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ABSTRACT

The concept of culture has recently been used to explain behavioural variation and
trans-generational continuity of behaviour in non-human animals and in chimpanzees 1n
particular, However, few studies in the wild have systematically investigated how the
environment and behavioural adaptation might influence behavioural diversity. In this
context, one habituated community of wild chimpanzees (Pan troglodytes verus) at
Bossou, Guinea, and two neighbouring non-habituated communities in the Nimba
Mountains region of Guinea and Cote d’Ivoire were the subject of a detailed study of
behavioural variation at the intra- and inter-community level. An ecologically-based
approach was adopted to investigate variation in nest building, in the use of the oil-palm
trec (Elaeis guineensis), in ant-dipping and in tool-choice and -manufacturing. A
significant influence of environmental variables on nesting parameters emerged explaining
much of the variation observed between the three sites. However, some differences that
arose are more likely to reflect differences in social structure and organisation. The
comparative study of the utilisation of the oil-palm tree failed to reveal proximate
environmental parameters that might explain significant observed variations in use. These
findings raise interesting and important questions pertaining to diffusion of behaviour
between neighbouring chimpanzee communities. Dipping for driver ants, Dorylus spp., is
often cited as one of the best examples of culture in chimpanzees. A detailed analysis of
this behaviour at Bossou suggests that risk exposure affects frequency of performance in
the developing chimpanzee and reveals a strong influence of prey characteristics, including
aggressiveness and/or gregariousness, on tool length and technique employed. Variations
in tool-choice and tool-manufacturing within and between three tool-use behaviours at
Bossou involving the use of a stick or a stalk were found to be significantly associated with
the nature of the task and its predictability, emphasising the importance of environmental
affordance and constraints on these processes. In addition, efficiency in behaviour across
another set of three tool-use behaviours was explored focusing chiefly on age-class

differences. An analysis of individual and community-level patterns of laterality in hand-

use between these three tool-use behaviours is also provided. The data supply some

X Vil



evidence to support the selective advantages of lateralization in hand-use with respect to
behavioural efficiency. The findings also suggest that haptic tasks have played an
important evolutionary role in driving population-level handedness, and reveal that

although complex tool-uses exhibited high levels of lateralization, these failed to show task
specialisation across individuals. Finally, this thesis presents a comprehensive review
analysis of individual and community-wide variation across a range of behaviours
observed in chimpanzees and identifies paths and hypotheses that warrant further

exploration and testing with the aim to gain further insight into cultural processes in non-

human animals.
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Chapter 1

Introduction

1.1 The Chimpanzee: taxonomy and distribution

There exist two species of chimpanzees: the common or robust chimpanzee
(Pan troglodytes) and the bonobo, also known as the pygmy chimpanzee (P.
paniscus). Both species are only found in Africa. Most chimpanzees inhabit

evergreen forests, but some populations have been shown to exist in deciduous

woodland and grassland biotopes interspersed with gallery forest. Most wild
chimpanzees live between 13°N and 7°S of the equator.

Taxonomists generally agree that Pan troglodytes can be further divided into
four subspecies that exhibit mutually exclusive geographical ranges: 1) the eastern
chimpanzee (P. t. schweinfurthii) living in Sudan, Burundi, Rwanda, Tanzania,
Uganda and the Democratic Republic of Congo; 2) the central chimpanzees (P. .
troglodytes), living in Angola, Central African Republic, Equatorial Guinea,
Cameroon, Democratic Republic of Congo, Gabon; 3) the Nigerian chimpanzee (P. .
vellerosus) in eastern Nigeria and western Cameroon; and 4) the western chimpanzee
(P. t. verus), close to extinction in Burkina Faso, Ghana, Guinea Bissau, Senegal,
Togo (Butynski, 2001, Lee et al., 1988. IUCN, 2002), but still found in Mali, Guinea,
Cote d’lvoire, Sierra Leone, and Liberia. The Nigerian subspecies has only recently
been recognised as a separate subspecies (Gonder et al., 1997) and very little is
known about its behaviour and ecology.

It has been suggested that the western subspecies (P. . verus) separated from

the central and east African subspecies (P. t. troglodytes and P. t. schweinfurthii)

about a million years ago (Morin et al., 1994). Morin et al. (2001) have argued that
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it warrants classification as a separate species altogether (P. verus); however, this is
still being debated. Regardless, the genus Pan comprises the closest living relatives
of humans (Homo sapiens), both having shared a common ancestor about 5-6 million

years ago (Goodman et al., 1998).

1.2 Defining culture

The ascription of culture to chimpanzees and other non-human animals has
been controversial and a source of much debate. Much of this debate hinges on the
definition of culture that is employed. In 1952, Kroeber and Kluckhohn produced a
review of concepts and definitions of culture, compiling 168 definitions, all implying
a human prerogative. However, as scientists began to recognise some forms of
culture in non-human animals, a divide between anthropologists and biologists with
regards to the definition of culture became apparent. Indeed, it is still commonly
assumed by anthropologists that culture is a unique human characteristic. Some
definitions, therefore, refer specifically to the human nature of culture centred on
language, symbols, teaching and imitation, and consequently exclude non-human
animals, including early hominids such as Australopithecus sp. and Homo habilis
(McGrew, 1992). One biological definition of culture is the transfer of information
by behavioural means, particularly by the process of teaching (Bonner, 1980). Such
a definition is not very different from that given by anthropologists, which proposes
that culture encompasses the learned behaviours and attitudes that are characteristic
of a particular society (Ember and Ember, 1985).

Primatologists have proposed another, broader definition, in which cultures
are seen as behavioural variants induced by social modifications that create

individuals who will in turn modify the behaviour of others in the same way
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(Kummer, 1971). Under this definition, the behaviour of two groups with the same
gene pool and with the same type of habitat can only differ in their culture (Kummer,
1971, McGrew, 1992). Therefore, to grant culture to an animal species under this
definition, the criteria are stringent. Simply showing a patchy distribution of a given
behaviour is not acceptable as evidence, although it may be strongly suggestive 1f it
1s shown to be independent of environmental and genetic factors.

In their formulation of criteria for culture in non-human animals, McGrew
and Tutin (1978) proposed an operational definition based upon eight criteria -
innovation, dissemination, durability, standardisation, diffusion, tradition, non-
subsistence and naturalness (cf. McGrew, 1992). Their exclusion of subsistence
activities from cultural behaviours, because they “are directly involved in energy
budgeting” and are likely “to be correlated with the distribution of resources in the
environment” (McGrew and Tutin, 1978, p.247) has since been reconsidered.
Nishida et al. (1983) postulated that differences in food-processing techniques
between Gombe and Mahale chimpanzees in Tanzania can be defined as cultural, and
indeed many behaviours now recognised as cultural in chimpanzees involve
subsistence activities (e.g. Boesch et al., 1994; McGrew et al., 1997; Whiten et al.,
1999, 2001).

According to McGrew (1992), behavioural differences between populations
or groups of chimpanzees should not be termed cultural if they can be accounted for
by ecological factors involving individual, rather than social, transaction between the
organism and the environment. Nishida et al. (1983) had previously suggested
nevertheless that if differences in behaviour across populations are maintained from

generation to generation through social learning, one can refer to them as cultural

differences, regardless of how they originated. A sensible and operational definition
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of culture, which I shall adhere to in this thesis, is that cultures are dynamic
behavioural traditions socially transmitted within and between generations in groups
and populations within a species that may aid them in adapting to local conditions,
i.e. ecological, demographic, or social (Parker and Russon, 1996, Laland and

Hoppitt, in press).

1.3 Culture and social learning processes

Once social learning or transmission of behaviour was recognised as an
essential component of culture, psychologists focused much attention on determining
and defining the particular social learning processes characterising cultural
transmission (Galef, 1990; Tomasello, 1990, Tomasello et al., 1993, Whiten and
Ham, 1992).

Many have proposed that culture, as we recognise it in humans, requires
social learning through imitation, teaching or collaborative learning, i.e. cultural
learning (Cavalli-Sforza et al., 1982; Galef, 1990; Heyes, 1993; Tomasello et al.,
1993). Based upon these criteria, Tomasello ef al. (1993) isolated three essential
characteristics of culture unique to humans: (1) a cultural behaviour should be

performed by all group members, (2) its form should be a faithful reproduction of
that of the model and (3) an accumulation of modifications should exist.

The first statement has been contested by cultural anthropologists, such as
Ingold (1993), who pointed out that variations in culture in humans, according to
age, sex and social status of the individual, are frequent. The third characteristic,
also referred to as the ratchet effect, which implies an increase in complexity or

efficiency over time, has also been doubted as uniquely human. For example,

Japanese macaques (Macaca fuscata) on Koshima Island in Japan have been known
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to modify their sweet-potato-washing technique from freshwater to seawater
(Watanabe, 1994) and they also have adapted their wheat sluicing technique to

reduce pilfering by dominant individuals (Kawai et al., 1992). Whether these
behaviours represent valid examples of the ratchet effect in non-human animals or
not is under debate (Laland and Hoppitt, in press). However, as pointed out by de
Waal (2001), it seems unlikely that complex sequences of co-ordinated actions
observed in some animal species arose at once and were not the result of a long and
steady perfection of skills.

Tomasello et al’s (1993) second statement has also been criticised. Wynn
(1993) has clearly demonstrated that quite simple forms of social learning have a role
in the cultural transmission process in humans. Indeed, in some human populations,
learning through imitation or teaching is rare or even absent, as in for example the
Kung Bushmen (Olson and Astington, 1993; Rogoft et al, 1993) and the Aka

pygmies (Hewlett and Cavalli-Sforza, 1986). Studies of human children have also

revealed that imitation is more complex and variable than is generally realised. Far
from being a perfect replication of entire sequences of actions, children’s imitation
shows wide variability in completeness and fidelity to the model’s actions, with
various insertions and recombinations with other actions (Speidel and Nelson, 1989).
Why be so restrictive when non-human animals are concerned when it is clear that
social learning processes other than imitation, teaching and collaborative learning,
can be involved in the transmission of cultural behaviours? If we are to accept that
cultural patterns of behaviour exist among chimpanzees, then we must concur that

some form of cultural transmission exists as well.
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1.4 Culture in chimpanzees

In the 1950°’s, Japanese primatologists began to describe the social
transmission of novel behaviours in Japanese macaques as “cultural” (Itani, 1974;
Itani and Nishimura, 1973; Kawai, 1965; Kawamura, 1959; Menzel, 1973).
Kawamura (1959) used the term “sub-culture” and later used the term “preculture”
(Kawamura, 1972) in his descriptions of the potato-washing behaviour of Japanese
macaques. Kawamura introduced this terminology controversially to the
Anthropological Society of Nippon and the Japanese Society of Ethnology in 1955 to
describe invention and social transmission of local food habits within troops of
Japanese macaques through “imitation” (Itani and Nishimura, 1973). Since then, the
terminology used has been a mixture of the term “protoculture” (Menzel et al., 1972)
and “culture”, first used in relation to non-human primates by Kummer (1971),
although Kroeber, already in 1928, had contemplated the possibility of an “ape
culture” (Kroeber, 1928, p.331).

Field studies of chimpanzees have revealed distinctive differences in
behavioural repertoires suggesting cultural variation between populations and
communities (McGrew, 1992). A systematic synthesis of these cultural variants has
recently been published, based primarily on information acquired from long-term
field studies of chimpanzees across Africa (Whiten et al.,, 1999, 2000). The
emerging differences in patterns of behaviour can be classified into three broad
categories: social traditions, personal hygiene, food-processing techniques that can

be broadly subdivided into non-subsistence and subsistence activities.
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Non-subsistence activities

Some authors have argued against culture in chimpanzees. They suggest

rather that what is observed is a similar response in animals of all populations to
similar ecological conditions, i.e. if only one way of solving the task is possible
given the sensorimotor capacities of the animal, then individual learning leads to
standardisation (Galef, 1990; Tomasello, 1990, 1999; Tomasello et al, 1993;
Visalberghi and Fragaszy, 1990). However, examples of different social traditions
across chimpanzee communities cannot be explained in those terms, since they
exclude ecological conditions.

Handclasp grooming and leaf grooming

McGrew and Tutin (1978) were the first to describe hand-clasp grooming,
which they defined as simultaneous and reciprocal grooming performed by two
individuals while extending an arm overhead, bracing or clasping the other’s wrist or
hand. This particular grooming technique is widespread at the community level
among chimpanzees at Mahale (Tanzania) and Kibale (Uganda) and has commonly
been observed in some individuals at Lopé (Gabon) and Tai (Cote d’Ivoire), but has
never been recorded at other long-term study sites such as Gombe (Tanzania) or
Budongo (Uganda) (Whiten et al., 1999). So far, one single observation of this
behaviour has been made at Bossou (Guinea) (Yamakoshi, pers. obs.). It is evident
that ecological differences cannot explain the distribution of this behaviour and its
variants, and thus it is a good example of culture in chimpanzees.

More recently, Nakamura et al. (2000) described another social behavioural
pattern customarily shown by members of the M-group of Mahale chimpanzees.

This behaviour, termed “social scratch”, occurs during grooming episodes and

literally involves one individual scratching the other’s back. A variant of this
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behaviour has also been observed among the chimpanzees of the Ngogo community
in Kibale (McGrew, pers. comm.) and has to date not been reported from any other

long-term chimpanzee field site. This behaviour has been proposed to represent a
social cultural behavioural variant in wild chimpanzees.

Leaf-grooming, whereby a chimpanzee collects one or more leaves, and,
while peering at them intently, grooms them carefully and sometimes lip-smacks at
the same time (Goodall, 1986), has also been recognised as a cultural behaviour, only
observed at long-term field sites of the eastern subspecies (P. t. schweinfurthii)
(Whiten et al., 1999, 2001). It appears to have a communicatory function, since after
initiation of this behaviour, which usually attracts the attention of one or several
group members, some other interaction such as grooming or playing often ensues.
At Gombe, a variant to leaf-grooming, i.e. leaf-squashing, is also observed and
involves squashing of ectoparasites on leaves whilst grooming (Boesch, 1995).
Similarly to handclasp grooming or social scratching, leaf-grooming and leaf-
squashing do not seem to have any ecological explanation, but rather represent
examples of socially transmitted behavioural patterns that are reinforced by members
of the community.

Leaf clipping and its communicatory function

During leaf-clipping, the chimpanzee generally noisily pulls to bits one or
more leaves using the fingers or the mouth, often leaving only a stripped petiole
behind (Nishida, 1980). The frequency of mouth to finger leaf-clipping varies
between chimpanzee communities (Boesch, 1996). In addition, leaf-clipping has

been recorded at all other long-term study sites across Africa, except for Gombe
(Whiten et al., 1999). At Bossou and Mahale (K-group), exclusive use of the mouth

for leaf-clipping occurs, whereas at other sites both mouth and finger use in leaf-
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clipping have been noted, with varying frequencies (Whiten et al., 1999, 2001). In
addition, Mahale chimpanzees tend to repeatedly bite small pieces away, while at
Tai, using their lips, the chimpanzees rather rip the leaf blades in a single movement
(Nishida, 1987; Boesch, 1996a).

This behaviour is clearly ritualised and has a communicatory function, which
is usually context-dependent. Indeed, the signalling function of leaf-clipping vanes
across communities. For example, at Mahale, most cases of leaf-clipping occur
during courtship, directed from a male to a female in oestrus (Nishida, 1987). But
there have been a few recorded instances when the leaf-clipper acted in apparent
frustration, usually in response to lack of access to a tempting incentive, such as food
possessed by others. At Bossou, on the other hand, most examples of leaf-clipping
reflect frustration; only a few occur in a courtship context (Sugiyama, 1981). Leaf
clipping at Bossou is also observed in youngsters at play. At Tai, leaf-clipping is
mainly part of the tree drumming sequence of adult males, but it also occasionally
occurs during resting episodes or more seldom during situations when chimpanzees
exhibit anxiety or frustration (Boesch, 1995). Similar contexts and communicatory
functions were identified at Kibale in the Ngogo chimpanzee community.

Although differences in the function of this behaviour are apparent across
sites, in all cases it seems to be a ritualised displacement activity. Again, 1t appears
difficult to propose ecoiogical reasons for the fact that chimpanzee communities use
leaf-clipping in different contexts and employ different techniques. The arbitrariness
in the contexts observed suggests that leaf-clipping is a cultural behaviour whose

context of use 1s locally determined by a social norm reinforced by group members

(Boesch, 1996a).
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Personal hygiene

Other examples of cultural behaviours concern personal hygiene. At both

Gombe and Mahale, body cleaning by chimpanzees is commonly observed. For
example, males at both those sites regularly wipe semen from their penis after
copulation (Goodall, 1986), a behaviour never observed at Tai (Boesch and Boesch,
1990) or Bossou (Sugiyama, per. comm.; Humle, pers. obs.).
Subsistence activities

Ecological differences underlie some differences in subsistence-related
behaviours between chimpanzee communities (¢.f. Whiten ef al., 1999). However,
several studies aimed at carefully investigating possible environmental influences on
subsistence activities between chimpanzee populations have often concluded that
variations are cultural or not necessarily environmentally dictated (e.g. McGrew and

Tutin, 1978; McGrew et al., 1979; McGrew et al., 1997; Boesch et al., 1994).

Diet and food processing

The plant-feeding habits of chimpanzee populations (Pan troglodytes
schweinfurthii) were compared between the Gombe National Park and the Mahale
Mountains, Tanzania (Nishida et al., 1983). Comparison of food lists revealed
fifteen clear differences in the frequency of §pecies consumed that occur commonly
at both sites, and four differences in the processing of similar food species. This
study was based on major dietary differences, thus excluding any local differences in
species that are rare or eaten only occasionally. However, the relative and absolute
availability and quality of these plant species and inter-specific competition for them
may differ between Gombe and Mahale, and these could provide alternative
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