.296, n = 10, n.s.).
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Role in the maintenance of proximity

Using Hinde's Responsibility Index (HRIp), mutual approaches and departures

between mother and infant were examined at various distances to investigate the role of

the juvenile in maintaining their spatial association. Figure 5.7 shows the decreasing

pattern of the index with age which is statistically significant at 2 m and 5 m (1 m: rs = -

0.491, n = 11, n.s.; 2 m: rs = -0.736, n = 11, p <0.01; 5 m: rs = -0.609, n = 11, p<0.05).

Each index was positive (except one, see below) indicating that the juvenile remained

more responsible than the mother for their continued association. However, the

decreasing index indicated that the role of the juvenile was decreasing with age, although

it was still the most important, while the mother was playing a gradually increasing part

in maintaining their association. At 60-63 months the index became negative for the first

time since early infancy and for the first time at the distance of 5 m, indicating that the

role of the mother in association superseded that of her offspring.

Statistically there were no differences between males and females at any distance,

although it should be noticed that sample size for the comparison was small (Figure 5.8, 1

m: Z = -0.405, n = 5, n.s.; 2 m: Z = -0.405, n = 5, n.s.; 5 m: Z = -1.095, n = 4, n.s.).

However, at 2 m males exhibited a steeper decrease with age than females overall (males:

rs = -0.882, n = 11, p <0.001; females: rs = -0.100, n = 5, n.s.). The reverse trend was

the case at 5 m (males: rs = 0.391, n= 11, n.s.; females: rs = -0.500, n = 5, n.s.).

5.2.3 Grooming between mother and juvenile offspring

In juveniles, grooming received from the mother tended to vary in its importance as

a contributor to contact time although it reached higher proportions than in infancy

(Figure 5.9a). Measures of frequency and duration per hour decreased in year four,

remained low in year five and then increased during the period of 57-63 months before

they dropped again (Figure 5.9b). Median bout length was more stable, varying mostly

between 100 and 200 seconds per hour.

From the available data it was apparent that a higher median bout length of

grooming was received by males than by females (Figure 5.10, Z = -1.753, n = 5, n.s.).
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Furthermore, there was a decrease with age in all measures of grooming received by

females, a pattern which did not exist in males (proportion of contact: rs = -0.750, n = 7,

p<0.05; freq/hr: rs = -0.643, n = 7, n.s.; dur/hr: rs = -0.750, n = 7, p<0.05; bout: rs = -

0.943, n = 6, p< 0.005).

Grooming of the mother

Juveniles' grooming of their mothers remained low although they displayed higher

levels of grooming than infants during the first half of juvenescence. Beyond this period

grooming decreased and all median scores were extremely low or absent. Although

grooming of the mother was negligible as a proportion of contact time, the decrease with

age was particularly apparent in males (rs = -0.638, n = 12, p<0.025). Bout length was

particularly variable but overall females tended to groom their mothers for longer periods

than males (Z = -1.604, n = 3, n.s.).

5.2.4 Discussion

The juvenile's relationship with its mother had clearly declined since infancy,

particularly during periods of group feeding. There still remained a fairly close

relationship during rest periods as denoted by higher association and long periods of

contact, during which a higher proportion was spent grooming than during infancy. The

decreasing role which the offspring played in maintaining their mutual association during

the juvenile period was particularly notable, being a complete reversal of the pattern seen

during the development of independence of the infant. The point of changing direction

might indicate the start of a weakening mother-offspring bond, at least on the part of the

offspring.

Grooming was the only behavioural pattern in the relationship between mother and

juvenile offspring that appeared to be affected by sex. Grooming did become less

frequent, as is more usual during juvenescence in primates, but this decrease seemed to

be restricted to female offspring. Continuing the trend seen in infancy, females groomed

their mothers for longer periods than males did, with the latter decreasing their frequency
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of grooming as they became older. These patterns have also been reported for

chimpanzees (Watts and Pusey, 1993) and some cercopithecine primates (e.g. Fairbanks

and McGuire, 1985). Although the present results would not immediately seem to

support the parental investment hypothesis that polygynous mothers invest more in sons

(Clutton-Brock, 1988), Dittus (1979) argues that the lack of reciprocity involved in

mother-son grooming supports the theory. Apparently, adult female gorillas do not

invest a noticeable amount of time in their grooming relationships with juvenile female

offspring despite the bi-male status of the group as was suggested earlier.

5.3 Juvenile-silverback relationships

As infants, gorillas were already beginning to spend some time in proximity to

silverbacks. It was seen that, at least during feeding periods, the dominant male in bi-

male groups was more likely to be found in proximity to an older infant than was the

subdominant male. By investigating this association in independent juveniles, who have

also been found to spend a large proportion of time near the mature male (e.g. Schaller,

1963), it should be possible to reduce the effect of the mother's choice on the developing

individual's 'preferred' silverback.

It has been suggested (Harcourt and Stewart, 1981) that the relationship of a young

male with the silverback may affect the former's chance of remaining in this natal group

as an adult. In a one-silverback group therefore, we might expect to find a closer

relationship between the silverback and immature males than females (who will transfer

at maturity). However, in a bi-male group a female is perhaps also more likely to remain

and reproduce in her natal group, so her developing relationship with the silverbacks may

be different from that of a female in a single male group.

5.3.1 Association with silverbacks

Juveniles were observed to vary in the time they spent feeding within 5 m of

silverbacks by between 0.25 and 3 intervals per half hour, decreasing this time as they
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became older (Figure 5.11, rs = -0.7, n = 12, p<0.025). Males displayed a steeper decline

with age than females (Figure 5.12, males: r s = -0.727, n = 12, p<0.025; females: rs = -

0.2, n = 5, n.s.) This decline was significantly different from juvenile association during

rest periods, however (Z = -2.223, n = 12, p<0.05). During their fourth year juveniles

associated at a higher rate when feeding than when resting. However, in their fifth year

rates of association were much higher (although decreasing) during rest, and in year six,

after steadying, they increased again whereas association during feeding declined.

There was no difference in the time with which juveniles from different groups

spent in association with their respective silverbacks (Figure 5.13, feed, Z = -0.474, n =

11, n.s.; rest: Z = -0.889, n = 10, n.s.). However, despite there being no difference in the

rate of association between feeding and resting periods in Beetsme's Group (Z = -1.007, n

= 10, n.s.), Group 5 silverback association was higher during resting than during feeding

periods (Z = -2.756, n = 12, p<0.01).

5.3.2 Silverback preference

When feeding, juveniles clearly differentiated between the time they spent with

dominant and subdominant silverbacks. In both groups the dominant silverback was

preferred (Figure 5.14a, Beetsme's Group: Z = -2.666, n = 11, p<0.01; Group 5: Z = -

2.293, n = 12, p<0.025). Furthermore, a comparison between the two study groups of

association with the dominant silverback resulted in no difference between groups (Z = -

0.420, n = 11, n.s.) as did the same comparison between subdominant silverbacks (Z = -

0.524, n = 12, n.s.).

In Group 5 the dominant silverback was the preferred association partner during

rest periods (Figure 5.14b, Z = -2.395, n = 12, p<0.025), particularly during years five

and six. In Beetsme's Group however, despite the tendency to prefer Ti overall (Z = -

1.120, n = 10, n.s.), this was less apparent toward the end of the juvenile period, due to a

steep increase in the amount of time spent with Be in the sixth year (rs = 0.6702, n = 9,

p<0.05).
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Figure 5.12a: Silverback-juvenile association during feeding
periods. Differences between males and females.
Sample size n = 11*.
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5.3.3 Discussion

Feeding time in association with silverbacks was variable but decreased with age,

as has been seen previously when accounting only for the dominant adult male in the

group (Watts and Pusey, 1993). Association with the dominant over the subdominant

silverback had become clear by the juvenile period and could be associated with the

preference of the juvenile rather than the mother since individuals were fully independent

by this time.

5.4 Association partners of juveniles

Having attained independence from their mothers juveniles are entirely responsible

for their own choice of association partners, although their continuing relationship with

the mother may have an effect on such a choice. They would primarily be expected to

form relationships with those individuals from whom they can gain experience relevant to

their social situation within the group structure. In gorillas adult females other than the

mother have been found to play little part in the social life of juveniles (Stewart, 1981;

Watts and Pusey, 1993). In contrast, other immatures are important in the socialisation

process and it is with such relationships that I deal next.

5.4.1 Juvenile-immature association

The number of intervals in which juvenile subjects were scored to be within 5 m of,

and therefore in association with, other immatures was examined to compare the relative

frequency with which they spent time with infants, other juveniles and adolescents.

Feeding and resting periods were treated separately to account for the different spread of

group members during these periods.

During rest periods there was no difference in the time spent with any of the three

age-classes as calculated using a Friedman ANOVA (X2 = 1.792, n = 12, n.s.). However,

when feeding, time spent with each age-class was not equal (X 2 = 10.167, n = 12, d.f.= 2,
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p<0.01) with juveniles ranking more highly in association than infants, who in turn

ranked more highly than adolescents.

Sex differences were difficult to examine since association with a particular sex of

a certain age class depended on the availability of such an individual in the first place.

Briefly though, juvenile males split their time equally between male and female infants,

male and female juveniles, and male and female adolescents during feeding. During

resting bouts they tended to spend more time with juvenile females than with juvenile

males (Z = -1.859, n = 8, n.s.) and time spent with adolescent males was consistently

higher than that spent with adolescent females (Z = -1.826, n = 4, n.s.). The number of

juvenile females was too low to examine their preference of juvenile or adolescent sex,

however, they consistently spent more time within 5 m of female infants than male

infants when feeding.

5.4.2 Individually preferred association partners of juveniles

Since several juvenile partners were also classed as adolescents at some stage of the

study, the present analysis concentrated on individuals rather than age-class for the

purpose of looking at preferred associates. Of eight subjects with siblings older than six

months, six associated most frequently with their sibling when feeding while the

remaining two associated with individuals of the same sex (one a maternal relation). The

second most frequent associate was, in seven out of eight cases, of the same sex (once of

the same age too, and once a maternal relation). The remaining individual preferred her

sibling. Of the five individuals without siblings, feeding association was variable, four

partners being of the same sex and two of these also of the same age. The remaining two

individuals spent time with different age-sex classes. The second preferred associate

followed a similar pattern with three being of the same sex as the subject and three being

of different age-sex class, although they were of the same age-class.

During resting periods, preferred partners were less commonly siblings (four out of

eight) and varied in age and sex. The partner with whom subjects spent the second

largest amount of time were more commonly of the same sex (four out of eight), three of
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these also being of the same age. Individuals without siblings spent the majority of their

time with same-sexed individuals: in four out of six cases for both first and second

preferred partners, with one and three of these respectively also being of the same age.

5.4.3 Discussion

The fact that juveniles tended to spend most time with juveniles and least with

adolescents during feeding time probably reflected their mutual association with the

silverback male as well as some continued association with their mothers, and therefore

also their infant siblings. It was surprising that males spent more time resting with

juvenile females than males, given that the former were fewer in number. This does not

seem likely to be associated with an increase in male-male competition with age since

adolescent males were preferred over adolescent females.

5.5 Play

The frequency of play, in all its manifestations, starts to decrease in primates from

late infancy or early juvenescence and continues this decline into adulthood (Fagen,

1993). However, few studies have addressed the ontogenetic changes in particular types

of play over immaturity.

In the great apes, preferred partners in play seem generally to be of similar size and

age where demography allows (Watts and Pusey, 1993), as is reported for other primates

(e.g. Owens, 1975a; Fagen, 1981). In this section, the preferred partners of juvenile

gorillas will be investigated and the rates of different types of play will be examined,

paying particular attention to the changes that have occurred since infancy.

5.5.1 Total play

Examination of juvenile play as the proportion of total observation time that it

filled showed a distinct decrease in play with age, from levels of 10% - 14% of total time

in early months down to less than 6% in later months (Figure 5.15a, rs = -0.762, n = 12,
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p<0.01). Male infants were seen to play more overall than females. However, the

differences in play between juvenile males and females appeared early on and were

minimal overall (Figure 5.15b, Z = -1.014, n = 7, n.s.), with both displaying a decrease in

play toward the end of juvenescence. Group differences were not apparent (Z = -0.711, n

= 11, n.s.) with age-related changes being of a similar pattern yet tending to be three

months behind in Beetsme's Group.

5.5.2 Types of play

As explained in Chapter Four, play was divided into several categories and each is

expressed here as a proportion of total play, both in its median bout length and total

duration.

Rough and tumble play

Having tended to increase overall during infancy and dropped slightly towards the

end of this period, rough and tumble play in juveniles varied, mostly between 10 and

35% of total observation time (Figure 5.16a). This type of play appeared to be more

intense in juveniles than infants, although this impression may have been gained partly as

a result of the increased size and weight of individuals involved. Beyond infancy bout

length began to increase up until 42 months, whereupon it began to decrease, becoming

fairly steady at 15-20 seconds from four years of age onwards.

A comparison between sexes (Figure 5.16b) suggested a slightly higher bout length

in males across the ages where values for females were available (Z = -1.572, n = 6, n.s.).

Similarly, total rough and tumble play tended to be slightly higher in males, although not

significantly so (Z = -1.690, n = 7, n.s.).

Chase

At the end of infancy chase (approach-withdrawal) play began to decrease.

However, this seemed to be only temporary and in the early months of juvenescence it

increased again to reach a maximum of 11% of total play at 42-45 months (Figure 5.17a).
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Beyond this it decreased again, varying in total duration between zero and 7% of all play

recorded. While bout length had reached a steady level of 9-13 seconds in the final year

of infancy, this dropped at 42-45 months to remain most commonly between 4 and 8

seconds.

There was no sex difference in the total duration of chase play relative to total play,

over the ages at which data were comparable (Figure 5.17b, proportion: Z = -0.676, n =

7, n.s.). However, females tended to chase for longer periods although not significantly

(bout: Z = -1.153, n = 6, n.s.).

Sparring play

In juveniles sparring was not different qualitatively from that of infants other than

by the force with which hands would contact the other individual, presumably due to

increased weight and strength, and that juveniles more often rose from a sitting position

into a bipedal stance during the bout. Similarly, this behaviour was accompanied by an

open mouth play face expression. It remained a fairly slow play, commonly

accompanying rough and tumble play.

Bout length remained steady into juvenescence and varied little throughout except

in the sixth year where it was occasionally high (Figure 5.18a). Despite its more frequent

occurrence in young juveniles than in infants it did not contribute more than 3% to the

total duration of play and it rarely reached 2%. Beyond 42 months overall occurrence

decreased.

In infants sparring was observed to be more common in males and this trend was

still present in juveniles (Figure 5.18b, Z = -2.366, n = 7, p<0.025) where females

engaged very rarely in spar play. In infancy the occasions on which females sparred were

often of longer duration than in males. This tendency was reversed in juveniles in the

few cases where data were comparable (Z = -1.604, n = 3, n.s.) with female bout length

decreasing with age (rs = -0.948, n = 4, n.s.). Male sparring regularly took up 1-3% of

total play time between the ages of 42 and 69 months although it was lower at the

beginning, middle and end of juvenescence.
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Gentle Play

The calmest play type which occupied the majority of play time in infants

continued to do so in juveniles. In terms of the proportion of total play, it contributed

between 20 and 60% to total play time (Figure 5.19a). Bout length remained very stable

at a similar level to that observed in infancy, despite some minor variation between 57

and 66 months.

In the second form of gentle play described (Chapter Two) where one individual,

usually the larger, played a greater part in the play, infants were more likely to be the

recipients, and juveniles and adolescents were more commonly the actors. I do not doubt

that this gentleness was frequently associated with the close proximity of the infant's

mother, particularly since, when she left, the play had a tendency to escalate in intensity

often with the result of the infant pig grunting and administering what appeared to be an

unplayful, hard bite to the individual concerned before galloping off to join her. Thus,

although juvenile gentle play did not increase greatly in frequency over that observed in

infancy, the role played within such play did change.

Males and females exhibited very similar patterns of gentle play in juvenescence

where data were comparable, with no difference in either the median bout length or in the

proportion of total play time that it consumed (Figure 5.19b, Z = -0.169, n= 7, n.s.; Z =

-0.845, n = 7, n.s., respectively).

Rest play

As juveniles there were few changes from infancy in the way that individuals broke

their play into separate bouts by using short breaks, termed 'rest play'. The duration of

these rests remained steady throughout the three years, at between nine and 18 seconds,

and their contribution to overall play time varied only between 8 and 15% until the last

three months when there was a temporary increase to 27% (Figure 5.20a). Differences

between the behaviour of male and female juveniles were not evident in the length of

these rests (Figure 5.20b, Z = -0.676, n = 7, n.s.) although females had a tendency to
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spend more time resting overall than males (Z = -1.690, n .----- 7, n.s.). Males did show a

clear pattern of increase with age, however (rs = 0.573, n ,- 1 2, p<0.05) which was not

seen in females.

5.5.3 Partner preference in play

The proportion of time that each individual spent playing with another was

calculated, by age-class, to explore the hypothesis that play will occur most commonly

between like-sized individuals. It was observed that overall juveniles spent a median of

45% of their time playing with other juveniles and 39% with infants. Adolescents were

partners for 10% of a juvenile's play time.

Taking the sex of an individual into account caused difficulties as demography

prevented certain types of individuals from being available as partners. Table 5.1 details

average (median) proportions of play time spent by juvenile males and juvenile females

with partners categorised by age and sex. It can be seen that overall, infant males and

females received similar amounts of a juvenile's play time, regardless of a juvenile's sex

although, taking into account expected values, female infants received proportionately

higher amounts of a juvenile's play time. However, juvenile females did partner infants

slightly more than did juvenile males. That juvenile males were taken as partners more

often than juvenile females is not surprising, given that there were many more juvenile

males present in the study population. However, juvenile male subjects played with other

juvenile males almost three times as much as expected and juvenile female subjects

played with juvenile males twice as much as was expected. Values for female juveniles

as partners were similar to those expected. In general the mother, other adult females and

silverbacks were not common play partners. However, although it is not apparent in the

above description of the data, juvenile males did sometimes play with silverbacks,

particularly certain individuals (Jo and lz) while female juveniles did not, a result which

would be expected if males have more need to develop such motor skills than females

(Fagen, 1993).
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Table 5.1: Play in juveniles. Median proportion of time
that male and female juveniles spent playing with
various age-sex classes over the study period.
Expected proportion is given where each individual
of a particular age/sex class is weighted as being
equally likely to play with the subject.

Age-Sex
Class

Median
Proportion

Expected
Proportion

im 0.14 0.13
if 0.14 0.09

Male im 0.40 0.14
Juveniles if 0.04 0.03

am 0.01 0.05
af 0.03 0.04

mo 0.00 0.02
Af 0.02 0.37
Sm 0.00 0.13

im 0.19 0.13
if 0.18 0.09

Female im 0.29 0.16
Juveniles if 0.00 0.01

am 0.00 0.05
af 0.01 0.04

mo 0.01 0.02
Af 0.00 0.37
Sm 0.00 0.13

Age class categories are as follows: infant male (im), infant
female (if), juvenile male (jm), juvenile female (jf),
adolescent male (am), adolescent female (at), mother (mo),
adult female (At), silverback (Sm).



Investigating differences between groups and preferred partners did not reveal

many striking differences. Although juvenile males in Beetsme's Group played more

with infant males than females, there were fewer infant females available. Juvenile

females were not compared between groups since the sample size was too small.

Comparing partners of juvenile males and females within Group 5 (Table 5.2), the

pattern of play partners was similar in most cases between the sexes, except that juvenile

females played almost four times more than expected with infant females whereas

juvenile males played only slightly more than expected with both infant males and

females. Within Beetsme's Group only one female (Urn) qualified as juvenile and only

during a period of four months. If her partners are compared with those of the two

juvenile males those males both played with infant males approximately 2.6 times more

than they played with infant females. In addition, the juvenile males also played with

other juvenile males approximately three times as much as Urn did. She spent the other

two-thirds of her time playing with her mother while juvenile males did not play with

their mothers. This may suggest a potential difference related to age: it was seen earlier

that infants spent a large proportion of their play time with their mothers and it may have

been the young age of Um, in addition to her being weaned, which led to her spending a

high proportion of her play time with her mother.

5.5.4 Discussion

Juvenile play decreased in frequency with increasing age in mountain gorillas,

following the pattern seen in most immature primates (Fagen, 1993). The quality of play

was different in some ways to that of infants, partly being more boisterous but also with

juveniles playing a role of actor more commonly due to the availability of several

younger individuals with whom they could play. The differential between the amount of

play observed in males and females was reduced although there remained a tendency for

males to spend more time in play. However, the most striking difference concerned play

that most resembled fighting behaviour. Sparring became fairly regular during the fourth

and fifth years in males although it was all but absent in females, while rough and tumble
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Table 5.2:	 Play in juveniles. Median proportion of time that male and
female juveniles spent playing with various age-sex classes
over the study period - Group 5. Expected proportion
is given where each individual of a particular age/sex
class is weighted as being equally likely to play with the
subject.

Age-Sex
Class

Median
Proportion

Expected
Proportion

im 0.130 0.10
if 0.140 0.09

Male im 0.400 0.17
Juveniles if 0.050 0.03

am 0.010 0.03
af 0.060 0.07

mo 0.000 0.03
Af 0.000 0.34
Sm 0.000 0.14

im 0.110 0.10
if 0.310 0.09

Female im 0.495 0.20
Juveniles if 0.015 0.00

am 0.010 0.03
af 0.020 0.07

mo 0.005 0.03
Af 0.025 0.34
Sm 0.005 0.14

Age class categories are as follows: infant male (im), infant
female (if), juvenile male (jm), juvenile female (jf),
adolescent male (am), adolescent female (at), mother (mo),
adult female (At), silverback (Sm).



play remained slightly higher in males than females. While male infants tended to spend

more time resting between play bouts than females, this situation was reversed in

juveniles. It was previously suggested that rougher play might be associated with more

frequent breaks but this clearly does not seem to be the case in juveniles since increased

rest play in females seemed to account for decreased rough and tumble and sparring play.

5.6 Social grooming

Grooming, in addition to functioning in the removal of ectoparasites, is generally

accepted as having a social role within primate groups particularly concerning the

calming influence it may have in periods of stress (Schino et al., 1988). There may be a

difference in the relative importance of these functions depending on the class of primate

(Dunbar, 1991) with New World monkeys exhibiting a closer correlation of body size

with the amount of grooming, thus emphasising a hygiene role, in contrast to Old World

monkeys and apes who show a better correlation of group size with amount of grooming

thus implicating a more important social function of this action. Indeed, in Old World

primates, grooming is sometimes used in adulthood to manipulate others for reasons of

increased mating possibilities, help in agonistic contests, gaining access to an infant, and,

during infancy, to encourage attention, contact and suckling from the mother (Sade,

1965; Nishida, 1988; Nash, 1978; de Waal, 1982). Juvenescence is a life stage during

which individuals may make long-lasting relationships (Pereira and Altmann, 1985). In

view of this, early affiliative relationships such as one involving grooming may be of

advantage to individuals at a later date.

In this section, social grooming involving juveniles will be investigated and

preferred grooming partners described. To facilitate a comparative approach to the time

spent in association with particular individuals, a subject was not split into more than one

age-class but was analysed as an individual. Both frequency and duration per hour were

summed for each partner of every subject over the entire study period, resulting in a

value that was comparable between partners of any one subject. In this way the overall
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preferred grooming partner was deduced. Juveniles as an age-class were examined for

their preferred partner-by-age-class, and data were divided by group to enable

demographic factors to be taken into account.

5.6.1 Patterns of social grooming by juveniles

Grooming others

As a juvenile, the frequency per hour of grooming increased above the low levels

that were seen in infants. However, grooming still remained sufficiently uncommon that

median values were often zero (Figure 5.21). Duration of grooming bouts were usually

short with the maximum median value of 27 seconds per hour recorded at 63-66 months.

Although there were few female juveniles the data available suggested differences

in the pattern of grooming between the sexes (Figure 5.22). Females tended to increase

their frequency and duration per hour of grooming with increasing age (freq/hr: rs =

0.667, n = 7, n.s.; dur/hr: rs = 0.786, n = 7, p<0.05), a pattern not seen in males (freq/hr:

rs = -0.153, n = 12, n.s.; dur/hr: rs = -0.153, n = 12, n.s.). Furthermore there was a slight

tendency for females to groom others more frequently than males (freq/hr: Z = -1.363, n

= 7, n.s.) although there was no difference in total grooming given (dur/hr: Z = -0.9435,

n = 7, n.s.).

Grooming received

Although it remained low in the first year after infancy, the frequency and duration

with which juveniles were groomed was highest during the fifth year and tended to

decrease thereafter (Figure 5.23). Study groups were also considered separately to

determine whether the larger group size, and consequently higher number of available

individuals, resulted in a different frequency of grooming. Although negligible over

three years, (freq/hr: Z = -0.978, n = 12, n.s.; dur/hr: Z = -0.800, n = 12, n.s.), some

differences were apparent in the patterning of grooming received (Figure 5.24). In

Beetsme's Group, grooming received by juveniles was very low or absent until half way

through the fifth year whereupon it increased (overall, freq/hr: r s = 0.847, n = 11,
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Figure 5.21: Grooming by juveniles. Frequency and
duration of social grooming given. Sample size n = 11*.
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Figure 5.22: Grooming by juveniles. Sex differences
in frequency and duration of grooming given. Sample size n = 11*.
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Figure 5.23: Social grooming received by juveniles
Frequency and duration per hour. Sample size n = 11*.
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p<0.002; dur/hr: rs = 0.810, n = 11, p<0.002). However, in Group 5 there was some

level of grooming received throughout the entire period although it was variable in

intensity.

Males were most frequently groomed between 57 and 63 months (Figure 5.25). At

those ages for which there were comparative data available for males and females there

was no difference in the total frequency or duration for which the two sexes were

groomed (Z = -1.521, n = 7, n.s.; Z = -0.676 n = 7, n.s., respectively). Although females

showed no relation with age of total grooming received (dur/hr: r s = -0.414, n = 7, n.s.),

males received more grooming as they became older (dur/hr: rs = 0.612, n = 12, p<0.05).

5.6.2 Partners in social grooming - a consideration of age-class

Median values for social grooming received from, and given by juveniles were

calculated from the proportion of grooming time spent with partners of each age-class.

For comparison, the mother was also considered in these measures.

Grooming of others

Overall, juveniles groomed their mothers more than they groomed any other age-

class for a median proportion of 27% of their grooming bouts, amounting to 39% of their

total grooming time. In terms of the number of grooming bouts administered and the

proportion of grooming time respectively, juveniles groomed silverbacks for 12% and

11%, other juveniles for 11% and 1%, and infants for 8% and 3%. All measures for

grooming adolescents and adult females were zero.

Table 5.3 shows proportioning of grooming directed to different age-classes by

juveniles in each study group. Although the majority of their grooming was received by

the mother, this proportion was 2.5 times larger in Beetsme's Group than in Group 5. In

addition, Beetsme's Group juveniles spent no time grooming silverbacks or other

juveniles whilst they did groom adult females. The reverse was true in Group 5.
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Table 5.3:	 Grooming by juveniles. The differences between
study groups in the proportion of total grooming time
directed at various age classes. Expected proportion
is given, where each individual of a particular age class
is weighted as being equally likely to be involved in grooming
with the subject.

Age
class

Frequency
(Propn)

Duration
(Propn)

Expected
Proportion

i 6.0 2.0 29.0
j 0.0 0.0 4.8

Beetsme's a 0.0 0.0 8.1
Group m 51.0 65.0 6.5

A 11.0 9.0 38.7
S 0.0 0.0 12.9

i 16.0 6.0 18.6
j 23.5 10.5 20.3

Group 5 a 1.5 0.5 10.2
m 21.0 25.5 3.4
A 0.0 0.0 33.9
S 17.5 11.0 13.6

Age class categories are as follows: infant (i), juvenile (j),
adolescent (a), mother (m), adult female (A), silverback (S).



Grooming received

The majority of grooming was received from the mother: 48% of all bouts and 77%

of all grooming time. Thirteen percent of bouts were received from other juveniles with

6.5% from adult females and 2.5% from adolescents. However, in terms of total

grooming time, these made up for only 3%, 1.5% and 1% respectively.

Within each group, patterns of grooming received were different (Table 5.4). Only

the mother gave more grooming than expected whilst all other age classes groomed less

than expected except for silverbacks in Beetsme's Group. Although juveniles in

Beetsme's Group received almost twice as many grooming bouts from their mothers than

did those individuals in Group 5, by examining proportions it appears that they received

the same amount relative to the expected values. However, the mother being particularly

important as an individual would suggest that the observed rather than the expected

values should be examined in her case since twice the number of individuals in a group

does not mean twice as many mothers. In this case it can also be seen that total grooming

time amounted to only 14% more in Beetsme's Group. Adult females and silverbacks

were the other groomers of Beetsme juveniles whereas adolescents and other juveniles

were groomers of juveniles in Group 5. However, grooming received from Group 5

adolescents and juveniles, although making up a large proportion of bouts, accounted for

only 6% of total duration time received.

5.6.3 Partners in social grooming - a consideration of individuals

Table 5.5 shows subjects (juveniles and adolescents) with their first and second

preferred partners in grooming, calculated by summing (separately) both the number of

bouts and duration of bouts between partners during the entire study. This resulted in a

value for the grooming of each partner for any one subject. These values were only

comparable between the partners of any particular subject since the total amount of

observation time and grooming time were not considered. However, this method allowed

any preference of partner to become evident since all partners were equally available to

any one subject (with the exclusion of infants born during the study) within each of the
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Table 5.4:	 Grooming received by juveniles. The differences
between study groups in the proportion of total grooming time
received from various age classes. Expected proportion
is given, where each individual of a particular age/sex
class is weighted as being equally likely to be involved
in grooming with the subject.

Age
class

Frequency
(propn)

Duration
(propn)

Expected
proportion

i 0.0 0.0 29.0
j 0.0 0.0 4.8

Beetsme's a 0.0 0.0 8.1
Group m 76.0 84.0 1	 6.5

A 12.0 4.0 j	 38.7
S 15.0 14.0 12.9

i 0.0 0.0 18.6
j 29.0 4.0 20.3

Group 5 a 10.0 2.0 10.2
m 40.0 70.0 3.4
A 0.0 0.0 33.9
S 0.0 0.0 13.6

1 i

Age class categories are as follows: infant (i), juvenile (j),
adolescent (a), mother (m), adult female (AF), silverback (S).
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groups. The inclusion of individuals falling both in the juvenile and adolescent age

categories facilitated the comparison between the individual partners of each subject

since several subjects spanned more than one age-class. A preferred grooming partner

would be expected to change over the course of time given that relationships within a

group are constantly changing (Hinde, 1983). However individual changes are not dealt

with here, instead the data accumulated were used to explore patterns of preferred

partners and to establish if signs of reciprocal partner preference in grooming existed

among immatures.

It can be seen in Table 5.6 that in 10 out of 13 cases the juvenile/adolescent was

groomed most commonly by its mother. In the reverse direction these subjects groomed

their mothers most frequently in seven cases - for the greatest duration in only six cases -

suggesting at least some level of reciprocity between mother and offspring. Of the

remaining cases, the mother was the second preferred partner only once in frequency of

bouts, and twice if considering total duration of grooming. Moreover, all of the five

cases where the mother was not preferred involve individuals in Group 5, and all (except

Ug) are adolescent or at least 6-9 months into adolescence by the end of the study. This

suggests that in the later years of immaturity there may have been a decrease in mother-

offspring reciprocity with increasing age of the offspring. (In addition, the two cases

where the subject was not groomed preferentially at all by its mother involved an

adolescent and juvenile/adolescent).

Silverbacks were groomed by immatures but, when groomed as preferred partners,

the subjects grooming were all young juveniles. In contrast, when grooming was

received from a silverback as a preferred partner (second to the mother), the subject being

groomed was, three out of five times, a male juvenile/adolescent. In one of the remaining

cases the recipient was a male juvenile (Jo) and in the other the recipient was a female

infant/juvenile (Urn). Both of their mothers were receptive and conceived during the

same period of the study. It might be suggested therefore, that it was as a result of the

sexual receptivity of the mother that the offspring received relatively more grooming

from silverbacks than did other individuals of that age-class.
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Siblings did not seem to feature as particularly preferred partners. In two cases

they were groomed as the first preferred partner and in another case a sibling was

preferred secondly in the number of bouts that were received. Only one subject was in

receipt of grooming classifiable as 'preferred' from a sibling, reciprocating the preferred

status that she conferred upon her sibling (Mh and Ty).

Other immature preferred grooming partners were variable. The groomer was

almost invariably older. Eight out of 11 non-sibling, preferred immature partners

groomed by subjects were male. However, of those individuals from whom grooming

was received preferentially, seven out of 13 were immature, non-sibling females (in

addition to three adult females who were preferred groomers). Given the ratio of three

juvenile/adolescent females to nine juvenile/adolescent males in the study population,

there was a clear indication that females tended to be more often the groomers and males

tended to be the groomees.

Reciprocity ofpartner preference

The median frequency and duration with which juveniles groomed others and were

groomed by them were compared (Figure 5.26). It was shown that there was a tendency

to receive more than they gave, particularly so in the frequency of bouts per hour

(freq/hr: Z = -1.886, n = 12, n.s.; dur/hr: Z = -1.325, n = 12, n.s.). A comparison of sex

differences (Figure 5.27) indicated a slight tendency for females to groom more than they

were groomed (freq/hr: Z = -1.363, n = 7, n.s., dur/hr: Z =-1.461, n = 7, n. ․) and for

males to receive more grooming than they gave (freq/hr: Z = -1.689, n = 12, n.s.: dur/hr:

Z = -1.200. n = 12, n.s.).

5.6.4 Self grooming

For the purpose of putting social grooming into perspective the pattern of self

grooming in juveniles is briefly described. If grooming served mainly a hygienic purpose

it would be expected that the total level of grooming received, including grooming of the

self should have been fairly constant, increasing only with the body size of the individual
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(Dunbar, 1991). This would suggest that an increase in self grooming should have

occurred if received grooming decreased and vice versa.

Over the three year period denoting juvenescence in gorillas the frequency of self

grooming varied mostly between 0.4 and 1.4 times per hour, amounting to between 38

and 150 seconds per hour. There was no obvious pattern with age. Self grooming was

similar in males and females although females displayed a tendency to groom themselves

more (freq/hr: Z = -1.352, n = 7. n.s.: dur/hr: Z = -1.690, n= 7, n.s.). Figure 5.28 shows

the distribution of grooming received from all sources. It would seem that, at least for

frequency, self grooming does compensate for lack of grooming from other sources,

although at other times it is high regardless of other grooming received.

5.6.5 Preferred association partners compared with preferred grooming partners

Preferred association partners (first and second) were compared with the most

common grooming partners (first and second). Excluding the link between siblings

which was common in both cases, only four out of 14 subjects over the age of three years

demonstrated any link between their preferred grooming and association partners. No

cases were reciprocal and subjects that did display a link between their preferred partners

were all in the age category which spanned juveniles and adolescents. Half of the

preferred partners concerned were preferred only in feeding bouts and half were preferred

only in resting bouts suggesting that group activity pattern was not a common factor

between association and grooming partners.

5.6.6 Discussion

Grooming by juveniles remained low with females tending to increase their

frequency of grooming with age while males did not, partly resulting in the trend of a

higher rate of grooming by females. This increased grooming experience in immature

females may be profitable in terms of their later task of grooming young offspring

(Nishida, 1988).
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Grooming received from other individuals tended to decrease in frequency towards

the end of juvenescence. The mother was the most common groomer of juveniles, in the

same way as she received most of their grooming, while adult females, adolescents and

other juveniles contributed very little to the total amount of grooming that juveniles

received. However, the fact that it was older juveniles/adolescents who did not primarily

groom their mothers suggests that this age may be important in the course of the

weakening mother-offspring relationship.

Siblings were rarely the preferred grooming partners of juveniles. However,

silverbacks were sometimes preferred recipients of younger juveniles while they were

occasionally preferred groomers of older juveniles/adolescents. Despite this, such

preferred partnerships were not reciprocal. This suggests that there may be different

factors, relating to the age of juveniles, which act to make investment of grooming time

worthwhile in these cases. It has been suggested that a young male's relationship with the

mature male during infancy may affect its chances of reproducing in the future (Harcourt

and Stewart, 1981). Following this view, grooming of the adult male would be likely to

enhance their affiliative relationship, and as it was, four out of five cases where the adult

male was a preferred partner was by male immatures. It is suggested that the silverback's

grooming of older juveniles/adolescents is most likely to be related to the silverback's

relationship with the juvenile's mother since it is probably around this time that the

mother is likely to resume her oestrus cycle once again given the average inter-birth

interval is 3.92 years (Watts, 1991a).

Reciprocity (in the amount of grooming given and received) has been found to be

relatively rare between adult dyads in gorillas (Harcourt, 1979a and 1979b), although

Stewart (1981) found some reciprocal relationships between mothers and daughters but

not between mothers and sons. In this study reciprocal partner preferences did not exist

between immatures, a result which was undoubtedly related to the fact that the groomer

was always older than the recipient.
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5.7 Sociosexual behaviour in juveniles

It has been found that sociosexual behaviour may appear in several contexts such as

dominance, appeasement and enlistment of support, as well as in play (Owens, 1976).

Immature mountain gorilla sociosexual behaviour has been documented to varying

degrees with more recent work reporting higher levels of such behaviour (e.g. Harcourt et

al., 1981; Nadler, 1986). However, it has usually been associated with play behaviour

rather than in the situations mentioned above for baboons.

It might be expected that the quality of sociosexual behaviour should become more

like that observed in mature individuals if it serves as a practice for adult copulation.

This section details the pattern of sociosexual behaviour in juveniles and compares it to

that seen in infancy and in previous studies.

5.7.1 Pattern of behaviour during juvenescence

Juveniles did not engage regularly in sociosexual behaviour and some individuals

were more commonly involved than others. The context in which this behavioural

pattern arose did not always appear to be a playful one at this maturational stage and

sometimes the juvenile actor would appear very serious in its intentions. As infants,

individuals were 'used' as sexual partners 2.25 times as frequently as they initiated the

behaviour themselves. However, a reversal in the direction of this behaviour was seen in

juveniles who initiated bouts more than three times as frequently as they received them.

They did not initiate bouts with all age classes equally and infants were ranked more

highly than juvenile or adolescent recipients by a Friedman two-way ANOVA (X 2 =

7.400, n = 10, d.f.= 2, p<0.025). Of those bouts that juveniles received, eight (50%)

recipients were males. In contrast, 82% (40 cases) of juvenile initiations were male.

Of all sociosexual bouts observed in all age-classes 59% were between mixed sex

pairs, 35% between males and 6% were recorded between females. Juvenile females

followed this general trend, tending to initiate more bouts with members of the opposite

sex (females: Z = -1.483, n = 5, n.s.). However, there was no difference for males (Z = -

0.902, n = 13, n.s.).
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5.7.2 Position assumed during sociosexual behaviour in juveniles

Since the most commonly used positions were easily classifiable into ventro-ventral

or dorso-ventral, the frequency of occurrence of these two categories is described below.

In adults copulations are infrequently ventro-ventral (Harcourt et al., 1981; personal

observation). It might be expected, if sociosexual behaviour was a precursor to adult

copulatory behaviour, that an increase in age would be accompanied by an increase in the

frequency with which the dorso-ventral position was used.

Overall in the study, 208 cases of sociosexual behaviour involving focal individuals

were recorded during observation sessions. Of these, 184 cases in which position was

recorded were categorised as 58% dorso-ventral and 42% ventro-ventral. Examination of

juveniles separately showed that their initiation of bouts mirrored this proportion exactly.

Statistically, the difference in occurrence of the two positions was not significant for

juveniles (Z = -0.840, n = 10 n.s.). The number of female juveniles was too small to

determine a difference in their style of initiation towards different sexes. However,

considering all age classes together, females initiated more sociosexual behaviour in the

v-v rather than the d-v position (5:11) whereas males behaved in the reverse manner,

initiating more bouts in the d-v position (52:27). These within-sex differences were not

significant (females: Z = -1.483, n = 5, n.s.: males: Z = -0.902, n = 13, n.s.).

5.7.3 Discussion

Nadler (1986) noted that immature gorillas most frequently used the dorso-ventral

position during sociosexual behaviour. Although the direction tended slightly towards

that of dorso-ventral during the present study there was little difference between the use

of the two positions. However, Nadler's (1986) report that females were less commonly

the 'actors' in such behaviour was confirmed and the suggestion that females might more

commonly use the ventro-ventral position while males more frequently initiated

behaviour in the dorso-ventral position was substantiated.



It has not been previously reported that gorillas initiated more bouts of sociosexual

behaviour with same-sexed partners than with opposite-sexed partners as was seen in

infants during the present study. This may be age-related however, since by

juvenescence the pattern had reversed in females, in addition to males choosing male and

female partners equally. The observation that most recipients were younger than actors

supports all previous evidence seen in mountain gorillas and also the pattern seen in wild

chimpanzees (Tutin and McGinnis, 1981).

5.8 Agonism

Accounts of agonism among juvenile gorillas are sparse. It has been suggested that

since gorilla groups are small and the age gaps between immatures in one group are fairly

large, it would be too costly to attempt to increase one's rank above the next oldest

individual (Harcourt and Stewart, 1989) as may be seen in Old World monkeys.

However, the ages of several juveniles in the present study were very close which might

suggest that an increase in rank would be relatively easy if the support of kin were

available, compared to the case in a smaller group. In this section, details of

displacements and punishments observed in juveniles are summarised to examine

whether there was any evidence of juveniles challenging older individuals or trying to

raise their rank above that of others close in age.

5.8.1 Displacements

A total of only nine displacements were observed in focal sessions by seven

juveniles during the study period. Every one involved a displacement of a younger

individual and five out of six, where a clear motive for the displacement was perceived,

were over food sources. The remaining occasion involved negotiation of a position in a

line of travelling gorillas.
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Of 131 displacements received by juveniles, all were received from older

individuals. These results therefore support the hypothesis suggesting that dominance in

gorillas is primarily determined by the age of an individual (Stewart and Harcourt, 1987).

Adults displaced juveniles in 80.5% of all recorded cases. There was no statistical

difference between the number of displacements received from each of the mother,

silverback, or adult female categories (Friedman, X2 = 5.542, n = 13, d.f.= 2, n.s.),

although in total adult females tended to direct most displacements (38%) and mothers

the least (17%). Adolescents accounted for 16% of juvenile displacements while other

juveniles displaced those of their own age class in only 4% of cases.

Juveniles were most commonly displaced over food sources (68% of clear cases).

General spatial situation was the second most common reason for displacement (23%)

with travel position and resting position accounting for the remaining competed

resources.

5.8.2 Punishment

Juveniles received mild punishment or threat on a total of 24 occasions over the

entire study period. Seven of these cases were received from the mother by three young

juveniles (Jo, Ty and Ug). Table 5.7 shows a breakdown of punishment received: one

fifth of these cases were received from younger individuals. Many of the incidents

concerned food and the majority could be categorised as minor squabbles that did not

appear to change the relationship between individuals for more than an hour or so, rather

they often appeared together 10 minutes later.

Threat or punishment directed by juveniles toward others was, in the majority of

cases, directed towards younger individuals. Table 5.7 shows the spread of these and the

circumstances where they were perceived as clear. Occasionally, several minor nips were

administered during one focal observation suggesting that, at least in some cases, threat

or punishment was a reflection of the environmental circumstances, e.g. group stress

resulting from a receptive female in the group or lone silverback nearby or was simply

related to the particular mood of that individual on a certain day.
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5.8.3 Discussion

The rate of displacements among juveniles was low suggesting that a large age gap

between immature gorillas is not the reason for the lack of agonistic contests and rise in

rank among this age class. Watts (1985a) also reported that juveniles were always

involved in fewer displacements than expected during feeding. He observed that

juveniles only displaced others of the same age class, although in the present study

juveniles were also observed to displace infants.

During infancy few displacements were received from adults other than adult

females. While the proportion of juvenile displacements received from adult females

remained the same, the relative proportion received from adult males and the mother

increased above levels in infancy. This may suggest, given that male juveniles contribute

largely to these data, that the increasing rate of silverback-adolescent male aggression

associated with adolescence (Watts and Pusey, 1993) may begin during the juvenile

period. Increased displacements from the mother might also be associated with a

weakening mother-infant bond.

5.9 General discussion

Juvenile relationships have been seen to be varied and involve the development of

several behavioural patterns. The independent juvenile exhibited a decreasingly close

relationship with its mother as it became older, with the mother differentiating between

male and female offspring in the time she invested in grooming. The juvenile-mother

relationship was a continuing one, however, and probably served the function of offering

increased support in agonistic encounters (Harcourt and Stewart, 1987) as well as

increased access to infant siblings for the practice of grooming and general infant

handling.

The dominant silverback was the focal point for many infants and juveniles,

providing protected access to peers and thereby enabling juveniles to form feeding
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associations and playful relationships with other immature individuals. The decrease in

time spent with the silverback during the juvenile period was likely to have been

associated with the reduced play levels that were also seen in the juvenile period. A

positive relationship with the silverback seemed to emerge in some individuals by means

of grooming relations, even if these were not reciprocated. The formation of early

affiliative relationships with the silverback may be advantageous in later years (Harcourt

and Stewart, 1981).

Individuals of similar size and age are most likely to provide mutual practice of

behavioural patterns such as those exhibited in play since risk of injury is reduced where

ability is similar between individuals (Owens, 1975a). Juveniles were seen to associate

most commonly with other juveniles and infants, who were also their most common play

partners in the present study. Despite the decreasing levels of play behaviour with age,

the differential between males and females in their frequency of rough play persisted, and

even increased in the context of sparring, which supports the hypothesis that play

improves fighting skills relative to sexual diethisms in the fighting behaviour of adults.

Grooming relationships between juveniles and individuals other than the mother did

not seem to be of top priority in the social life of a juvenile. Incidence was fairly

uncommon although had increased since infancy. Reciprocal relationships, as reported in

other primates (Nishida, 1988), were not apparent in partner preferences of juvenile

gorillas. It is suggested that the higher occurrence of groonitng bouts 'ilNQA Kemele.

juveniles followed the trend seen in cercopithecine primates and chimpanzees and may be

functional in rehearsing grooming for the later task of grooming offspring.

Juveniles were the initiators of sociosexual behaviour rather than being primarily

the participants as they were in infancy. The more commonly used adult position was

assumed with increasing frequency and play ceased to be the sole context in which this

behavioural pattern was seen. These observations would suggest that the immature

pattern of behaviour, during juvenescence, is becoming more like that seen in adults.

Since aggression is uncommon, even in adult members of a group of gorillas, and

dominance rank in immatures seems to be related only to the age of an individual, it was
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not unexpected that agonism should be uncommon among the juvenile age group. The

majority of displacements were received from adult females, similarly to the pattern seen

in infancy, and it is with this age-sex group that affiliative interactions involving

juveniles are least frequently seen (Watts and Pusey, 1993).

Juvenescence, despite its social complexity, might seem a relatively stable stage of

an individual's life cycle when compared with the beginning of adolescence where

hormonal activity can cause such dramatic changes in the growth and behaviour of an

individual (Caine, 1986). These changes, and the waning of immature behavioural

patterns and close relationships, are examined in the next chapter.
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CHAPTER SIX

SOCIAL RELATIONSHIPS OF ADOLESCENTS

6.1 Introduction

In adolescence the developing individual is facing the final stage of its pre-

reproductive life cycle. In this period it must refine its behaviour and relationships to

accommodate its integration into an adult society. Therefore the behaviour of an

adolescent individual might be expected to resemble most closely that of an adult

member of the species with immature behavioural patterns in decline from the start of

adolescence. In gorillas, adolescent females may transfer into another unit or remain in

their natal group. This decision may make a difference to the progression of relationships

during the adolescent period. If a female is likely to transfer, for example, and if the only

resident mature male is her father, then it would be expected that her social relationships

would gradually diminish during this period. However, the presence of an unrelated

adult male with whom she could reproduce may favour the continuation of affiliative

relationships with current group members. A similar scenario would appear to exist for

males since some remain to reproduce in their natal group. However, competition is

likely to be high between males for reproductively active females so it might be in their

interest to work hard at maintaining and creating affiliative relationships with future

mates as well as with the adult males.

Even less work has been carried out on adolescent gorilla social behaviour than on

juveniles (although see Watts and Pusey, 1993). This chapter aims to illucidate the

course of adolescent behaviour to some extent and to highlight the emphasis on the

different relationships formed by an adolescent individual.

The number of subject-months beyond the age of 78 months were few. Ten

individuals in total contributed to the following analyses although the majority of data
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points fell early in adolescence. In Beetsme's Group, data were available for only two

male individuals. For this reason group differences will not always be considered.

6.2 Adolescent-mother relationship

By juvenescence the mother-offspring relationship was already showing signs of

waning. The advantage that an adolescent individual might gain by maintaining a close

relationship with its mother would only be of consequence if that individual remained in

the group. Since they are already closely related it might be expected that, for example,

aid during contests should be given to each other in preference to unrelated individuals

regardless of the closeness of the daily relationship. In this section, relations between

mother and adolescent offspring are investigated in an attempt to increase our knowledge

of this relationship.

6.2.1 Contact between mother and adolescent offspring

Adolescents spent very little time in contact with their mothers during feeding or

rest periods, with median values (for three month periods) ceasing to rise above zero

during feeding periods or during rest sessions beyond 75-78 months. This pattern was

consistent between groups and between sexes. However, between 72 and 78 months

male adolescents displayed higher contact scores than females.

Since the rate of contact was so low between mother and adolescent offspring it

was not possible to compute Hinde's Responsibility Index to investigate the role of

maintenance of this relationship.

6.2.2 Association between mother and adolescent offspring

The frequency with which adolescent individuals fed within 5 m of their mothers

(Figure 6.1) was lower again than that of infants or juveniles although it was often still

around 15% of feeding time. A comparison between male and female association with

the mother is shown in Figure 6.2a. While males displayed a fairly steady rate of

230



0.8

t..;
co

C

° 0.6
5o

''
..z.
,...0

E'a

0.2

o

Figure 6.1: Mother-adolescent association
during group resting and feeding periods.
Sample size n = 10*.

Feeding
--41—

Resting
- -13 -

'CO
	 15:19) 1,6,q,1 i;vci,D,	 cb1	

$1-9° 90'	 9,,,,96
Age range (months)

* n =	 7	 6	 4	 2	 3	 2	 2	 1



Q

(!)"546

1 Q

t.i
..-lz 0.8
8

"O
t 0.6

.;..

0.4	 b . . ......
c0
10
fl. 0.22 •a,

Males
—*—

Females

* Males n= 6 4 2
Females n = 1 2 2

c)(3
cf)-9,\--

c6N	
$612'1

Age range (months)

I	 I
1	 2

1
1

Figure 6.2a: Mother-adolescent association during group
feeding periods. Differences between males and females.
Sample size n = 10*.

Males
—*—

Females

Age range (months)

Figure 6.2b: Mother-adolescent association during group
resting periods. Differences between males and females.
Sample size n = 10*.



association of between 5 and 20% of feeding time throughout adolescence, females were

associating at very low levels by the age of 84 months. Overall there was no difference

in association between the sexes (Z = -0.629, n = 6, n.s.).

Resting time spent within 5 m of the mother did not differ significantly from

feeding at this distance (Z = -1.120, n = 8, n.s.) although, when resting, association

tended to be more common, particularly in year seven. An examination of male and

female adolescents separately showed a steep decline in association within females

(Figure 6.2b, females: rs = -0.906, n = 7, p<0.005), while males began to increase their

association again at the end of adolescence (overall, rs = -0.486, n = 6, n.s.) There was no

statistical difference between their levels of association (Z = 0.000, n= 5, n.s.).

Role in the maintenance ofproximity

Hinde's Responsibility Index (HRIp) was employed to investigate the role of the

adolescent in the maintenance of its relationship with its mother. Unfortunately, age

ranges at which the number of mutual approaches and departures were adequate to

compute the index were few (five in total), reflecting the lack of time that adolescents

spent near their mothers. However, Figure 6.3 shows that even with this small sample

size a trend existed for the HRIp to decrease with increasing age of the adolescent (1 m:

rs = -0.800, n = 5, n.s.; 2 m: rs = -0.900, n = 5, p<0.05; 5 m: rs = -0.800, n = 5, n.s.).

Particularly notable for values beyond 81 months was the negative index ascribing

primary role in association to the mother. In the categories <1 m and <2 m these values

were attributable in the most part only to one male. At 5 m female data were completely

lacking.

6.2.3 Grooming between mother and adolescent offspring

A mother rarely groomed her adolescent offspring in the present study. When she

did the median bout length was similar to that of juveniles, between 100 and 200 seconds.

In the reverse direction, adolescents did not often groom their mothers either. On those
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occasions that they did, median bout length was lower than that of juveniles, at between

10 and 80 seconds. Grooming in both directions was equally low in males and females.

6.2.4 Discussion

Several aspects of mother-offspring interactions during adolescence highlighted a

decrease in the closeness of their relationship. The decline of the bond appeared to be

attributable to both partners although the proximity index (HRIp) suggested that the

mother, rather than the offspring, played the primary role in maintaining their association

during the later months. Mother-son association continued for a longer period than was

seen with daughters which, given the direction of the proximity index which was mainly

attributable to males, might suggest that the mother was still investing more time in her

male offspring. However, grooming was equally low in both directions for both sexes of

offspring, unlike in the chimpanzee case where mothers and offspring retain a reciprocal

grooming relationship through adolescence (Nishida, 1988). From these results it would

not appear that adolescents were behaving in a manner that would serve to maintain the

mother-offspring bond. This might suggest therefore, that either their strategies for

reproduction will involve them leaving their natal group, or that their future bond with

the mother is not important.

6.3 Adolescent-silverback relationships

Earlier in immaturity a close relationship between the dominant silverback and

immatures was shown to exist. Although the silverback probably provided protection he

also created an immature meeting place which was paramount in immature-silverback

association. Since adolescence is a period within which immature behavioural patterns

are seen to decrease (Caine, 1986) any relationship with the silverback would probably

involve other factors.

The dominant silverback was previously seen to be preferred over the subdominant

silverback, perhaps because he was more often the father and/or he could offer more
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protection than another adult male. However, it might be expected that there should be a

sex difference in the priorities of male and female adolescents in relation to their

preferred silverback. Subordinate male chimpanzees sometimes form coalitions with

others to facilitate a leadership takeover of the group from the dominant male (de Waal,

1982). Such behaviour has not been observed in gorillas and therefore an adolescent

male who wanted to remain in his natal group might be advised to extend for as long as

possible a previous affiliative relationship with the dominant silverback. However, a

female might be expected to associate more frequently with the subordinate male (if the

dominant male is her father) if she wished to remain in her natal group to reproduce.

6.3.1 Association with silverbacks

During adolescence, association with silverbacks in the group was fairly steady

below one interval per half hour of feeding time (Figure 6.4, rs = -0.357, n = 7, n.s.).

From a higher level during rest periods it started to decline (rs = -0.595, n = 7, n.s.).

While males showed a fairly consistent association with silverbacks with increasing age

(rs = -0.469, n = 7, n.s.), females increased their association (rs = 0.887, n = 6, p<0.05)

with males tending to spend only slightly less time near silverbacks overall during

feeding periods than did females (Figure 6.5a Z = -1.153, n = 6, n.s.).

Overall, association time continued the trend of being higher during rest periods (Z

= -1.572, n = 7, n.s.). Males and females did not spend a significantly different amount

of time at < 5 m to silverbacks when the group was resting although comparative sample

size was low (Figure 6.5b, Z = -0.730, n = 4, n.s.). Males continued their tendency to

decrease their association with increasing age (rs = -0.700, n = 5, n.s.) while females

varied, displaying no correlation with age (rs = 0.000, n = 6, n.s.).

6.3.2 Silverback preference

In Beetsme's Group the tendency to spend more time with the dominant silverback,

Ti rather than Be was still present (Figure 6.6a, Z = -1.826, n = 7. n.s.; Figure 6.6b, rest:

Z = -1.461, n = 5, n.s.). In Group 5, a preference for the dominant silverback was no
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Figure 6.4: Silverback-adolescent association
during group resting and feeding periods.
Sample size n = 10*.
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longer present during feeding periods (Figure 6.6a, Z = -0.405, n = 6, n.s.). During rest

sessions Zz was still preferred during year seven (Figure 6.6b, Z = -1.826, n = 4, n.s.)

although beyond this, preference was less clear and was biased in the direction of Pb (Z =

-1.342, n = 4, n.s.). The fact that Mh was the primary contributor to the later data may

partly explain the change in silverback preference at that stage. She was oestrus cycling

more regularly and spent more time with adult males other than her father (Zz).

6.3.3 Discussion

During feeding bouts at least, female adolescents tended to spend more, and

increasing, time in association with silverbacks than did males, an observation also

reported by Watts and Pusey (1993). It is suggested that this may be associated with the

increase in time spent with the subdominant silverback in Group 5. This male would not

have been the father of the two adolescent females and was therefore a prospective mate.

There was also a notable decrease in male-silverback association with age which, in later

years might be associated with increased competition for reproductive females and

increased aggression between adolescent and adult males (Caine, 1986), but was perhaps

simply related to the increase in periphalisation associated with this maturational period.

The prediction that an adolescent male should prefer the dominant silverback

seemed to hold given that in Beetsme's Group, where there were no adolescent females,

the dominant silverback remained the preferred associate. In addition, as mentioned

above, the difference was less clear towards late adolescence in Group 5 where the

subjects contributing to the data points were females.

6.4 Association partners of adolescents

The general impression gained of adolescent feeding relationships was that they

were primarily absent. Often an adolescent would wander away from the group for

extended periods of time which increased in length with increasing age of the adolescent

(personal observation). This solitude during feeding was probably partially responsible
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for the result that adolescents did not differ in the amount of time they spent feeding with

various immature age-classes (Friedman two-way ANOVA, feeding: X2 = 0.650, n = 10,

d.f. = 2, n.s.). In a similar way, there was no pattern of preference for resting partners

(resting: X2 = 1.050, n = 10, d.f. = 2, n.s.). Analysis by sex made no difference to this

result.

6.5 Play

Play, both social and nonsocial, shows a trend of decreasing frequency with age

continuing through adolescence (e.g. van-Lawick Goodall, 1968; Owens, 1975a). Below

I outline the views of three authors on three possible causes for the decrease of play with

age as reviewed by Fagen (1993). Caine (1986) suggested that the decline of male play is

a result of an increase in levels of aggression and male-male competition. However,

chimpanzees were found to increase the aggressive content of play at adolescence in

association with a decreased responsiveness to play solicitations (Pusey, 1990). Levy

(1979, cited in Fagen, 1993) found that there was not so much an increase in rough play

as a change in the style of play in older individuals, with some play increasingly

resembling aggressive fighting but with a simultaneous increased inhibition of rough

play.

In gorillas there is little documentation of adolescent play although Watts and

Pusey (1993) reported that mountain gorillas, for the most part, play most commonly

with age-sex peers. This section aims to add to our knowledge of adolescent play,

continuing its ontogeny from the juvenile period, and to test some current ideas of

adolescent play patterns as mentioned above.

6.5.1 Total play

Play in adolescents did not decrease below the low levels observed at the end of

juvenescence. Instead it increased, reaching levels of approximately 10% of total

observation time between 84 and 90 months, after which it decreased again (Figure 6.7a).
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The overall lack of differences between juvenile males and females in the total time

which they played was also seen in adolescents (Figure 6.7b). However, males started to

increase their play levels before females but they also dropped to a low rate of play in

later months while females did not. Group differences were negligible with Beetsme's

Group assuming the overall pattern seen in males and Group 5 being more similar to the

female case - a distribution that was not altogether surprising given the distribution of

male and female subjects between groups.

6.5.2 Types of play

Play was divided into several categories, as detailed in Chapter Four, and was

described by median bout length and by duration as a proportion of total play time (by

age-classes spanning three month periods).

Rough and tumble play

Rough and tumble play consumed less total play time than it did in juveniles,

varying usually between 4 and 10%, although it did briefly reach 14% and 19% at 81-84

months and 90-93 months respectively (Figure 6.8a). Bout length remained similar to

that in juveniles, suggesting that the mature form of the behaviour was already present at

that time.

Males and females played for similar lengths of time, mostly between 10 and 25

seconds per episode (Figure 6.8b). The relative proportion of time that they spent in

rough and tumble play was a little surprising with females tending to play more than

males (Z = -1.782, n = 6, n.s.). Although later data points represented only one male in

Beetsme's Group who may be considered to have had fewer similar-sized peers to play

with, the pattern of increased play in females began early in adolescence, suggesting that

this factor was not wholly responsible for the difference. Adolescent females often

appeared boisterous, so perhaps changing hormone levels in this age-class (Caine, 1986)

at the beginning of oestrus cycling are a factor that should be considered.
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Chase

Chase was limited during adolescence, reaching a maximum of 4.5% of total play

but more commonly remaining below 2.5% (Figure 6.9). Its occurrence appeared more

sporadic than regular. Bouts were of variable length and although sometimes shorter than

those of juveniles or infants, they were mostly of similar duration. Sex differences were

not apparent in either measure of chase (bout: Z = 0.000, n = 3, n.s.; proportion: Z = -

0.674, n = 6, n.s.).

Spar play

In adolescents this brief behaviour became more irregular and remained infrequent

(Figure 6.10). Bout length decreased with age (rs = -0.754, n = 6, n.s.) and, although

similar in quality to that seen in juveniles, sparring was less commonly observed. The

sex differences seen in juveniles and infants were no longer apparent, with sparring

becoming less common in males, and females continuing their pattern of rare, irregular

bouts of sparring.

Gentle play

In adolescents, gentle play remained high, never dropping below a total of 25% and

mostly contributing between 45 and 50% to all play recorded (Figure 6.11a). It tended to

gradually increase the role it played in total play as adolescents became older (rs = 0.571,

n = 8, n.s.). Bout length was slightly more variable than for previous age-classes, ranging

between nine and 50 seconds, but was more commonly fairly consistent, at a slightly

higher level than was observed in juveniles (25-35 seconds).

Males and females did not differ in their comparable bout lengths (Figure 6.11b, Z

= -0.674, n = 5, n.s.), although there was a trend for males to play more than females (Z

= -1.782, n = 6, n.s.). In the second year of adolescence (year 7) males began to show an

increase in gentle play from a proportion of 50% of total play time to 100% by the end of

the eighth year. In contrast, females varied between 14 and 65% with no particular

pattern related to age.
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Rest play

Breaks between play bouts became slightly shorter in duration during adolescence

in comparison to those seen in juveniles. They played a more variable part in total play

time consuming between 2% and 26% of total play (Figure 6.12a). Neither measure was

related to age.

There were no overall differences in bout length between males and females

(Figure 6.12b, Z = -0.183, n = 4, n.s.). The total amount of rest play time was very

variable, slightly more so in females, but with no overall differences between sexes (Z = -

0.315, n= 6, n.s.).

6.5.3 Partner preference in play

Data on play partners were examined to explore the hypothesis stated that animals

play more frequently with like-sized individuals. The proportion of time that an

individual spent playing with a particular age-class, over the entire period of the study,

was calculated and overall medians for each age-class were formulated from these.

Adolescents spent 32% of their time playing with other adolescents. Juveniles were

partners for 29% of total time and infants for 22.5%. Other age-classes scored medians

of zero for their input as partners to adolescents.

Further, subjects and partners were divided up by sex. For this comparison only

Group 5 data were used since Beetsme's Group contained no adolescent females at the

time of the study. Unlike the similar comparison carried out for juveniles, there were

several differences in the partners of male and female adolescents (Table 6.1).

Adolescent females clearly spent a much greater amount of time playing with other

adolescent females than with adolescent males. Adolescent males did play more with

adolescent males than with females but total play with their own age group was much less

than that spent by adolescent female subjects with other adolescents. Juvenile females

were infrequent partners for both sexes of adolescents although juvenile males were

partnered at a proportion similar to that expected. Adolescent males were much more
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Figure 6.12b: Rest play. Sex differences in:-
i) Proportion of time played. Sample size n = 10*.
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Table 6.1: Play in adolescents. Median proportion of time
that male and female adolescents spent playing with
various age-sex classes over the study period in Group 5.
Expected proportion is given where each individual of a
particular age/sex class is weighted as being equally
likely to play with the subject.

Age-Sex
Class

Median
Proportion

Expected
Proportion

im 0.40 0.10
if 0.14 0.09

Male im 0.20 0.17
Adolescents if 0.01 0.03

am 0.15 0.03
af 0.11 0.07

mo 0.00 0.03
Af 0.00 0.34
Sm 0.00 0.14

im 0.15 0.10
if 0.01 0.08

Female ini 0.15 0.17
Adolescents if 0.00 0.04

am 0.01 0.04
af 0.73 0.04

mo 0.00 0.04
Af 0.00 0.35
Sm 0.00 0.14

Age class categories are as follows: infant male (im), infant
female (if) juvenile male (jm), juvenile female (jf)
adolescent male (am), adolescent female (af), mother (mo),
adult female (Af) and silverback (Sm).



interested in infants, particularly infant males. In total they spent more than half their

play time with infants compared to less than one fifth of adolescent females' play time.

This fascination for infants in adolescent males was not restricted to Group 5 males since

adolescent males in Beestme's Group spent 42% of their play time with infants (although

this was divided equally between male and female infants). There were a lack of

adolescents to play with in Beetsme's Group (one possible partner in each case) and this

may have been a factor in Beetsme adolescents spending 11.5% of their time playing

with adult females in addition to the 4% of time they spent with each other. Juvenile

males scored highly again, receiving 34% of adolescent males' play time.

6.5.4 Discussion

Results from the present study would seem to challenge some of those seen most

commonly in the primate literature. Rather than continuing to decrease, the level of

adolescent play increased above that seen in juveniles, although it decreased again much

later on. This increase in play was mostly accounted for by increased levels of gentle

play while levels of rougher rough and tumble play and sparring decreased, a result

which would seem to be different to that seen in chimpanzees (Pusey, 1990). That the

increase in gentle play was particularly apparent in male gorillas may substantiate Caine's

(1986) view, that male play decreases as a result of inter-male competition and

aggression, since the increase in play was not due to rough play. Instead, male

adolescents concentrated their play with infants.

The sex differences that were seen in the present study were also different to those

expected. Female rough and tumble play was more frequent than in males for the first

time in the ontogeny of rough and tumble play and is suggested to perhaps be related to

changing hormone levels. In addition, infants were not high priority play partners for

female adolescents as would be expected if females were to gain maximum experience in

infant handling, whereas they were favoured partners for males.
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6.6 Social grooming

In previous maturational stages it has been seen that females showed a tendency to

groom more than males. Adolescence is a stage of development where the female has a

chance to perfect her skills for impending motherhood and it is at this stage where adult

forms of parental behaviour would be predicted to emerge (Caine, 1986). In the gorilla,

where grooming of the infant is performed almost exclusively by the mother, it might be

expected that adolescent females should spend longer grooming infants than previously in

immaturity, in preparation for their role as mothers.

Individually preferred grooming partners were considered in Chapter Five. This

section will briefly outline the absolute patterns and levels of grooming in adolescents,

detailing changes associated with age and general preferred partners within the age-class.

6.6.1 Patterns of social grooming by adolescents

Adolescents groomed at a higher frequency and duration per hour than juveniles.

Frequency appeared to be related to age only in that it increased towards its highest level

at 81-84 months and decreased thereafter (Figure 6.13). Duration also peaked at this age

but the general distribution was more variable. Females consistently groomed more than

males, both early in adolescence when many male subjects were sampled, through to late

adolescence where only one male was available (Figure 6.14, freq/hr: Z ---- -2.521, n = 8,

p<0.025; dur/hr: Z = -2.521, n = 8, p<0.025). These sex differences were reflected in

the differences seen between groups in later months although Group 5 adolescents

consistently groomed others more than the two representative individuals in Beetsme's

Group, even in early months (Figure 6.15, freq/hr: Z = -2.521, n = 8, p<0.025; dur/hr: Z

= -2.521, n = 8, p<0.025). In Beetsme's Group, grooming conferred upon others was

very infrequent and for short periods, remaining at this low level throughout adolescence.

It is worth noting that overall, grooming by male and female adolescents tended to be

negatively correlated with age (males, freq/hr: rs = -0.573, n = 8, n.s.; dur/hr: rs = -

0.709, n = 8, p<0.05; females, freq/hr: rs = -0.619, n = 8, n.s.; dur/hr: rs = -0.524, n = 8,

p<0.05).
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Figure 6.14: Social grooming by adolescents.
Sex differences in frequency and duration per hour.
Sample size n = 10*.
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The age-class to be groomed most frequently by adolescents were infants, receiving

35% of bouts performed, comprising a total of 26% of adolescents' grooming time.

Juveniles were groomed for 10% of bouts and 15% of adolescents' grooming time. All

other age-classes were groomed for a median percentage of zero time.

Median proportions of grooming differed slightly between groups as shown in

Table 6.2. The proportion of all grooming bouts directed to infants and juveniles were

similar in each case although adolescents in Beetsme's Group expended a greater

proportion of their time on infants while Group 5 adolescents groomed juveniles more

fervently. Group 5 adolescents favoured other adolescents with brief grooming bouts

whereas Beetsme's Group expended fewer, longer grooming bouts on silverbacks. The

most striking difference however, was the large proportion of bouts and total grooming

time that Beetsme adolescents spent grooming their mothers. In Group 5 the mother was

not groomed.

6.6.2 Adolescents as recipients of social grooming

The amount of grooming that an adolescent received did not vary much in

frequency or duration over the period, remaining below a frequency of 0.5 times per hour

and a duration of 50 seconds per hour (Figure 6.16). Sex differences were not apparent

overall (Figure 6.17, Z = -0.14, n = 8, n.s.) although peaks in male grooming seemed to

occur alongside troughs in grooming received by females. Differences between groups

were not evident (freq/hr: Z = -0.169, n = 8, n.s.; dur/hr: Z = -0.169, n = 8, n.s.) although

there were more occasions upon which individuals in Beetsme's Group were not

groomed.

Adolescents received 19.5% of all their grooming bouts from other adolescents and

18% from juveniles. These partners contributed a total of 22.5% and 14% respectively to

adolescents' total received grooming time. Very little grooming was received from other

age-classes resulting in median proportions of zero. Due to the larger number of

adolescent individuals in Group 5, this pattern was primarily a reflection of grooming

received in that group. It can be seen that a large proportion of grooming received by
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Table 6.2:	 Grooming by adolescents. Differences between study
groups in the proportion of total grooming time directed
at various age classes. Expected proportion is given,
where each individual of a particular age class is weighted
as being equally likely to be involved in grooming with
the subject.

Age
class

Frequency
(propn)

Duration
(propn)

Expected
proportion

i 38.0 33.5 29.0
j 10.0 7.5 11.3

Beetsme's a 0.0 0.0 1.6
Group m 43.5 38.5 6.5

A 0.0 0.0 38.7
S 8.0 20.0 12.9

i 31.0 11.0 18.6
j 10.0 28.0 23.7

Group 5 a 16.0 4.0 6.8
m 0.0 0.0 3.4
A 4.0 0.0 33.9
S 0.0 0.0 13.6

Age class categories are as follows: infant (i), juvenile (j),
adolescent (a), mother (m), adult female (A) and silverback (S).
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adolescents in Beetmse's Group was directed from adult females and an even larger

proportion was received from the mother (Table 6.3). Grooming received from juveniles

was similar in both groups but, relative to the number of juveniles, was lower in Group 5.

6.6.3 Reciprocal grooming

The median frequency and duration with which adolescents groomed others and

were groomed by them were compared. If adolescents groomed more than they were

groomed it might be suggested, given that one function of grooming is social (Dunbar,

1991), that they were particularly interested in maintaining affiliative relationships with

other group members. Alternatively, it might be of benefit to their future reproductive

fitness by way of increasing their experience.

A Wilcoxon matched pairs test on medians showed no significant differences in the

amount of grooming given and received by adolescents (Figure 6.18, freq/hr: Z = -0.420,

n = 8, n.s.; dur/lu. : Z = -1.572, m = 8, n.s.) although they appear to give more than they

received during their seventh year. However, when the same test was performed on

males and females separately the result produced was striking (Figure 6.19). Females

groomed others more than they were groomed (freq/hr: Z = -2.381, n = 8, p<0.025;

dur/hr: Z = -2.366, n = 8, p<0.05), while males tended to receive more grooming than

they gave (freq/hr: Z = -1.826, n = 8, n.s.; dur/hr: Z = -1.604, n = 8, n.s.).

6.6.4 Self grooming

During adolescence grooming of self increased early on, reached a peak between 78

and 84 months, and decreased thereafter (Figure 6.20). This pattern was more

representative of females since males tended to mirror this distribution, reaching a low

level during the afore-mentioned period. Overall, there were no differences between the

sexes (Figure 6.21, freq/hr: Z = -0.338, n = 7, n.s.; dur/hr: Z = -0.507, n = 7, n.s.).

In Figure 6.22 self grooming across adolescence was compared with grooming

received from the mother and other group members. From this it can be deduced that the

importance of self grooming is high compared to relatively low levels received from
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Table 6.3:	 Grooming received by adolescents. Differences
between study groups in the proportion of total grooming time
received from various age classes. Expected proportion
is given, where each individual of a particular age class
is weighted as being equally likely to be involved in grooming
with the subject.

Age
class

Frequency
(propn)

Duration
(propn)

Expected
proportion

i 0.0 0.0 29.0
j 13.5 15.5 11.3

Beetsme's a 0.0 0.0 1.6
Group m 52.0 57.0 6.5

A 34.5 27.0 38.7
S 0.0 0.0 12.9

i 0.0 0.0 18.6
j 18.0 14.0 23.7

Group 5 a 48.0 51.0 6.8
m 0.0 0.0 3.4
A 0.0 0.0 33.9
S 0.0 0.0 13.6

Age class categories are as follows: infant (0, juvenile (j),
adolescent (a), mother (m), adult female (AF) and silverback (S).
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Figure 6.18: Social grooming received by adolescents
compared with grooming given by adolescents. Frequency
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other individuals. This is slightly different to the pattern seen in juveniles (concerning

duration) where a larger amount of their grooming was received from others.

6.6.5 Discussion

The higher rate of grooming in females which continued into adolescence, and the

observation that infants were the most frequent recipients of this grooming would seem to

give support to the hypothesis that females refine the skills necessary in motherhood

during this phase. The amount of grooming received from others was low and the

primary groomers were other adolescents. The social implications of grooming in the

development of affiliative relationships, added to this observation, might suggest that

adolescents are primarily interested in maintaining affiliative relationships with other

adolescents. Certainly the fact that females groomed others more than they were

groomed might also add support to this suggestion of developing relationships with

others to gain a benefit. However, adolescents do not appear to be grooming adult group

members. This would suggest either that affiliative relationships are not so important

between adults - and gorilla females have been described as merely tolerating each other -

or that adolescent-adult relationships are not important at the adolescent stage.

Males received more grooming than they gave in adolescence, a trend that began

earlier in life. It would be expected that males should not have to practice grooming

techniques to the same extent as females since their future grooming is likely to be

restricted mostly to themselves and occasionally future mates. In chimpanzees it would

be expected that the coalitions which form between adult males (de Waal, 1982) might be

reflected in a propensity to groom in adolescent males. However, since males do not

form coalitions, and adult male gorillas rarely groom one another it was not a surprise

that social grooming was not frequent in adolescent males.
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6.7 Sociosexual behaviour in adolescents

Caine (1986), in her review of primate puberty and adolescence, concludes that

sexual behaviour during this phase of development is "less fully expressed, more tentative

and more occasional" than that which is seen in mature adults. Adolescent male gorillas

may copulate with daughters of the dominant silverback, although he often interferes

when they attempt to copulate with his own sexual partners, whereas female adolescents

copulate with both adolescent and adult males in the group (Watts and Pusey, 1993).

Since older male adolescents may be forced to become peripheral by the dominant male it

is perhaps important that they gain as much sociosexual experience as possible before this

stage. Chimpanzee males are reported to show their highest levels of sexual behaviour

during adolescence (Kraemer et al., 1982) but the frequency of sociosexual behavioural

patterns during adolescence in gorillas has not been compared to previous immature

levels. The following sections aim to illucidate any changes in sociosexual behaviour of

adolescent gorillas relative to the behaviour seen during earlier stages of development.

6.7.1 Pattern of behaviour during adolescence

Overall, adolescents engaged in sociosexual behaviour fewer times than juveniles,

relative to the number of days on which they were observed, averaging 0.33 bouts per

day of observation. This compared with juveniles being involved 0.61 times per day and

infants 0.25 times per day of observation. Sixteen percent of all recorded bouts were

initiated by adolescents and 14% of bouts were received by them. Of initiated bouts, 14

were by males and only two were initiated by females. Although there were twice as

many male juvenile-days' as female juvenile-days' this still suggests a higher rate of

initiation by males. As recipients of sociosexual behaviour, the figures were even more

skewed with males receiving only four bouts and females receiving 10. Despite sample

sizes being small, data implied that real sex differences existed.

A statistical examination of the age-class of partners chosen by adolescents

suggested a difference between the frequency with which they chose infants, juveniles

and adolescents, with infants ranking most highly (X2 = 5.214, n = 7, d.f. = 2, n.s.).
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6.7.2 Position assumed during sociosexual behaviour in adolescents

The frequency with which adolescents initiated sociosexual behaviour was only

slightly higher overall in the dorso-ventral position than in the ventro-ventral position

(ten and six cases respectively, Z = -0.840, m = 10, n.s.).

6.7.3 Menarche in adolescent females

The onset of the oestrus cycle in gorillas varies between the ages of 5.75 and 7.10

years (Watts, 1991a). Two females began cycling in Group 5 during the study period and

some observations are worth a mention here.

The two females concerned were Mh and It, both maternally related (cousins). It

was not seen to cycle regularly but was first seen to have a swollen vulva at the age of 6.5

years. Mh began more regular oestrus cycling at 6.75 months and three out of the four

silverbacks were interested in her condition. Females of a similar age to her were also

interested in the swollen nature of her vulva and were more than once seen to insert a

finger and sniff her. Zz, the dominant silverback, and probably her father, paid no

attention to her receptivity or to her copulations with other males. In only one case was

he observed to intervene in a copulation involving Mh and Pb (the subdominant

silverback), which was interrupted by Sd, a young silverback and full brother of Zz. Zz

supported Sd in the dispute and stood by throughout the duration of what appeared to be a

full copulation between Sd and Mh.

One trait that was common in adolescent and young adult females was the

inexperience with which they participated in a copulation with an adult male. The female

commonly shifted about and often the pair moved several metres forward during a

usually lengthy copulation. It seemed that previous sociosexual experience had not

prepared the young female adequately for a real adult copulation and that such experience

could only be gained from copulations with adult males. In gorillas the median age of

first parturition is 10.05 years (Watts, 1991a). Female gorillas go through a period of

irregular cycling while they are probably infertile (Harcourt et al., 1980, Watts, 1991a).
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Since previous sociosexual behaviour did not seem to prepare them fully for adult sexual

behaviour it is suggested that perhaps this experience is gained during the adolescent

period of infertility.

It, as an adolescent, seemed particularly boisterous in comparison to similar aged

adult males. Although subjective, this behaviour was highlighted by her regular displays

through the group, a behaviour which commonly accompanied oestrus in mature adult

females, and which was also seen in Mh.

6.7.4 Discussion

The occurrence of sociosexual behaviour decreased in adolescence below the level

seen in juveniles. The quality of such incidences did not suggest that their purpose was

to perfect the adult form of the behaviour since: i) partners tended more commonly to be

infants who were more interested in playing; ii) the positions used were equally dorso-

ventral and ventro-ventral unlike the pattern in adulthood; and iii) males continued to be

the most common initiators while in adult sexual behaviour the female tends to initiate

copulations (Watts, 1991a). Although earlier immature sociosexual behaviour may serve

as a precursor for the adult form of the behaviour, the clear lack of proficiency observed

in adolescent females did not indicate that it results in competent adult behaviour

previous to experience involving an adult ma/e.

6.8 Agonism in adolescents

6.8.1 Displacements

During the study period a total of six adolescents displaced 12 individuals. Each of

those individuals displaced was younger than the adolescent subject by whom it was

displaced. In addition, adolescent subjects that were displaced by others (on a total of 82

occasions) were always displaced by older individuals. The majority of these (95%) were

by adults with other adolescents accounting for the remaining 5% of displacements
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received. Similarly to the juvenile case, adult females accounted for most displacements

(49%), with silverbacks displacing adolescents more often than their mothers (27% and

20%, respectively). However, these differences were not statistically significant (X 2 =

4.786, n = 7, d.f. = 2, n.s.). In the same way as juveniles, the most common form of

displacement was over a competed source of food (72% of cases) with 17% being over

general spatial position and 6% concerning a rest place. Only one adolescent

displacement occurred during travel.

6.8.2 Punishment/threat

Threat or physical contact aggression was extremely rare in adolescents with two

male adolescents administering mild punishment only three times and two other males

adolescents receiving punishment on a total of three occasions. In the former cases, Nd

threatened a male infant (In) with an open mouth lunge towards him, and Nt mock-bit a

male juvenile (Is) twice within the period of half an hour when he played too roughly

with Nt's infant sibling. All punishment received was in the form of mock-bites. Ku was

punished once by a silverback while he was playing with a male infant. Iz was punished,

once by a male infant for a reason that was not apparent to the observer, and again, by a

female adolescent when he solicited play with an infant who was not related to the

female.

6.8.3 Discussion

In adolescents the number of cases of agonism remained low. There was no

evidence of an increase in agonism between adolescent and adult males as is suggested by

Watts and Pusey (1993), but in the present study adolescent males were still relatively

young. Older individuals continued to be the displacers and little agonistic interaction

was observed between adolescents. These low levels of agonism suggest that competition

between individuals remained negligible at this age. It would be expected that agonism

would increase with a larger number of maturing adolescent males in one group as was

seen in Group 5, since competition would be fierce to remain in the natal group. Given
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such a scenario it would be useful to discover what strategy was adopted by the

adolescent males, i.e. whether they would emigrate together or gradually or whether

males would give support against others and/or perhaps cause the group to split.

6.9 General discussion

Adolescent mountain gorillas led a more solitary lifestyle than younger immatures.

Relationships were characterised by a decreasing frequency and duration of interactions

as behavioural patterns associated with immaturity began to diminish, similar to other

adolescent primates.

The mother-offspring relationship decreased steadily in intensity. Their mutual

grooming relationship did remain, albeit at a low level, and appeared to be the mainstay

of their dwindling relationship. There was some evidence that female adolescents

reached lower levels of association with their mothers earlier than males and the

decreasing grooming relationship in both males and females signified an even greater

reduction in females than males since juvenescence.

The major incentive for differential association with silverbacks is suggested to

have changed in adolescent females from being a focus of stimulation gained from the

presence of other immatures to forming a relationship geared more towards their future

reproduction. This resulted in an increasing association with the subdominant male.

Adolescent decrease in association with other immatures would have been

inextricably linked to their increasing distance from the dominant silverback. However,

the pattern of adolescent play was unusual amongst primates in its high levels during

adolescence. It is often stated that adolescent females display an affinity for young

infants but in this study, at least during play, it seemed to be the males that took this role.

The increase in the contribution of gentle play that was most obvious in males may have

been associated with an attempt to form a relationship with the infants' mothers although

no conclusion can be formed at this stage. Female play continued between like-sized

individuals and was more frequently of a rough nature than in males. Since females
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rarely fight with the intensity seen between mature males it is counter-intuitive that they

should still be 'play-fighting' when males do so less commonly. However, as suggested

by Caine (1986), the decrease of such play between males may have reflected an

increasing level of competition between them although this was not readily apparent in

measures of agonism. In fact, agonism remained at very low levels during the adolescent

period and did not suggest any increase in aggression involving immatures either

quantitatively or qualitatively.

Grooming relationships of adolescent females developed in a different way to those

of males, by increasing females' experience of infant grooming, while male grooming

relationships diminished to even lower levels than recorded previously.

The development of sociosexual behaviour did not seem to have proceeded much

further by adolescence than was observed earlier in immaturity. The impression gained,

in adolescent females who participated in copulatory behaviour with mature males, was

that individuals were not competent enough in their positioning for continued

intromission and completion of the copulation to occur in the manner observed in mature

adults. Since no adolescent male subject was observed to participate in sociosexual

behaviour with an adult female it was not possible to compare the behaviour of males of

a similar age.

Thus the development of social behaviour in adolescent individuals progressed in

the present study. It remains only for the different maturational stages to be merged and

the development of the immature mountain gorilla, from infancy through adolescence, to

be discussed in the context of current views on social development. This follows in

Chapter Seven.
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CHAPTER SEVEN

FINAL DISCUSSION

7.1 The course of immature social development

The social development of the immature mountain gorilla has been shown to be

gradual, with emphasis upon the formation and progression of different relationships at

each stage of the life cycle. Behavioural patterns have emerged, developed and peaked,

followed by their waning throughout immaturity.

Limitations of the study population were related to the demography. Although

there was a high density of infants, the study groups had low juvenile female membership

and an overall low number of adolescents. This resulted in the patterns of behaviour seen

in juvenile and adolescents being more likely to reflect individual differences in

behaviour rather than providing a more general overview of adolescent behaviour. In

addition the small sample size precluded the detailed examination of sex differences

during these later stages of immaturity. The long developmental period of the gorilla

prevented a study that could compare the early behavioural patterns with their long term

consequences within a short enough period to complete this work. However, a large

database has arisen from the study, and from a longitudinal viewpoint it would be ideal to

continue to collect data within the present immature population to investigate the

continuing path and success of individual developmental strategies. This would enable

the developing relationships that have been identified throughout immaturity to be

followed into adulthood and related to reproductive success.

Having access to only two groups containing immatures limited the generalisations

that could be made to all groups. Although research on mountain gorilla ecology and

behaviour has been long-term in the Virunga Volcanoes, the diversity of groups studied

has been limited and there are many theoretical social situations that have not yet been
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encountered. Since, all the major work on the social behaviour of the mountain gorilla,

including this study on immature social development, has been carried out on the same

small population this is bound to limit the conclusions that we can make about gorillas as

a whole.

The mother-offspring relationship has been seen to change in intensity from the

mother being the infant's only caretaker, through a phase at the beginning of socialisation

where the infant became slowly more aware of other individuals and began to form

occasional relationships with them. The development of maternal transport followed a

similar pattern to that seen in captive lowland gorillas although there was a difference in

the style of ventral carrying, suggested to be related to the substrate and distance travelled

by wild gorillas. There was a clear difference in the age at which infants of multiparous

mothers rode dorsally compared to infants of primiparous mothers with the latter

continuing to ride ventrally until a later age.

A period of conflict, which was particularly severe in some individuals around the

time that the mother began her oestrus cycle, followed on from the increasing physical

and nutritional dependence of the infant and preceded a decrease in association with the

mother and simultaneous increase in the occurrence of interactions with peers, in close

association of the dominant silverback. Play with the mother, which began very early in

infancy, reached negligible levels as the individual established itself as a juvenile, and

contact was reduced between the dyad, occurring predominantly during bouts of

grooming. The juvenile began to play less of a role in maintaining their relationship as it

became older, particularly during adolescence where the mother apparently played a

greater part in maintaining their relationship than did her offspring. By this period

interactions with the mother were few and grooming between the pair had reached a

lower level.

It is predicted by parental investment theory that mothers should invest more in

their male offspring than female offspring in polygynous species (Clutton-Brock, 1988).

Several features of the developing, mother-offspring relationship in gorillas seemed to

support this view. Not only did mothers appear to retrieve females infants less than male
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infants, they also played a lesser part in the maintenance of proximity with female

infants. Mothers began to decrease the amount of grooming they gave to females in

comparison to males as early as the second half of infancy. Given that females groomed

their mothers more than did males, it could also be argued that the differential in

reciprocation of grooming involving males suggested an even larger investment in male

offspring. In addition, the two individuals who were weaned earliest and with most

resulting distress were females. One of the major limitations of the present study was

that the demography of the group resulted in the mothers of female offspring being

multiparous which confounds conclusions relating to relative investment in male and

female offspring with the fact that primiparous mothers are likely to be more restrictive

than experienced multiparous mothers. At this stage it is not possible to inextricably

divide the two factors but such results are worth noting in anticipation of further study in

this area.

Although the mother was the infant's primary socialising agent at a young age, the

part that other individuals played in its social experience increased with age. The relation

between an immature and the dominant and subdominant silverbacks in the present bi-

male groups were interesting in their development. As infants, immature gorillas

depended on their mothers for translocation between areas and other individuals and it is

suggested that the early choice of silverback, which tended towards the dominant male

but was not altogether clear for all dyads, was likely to have reflected the preference of

the mother. With increasing age, association with the dominant silverback became more

common than with the subdominant male, a pattern which I suggest is linked with the

gathering of peers that the lead male attracts. However, this pattern of association

apparently changed during adolescence suggesting that females preferred to associate

with the subdominant male in the group who was not their father and therefore could be a

potential mate. Meanwhile, male adolescents continued to spend more time with the

dominant male which, it is suggested, would be the preferred strategy if they wished to

remain to reproduce within their natal group. Despite the difference in demography and

recent inter-male relationships between groups the pattern and frequency of immature
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association with silverbacks was very similar, suggesting that the present case might be

representative of bi-male groups as a whole.

Peer relationships developed during play between immatures. Early social play

began to increase at the expense of solitary play and involved several behavioural

patterns. Different kinds of play were described separately and each type developed in a

different manner. Rougher play, such as rough and tumble and sparring, developed later

than gentler play and chase, and quickly became more common in male infants than

juveniles, supporting the hypothesis that play functions to improve fighting ability among

males in dimorphic species. This pattern was consistent through immaturity until

adolescence where the sex difference was reversed and females engaged more in rough

and tumble play than males. This would seem counter-intuitive if behaviour in

immaturity is important in perfecting adult behavioural patterns, although the decrease

shown in males may have been related to an increase in the perceived risk of such

behaviour at this stage.

During immaturity the course of play in mountain gorillas was similar to that

known for other primates in its increase during infancy followed by a decreasing

frequency during juvenescence. However, the increase in total social play in

adolescence, due mostly to gentler play, was unusual and unexpected. It was possible

that such play was a method of maintaining affiliative contact with others and, in the case

of males who played mostly with infants, it might have been aimed at increasing

relationships with adult females since males do not need to be particularly apt in infant

handling for the purpose of increasing their future reproductive success.

Grooming in immature gorillas did not seem to be a primary method of formation

and maintenance of relationships. The infant was groomed frequently by its mother but

beyond this she tended to remain the individual from whom the immature received the

majority of its grooming. Incidences between immatures were relatively few and far

between, although siblings seemed to be preferential partners, and although grooming of

others was highest in juvenescence it was recorded at low levels and decreased further in

adolescence. Since adults rarely groom each other and are not known to do so for
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reasons of increasing dominance rank or to form coalition partners, it would perhaps not

be expected that grooming should be highly practiced in immaturity. However, a clear

sex difference emerged very early on with females grooming more partners, more

frequently and for longer periods. Females, when they have infants, will be responsible

for the grooming of their offspring and it would appear that the much higher levels of

such behaviour recorded in immature females would serve to increase their capability to

do so.

Sociosexual behaviour was seen between all classes of immature in the present

study. This behaviour did not change much in quality from the original form in which it

was observed in an individual. It is suggested that, since actors were almost invariably

older than the recipients, individuals learnt this behavioural pattern from their early

participation during play. Although infants were rarely seen to initiate the behaviour, by

juvenescence they were initiating it more commonly than they received it. As they grew

older the context in which it appeared was apparently unrelated to play. However, by

adolescence immatures were still not using the adult dorso-ventral position any more

commonly than the ventro-ventral position and males rather than females were initiating

the majority of interactions. It seemed that the experience which a female gained during

her immature encounters did not prepare her for copulations with adult males, and only

such direct experience appeared to perfect her role in such copulations.

Agonism in immature gorillas was low and reflected the generally low level of

aggression seen in adult individuals. One of the features of adolescence in primates is the

gradual peripheralisation of the individual, particularly among males (Caine, 1986) and

although I would not describe any of the individuals in the present study as having

become peripheral, adolescents did tend to spend more feeding time at increasingly

greater distances from other individuals. Since mountain gorillas live in a habitat where

food is plentiful and evenly distributed it is possible for individuals to spread out and feed

rather than compete for small patches of food. This may partly contribute to the lack of

aggression that occurs among adult gorillas, the subtle dominance heirarchies that have

been identified in females, and may also be related to the lack of aggression seen in
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maturing immatures, although display behaviour which has not been detailed, was

evident at a higher level in older immatures particularly during periods of rest. Help in

agonistic contests was recorded only rarely and the cases mentioned involved support of a

younger individual or sibling as has been previously documented (Harcourt and Stewart,

1989).

Future research on gorilla social development would benefit from the study of

infants in groups elsewhere within the range of the mountain gorilla, to enable the

investigation of changes in behaviour resulting from different food availability and

consequent ranging patterns, that might give rise to different limits on social time

available. In particular, further study is needed to separate the effects of infant sex and

mother's parity on social development. In addition, when it becomes possible to study

the social behaviour of wild western lowland gorillas in more detail, we may be presented

with a different pattern of dominance relations within groups since food sources

(especially fruiting trees) are likely to be more patchily distributed, therefore presenting a

situation of increased feeding competition. It would greatly increase our understanding

to discover how patterns of adult social behaviour differ from that of mountain gorillas,

and how the course of development in immatures is similar or different between the two

subspecies.
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APPENDIX I

Example of Print Out From Mbuni Data Collection Program.
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