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ABSTRACT

This thesis reports investigations on the role of observational learning in the

acquisition of three foraging skills (two of which involved the use of tools) in a

group of infant and juvenile wild-born chimpanzees living in a forested island

sanctuary in Uganda.

The first experiment (Chapter 3) investigated the effect of a conspecific model on
the acquisition of nut-cracking. It was found that the acquisition of both the

component actions and the overall behavioural pattern were dependent on

observation of a model; however, only chimpanzees above the age of 3.5 years

successfully cracked the nuts. Direct statistical comparisons were made with
results from a developmental study of nut-cracking in wild chimpanzees (Inoue-
Nakamura & Matsuzawa, 1997).

The second study (Chapter 4) used a tool-using task modelled on the two
different ant-dipping methods used by the Ta'i and Gombe communities of wild

chimpanzees. The chimpanzees were exposed first to a simple probing task

allowing them to obtain small amounts of honey and were then shown a slightly
more complex but significantly more rewarding probing technique. Results

suggest chimpanzees found it difficult to suppress the use of the familiar

technique in favour of the novel more rewarding method. The discussion explores
the significance of these findings in determining the function of observational

learning for chimpanzees.

The third and final study presented the chimpanzees with a task designed to
examine observational learning at action, sequential and hierarchical levels

(Chapter 5). Matching of observed behaviour was found on one (of a possible

two) component actions and, for subjects above 3-years old, on hierarchical but
not sequential aspects of higher-level structure. This is the first experimental

study showing ontogeny of social learning in chimpanzees, and an ability to
imitate the hierarchical-structure of a complex sequence of actions.

Results from these three studies are discussed both in relation to previous

experimental research with captive chimpanzees and to studies with wild

populations. Their significance is explored in relation to the concept of

'chimpanzee cultures'.



Chapter 1

CULTURAL CHIMPANZEES?

FOUR CONCEPTUAL CRITERIA IN THE STUDY OF CULTURE

"Taste one! Sarah.... go on... I promise its really delicious. I can't believe

you mzungu don't eat it I". I looked on in dismay at the bag of grasshoppers

being shoved towards me by my Ugandan friend and conveniently hid
behind the excuse of being a vegetarian. It's a cultural difference, its as

simple as that. But in fact the concept of culture seems to be far from

'simple' and definitions of culture are as varied as the disciplines studying
human and animal life. I have chosen to focus on those definitions which

have been particularly relevant to attempts at determining whether it is

legitimate to talk of non-human cultures. In my analyses, four main criteria
have been used to define culture, each building on the previous one and

adding a level of complexity.

Culture as socially learned

Anthropologists looking at human cultures offer a wealth of definitions for
the term, which go beyond the focus of this chapter (see Table 1.1).
However according to a recent review of the concept of culture, the core

underlying commonality between definitions is that culture consists of

socially transmitted patterns of behaviour (Keesing & Strathern, 1999).

A socially acquired pattern of behaviour is one which is distinguished from
three other kinds; those genetically determined, environmentally shaped or

individually learned. However as many anthropologists and biologists have
noted, the distinction between these are not always so clear cut. For

example, lactose tolerance is selected for in adult humans only in those
cultures where dairy farming is a long-term established practice. Thus in
this case a cultural behaviour is seen to have affected the natural selection
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pressures which favoured genes which synthesise lactase enzymes in
adults as well as infants (Durham, 1991; Odling-Smee, 1999)

• Topical: culture consists of everything on a list of topics, or categories,
such as social organisation, religion or economy.

• Historical: culture is social heritage or tradition that is passed on to future

generations.
• Behavioural: culture is shared, learned human behaviour, a way of life.
• Normative: culture is ideals, values, or rules for living
• Functional: culture is the way humans solve problems of adapting to the
environment or living together
• Mental: culture is a complex of ideas, or learned habits, that inhibit

impulses and distinguish people from animals
• Structural: culture consists of patterned inter-relatedness, symbols, or

behaviours

• Symbolic: culture is based on arbitrarily assigned meanings that are

shared by a society

Table 1.1: Selected examples from Kroeber & Kluckhohn (1954) published
list of 160 different definitions of culture.

Similarly, the relationship between culture and environment is one of

dependency; as a recent review of this relationship makes clear: "What we
need is a theoretical perspective that accounts for the shaping of ecological

adaptations, but sees them as operating through systems of cultural

meaning" (Keesing & Strathern, 1999, pp. 134).

Social anthropologists have come to view the definition of culture as

"socially transmitted patterns of behaviour" to be a necessary but not
sufficient description of the phenomenon (Keesing & Strathern, 1999).
However, perhaps because it appears to be the only condition accepted by
all anthropologists, researchers studying animal behaviour have

occasionally taken this to be the only necessary requirement for culture to
exist in other species.
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McGrew (1992) carried out an extensive review of definitions of culture and
extracted those qualities that seemed indispensable to the recognition of a
cultural act. He listed eight criteria extracted from the anthropologists'
definitions (see Table 2).

• Innovation: New pattern is invented or modified
• Dissemination: Pattern acquired by another from innovator
• Standardisation: Form of pattern is consistent and stylised
• Durability: Pattern performed outwith presence of demonstrator
• Diffusion: Pattern spreads from one group to another
• Tradition: Pattern persists from innovator's generation to next one
• Non-subsistence: Pattern transcends subsistence

• Naturalness: Pattern shown in absence of direct human influence

Table 1.2: Criteria for recognising cultural acts in other species (taken from

'Chimpanzee Material Culture' McGrew, 1992 pp.77)

In essence these criteria outline the invention and social transmission of a

particular behaviour first within, and later between, communities without

specifying exactly which social learning mechanisms need to be involved.

Culture as socially transmitted but only via imitation and/or teaching

Another view suggests that in comparing species, "cognition is the most

important dimension along which cultures are distributed" (Donald, 1991);

accordingly the focus of the investigation is shifted to determining the kind
of cognitive mechanisms that are involved in the social transmission of a
behavioural pattern.

Researchers have identified a plethora of social learning processes, which

although often resulting in identical behavioural manifestations, involve
different underlying cognitive abilities. Agreement on the definitions,
classification, and the relationship amongst these processes is still pending
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despite numerous attempts and suggestions at clarification (Call &

Carpenter, 2002; Heyes, 1994; Byrne, 2002; Whiten & Ham, 1992; Zentall,

2001). For an example of the diverse use of the same terms in the literature
see Figure 1.1, which depicts three tabels presented by different authors to
define some of the social learning processes identified in the field. The
confusion in the field has led at least one researcher to suggests that it will
be a happy day when the word 'imitation' is no longer used, since its

meaning is by no means clear (Byrne, 1999). But although common

agreement has not been reached on the meaning and/or significance of

many of these processes, a general consensus has been reached on the
absolute necessity of clearly stating one's own definitions so as to reduce
the likelihood of misinterpretation by other authors. Accordingly, presented
below is yet another attempt to summarise the terminology used in the field,
and a schematic depiction, similar to Whiten and Ham (1992), but with
some of the extra definitions which have emerged since (Figure 1.2).

Two broad categories of social effects on learning have been identified,
'Observational Priming' and 'Social Learning'.

Observational Priming is a term used by Byrne & Russon (1998) indicating
the occurrence of a behaviour in the subject's repertoire, which is elicited by

observing a model performing it.

Response Facilitation: seeing a model performing a particular action, which

already exists in the observer's repertoire, will enhance the probability of
that action being reproduced (Byrne, 1994; Byrne & Russon, 1998).
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copyaction

understand(and adopt)goal1

donotcopy action

reproduceresult=imitation donotreproduce=failedimitation result
,reproduceresult=goalemulation donotreproduce=goalemulation result reproduceresult=mimicry

copyaction

do notreproduce=mimicry result

donotunderstand (oradopt)goal
donotcopy action

reproduceresult=emulation donotreproduce=otherornosocial resultlearning(orfailed emulation)

7.Symbolicimitation
A.SpeciesTypicalFactors(releasedbehavior) 1,Mimicry 2.Contagion a.Courtship b.Predatordirected

c.Feedingbehavior
B.MotivationalFactors(inducedmotivationinfluenceslearning) 1.Socialfacilitation 2.Incentivemotivation 3.Observationofaversiveconditioning

C.PerceptualFactors(attentiongettingfunction) 1.Localenhancement 2,Stimulusenhancement
D.TheNatureoftheResponse

E.SimpleLearningFactors(behaviorasadiscriminativestimulus) 1.Imprinting 2.Following(matcheddependent) 3.Observationalconditioning 4.Birdsong(vocalimitation,stimulusmatching) 3,Visualmatching 6.Novelbehavior
F.ImitativeLearning(motorpatterncopying) 1,Two-aciionmethod 2.Programlevelimitain 3,Gesturalimilalion 4.Goalemulation 5,Generalizedimitation 6.Inlentionalityandimitation

Table1,Alaxonomvofsocialinfluenceandsocialbrninn
MIMETIC PROCESSES Processesleading

tobehavioral conformity, mimicryolA
Inb

NON-SOCIAL PROCESSES Mimicryarises withoutsocial interactionof AandB SOCIAL LEARNING Blearnssome partolthe mimicryfrom
aSOCIAL INFLUENCE BIsInfluenced

byAbutdoes no!learnany pertolmimicryiromA non-social

hconvergence|
-\commondescent\ -jmimicry| —|individuallearning| contagion A'sactismerelystimulus lorsimitaractbyb EXPOSURE BybeingwithA,Bis exposedtosimilar learningenvironment SOCIALSUPPORT Bmorelikelytolearn similaractbecauseof effectofA'spresence onB'smotivation MATCHEDDEPENDENT LEARNING Blearnstouseactof A'swhichhappenstobe similartoB's,as discriminantsign STIMULUSENHANCEMENT BlearmsfromAtowhat (objectorlocation)to orientbehavior OBSERVATIONAL CONDITIONING Blearnstowhat circumstancesa behaviorshouldbe aresponse IMITATION BlearnsfromAsome partoftheformofa behavior GOALEMULATION

|-|convergence]

Figure1.1:Threeexamplesofthedifferentwaysofcategorisingthecognitivemechanismsinvolvedinsociallearning
(respectivelyCallandCarpenter2002;Zentall2001;WhitenandHam1992)
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OBSERVATIONAL
PRIMING
B's behaviours/actions
are elicited by
observing A

SOCIAL LEARNING
B learns something by
observing A's
behaviour

RESPONSE FACILITATION
B is more likely to perform an
action it has seen A perform

STIMULUS ENHANCEMENT
B is drawn to explore where or
what it has seen A manipulate
(B need not necessarily see A)

GOAL ENHAMCEMENT
B is motivated to explore where
or what it has seen A manipulate
because of the positive outcome

EMULATION
B learns and attempts to
reproduce the environmental
changes brought about by A (no
understanding ofA's intentions
nppHprH

IMITATION
B learns from A all or part of the
form of a behaviour and attempts
to reproduce it (understanding the
intention ofA)

TEACHING
A modifies her performance in
accordance with B's state of

knowledge

AFFORDANCE LEARNING
B leams from observingA the
properties of the object A is
manipulating

GOAL EMULATION
B leams form A the goal to pursue
and attempts to reproduce it but
using a different method
(understanding the intention ofA
reauiredl

OBJECT MOVEMENT RE-
ENACTMENT
B leams from A how the object can
be moved and reproduces the
object's movement (no
understanding of A's intentions
required)

MIMICRY
B leams from A all or part of the
form of a behaviour and attempts
to reproduce it (no understanding
ofA's intentions required)

Figure 1.2.: Observational Priming and Social learning mechanisms. In brackets the issue of
understanding the agent's intentionality as raised by Tomasello et al (1993b) and Call & Carpenter
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Stimulus Enhancement: the observer sees the model manipulating a

particular object or part of an object and is thus drawn to it. S/he may

manipulate the object and carry out the same action used by the model.
However the final act is achieved through individual exploration combined
with the natural constraints on the possible responses (Heyes, 1994).
Goal Enhancement: is similar to stimulus enhancement but the observer

is attracted by the result of the action and works out independently how to
achieve it (Tomasello, 1990; Whiten & Ham, 1992; Byrne, 1994).

Social Learning includes a number of processes. It is different from
Observational Priming in that the observer is 'learning' something of the
model's performance and reproducing it to some extent.
Emulation: is defined by Tomasello & Call (1997) as 'the observer

attempting to reproduce the change of state in the world that the
demonstrator has produced, but does so with its own idiosyncratic
methods' (pp. 289). The difference between emulation and imitation is
that with emulation the observer learns and attempts to reproduce the
outcome of the model's behaviour but employs its own behavioural

strategies to do so, whilst with imitation the observer replicates totally or

partially the model's actions per se. Furthermore, emulation does not

require the appreciation of the intentional stance of the model striving for
a goal (Call & Carpenter, 2002), whilst according to these authors
'imitation' does require an understanding of the model as an 'intentional

agent'. In as much as the observer is learning something about the

changes with the benefit of a model, it is a social learning mechanism as

opposed to a form of priming (although not all researchers agree on the
classification of these phenomena, e.g. see Byrne & Russon, 1998).
The term 'emulation' has been used in a number of different ways, by
different researchers and on occasions confused with other similar

processes (see Call & Carpenter, 2002 for a thorough treatment of the
term and its history).

(i) Affordance Learning: is identified as a form of emulation in which the
observer learns through the model's action that a particular object has
certain properties (Tomasello et al., 1993b).
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(ii) Goal emulation: the observer learns and attempts to reproduce the
model's goal, but achieves the goal via different behavioural means from
its model (Whiten & Ham, 1992). This process is different from goal
enhancement because in the latter the goal is simply a prime for further

exploration of the object in question, whilst for the former there is learning
of the causal relationship between the model's interaction with the
environment and the outcome of such interaction. It differs from

'emulation' because it is seen to be accompanied by an understanding of
the 'intentional' stance of the model in achieving the goal (Call &

Carpenter, 2002; Whiten & Ham, 1992).

(iii) Object Movement Re-enactment: through observation the subject
learns about how an object or part of an object is moved by an action. If
the movements of the objects are associated with a reward, the subject
will be more motivated to recreate those actions on the object

(Tomasello, 1996; Whiten, 1998b). Object movement re-enactment is
somewhere in between emulation and imitation. The emphasis is placed
on the object itself and the actions connected to it rather than the model's

performance per se, thus it is in some ways akin to emulation in its
inclusion of 'changes of state in the world'. However, in suggesting that
the observer is learning something of the model's action on the object it

simultaneously moves closer to imitation. Whiten et al. (1996) suggest
that the distinction between learning about the environment versus

learning about another's behaviour may not be clear cut, in that

reproducing the movement of an object may be seen as a kind of
behaviour whereby the object is an extension of limb behaviour. Similarly,
Custance et al. (1999) point out 'it seems strange to suggest that subjects

may, on the one hand, be able to represent and recreate the movements
of novel inanimate objects, but then, on the other, be unable to recreate

the relatively familiar movements of animate 'objects' i.e. their hands.' In
the light of Whiten & Ham's (1992) suggestion of a continuum between
emulation and imitation, object movement re-enactment may, perhaps, be

placed on the borderline (see Figure 1).
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Imitation: although researchers agree that, loosely speaking, imitation
occurs when a subject totally or partially reproduces an observed
behaviour (Thorndike, 1898) there is ongoing debate on its underlying

processes. There are two main positions on the subject.
The first maintains that imitation requires the observer's ability to
understand the intention behind the model's actions (Cheney & Seyfarth,
1990b; Tomasello et al., 1993b). Tomasello et al. (1993b) contrasts this
kind of insightful imitation with mimicry whereby the observer copies the
model's action without understanding its motivating goal/s (see also Call
& Carpenter, 2002). Note that the term is used by Tomasello's group very

differently from more ethological contexts where mimicry is considered a

species typical behaviour under genetic control (Zentall, 2001). Heyes

(1993) disagrees with Tomasello et al (1993b), suggesting that although

understanding the intention behind an action may facilitate the imitative

process, it does not appear essential for its occurrence. An alternative
view maintains that imitation occurs when the observer 'learns some

aspect(s) of the intrinsic form of the model's act without having been
rewarded for successive approximations' (Whiten & Ham, 1992, pp. 248);
i.e. the observer is able to transform the visual information gained from
the model into a matching motor action, and says nothing of the
observer's understanding of the model's intentions .

Teaching: (or pedagogy) The observer seeks to acquire information and
the model, aware of his/her lack of knowledge, intentionally seeks to

compensate for it by adjusting the performed behaviour in accordance
with the state of knowledge of the observer (Premack & Premack, 1999).

It has been suggested that the only way observational priming and social

learning can be clearly distinguished is by ensuring the task being

presented is truly novel (Byrne, 1995; Byrne & Tomasello, 1995).
However, novelty is a difficult concept since at a basic level the actions
carried out will need to be known to the subject if they are to be

ecologically valid. Accordingly, a number of authors have proposed
different criteria for novelty. Zentall (2001) suggests it is sufficient to

present a behaviour that is novel under the conditions of the test i.e. "the
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response should have a very low probability of being made by the
observer in the absence of a demonstration and under conditions that

control for other non-imitative factors" (pp. 70). Another suggestion has
been to present modelled behaviours which exist in the subject's

repertoire but are presented in novel combinations (Whiten et al. 1996;

Whiten, 1998a).

In accepting or rejecting the notion of 'culture' in non-human beings some

researchers have chosen to draw the line on the basis of which of the

cognitive processes outlined above are used by the species in question.
Thus McGrew (1992; 1998) accepts any social learning mechanisms

(although perhaps not observational priming) as indicative of culture (see

above). Galef (1992) recognises that non-human animals may exhibit
behaviours which are socially transmitted within and between populations

(social traditions) but views culture as requiring the patterns of behaviour
to be transmitted by either true imitation or teaching, thus possibly limiting
this concept to humans alone (depending on the evidence for true
imitation or teaching -see below). Premack & Premack (1999) considers
humans to be the only repositories of culture since this species alone is

capable of intentional teaching. Identifying the social learning
mechanisms being used by different species is of interest not just perse,
but also for outlining the evolutionary emergence of 'culture' in a broader
non-human context.

Culture as a socially learned accumulation of knowledge

Tomasello (1999a) views human and animal cultures as linked in an

evolutionary perspective; therefore, like Galef, he recognizes the
existence of 'broadly defined' cultural traditions in chimpanzees (pp. 37).
The social and cognitive processes involved in the transmission of these

patterns of behaviour are, however, different in humans and

chimpanzees, and this in turn leads to a fundamental difference in
outcome. Cultural traditions in humans accumulate modifications over

time, whilst it is argued there is no evidence to date that other animals do

10



(Tomasello, 1999a). This concept is also known as the ratchet effect

(Boesch & Tomasello, 1998) and is similarly developed by Premack &
Premack (1999) in their statement that chimpanzees have no history of
their own. The 'ratchet effect' which, according to some, crucially sets
human culture apart from that of our primate cousins, is seen by
Tomasello (1999b) to depend on the uniquely human ability of viewing
others as intentional agents, allowing for the development of socio-

cognitive skills intrinsically necessary to the promotion of culture (but see

Chapter 2 for a discussion of 'enculturated apes' as potential exceptions).

Culture as a system of beliefs

Another way of approaching the notion of culture is by emphasizing its
content.

Premack & Premack (1999) suggest that a further reason why culture is

uniquely human is that this species is the only one to exhibit beliefs.
Beliefs are thought to be based on the ability to make categorical
distinctions (such as between biological and material objects) which

rapidly occurs in infants but, which Premack & Premack (1999) argue, is
absent in non-human animals. Beliefs are further developed and

propagated through language, which is also absent in a creative form in
non-human animals.

Heyes (1993) also adds a dimension to culture based on its content. She
dismisses a definition of culture based on socially transmitted behaviours
alone and argues that no social learning process (including imitation and

teaching) can guarantee transmission fidelity and 'additional

psychological processes promoting conformity to group norms are likely
to be necessary' (Heyes & Ray, 2000 pp.241). Heyes does not speculate
on what these cognitive mechanisms may be, but because only humans
exhibit social and moral dictates, only humans can be cultural.
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Discussion

Deciding if non-human animals and, more specifically, chimpanzees have
culture is largely dependent on which of the many definitions offered by
the literature one chooses to adopt. Outlining the criteria used to define
culture and accepting that this is not a 'all-or-none' phenomena is crucial
in investigating the evolutionary development of what is considered by
some the most 'human' of traits. It may be that a particular species only

qualifies as cultural in the broadest sense, whilst others fulfil more of the
criteria used (Parker & Russon, 1996). Throughout this review chapter I
use the word 'culture' in reference to chimpanzees. However, I come
back to where exactly chimpanzees fit into the cultural picture in one of
the concluding sections of this chapter.

METHODS USED IN THE STUDY OF CHIMPANZEE CULTURES AND

QUESTIONS ADDRESSED

There are a number of methods being used in the study of chimpanzee
culture and social learning. Each method has tended to address slightly
different questions, most often because of the limitations intrinsic to that
method. By reviewing the various methodologies used, and emphasising
the particular issues each addresses, I pinpoint where gaps in the
literature are most glaring (see Table 1.3 for a summarised version) and

suggest that it is important to view different methodologies as

complementary.
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METHODS

DOMAIN

QUESTIONS

EXAMPLES

REFERENCES

presence/absence
leaf-strip;rain-dance

Whitenetal99/01

GESTURAL

subtlevariation

handclasp

McGrewetal01

diff.context/samebehav.
leaf-clipping

Boesch&Tomasello98

diff.behav/samecontext
ectoparasites;attention

Boesch&Tomasello98

presence/absence

pestle-pound;nutcrack
Boeschetal93;Whitenetal99/01

INTERPOPULATIONTOOLUSE
subtlevariationofbehav.
ant-dip;termite-fishing

Boesch&Boesch90:McGrew92

DIFFERENCES

variationofmaterial/location
Nutcrack;leaf-sponge
Whitenetal99/01

andmodificationoftools
termite-fish

McGrew92

presence/absence

plantandanimalspecies
Nishidaetal83;McGrew83

FEEDING

diff.inpartsconsumed
ofplantsources

Nishidaetal83

diff.intechniques

hard-shellfruit;hunting
Nishidaetal83;Boesch94

VOCALIZATION
vocal

pant-hoot

Mitanietal92,99;Arcadi96,Marshalletal99
contextual

nostudies

GESTURAL

ontogeny

gesturalcommunication
Tomaselloetal94;97

socialdynamics

nostudies

TOOLUSE

ontogeny

ant-dipping,nut-cracking
McGrew77;lnoue-Nakamura&Matzusawa 97;Boesch&Boesch00;Humle&Matzusawainpress

OBSERVATIONAL

socialdynamics

nostudies

STUDIES

FEEDING

ontogeny

general'wildstudies

Assersohn99;Stokes99

socialdynamics

nostudies

VOCALIZATION
ontogeny

nostudies

socialdynamics

nostudies

cognitivemechanisms
gesturalimitation

Hayes&Hayes52;Custanceetal95; Tomaselloetal97;Myowa96

GESTURAL

ontogeny

nostudies

socialdynamics

nostudies

cognitivemechanisms
nut-cracking;honey-dipping

Sumitaetal85;Hannah&McGrew87;Funk85; Paquette92,Tonookaetal97;Hirata'00

EXPERIMENTAL
TOOLUSE/

raking,objectmanipulation
Tomaselloetal87,Nagelletal93;Beringetal00;Bjorklundet

al02;Myowa-Yamakoshi99

STUDIES

OBJECT MANIPULATION
ontogeny

nut-cracking, objectmanipulation

Sumitaetal85; Bjorklundetal00;Bardetal95

socialdynamics

honey-dipping

Cellietal01

cognitivemechanisms
artificialfruit

Whitenetal96;98

FEEDING

ontogeny

nostudies

socialdynamics

fooddispenser

Chalmeau&Gallo93

cognitivemechanisms
nostudies

VOCALIZATION
ontogeny

nostudies

socialdynamics

nostudies

Table1.3:Asummaryoftheliteratureonchimpanzeecultureandsociallearningaccordingtothedomainsstudiedandquestionsaddressed
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Inter-population differences: What behaviours are cultural?

The study of inter-population behavioural differences in chimpanzees has
been particularly useful in revealing what kind of behaviours appear to be
cultural. The theoretical background to this approach is that if a particular
behaviour is shown to be common to the majority of individuals in one

community, but absent in another despite similar genetic and
environmental conditions, it is likely to be a socially learned phenomenon.

The most recent reviews of inter-population differences in chimpanzees

(Whiten et al., 1999; 2001) refer to 7 and 9 communities of chimpanzees
across Africa and list 39 behaviours that appear to be cultural (i.e. not
determined by genetic and/or environmental differences). These can be

broadly divided into two domains: gestural and tool-use. However there
are another two domains in which inter-population differences have been

suggested: feeding and vocalisations. Furthermore differences amongst

populations can be found at a number of levels (summarised in Figure

1.3.):

1) Presence or absence of a particular behaviour in a given population

2) Subtle variations on a behavioural pattern present in more than one

population

3) Differences in the contexts in which the same behavioural pattern
occurs.

4) Variation on a behavioural pattern used for the same function.

5) Different behaviours used to achieve the same purpose.

The review below includes all behavioural domains (e.g. gestural, tool-
use etc.) in which behavioural traditions have been noted, pinpointing at
which level inter-population differences have been found.

Comparisons between populations are based on direct observational
studies at each field-site; thus, many of the studies reviewed below may

just as appropriately be included in the next section (Observational
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studies). However, wherever these studies include a comparative

perspective they are included in this section.

Level 1

Level 2

Level 3

Level 4

Level 5

Figure 1.3: Levels of behavioural variation amongst chimpanzee
communities in the wild. B = behaviour, F = function. Examples on the right are
drawn from Whiten et al. (1999; 2001).

The Gestural Domain

Inter-population differences in the gestural domain occur at all five levels:

Presence or absence of a particular behaviour in a given population

This is the more obvious trend of differences revealed by inter-population

comparisons such as that carried out by Whiten et al. (1999; 2001). Only
three behavioural patterns seem to vary across populations only in terms
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of their presence and/or absence (most other behaviours seem to vary

also in more subtle ways, thus they are reviewed below). These are the

rain-dance, leaf-stripping and social scratch.

The rain dance is a display usually carried out by males just prior to or at
the start of a downpour (Goodall, 1971). It occurs in all but one of the
seven sites reviewed by Whiten et al. (1999; 2001). Leaf stripping, which
involves stripping leaves off a stem to attract the attention of a desired
female is performed by males in two of the seven sites reviewed by
Whiten et al. (1999; 2001) and does not appear to vary in other more

subtle ways. Finally, social scratch i.e. vigorous scratching of a

chimpanzees back by another during a grooming session also appears to
be a behaviour occurring only in the chimpanzee community of Mahale

(Nakamura et al., 2000).

Subtle variations on a behavioural pattern present in more than one

population

An example of a more subtle difference between a behavioural pattern

occurring in three of the seven sites of Whiten et al. (1999), is handclasp

grooming. Here two chimpanzees raise their opposing arms, resting them

against each other whilst they engage in mutual grooming. A study by
McGrew et al. (2001) found that the members of a neighbouring

community of chimpanzees at Mahale, later assimilated into the core

study group, continued to perform a particular handclasp during mutual

grooming which differed from the rest of the community. The members of
the now assimilated K-group appeared to exhibit a palm-to-palm (and
also sometimes a non-palm-to-palm) handclasp during mutual grooming
whilst the members of M-group never showed a palm-to-palm handclasp.

Another example of a more subtle difference in gestural behaviour across

populations occurs in the context of leaf-stripping, which is another

attention-getting behaviour. In a number of communities, leaf-stripping is
done on some occasion with the mouth, and on others with the fingers,
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whilst in other communities leaf-stripping occurs only using the mouth

(Whiten etal., 1999; 2001).

Differences in the contexts in which the same behavioural pattern occurs

An example of inter-population variation at this level is offered by leaf-

clipping since this particular behaviour appears to be used in different
contexts in three of the populations in which it has been documented

(Whiten et al., 1999; 2001). Leaf-clipping is a behaviour amounting to a

noisy shredding of leaves. It is used by Mahale chimpanzees as a way of

attracting the attention of a desired mate. In Bossou it is mostly witnessed
as a play behaviour amongst juveniles, and at Tai (until the beginning of
the 90's) it was only used by adult males as part of their buttress

drumming display (variations have occurred since which are being

investigated at present) (Boesch & Tomasello, 1998).

Variation on a behavioural pattern used to achieve the same function

Different populations exhibit different methods for eliminating the

ectoparasites they come across whilst grooming themselves or their

peers. In Gombe, chimpanzees place ectoparasites on a leaf and squash
them with their thumb. At TaT however an ectoparasite is dispatched by
the chimpanzee placing it on their own forearm and squashing it with the

tip of the index finger of the other hand (Boesch, 1996c; Boesch &
Tomasello, 1998).

Different behaviours used to achieve the same purpose

Finally chimpanzees in different populations exhibit a wide range of

population specific ways of attracting the attention of a desired mate.
Thus knuckle knocking occurs in Gombe and Mahale, branch slapping in
Bossou and Budongo, whilst TaT chimpanzees use both methods (Whiten
et al., 1999). Shrub bending and stem pulling also fulfil the same function
but whilst chimpanzees at Bossou and Mahale are familiar with both,
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Budongo chimpanzees have a preference for the former and Kibale

chimpanzees exhibit the latter (see Figure 1.4 for a diagram of these

multiple preferences from Whiten et al., 1999).

The Tool Use Domain

Inter-population differences in tool use can be seen at three different
levels:

Presence or absence of a particular tool using behaviour in a given

population

An example of this is pestle pounding; a behaviour only found in Bossou
and thought to be a rather recent innovation (Yamakoshi & Sugiyama,
1995; Whiten et al., 1999; 2001).

Termite-fishing is also seen to vary across populations. Excluding those
sites where no termites are present, this behaviour occurs in two out of
three communities i.e. at Gombe and Bossou. Between these two

communities, differences also exist in terms of the prevalence of the
behaviour and the tools used (McGrew, 1992; Whiten et al., 1999; 2001).

Nut-cracking is found only in west-African field-sites (McGrew, 1992;
Whiten et al., 1999; 2001), although the absence of this behaviour in
communities geographically close to (but none the less separate from) a
nut cracking community show that the divide between eastern and
western subspecies is not solely responsible for this difference (McGrew,
1992; Boesch et al., 1994). Variations of this behaviour between
communities also occur in terms of the materials used to crack nuts (see

below).
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Figure 1.4: Behavioural variation across 7 chimpanzee communities in Africa (from Whiten at
al 1999).
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Subtle behavioural variations on a particular tool using behaviour present
in more than one population

An example of this is the different ways in which chimpanzees dip for ants
in Gombe and TaT. Chimpanzees at Gombe allow ants to crawl up their

probe then carry out a particular swiping motion with one hand whilst

holding the end of the probe with the other, and having gathered the ants
in their hand, they quickly stuff them in their mouth (McGrew, 1974). In
TaT however, chimpanzees wait for ants to swarm up their probe and

simply bring the probe directly to their mouth (Boesch & Boesch, 1990).

Comparison of the two methods suggested that the Gombe chimpanzees
had acquired a method four times more efficient than the one at TaT

(Boesch & Boesch, 1990).

Termite-fishing in chimpanzees at Gombe and Mt Assirik may show
similar variation. Gombe chimpanzees appear to use both ends of a

probe to fish for termites, despite the fact that alternating between ends
does not appear to improve their performance in any way. At Mt Assirik,

despite termite fishing being a common behaviour, this alternation
between ends was not seen (McGrew et al., 1979; McGrew, 1992).

Differences in the material, location and modifications made to the tools

being used

Nut-cracking occurs in most (but not all) chimpanzee sites in West Africa

(McGrew, 1992); however, variations occur in the kind of materials being
used. TaT chimpanzees seem to have the most extensive nut cracking
tool kit, since they use both wood and rock as anvils and hammers. In
Bossou however, the common method of nut-cracking is rock on rock,

although rock on wood is occasionally used (Whiten et al., 1999; 2001).

Leaf sponging is a behaviour which consists of using a handful of crushed
leaves to gather water, typically from a hollow in a tree trunk. It is found
across all seven sites reviewed by Whiten et al. (2001); however, it has
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emerged recently that in two of the sites the behaviour varies on one

account. Ta'i chimpanzees are seen to leaf-sponge only from tree hollows
whilst in Gombe it is common for chimpanzees to use this same method
to gather water from running streams as well (Whiten et al., 2001).

A further difference, which has been seen to occur between the use of

tools, is the way in which they are modified before use. McGrew, (1992)

compared termite-fishing tools of Gombe and Mt Assirik chimpanzees
and found that the latter consistently removed the bark of the twigs used
as probes whilst Gombe chimpanzees were never observed carrying out
his behaviour.

Finally, inter-population differences in the nest building habits of

chimpanzees have been speculated on (Fruth & Hohmann, 1996).
However, compatible data allowing a thorough comparison and
assessment of the environmental influences on the differences seen are

yet to be collected (Fruth & Hohmann, 1996).

The Feeding Domain

Inter-population studies of feeding habits across populations in the wild
are extremely scarce. Nishida et al. (1983) carried out the only study

comparing plant-feeding habits between the chimpanzee communities of
Mahale and Gombe. Other studies focused on inter-population
differences in extractive processes (see tool-use section above), and
differences in the consumption of fauna.

Differences in dietary preference can also occur at different levels:

Presence or absence of consumption of a particular food species present
in different populations

Nishida et al. (1983) found that of 286 potential plant food species
available in Mahale and Gombe, only 36.4% were consumed by both
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communities. Of these 286 food types, 141 were eaten in Mahale but not

Gombe; conversely, only 41 were consumed in Gombe but not Mahale.

However, the authors only describe a total of 15 differences in detail and
of these 6 refer to different parts of plants being consumed rather then
the plant in toto and 3 to differences in processing techniques (see

below). Of the remaining 5 examples, 3 inter-population differences may

not be culturally induced since environmental differences in terms of

prevalence of the plant species may have determined the difference in

consumption. This leaves only 2 actual food sources exploited in one

community but not the other, with no obvious ecological explanation.

McGrew (1983) compared the consumption rates of fauna (mammals and

insects) of three study sites where data were available (Gombe,
Tanzania; Mt Assirik, Senegal and Kasoje, Tanzania). What emerged
from this comparison is that although most differences could be explained

environmentally, some preferential consumption of a particular prey

species may be determined, at least in part, by social tradition. Similarly,
Boesch & Boesch-Achermann (2000) compared the hunting preferences
of chimpanzees at Tai, Gombe and Mahale. They suggested that the

preference for certain species and absence of hunting for particular
others (e.g. blue duikers) in the Tai chimpanzees could only be explained

by their lack of a 'search image' for that particular species (i.e. a socially
influenced view of this species as 'not-prey').

Differences in parts fed on. of the same species

As mentioned above, there is only one published inter-population study
on dietary variation in wild chimpanzees; however differences in the parts

of plants consumed did seem to occur in 6 of 15 identified variations in
food consumption between Gombe and Mahale (Nishida et al., 1983). For

example, both Mahale and Gombe chimpanzees feed on the fruits of

Pycnanthus angolensis, but only Mahale chimpanzees are seen to feed
on the wood as well.
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Differences in techniques used to access the food source

Nishida et al. (1983) identified three differences in the techniques used by
Gombe and Mahale chimpanzees to access a particular food source. For

example, Gombe chimpanzees commonly strike Strychnos innocua (a
hard-shelled fruit) on a rock or tree trunk to crack the fruit open, whilst
Mahale chimpanzees bite into the same fruit.

Boesch (1994) compared the hunting techniques of Gombe and Ta'i

chimpanzees and found they differed in the proportion of individual
versus group hunting strategies, the size of the prey, and the time it took
to capture it. However these variations were thought to be due to
differences in the environment (especially tree height) which made
individual hunting in Ta'i unfeasible.

Huffman & Wrangham (1994) looked at six chimpanzee communities in
three field-sites (Gombe, Mahale, Kibale) and found that differences in
the choice of medicinal plants in chimpanzees across these field-sites
could be mostly explained by environmental factors. However, the way in
which the plants were consumed was more similar between neighboring
communities than between distant field-sites.

The Vocalisation Domain

In the domain of vocalisation, learning can occur in two main respects:

1) Learning the production of particular sounds (hereafter vocal learning)
and

2) Learning the context and usage of vocalisations (e.g. when it is

appropriate to give a particular alarm call; hereafter 'contextual

learning')

Studies looking at inter-population differences in chimpanzee
vocalisations have largely investigated the possibility of vocal learning by

suggesting that if variations occur between populations and no genetic or
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environmental differences can be seen to account for them, learning is

likely to be involved. The only type of vocalisation which has come under

scrutiny is the pant-hoot.

Three studies have reported differences in pant-hooting behaviour
between geographically separate wild chimpanzee communities.

Mitani et al. (1992) identified differences between the pant-hoots of males
in Gombe and Mahale in both the duration and frequency of elements of
the pant-hoot.

Clark-Arcadi (1996), using the data published by Mitani et al. (1992),
identified differences between male pant-hoots of chimpanzees in Gombe
and Mahale and those in Kibale (the Kanyawara community). Male pant-
hoots of the Kibale chimpanzees frequently excluded a build-up phase,
whilst it was almost always present in the Gombe and Mahale pant-hoot,
thus pointing to a qualitative difference between the vocalisations of the
two communities.

Mitani et al. (1999) compared pant-hooting from Mahale and a second

community in Kibale (the Ngogo community) and found that although no

qualitative difference between the vocalisations were evident, there were

significant variations in the duration and rate of delivery of elements in the
introduction and build-up phase.

Finally Marshall et al. (1999) found both qualitative and quantitative
differences between the male pant-hoots of two populations of captive

chimpanzees. In this case genetic differences between communities
could be conclusively excluded since the background of the chimpanzees
in each group were equally mixed. Furthermore environmental
differences were also remarkably similar given the captive setting.

Three of the four studies mentioned above attributed inter-population
differences to vocal learning. However, Mitani et al. (1999) attributed
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differences in vocalisations to variations in the acoustic environment and

maintained that most previous research had not adequately taken this
factor into consideration.

The differences in pant-hooting behaviour are overall rather subtle and
most researchers recognise the need for longitudinal studies and more

accurate methods for the identification of differences in the acoustic

habitat of the populations compared.

No other vocalisation has been looked at across populations, nor have
the contexts of calls been compared.

Discussion

Inter-population studies have been instrumental in identifying which
behaviours are most probably socially learned. The extent of behavioural
variation amongst chimpanzee communities and the fact that they span

all domains, from feeding and tool use, to the communication signals
used to play and attract a mate, strongly suggests that the notion of
'culture' is one which, like all other 'human' attributes, has its roots firmly
set in an evolutionary past. However there are a number of problems with
the methods used.

A number of researchers (Galef, 1990; Tomasello, 1990) have argued
that the methods that have been so far used in the environmental

assessment of the different field-sites are not sufficiently accurate to
eliminate the possibility of the environment shaping the potentially
'cultural' behaviours. There are only a handful of studies which have set
out to explicitly compare the ecological differences between field sites in
relation to the perceived 'cultural' behaviours (Collins & McGrew, 1987;

Boesch, 1996a) and more of these are needed to exclude the influence of

ecological factors on observed behaviour. It is argued that present
similarities between environments does not guarantee that differences in
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the past did not cause the variations of the observed behaviours

(Tomasello, 1990).

A similar argument is proposed for genetic differences, in that the present

knowledge of genetics cannot determine which behaviours are truly under
its influence, and genetic comparison of chimpanzee communities is yet
to be carried out (Wrangham et al., 1994). However, given that at least
some of the behavioural variations observed occur within the same sub¬

species (e.g. nut-cracking Boesch et al., 1994), and some between

neighbouring communities (e.g. handclasp grooming McGrew et al.,

2001), it does not seem plausible that genetic influence could explain the
full extent of the behavioural variations seen in chimpanzees (Whiten et

al., 2001).

A further argument which has been levelled against inter-population
studies is that differences in the time spent with the chimpanzees and
their level of habituation may influence the kind of behaviours witnessed

by human observers (McGrew, 1992). For example chimpanzees at

Budongo and Kibale have only been studied for ten years and their level
of habituation is lower than at Gombe and TaT. It is therefore possible that
the occurrence and absence of certain behaviours in the latter but not the

former field-sites are due to the human observers not being able to see

the chimpanzees during particular times of the day (e.g. when on the

ground).

Inter-observer reliability testing is rarely carried out even when
researchers pool their data (McGrew, 1992). Furthermore, researchers
use different ethograms in the collection of behavioural data, thus
behavioural categories do not necessarily coincide between field-sites.
This opens the possibility of a far larger set of behaviours varying across

communities, yet researchers not being aware of these due to the lack of
information on their colleagues' methodology. The only ethograms

published so far are those used at Gombe and Mahale (Nishida et al.,

1999); if comparisons are to continue, a standardisation of ethograms
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and methodology in the collection of long-term data would be particularly
useful, as would the use of video-recording for more subtly different
behaviours.

It appears that the most understudied domain in terms of inter-population
differences is that of food processing and to a lesser extent food choice.

Inter-population differences in vocalisations and their context are also
scarce. Thus, in both these areas, cultural behaviours may emerge in
future.

Figure 1.5 (Wrangham et al., 1994) indicates that the number of study
sites which have been in operation only for a brief time is far greater than
those which have been compared so far. Future and continued
collaboration between researchers will hopefully put these sites on the

map of inter-population studies (see Figure 1.4 Whiten et al 1999).
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Figure 1.5: 45 chimpanzee research sites in Africa (from Wrangham et al., 1996
'Chimpanzee Cultures'). Of these only a maximum of 9 have been systematically
compared for behavioural variations (see Figure 4; Whiten et al., 1999).
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Observational Studies: When and from Whom do chimpanzees learn
culture? (Ontogeny and Social Dynamics)

Observational studies in the wild have been instrumental in the

identification of behaviours which, through inter-population comparisons,
have been labeled as cultural (see section above). However, now that a
number of such behaviours have been identified, observational studies

can fruitfully focus on the patterns of acquisition and transmission of
cultural behaviours, addressing questions about the ontogeny and social

dynamics of cultural behaviours. So far studies addressing these issues
are scarce. Outlined below is a review of the research subdivided into the

cultural domains identified by the inter-population literature. Observational
studies carried out in captivity are also included in this section.

The Gestural Domain

There have been no studies with wild chimpanzees looking specifically at
the development of those gestural behaviours which inter-population
studies have identified as cultural. However, researchers have speculated
these may be acquired through social transmission (McGrew & Tutin,

1978).

In captivity, Tomasello and his colleagues (Tomasello et al., 1994;
Tomasello et al., 1997a; Tomasello et al., 1997b) conducted a

longitudinal study comparing two communities of chimpanzees. The study
combined both observational and experimental methodologies; only the
former will be reviewed in this section. The study followed the ontogeny of

gestural communication of a group of 19 chimpanzees over a period of 12

years. The study revealed that gestural communication increases in the
first five years of a chimpanzee's life but then decreases again after that

age. The flexibility of use in different contexts did not appear to vary

greatly with age.
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The group of chimpanzees, which had been the subject of the longitudinal

study, was also compared to another, similarly composed group. Overall
these comparisons suggested there was little evidence for distinct

gestural signals in each group and a minimal role for social learning in
their acquisition.

Given that Tomasello's studies are the only ones, to my knowledge,

looking at the development of gestural communication it is, as yet,

premature to consider the results final. Inter-population studies in the wild
have indicated a relatively small number of gestures varying across

communities (Whiten et al., 1999; 2001). Thus, it may not be surprising
that in a captive community of chimpanzees living in a relatively (to the

wild) poor environment (e.g. reduced home range, limited ecologically

complex tasks, impoverished opportunity to manipulate species typical

objects), and not being exposed to their natural social conditions (e.g.

only one adult male per group), there is no evidence of idiosyncratic

gestures. However, Tomasello's studies are important in outlining a

useful methodology which may be applied both in the wild and in semi-

captive populations (e.g. sanctuaries).

The Tool-use Domain

There have been only a few studies with wild chimpanzees looking at the

ontogeny of tool use behaviour. By far the most comprehensive literature
is on nut cracking.

Inoue-Nakamura & Matsuzawa, (1997) carried out a three-year

longitudinal study of three infant chimpanzees younger than four years
old. They found that the manipulation of nut cracking tools progressed
from a single action on a single object to multiple actions on multiple

objects, a process that took 3.5 years to successful completion. Both
observation of nut cracking and scrounging of nuts was thought to play an

important part in the infants' acquisition of nut cracking, and both
behaviours were seen to occur with the infants' mothers and other adults
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as well. The authors interpret the results as showing evidence of
emulation rather than imitation, since the infants did not appear to

reproduce the exact motor actions witnessed but rather appeared to be

learning the 'general functional relations of stones and nuts and also
learned the goals obtained by the demonstrator' (pp. 172).

Matsuzawa (1996) carried out a study in which a new kind of nut (Coula)
was presented to a wild chimpanzee community already adept at

cracking open oil palm nuts. Although most of the chimpanzees examined
the Coula nuts, only one female (Yo) known to originate from a

neighbouring Coula-nut-cracking community, carried out the appropriate
behaviour. During the following days, only two juvenile chimpanzees

(aged five and six years) acquired the behaviour. In addition the adults
tended to ignore Yo's behaviour, whereas the youngsters were seen to
observe her behaviour more closely. This suggests both a degree of
conservativism in the chimpanzee community, and the possibility that

learning by imitation may be limited to a certain age group within the

community, making innovative behaviours slow to spread.

Boesch & Boesch-Achermann (2000) also carried out a developmental

study of nut cracking in Ta'i chimpanzees. At this field-site the nuts
cracked vary quite markedly, some species being much harder to crack
than others. Nonetheless, the acquisition of this behaviour seemed to
follow a similar pattern of manipulatory actions as described by Inoue-
Nakamura & Matsuzawa, (1997). However, the study by Boesch &
Boesch-Achermann (2000) also highlighted the mother's willingness to
share nuts with the infant as an active source of encouragement in the
infants' learning efforts. This behaviour was in fact seen to vary in
accordance with the infants' needs, as did two other 'pedagogical'
behaviours identified by the Boeschs: Stimulation, whereby mothers (and
mothers only) left un-cracked nuts and hammers on the anvil for their
infants to use whilst they searched for more nuts; and Facilitation,

whereby a mother allowed her infant to use the better tool to aid the

learning process.
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The ontogeny of ant dipping has also been studied, albeit not in great
detail. McGrew (1977) reviewed 48 instances of infants' being present

during their mother's ant dipping bouts. These involved 16 individuals
from the age of 4 months to 91 months. McGrew noted that in the

acquisition of this behaviour, which was contrasted to termite fishing,
there appeared to be little trial and error learning in the early years, but
rather a long observational period before the infants (around the age of

four) first attempts at acquiring ants. This was thought to be due to the

painful bites these insects are capable of inflicting. McGrew speculated
that in the case of a potentially painful behaviour, social learning is of

great advantage since it allows fewer painful trials and errors. This study
however did not quantify the observational times, nor did it focus on the

swiping hand motion used by the Gombe chimpanzees which is now

known to be peculiar to that community. Although McGrew briefly
mentioned that one chimpanzee was shown to perform a 'disastrous'
mistake by feeding on the ants directly from the stick and thereby being
bitten. However given this is the method used by Tai chimpanzees, what
is considered a mistake in one community is apparently the norm in the
other!

A more recent study carried out in Bossou (Humle & Matsuzawa, in

press) found that chimpanzees in this particular community used both the

ant-dipping method of Tai (direct mouthing) and that at Gombe (pull

through). However the authors found that the method used was related to
the choice of tools (in terms of length), the ant species being fished for
and the location in which they were being harvested (i.e. nest versus

travelling ants). Additionally a lower efficiency harvesting rate was found
in Bossou compared to both the other field-sites, despite the supposedly
more efficient pull-through method being used. Given these discrepancies
the authors suggest that more detailed comparisons of the ecological
variable at Ta'i and Gombe need to be carried out.

31



Compared to the number of observational studies in the other cultural

domains, tool-use has received considerably more attention. The

ontogeny of a few of the tool-using behaviours has been studied,

although a lot more detail is now required given the recent evidence

emerging from the inter-population studies. No study so far has given

great attention to social dynamics i.e. the pattern of transmission of these
behaviours. Inoue-Nakamura & Matsuzawa's (1997) study is the only one

which takes the social dimension into consideration and the methodology
used could thus fruitfully be applied to other studies.

The Feeding Domain

There are very few studies that have looked at the acquisition and/or

spread of food choice and processing techniques in wild populations. This
mirrors the scarcity of studies on the inter-population differences of these
behaviours (see above) and it may also be due to the practical difficulties
of having to monitor relatively discrete and fast-occurring behaviours (e.g.
the hand movements used to process embedded foods) in a low visibility
environment.

Assersohn (1999) studied the acquisition of foraging behaviours in

Budongo Forest (Uganda) and concluded that infants progressed from

relatively simple to more complex foods, arriving at processing all food
sources consumed by the mother by the end of their fourth year. No

convincing evidence was found that the infants' observation of their
mother's feeding behaviour was critical to their early foraging experience,

although sharing of food was thought to play a part.

Corp & Byrne (2002) investigated the ontogeny of wild chimpanzees'
manual skills in processing a particular food source (Saba florida). They
found that by the age of two years old infants successfully gained access

to the inner edible core of the fruit, but that it was only at around four

years of age that the juveniles acquired the proficiency displayed by the
adults. Social influences were considered to facilitate the infant's
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acquisition of the task, but the authors argue that the incidences of food

sharing and scaffolding observed were incidental consequences of the

parent's nutritional optimisation strategy rather than resulting from an

intentional attempt by the adult to facilitate the learning process of their

offspring.

In both studies the food sources analysed have not been shown to vary

across populations, thus neither study is strictly dealing with a cultural
behaviour (as are, for example, those on nut cracking and termite

fishing). Assersohn (1999) suggests that although the involvement of
social learning appears to be low in these studies, it may prove higher in
behaviours that have been seen to vary across populations.

The two studies reported are the only ones, to my knowledge, directly

focusing on the ontogeny of foraging techniques in chimpanzees. Both
showed an absence of direct intervention of mothers on their off-springs'

learning efforts and only one case per study of active donation of food
from mother to offspring (Assersohn, 1999; Corp & Byrne, 2002). A
number of other studies have mentioned maternal intervention as

examples of a socially mediated spread of food choice (Goodall, 1971;

Hiraiwa-Hasegawa, 1990; Nishida et al., 1983; Goodall, 1986). In all the

examples given (cumulatively amounting to seven incidences) the mother
is seen to remove food from the infant's mouth or hand and discard it,

and in all cases the food was known to be avoided by the rest of the

community.

Finally, an innovative approach to the study of food processing

techniques by apes (Stokes, 1999; Stokes & Byrne, 2001) compared the
food processing techniques of normal and snare-injured chimpanzees
and gorillas. Given the similarity between the processing methods of the

injured and non-injured groups it is suggested that apes acquire such
skills via social learning and, when injured, individuals attempt to

compensate for their deformation but do not reinvent a new processing
method.
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Thus, there have been very few observational studies of food processing,
and although an interesting methodology has been introduced by Stokes
& Byrne (2001), none of the studies (including those focusing on

ontogeny) have focused on those behaviours which have been seen to

vary between chimpanzee populations.

The Vocalisation Domain

As mentioned above, learning in the domain of vocalisations can be
contextual as well as acoustic. Whereas a few inter-population-based
studies have looked at the possibility of acoustic differences in at least
one chimpanzee vocalisation (see section above), the acquisition of the

proper usage of vocalisations has not been studied. This contrasts

markedly with studies carried out with other primates, where contextual

learning has been shown to occur in a variety of ways (e.g. in Cheney
and Seyfarth's, 1990a observations of infant vervets' acquisition of the

appropriate alarm calls for different predators).

The lack of studies on contextual learning of vocalisations may be due to
the scarcity of knowledge on chimpanzees' vocalisations in general.

Although a chimpanzee vocal repertoire has been broadly identified,
including the contexts in which clearly distinguishable vocalisations are

being used, there is, as yet, no clear evidence of more subtle acoustic
variations with corresponding contextual scenarios. The only vocalisation
that has come under scrutiny in this way is the pant-hoot, and whether
contextual variations on this vocalisation do in fact exist is still a matter of

debate (Clark & Wrangham, 1993). Furthermore, no study that I am

aware of has looked at the infant's acquisition of the more obvious
vocalisations and their contexts, possibly because it is assumed these
are under genetic control.
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Discussion

Overall, observational studies have been very useful in forming the
'substrate' on which comparative work has been based. However, now

that some of the cultural behaviours have been identified, observational

methods in the wild could be usefully employed in the analysis of the

ontogeny and the patterns of transmission of these behaviours within a

community. Of special interest will be the comparative ontogeny of those
behaviours that are seen to vary in relatively subtle ways (e.g. the hand-

swipe method of ant dipping in Gombe as opposed to the stick-to-mouth
variation in Tai).

A review of the literature so far reveals almost no studies on the ontogeny

of cultural behaviours in the gestural, feeding and vocalisation domains,
and only a limited number in the domain of tool-use. Furthermore, social
transmission of these behaviours seems to have been largely overlooked

(with the exception of Inoue-Nakamura & Matsuzawa, 1997).

Experimental Studies: How do chimpanzees acquire cultural
behaviours? (Cognitive Mechanisms)

Experimental studies have been mostly concerned with the social

learning mechanisms being used in the transmission of cultural
behaviours. Having identified a plethora of such mechanisms (see Figure

1.1), researchers have been designing experimental paradigms aimed at

separating and identifying which of these mechanisms are being used by
their study subjects (see Figure 1.2).
As above, the literature is reviewed for each cultural domain.

The Gestural Domain

Reports of chimpanzees carrying out gestures previously exhibited by
human caretakers initially emerged from studies of home-reared

chimpanzees. The Hayes' reported their chimpanzee Vicki reproduced a
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number of actions they routinely carried out in their home (Hayes &

Hayes, 1952). However, later researchers criticised the Hayes'

methodology for not including details of results and procedures (Custance
et al., 1995). Custance et al. (1995) therefore carried out a similar study
with a more stringent methodology. They trained two chimpanzees (a
male aged 4.5/5 years and a female of approximately the same age) to

carry out 15 novel behaviours on command. Once they correctly

performed these actions they were presented with 48 novel actions.

Independent coding of the chimpanzees' responses by a naive observer
showed that the chimpanzees reproduced 13 and 17 of the observed
novel actions respectively. The chimpanzees' performance was not

perfect, rather the behaviours were recognisable approximations of those

being shown, and most of the novel actions being imitated were similar to
those that had been part of the training process.

Myowa (1996) replicated a classic experiment in the human infant
literature by Meltzoff & Moore (1977) where new born babies were found
to reproduce the facial expressions they had observed an adult human

perform. An infant chimpanzee was tested in the same manner on three
facial expressions (mouth open, lip protrusion and tongue protrusion).
She was found to carry out these behaviours significantly more when in
front of a human with the corresponding facial expression than when

seeing a human with a neutral expression. This was especially so

between 5 and 15 weeks of age, after which the chimpanzee was no

longer seen to match her expression to the human's. Human infants show
a similar trend.

Tomasello et al. (1997b) trained two chimpanzees to carry out a particular

attention-getting behaviour towards humans to achieve a desired goal,
and observed whether the rest of the community acquired this behaviour.

They found that this was not the case. However, as the authors
themselves point out, all the community members already had their own

idiosyncratic way of begging for food from humans, and to acquire the
new behaviour would require them to extinguish one which had proved to
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be successful on countless prior occasions. Furthermore in the wild, the

gestural behaviours that are seen to vary across populations involve an

object such as a leaf, or branch, or require the participation of two
individuals (handclasp grooming). No differences have as yet been
identified in a purely behavioural domain (even rain dancing involves

displays using objects) thus Tomasello et al may be presenting a task
which is not directly relevant to chimpanzees in their natural environment.

Myowa-Yamakoshi & Matzusawa (1999) carried out a study investigating
factors influencing chimpanzees' imitative abilities and found that overall

chimpanzees reproduced actions involving object manipulation with

greater ease than body movements alone. This result is thus in
accordance with the observations from the wild where variations seem to

occur more frequently in conjunction with the manipulation of an object

(whether a leaf or a probe used as tool). The study also found that novel

body movements were harder to copy than familiar ones (also in
accordance with Custance et al., 1995).

The studies on gestural behaviour are particularly important in

distinguishing between cognitive mechanisms used in social learning,
since, according to Tomasello, the main distinction between emulation
and imitation is whether a chimpanzee reproduces an action s/he has
seen carried out as opposed to a change in the surrounding environment.
Given the experimental evidence so far and the pattern of results from
studies in the wild which indicate variations occurring mostly when

objects are involved, this distinction may be quite fundamental.

No study has so far tried introducing a chimpanzee back into her

community after having being trained to carry out a behaviour which is an

attention-getter but also requires some form of object manipulation (and
thus more similar to the situation in the wild). Given the results reviewed
above this may prove an interesting combination.
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The Tool-use Domain (and non-food orientated Object Manipulation)

There have been a number of studies focusing on tool use in

chimpanzees. The first experiments of this kind looked at the

chimpanzees' independent understanding of tools (Kohler, 1927). Until

recently, those studies that looked at the social learning of tool use either
involved a very small sample (i.e. one chimpanzee) or lacked the more

stringent control procedures required to exclude individual learning

(Hayes & Hayes, 1952; Menzel, 1972).

In the last ten years however, interest in the imitative abilities of

chimpanzees has flourished and a number of studies combined more

stringent procedures with naturalistic tasks.

Three studies have looked at the spread of nut-cracking experimentally.

Sumita et al. (1985) explored the acquisition of nut-cracking in a group of
captive chimpanzees. Five individuals were given a number of control
conditions in which all the necessary tools for cracking nuts were

available, before being shown how to crack the nuts by either a human or

a knowledgeable chimpanzee. They found that of the five chimpanzees
tested, three acquired the behaviour. In all three cases the quality (i.e.
absorbed, constant looking, as opposed to distracted intermittent

glances) of the chimpanzees' observation of the demonstration was a

valid predictor of their subsequent performance (although looking time
was not). These results suggest that observational learning was involved
in the acquisition of nut-cracking, although interestingly it may indicate
that a strict numerical 'looking time' measure may not be sufficient to

capture the role of observation in the subjects' subsequent learning. Once
the three nut-cracking chimpanzees were released back into their group

totaling 14 chimpanzees, only one infant acquired the behaviour. The
authors suggest that the process of acquisition was different in the infant
than for the other chimpanzees, as it was less influenced by observation
and more based on 'goal-directed trial and error learning'.
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Hannah & McGrew (1987) observed a group of 16 wild-born

chimpanzees when first released on a forested island in Liberia.
Somewhat unexpectedly one of the chimpanzees spontaneously started
nut cracking. Within the first day three other chimpanzees were

attempting the same behaviour and in the subsequent two months, 13 of
the 16 chimpanzees successfully acquired nut cracking. Since none of
the subjects had previously been seen to carry out this behaviour it was
concluded that social learning processes were involved in the spread of
nut cracking. However, it was not possible to identify which cognitive
mechanisms were involved, nor monitor the exact developmental steps

required in learning to nut-crack due to the lack of video equipment which
would have permitted a closer analysis of the acquired behaviours.
Because of the unplanned nature of events, this particular study stands
on the cusp between observational and experimental research. The
decision to include it as an experimental study is based on the fact that

although unplanned the chimpanzees effectively went through an

extended 'baseline period' of six weeks, prior to the arrival of the

knowledgeable chimpanzee, in which they showed no sign of nut-

cracking. This is a methodology which has been identified as one of the
most successful in allowing conclusion to be drawn in regards to the
occurrence of social learning (Custance et al., 2002).

Funk (1985, in Boesch, 1996b) gave nuts to a community of chimpanzees
at Zurich zoo for two weeks as a way of comparison with chimpanzees in
the wild. None of the chimpanzees at the zoo succeeded in cracking the
nuts but they were seen to perform a more varied repertoire of
behaviours than chimpanzees in the wild (only 7 of the 14 behaviours
exhibited by the zoo chimpanzees were seen in the Ta'i chimpanzees).
This is taken as further confirmation that the nut cracking behaviours
exhibited by chimpanzees in the wild are culturally learned. However,
there are a number of problems with the zoo experiment. Firstly, the ages

of the zoo chimpanzees are not specified, and age may play a role in the

acquisition of nut-cracking behaviour (Matzusawa, 1994). Secondly, the
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chimpanzees were given access to the nuts and stones for only two

weeks, which compared to the wild, is a very short time period. Finally it
is not specified whether the chimpanzees knew the nuts were food items

(i.e. whether they had had exposure to the inner core of the nut), which

may have affected their motivation.

Social learning in the context of tool use was also explored by Tomasello
et al (1987). Four 4 to 6 year old chimpanzees were exposed to a

demonstrator using a rake to obtain food in a number of different ways

according to the position of the food. The subjects that had seen the
demonstration successfully used the tool to obtain the food, whilst the

chimpanzees that had not had the benefit of a demonstrator did not.

However, of the chimpanzees that had seen the demonstrations none

learned to vary their behaviour according to the position of the food and
thus were successful only in a few trials. Tomasello et al. (1987)
concluded that the experimental group had benefited from the
demonstration by learning something about the function of the tool but

they had not imitated the behaviour of the model. The study was

replicated by Nagell et al. (1993) with the addition of 2-year old children
for comparison. Similarly the authors concluded that chimpanzees
focused their attention and learned about the objects used (emulation)
whilst the children reproduced the actual behaviours observed (imitation).

Five studies looked at the use of tools in captive chimpanzees to access

liquids or foods from crevices too narrow to allow direct hand retrieval.
The first two studies (Celli et al., 2001; Paquette, 1992), were carried out
in a group setting, revealing the possible effects of the social dynamics on

the learning strategies used by individual chimpanzees. As noted above,
there are very few studies focusing on the social dynamics of social

learning, despite recognition that this may be an important factor (Coussi-
Korbel & Fragaszy, 1995). Although the two studies described below did
not set out to explicitly investigate group dynamics, they remain of

particular importance since they at least evidence the importance of this
understudied area of social learning. The study by Bard et al. (1995) is
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similarly noteworthy, since it is the only one to explicitly investigate the

ontogenetic aspects of social learning.

Paquette (1992) exposed four chimpanzees in a group setting to an

artificial termite mound containing honey. He concluded that the

chimpanzees were acquiring the probing behaviour mostly by trial-and-
error learning and by gaining an understanding of the function of the tool
when observing the model (i.e. affordance learning). Interestingly the two
most subordinate chimpanzees were slowest at acquiring the behaviour.
This was thought to be due to the lower attention levels shown towards
the conspecific model and a decreased access to the tools and mound.

Celli et al. (2001) carried out a study involving one-on-one

demonstrations between six experienced chimpanzees and six naive

subjects to retrieve honey from an out-of-reach container. All subjects

acquired the behaviour successfully via trial-and-error learning, however
the dominant chimpanzees performed better than their subordinates, who
were also the observers. Researchers concluded that the superior

performance of the dominant animals may have been caused by their

greater freedom of access to the task. This is suggested despite having

given the subordinate chimpanzees 'solo' trials so as to allow them

greater freedom of access to the task. No details are given as to the
overall access time for each group, which invariably would affect the

performance of the chimpanzees, thus conclusions on the relative
success rates need confirmation.

Hirata & Morimura (2000) used a methodology virtually identical to Celli et
al. (2001), with six chimpanzees aged 14 to 32. The subjects all acquired
the task and were reported to observe the conspecific's behaviour only

prior to their own first attempt or following a failed attempt, not after a

successful retrieval of the honey. Subjects attempting to honey dip after

observing conspecific demonstrations did not learn faster than the group

who was exposed to the task independently. The authors suggested that
the task may have been too simple to show the possible advantages of
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social learning over individual learning. However, selectivity in observing
the model only when needing to know something about the task fulfils the
first step required for social learning.

Tonooka et al. (1997) observed the acquisition and transmission of tool
use for drinking juice in a group of nine chimpanzees. They concluded
that both the preference for a particular vegetation type, and the use of
the tool itself for accessing the liquid was socially transmitted throughout
the group. However, they did not speculate on the cognitive mechanisms

underlying the transmission, nor the effect of social relations amongst the

subjects' pattern of transmission.

Bard et al. (1995) carried out the only captive-based study investigating
the effect of age and modelling on the acquisition and comprehension of
a tool-using task in six chimpanzee aged between 2 and 4 years old. To

investigate the acquisition of the task, two groups matched for age were

compared. One group had the benefit of a model performing the task,
whilst the other group did not. Results showed that modelling significantly
reduced the number of trials needed to solve the task for the two older

groups of chimpanzees (aged above 2 years and 10 months), however
no effect of modelling was shown for the 2-year old. Comprehension of
the task was explored by presenting subjects with a number of different
tools of different suitability for completing the task. The older

chimpanzees (aged above 2 years and 10 months) were more successful
in solving the complex tasks, such as dismantling a bundle of sticks, so
as to select the appropriate tool. However overall there was no age

differences in the number of errors made suggesting that the age effect
was specifically related to the acquisition, not the comprehension, of the
task.

A different experimental paradigm involving non-rewarded object

manipulation has also been used to look at the cognitive mechanisms in
social learning.
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Myowa-Yamakoshi & Matsuzawa (2000) carried out a set of experiments
with five adult chimpanzees to investigate the understanding of the
model's intentions in the context of social learning. In the first experiment
a model initially unsuccessfully attempted to open a box in front of the

subject, and later successfully opened it. In between demonstrations the

subject was given access to the object. Two methods of manipulating the
box were shown, one using hands, the other using an 'irrelevant tool' (in
that it was not needed to open the box). Subjects copied the observed
behaviour regardless of success or failure of the model. In the second

experiment different subjects were first shown a model successfully

opening the box and later a demonstration including a failed attempt. In
this case chimpanzees only copied the method used by the model during
successful trials. The authors conclude that the chimpanzees had a

degree of understanding of the model's intentions, however their
attentional focus seemed to be directed more towards the external

objects than the actors themselves.

Bering et al. (2000) tested three orang-utans and three chimpanzees on a

deferred imitation task involving object-related actions. Following an initial
baseline trial in which subjects were encouraged to freely interact with the

target objects, researchers demonstrated a target behaviour and after a
10 minute-delay period re-presented the subjects with the same objects.

They found that all the apes showed deferred imitation on at least one
task (of a total seven presented) leading the authors to conclude that this

ability is within the repertoire of apes being raised under human-like
conditions.

In an extended follow-up to the previous study Bjorklund et al. (2002)
worked with three human reared chimpanzees between the ages of five
and nine years. In the first phase of the study each subject was given a

brief (four minutes) baseline trial in which the target object was available
for spontaneous manipulation. A human model repeatedly carried out the

target behaviour in front of the subject. Finally after a 10-minute-delay

period subjects were given the same or a similar object. The authors
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reported imitative behaviour both in the same and similar object
conditions and concluded that since the subjects were reproducing both
the means and the goal of the action in the 'generalised' condition (i.e.
where a similar object was presented) their study provided the first
conclusive demonstration of imitation as defined by Tomasello (1996).
The authors argued that matching behaviour on similar but novel objects
could be considered true imitation because given the novel situation the

subjects had to understand the goal of the actions and not just reproduce
the behaviours observed (i.e. mimicry, as defined by Call & Carpenter

2002). However the authors caution that the apes in this experiment had
had extensive human interactions and thus fell under the 'enculturated'

category described by Call & Tomasello, (1996).

A longitudinal study conducted in captivity with chimpanzees and orang¬

utans investigated the ontogeny of deferred imitation (Bjorklund et al.,

2000) in object manipulation. In the first part of the study the chimpanzee

aged 2-years-1-month showed deferred imitation on 28% of tasks and the

4-years-3-month old orang-utan showed deferred imitation on 40% of the
tasks. Two years later, performance on the imitation of object

manipulation task had significantly improved for the chimpanzee but not
for the orang-utan, leading the authors to conclude that at age four the

orang-utan had already reached a 'mature' level of performance on

deferred imitation, whilst the chimpanzee being tested at two then four
showed an improvement consistent with increased cognitive complexity.

Bjorklund et al.'s (2000) study is the only one, to my knowledge, to have

explicitly tested imitation in apes at different ages. His conclusions seem

to indicate that imitation, where it occurs, matures alongside the other

cognitive abilities seen in apes (Parker & McKinney, 1999). The authors
do not reference studies in wild populations, however it may be of interest
to note that it is around the age of four years of age that the potentially
'cultural' behaviours such as ant fishing and nut cracking seem to appear

in the chimpanzees' repertoire. However given the very small sample size
of this study, no conclusions can be drawn in respects to the more
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intriguing possibility of a 'critical age' for imitation suggested by some

authors (Matsuzawa, 1996).

Finally, Tomasello et al. (1993b) carried out a 'do as I do' study similar to
that of Custance et al. (1995) but using object manipulation as opposed
to gestures as target actions. The study was designed to compare

chimpanzees with extensive knowledge of humans and trained in

symbolic language (i.e. enculturated), with two-year-old children and
mother-raised chimpanzees. Results showed that 'enculturated'

chimpanzees matched observed behaviours at similar and in some case

higher levels than two year old children, however mother-reared

chimpanzees performed significantly worse than either group (see

Chapter 2 for a more extensive discussion of 'enculturation').

The Feeding Domain

The idea that food-processing techniques may vary culturally across

chimpanzee populations has been exploited experimentally more than it
has been in the wild.

Whiten, Custance and colleagues developed 'artificial fruits' i.e. food
containers which require subjects to carry out a set of behaviours similar
to those used in the wild to acquire naturally embedded foods. According
to some authors (e.g. Shettleworth, 1998) experiments using two-action

type tasks such as these have revealed the strongest evidence for
imitation in the experimental literature so far. Chimpanzees have been
seen to reproduce both the discrete actions required to open the fruits

(Whiten et al., 1996) and the sequence in which the actions are carried
out (Whiten, 1999). However, some researchers have argued that
emulation rather than imitation is responsible for the chimpanzees'

performance (Tomasello & Call, 1997) whilst others have suggested more

automatic stimulus-induced mechanisms such as response facilitation are

guiding the chimpanzees' behaviour at least in relation to the action level

(Byrne & Russon, 1998).
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Chalmeau & Gallo (1993) explored the social dynamics of learning in

chimpanzees using a food distributor which required the subject to pull
two handles simultaneously for successful delivery. Of six chimpanzees

being tested, three successfully acquired the behaviour. However, it was
found that the dominant chimpanzee had an inhibiting effect when close
to the other subjects. The authors concluded that the chimpanzees were

developing individual problem solving strategies according to their social
relations. Thus, although this study did not specifically address the effect
of dominance on social learning, it predicts that the social relations

amongst the subjects will effect their ability or tendency to use social as

opposed to individual learning to solve a given task.

The Vocalisation Domain

No experimental studies on chimpanzee vocalisations have been carried
out, as yet.

Discussion

Experimental studies have been instrumental in addressing how a cultural
behaviour is transmitted. The almost exclusive focus of experimental
research on cognitive mechanisms is probably due to the almost

impossible task of separating such mechanisms in purely observational
studies in the wild. However a number of problems have arisen from this

exclusivity.

Experiments in captivity have often taken direct inspiration from research
on human infants and whilst this has proved interesting in a comparative
framework it has also meant that testing of chimpanzees has occurred

mostly in isolation, with humans as demonstrator. Sumita et al. (1985)
found a marked improvement in learning when a chimpanzees was given
a chance to observe one of his own kind, and whilst this may not be a

factor influencing all experiments, it has to be considered.

46



The importance of the social domain on patterns of transmission of new
behaviours simply does not feature as the focus for experimental studies.
This is disconcerting since knowing from whom a chimpanzee is most

likely to learn would be valuable information in designing all social

learning experiments (including those asking questions on cognitive

mechanisms) (Coussi-Korbel & Fragaszy, 1995).

The inclusion of non-observer control conditions (whether as part of a

within or matched-between subjects design) is considered a tool capable
of investigating questions regarding the function of social learning as well
as providing a good baseline on which to assess the social influence on

the subjects, however this method has been used sparsely (Custance et

al., 2002; Tomasello et al., 1987; Bjorklund et al., 2002; Bering et al.,

2000).

Finally the scarce use of 'ecologically valid' tasks almost completely

eliminating the potential applicability of social learning research in
conservation efforts (e.g. for reintroduction programs Custance et al.,

2002) as well as making comparisons between studies in the wild and

captivity highly problematic if not wholly impossible (see 'General
Discussion' below).

Disagreement amongst researchers continues to prevail both in regards
to the most appropriate interpretation of the experimental results and as

to the proper definitions of the cognitive mechanisms underlying social

learning. Given the sheer number of cognitive mechanisms emerging
from the literature (see Figure 1.2.) there is a risk of experimental studies

becoming exclusively focused on attempting to discriminate amongst
these thus losing sight of the more holistic questions such as the

ontogeny, social influences and function of social learning, and their
relation to the evolutionary emergence of human culture (Custance et al.,

2002). Considering that of the 17 experimental studies outlined above 11
focused almost exclusively on cognitive mechanisms, only two took an
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ontogenetic perspective and none directly addressed issues of social

dynamics it seems that this is already happening in the chimpanzee
social learning literature.

GENERAL DISCUSSION

The approach taken by this literature review has been to break down the
themes and methods used in the study of culture and social learning in

chimpanzees to allow for the identification of understudied areas and a

look at the possibility of methodological cross-fertilization between fields.
However having dissected the field into its component parts it is

potentially interesting to now look at where overlaps do in fact already
exist and what overall picture emerges from the evidence gathered so far.

Overlaps between methodological choices and research
The greatest overlap between inter-population differences, observational
and experimental studies is in regards to the acquisition of tool-use. Nut

cracking has been studied observationally both focusing on the

ontogenetic aspect (Inoue-Nakamura & Matsuzawa, 1997) and observing
the spontaneous transmission between na'ive subjects (Hannah &

McGrew, 1987). Researchers have also applied some of the experimental

approaches to observations of nut cracking in the wild creating 'outdoor
laboratories' (Inoue-Nakamura & Matsuzawa, 1997) with results

potentially comparable to studies in captivity. Inter-population comparison
of nut cracking have been carried out noting both the presence/absence
of this behaviour and the variation in materials used (Whiten et al., 1999;

2001) and it has also been studied experimentally in one captive

populations (Sumita et al., 1985). However comparison between

experimental and observational studies in the wild are almost impossible
due to the different coding systems used by the researchers.

Social learning of gestural communication and feeding have also been

investigated by all three methodologies but not extensively. In the

gestural domain the only observational study was carried out in captivity

(Tomasello et al., 1997b), whilst experimental studies (Custance et al.,

48



1995; Tomaseilo et al., 1997b) did not choose target behaviours seen to

vary between population in the wild, making direct comparisons

impossible. Similarly in the feeding domain the focus of the studies are

quite different thus, although potentially feasible, no experimental study
has looked at the influence of social learning on food choice, which is
where inter-population variations seem to occur (Nishida et al., 1983;

McGrew, 1983). An overlap does exist between experimental and
observational studies in terms of similar attempts at discerning the

cognitive mechanisms involved in the social learning of foraging
behaviours (Stokes, 1999; Whiten et al., 1996; Whiten, 1998a), however
not on the ontogenetic aspects which have been the focus of
observational but not experimental studies (Assersohn, 1999).

Overall, perhaps predictably, there seems to be a degree of overlap in the
domains studied by the three different methods however an integrated

approach between research areas, allowing for more direct comparisons
between studies, seems to be lacking.

Moreover whilst there seems to be a general consensus in the field that

chimpanzees do learn socially from one another (and humans), the jury is
still out on the cognitive mechanisms employed to do so. Most
researchers seem to agree that a level of sophistication greater than
stimulus enhancement is necessary to account for the results of the

experimental research reviewed. Of the 18 experimental studies carried
out on social learning of gestural and tool-using behaviours in recent

years, eight reported incidences of 'imitation', three of 'emulation'; two of
trial and error coupled with some form of social learning and four of an

unspecified kind of social learning. However the picture is further

complicated by the distinction made by Tomaseilo et al (1996) between
'enculturated' versus non-enculturated chimpanzees (see Chapter 2 for a
discussion of this issue). With this new variable in the equation (and thus

excluding studies with enculturated chimpanzees) the balance is shifted
with only four reports of 'imitation' and three for 'emulation' (Table 1.4).
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Experimental
Studies

Domain Cognitive Mechanism

Custance et al 95 Gestural Imitation

Myowa 96 Gestural Imitation

Myowa-Yamakoshi &
Matzusawa 99

Object manipulation Emulation

Myowa-Yamakoshi &
Matzusawa 00

Object manipulation Emulation/imitation

Tomasello et al 93 Object manipulation Imitation*

Bering et al 00 Object manipulation Imitation*

Bjorklund et al 02 Object manipulation Imitation*

Bjorklund et al 00 Object manipulation Imitation*

Whiten et al 96, 98 Feeding/object manipulation Imitation/

Sequential Imitation
Hannah & McGrew 87 Tool -use/nut-cracking Social learning
Sumita et al 85 Tool -use/nut-cracking Social learning

Paquette 92 Tool -use/probe Trial & error learning &
Social learning

Celli et al 01 Tool -use/probe Trial & error learning
Stimulus enhancement

Tomasello et al 87 Tool -use/raking Emulation

Nagell et al 93 Tool -use/raking Emulation

Tonooka et al 97 Tool -use/probe Social learning
Hirata et al 00 Tool -use/probe Social learning
Bard et al 95 Tool -use/probe Imitation

Table 1.4: Cognitive mechanisms identified to account for the findings in

experimental studies on social learning in chimpanzees. * indicates studies with
enculturated chimpanzees.

Can the inter-population variation between communities of wild

chimpanzees, and the findings from observational studies of putatively
cultural behaviours be accounted for by emulative social learning

processes alone? It seems that for those behaviours involving tools,
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emulation can be sufficient as a explanation of the cognitive mechanism
used for the transmission of the behaviour from one individual to the

other, since the focus is on learning how to combine objects to achieve a

desired result (i.e. changes of state in the environment). However
emulation alone may not so easily account for the gestural variations, of
which hand-clasp grooming is arguably the most vivid example (McGrew
etal., 2001).

A 'word' on Chimpanzee Cultures?
It seems that whether culture can be ascribed to chimpanzees depends
not only on the evidence emerging from experimental and observational
studies but also on which definition of 'culture' is chosen. If culture is

defined as the transmission of socially learned behaviours throughout a

community and beyond (sensu McGrew) chimpanzees are indeed
cultural. If culture is defined as the transmission of socially learned
behaviours through imitation and teaching (sensu Galef) then

chimpanzees may be cultural (since support for both these processes in

chimpanzees is mixed). If culture is defined as a progressive
accumulation of modifications on socially learned behaviours which are in
turn transmitted through social means (sensu Tomasello and Boesch);
chimpanzees are possibly not cultural (although at present this may

reflect a lack of studies addressing this issue rather than evidence to the

contrary). Finally if culture is defined as socially transmitted behaviours +

social/moral norms or beliefs (sensu Heyes and Premack & Premack);

chimpanzees are not cultural (and are most likely never to be considered

so). Thus it seems that using the word 'culture' is problematic unless a

consensus on its meaning is found amongst researchers in the field.

AIMS OF THE CURRENT RESEARCH

The aims of the current research were to (1) investigate social learning in

chimpanzees (2) by using experimental research methodologies which
could be compared to studies of chimpanzee populations in the wild and

(3) focusing on the more understudied aspects of social learning: i.e.

ontogeny, function and social dynamics.
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Four studies were designed to accomplish these aims, although

unfortunately only three were successfully completed (Table 1.5).

ONTOGENY SOCIAL

DYNAMICS

COGNITIVE

MECHANISMS

FUNCTION COMPARABLE

TO THE WILD

HONEY-DIP © © © © ©

HAF © © © © ©

NUT-

CRACKING**

(Adult Group)

© © © © ©

NUT-CRACKING

(Nursery)
© © © © ©

Table 1.5: A summary of the issues each study was designed to address.

© Represents questions directly addressed by the study; © represents issues

which a particular study may shed light on, but was not specifically designed to

investigate; © represents questions which were unlikely to be answered by the

particular study. **lndicates the study that was not completed (see Chapter 2).

Chapter 1 reviewed the literature on chimpanzee culture and social

learning and identified the issues which remain largely unexplored.

Chapter 2 will describe the study site and the chimpanzees with whom I
worked. I outline their particular lifestyle and history, discussing the

potential impact this may have had on the research results. This is
followed by a description of the general experimental methodology used
and a brief summary of the unsuccessful study with reasons for its failure.

Chapters 3, 4 and 5 outline the three experiments that I completed on

Ngamba . The first experiment (Chapter 3) explored the effects of age
and a knowledgeable demonstrator on the acquisition of nut cracking.
This is the most naturalistic of the studies presented here and use of
similar methodologies allowed for a direct comparison with Inoue-
Nakamura & Matsuzawa's (1997) study with chimpanzees in the wild. The
second experiment (Chapter 4) investigated the individual and social
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learning of a tool-using task designed to be analogous to the ant-dipping
behaviour seen in chimpanzees at Gombe and TaT. Results of this study
lead to a discussion of the functional aspects and perceived flexibility of

chimpanzee social learning. Chapter 5 presents an experiment using an

artificial fruit designed to examine social learning of both discrete actions
and overall structure of a task. The emphasis here is more on the

cognitive aspects and the ontogeny of social learning abilities. Chapters
3, 4 and 5 are presented in the style of papers that can be separately
read. However in Chapter 6 I discuss the findings in relation to each other
and in the context of previous research.
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Chapter 2

STUDY SITE, GENERAL METHODOLOGY & ABANDONED

PROTOCOLS

STUDY SITE

Background to the 'Chimpanzee Sanctuary and Wildlife
Conservation Trust (CSWCT)'

CSWCT is a registered Ugandan Non-Governmental-Organisation. It's
main aims are:

• to protect chimpanzees and their habitat in Uganda
• to provide a home for chimpanzees confiscated by the authorities,

through the establishment of the Ngamba Island Chimpanzee Sanctuary
• to educate, sensitise and empower people visiting the sanctuary to

recognise the problems facing chimpanzees today and act on their behalf

The organisation was formed in 1998 (see Figure 2.1), when Ngamba
island was bought with the intention of creating a chimpanzee sanctuary
to cope with the surplus of orphaned chimpanzees originally housed in
two separate locations. The two groups of chimpanzees were integrated
at UWEC (Uganda Wildlife Education Centre, ex-Entebbe Zoo) in

August/September 1998 and moved to Ngamba Island in October 1998.
Since then an additional 15 orphaned chimpanzee have found refuge on

the island, mostly having been confiscated on the Ugandan/Congolese
border.

Aside from the Ngamba Island Chimpanzee Sanctuary, CSWCT is
involved with a number of other conservation initiatives:

• a chimpanzees census throughout the 12 larger forests in Uganda (in
collaboration with the World Conservation Society)
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• a chimpanzee habituation project as part of the development of an

ecotourist site in Kibale National Park (in collaboration with the Uganda
Wildlife Authorities)

• an outreach education program targeting the border towns where the
most recent confiscation of chimpanzees has occurred, and the villages
around chimpanzee forest habitat (in collaboration with the Jane Goodall
Institute, Uganda)

• a snare removal program focusing on the major National Parks
• education programs for schools visiting Ngamba island from the mainland
• an environmental program in local island schools in Lake Victoria

Figure 2.1: Welcome sign
for the Ngamba Island

Chimpanzee Sanctuary and
Wildlife Conservation Trust. The

board of trustee consists of five

organizations: Born Free, UK, the
Jane Goodall Institute, Germany,
the International Foundation for

Animal Welfare, the Uganda
Wildlife Education Centre and the

Zoological Parks Board of New
South Wales, Australia.

Ngamba Island
Location and General Description

Ngamba Island is part of the Kome group of islands located in Lake
Victoria. It is approximately 13 km south-east of Entebbe, which lies on

the mainland at 0.06'S, 32.39'E (Figure 2.2).
It covers approximately 100 acres, of which 98 acres are forested and

separated from the human camp by an electric fence. The northern part
of the island is generally flat, rising gently to an altitude of approximately
3800 feet above sea level to the south. The island is largely forested, with

gaps of grassland covering approximately 10% of it. The northern part of
the island was until 1997 inhabited by a local fishing community. The

■» Welcome to

Ngamba Island
- ptVa*e-- /proceed ■
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community cleared approximately two acres of forest and selectively

logged large trees from the more proximal parts of the forest. One acre of
this area is now used as camp quarters for staff and researchers, whilst
the remaining area, located between the forest and the viewing platform,
is where the chimpanzees are fed during the day (Figure 2.3 & 2.4). A
trail system was cut just prior to the chimpanzees' arrival in October
1998. Trails span from east to west and north to south creating 50 x 50m

blocks, and are used by both chimpanzees and humans.

Environment

Two separate environmental surveys were carried out on Ngamba Island

prior to the chimpanzees' arrival. A volunteer-based organisation

(Frontiers) carried out a biological survey listing the flora and fauna found
on the island and an environmental impact assessment was carried out

detailing the species which would be available for chimpanzee

consumption. Amoorti Tinka John, a field assistant of the Budongo Forest

Project, compiled an additional list of plant species, during the two weeks

following the chimpanzees' release in October 1998. In addition during

my first Ph.D.-related visit to Ngamba, I compiled a list of species tasted

by the newly arrived orphans on their morning excursions in the forest

(see Appendix A for a collated version of the above mentioned reports).
An environmental impact assessment of the first two years of the

chimpanzees' presence on the island was carried out as a Masters

project in 2000/2001 by Claudia Schoene from University of Pretoria,
South Africa (results not known at time of writing).

The Chimpanzees
In October 1998, 19 chimpanzees were moved to Ngamba Island. These
form the 'adult' group. Since 1998 and October 2001 (when I left Uganda)
the sanctuary received an additional 15 chimpanzees.

Of these more recent arrivals one chimpanzee, Matoke, stayed at the

Ugandan Wildlife Education Centre and the remaining chimpanzee were

transferred to Ngamba. One of the chimpanzees (Ajore) died in June
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2000, resulting in a total of 33 chimpanzees on Ngamba Island

beginning of September 2000 when I arrived for the main part

study.
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Boundary representation is
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Figure 2.2: Map of Uganda, Ngamba Island is part of the Kome Islands,
visible on the map north-east of the Sese Islands.
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Figure 2.3: Aerial photograph of Ngamba Island with a view of the 1-
acre camp for staff and researcher and the electric fence separating the

chimpanzee's 98-acre forested-territory from camp.

Figure 2.4: The viewing platform adjacent the fence separating the

chimpanzee territory from the human-camp.
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All the chimpanzees are of the subspecies Pan troglodytes schweinfurthii.
Most of the arrivals since 1998 originated in the Democratic Republic of

Congo, and were confiscated in the border towns of Uganda. Two

chimpanzees (Mutama and Mugenzi) arrived from Burundi. Most of

chimpanzees' history prior to arrival is not fully known, although all efforts
are made to gather as much information as possible at the time of
confiscation (see Table 2.5 and Appendix B for more detailed biographies
of each chimpanzee).

The age of the chimpanzees was determined on first arrival by the

sanctuary veterinarian, based on dental eruption, size, body weight and
motor co-ordination. Before being taken to the island the infants spent
between one and three months in quarantine at the Ugandan Wildlife
Education Centre (ex-Entebbe Zoo), living with a human surrogate

parent. Once on Ngamba the infants were slowly integrated into the infant

group and weaned off their human caregiver (see section below 'Human-

Chimpanzee Relations' for a more detailed description of the

chimpanzees' upbringing).

The chimpanzees who arrived since October 1998 formed a 'nursery

group' (Table 2.1). During most of my year-long stay on Ngamba a

program of integration with the 'adult group' (Table 2.2) was attempted.
The hope of fully integrating the two groups was however abandoned in

April 2001 after the alpha male almost killed one of the younger infants

(Baluku).

During the whole year (October 2000 to October 2001) the infants were

taken on a forest walk in the early morning and late evening with some of
the females and caregivers, whilst the adult males remained in the

holding facility. For the remaining part of the day the infants were housed
ina13x9x4 meter holding facility divided into five rooms (Figure 5).
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Nursery Group Id Code Gender Origin Estimated
Year of Birth

Asega AS M DRC 1998
Baluku BL M DRC 1998
Ikuru IK F DRC 1995

Kalema KL M DRC 1997
Mawa MW M DRC 1996
Mukisa MU F DRC Early 1999
Kisembo KS M DRC Late 1999
Pasa PS F DRC Late 1999
Yiki YK M DRC Late 1998

Yoyo YY F DRC Early 1999
Indi IN F DRC Late1999

Mugenzi MZ M Burundi 1997
Mutama MT M Burundi 1996

Bili Bl F DRC Late 1998

Table 2.1: The Nursery Group, ID codes, gender, origins and estimated
date of birth.

The nursery group was fed five times a day. They received milk early in
the morning, were fed fruit and vegetables at 11 am, milk again at 1 pm,

another fruit and vegetable feed at 3 pm and a further feed at 7 pm on

returning from the forest walk.

The infants not participating in experiments received two enrichment
events a day, one in the morning and another in the afternoon (see

Appendix C for enrichment schedule and description).

The adult group was fed four times a day: porridge in the morning before

being released into the forest, fruit and vegetables at 11 am and 3 pm

delivered from the viewing platform, and another porridge feed in the

evening on returning to the holding facility. Visitors would arrive on the
island to view either the morning or the afternoon feeding of the adults

chimpanzees, but they were not allowed close to the holding facility,
where most of the research took place.

60



Adult Group Id Code Gender Origin Estimated date of birth
Bahati BH F Uganda 1990

Becky BK F Uganda 1991

Cindy CD F Uganda 1993(often with nursery)
Connie CN F Uganda 1989

Eddy ED Uganda 1989
Katie KT F DRC 1987

Kidogo KD F DRC 1984
Maisko MS DRC 1984

Megan MG F Rwanda 1984
Mika MK Uganda 1992

Nagoti NG F Not known 1986
Natasha NT F Uganda 1990
Nkumwa NK F Uganda 1996(can be with nursery)
Peace PC F Uganda 1986

Robby RB DRC 1986

Sally SL F Uganda 1991

Sophie SP F DRC 1986

Sunday SD M DRC 1987
Tumbo TB M Uganda 1989

Table 2.2: The Adult Group, ID codes, gender, origins and estimated date
of birth.

GENERAL METHODOLOGY

Experimental Work with Juvenile Chimpanzees
The three main studies reported in this Ph.D. thesis i.e. the Honey Dip

(HD) experiment, the Hierarchically-structured Artificial Foraging (HAF)

experiment and the Nut-Cracking (NC) experiment were carried out with

chimpanzees from the nursery group and two chimpanzees from the adult

group (i.e. Cindy and Nkumwa) in the period between October 2000 and
March 2001 and between May and October 2001 (Table 2.3). Certain

methodological features common to all studies are outlined here. More
detailed descriptions of the procedures used in each study can be found
in the relevant chapters.

All the studies required one-on-one contact between the researcher and a

selected participant. After a number of baseline trials in which participants
were given the apparatus to explore independently, a number of
demonstrations were carried out by a human demonstrator to provide a

model of how to access the food source, from which observational

learning might be possible.
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Figure 2.6: Plan of the chimpanzees holding facility. The 'east-wing' (where all the
behavioural experiments were carried out) is visible on the right.

The 'East wing' of the holding facility was used as the designated

'experimental room' since the two-meter-high concrete wall blocked the
view of the subject's actions from the rest of the nursery group which,

during experiments, was confined to using the North-west wing and the
South-west wing.
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Pin Apple* Honey Dip
Task

Pocket
Termite Mound**

Hierarchically-
organised Artificial
Foraging task

Nut

Cracking

Cindy Apr 00 Nov 00
to Feb 01

Mar to May 01 Jun to Aug 01 Aug/Sep 01

Ikuru Apr 00 Nov 00
to Feb 01

Mar to May 01 Jun to Aug 01 Aug/Sep 01

Nkumwa (Apr 00) Nov 00
to Feb 01

Mar to May 01 Jul/Aug 01 Aug/Sep 01

Mawa Apr 00 Nov 00
to Feb 01

Mar to May 01 Jun to Aug 01 Aug/Sep 01

Mutama Sept 01 Mar to May 01 Jun to Aug 01 Aug/Sep 01
Kalema Apr 00 Nov 00

to Feb 01
Mar to May 01 Jun to Aug 01 Aug/Sep 01

Mugenzi Sept 01 Mar to May 01 Jul/Aug 01 Aug/Sep 01
Baluku Nov 00

to Feb 01
Mar to May 01 Jun to Aug 01 Aug/Sep 01

Asega Apr 00 Nov 00
to Feb 01

Mar to May 01 Jun to Aug 01 Aug/Sep 01

Bili Sept 01 Mar to May 01 Jun to Aug 01 Aug/Sep 01
Mukisa Nov 00

to Feb 01
Mar to May 01 Jun/Jul 01 Aug/Sep 01

Yiki Nov 00
to Feb 01

Mar to May 01 Jun to Aug 01 Aug/Sep 01

Yoyo Feb 01 Mar to May 01 Jun to Aug 01 Aug/Sep 01
Indi Sept 01 Mar to May 01 Jul/Aug 01 Aug/Sep 01
Kisembo Feb 01 Mar to May 01 Jun/Aug 01
Pasa Sept 01 Mar to May 01 Jun to Aug 01 Aug/Sep 01

Table 2.3: Subjects' experimental schedules. *Unpublished data
collected by Sylvie Briscoe. **Pilot Study carried out by Victoria Horner.

The apparatus for the Honey-Dip (HD) task and the Hierarchically-
structured Artificial Foraging Task (HAF) were bolted down to a wooden

tray and fixed to the southern most sleeping platform of the east wing.
Materials for the Nut-Cracking (NC) experiment were arranged

throughout the room, but the anvil, and hence all demonstrations and
most successful cracking carried out by the participants, was placed
under the most southerly sleeping platform. Demonstrations of the HD
and HAF tasks were carried out either on the apparatuses fixed to the

southerly sleeping platform, or in front of the caged sliding door

separating the East-wing from the North wing, with the participant in the
North wing and the demonstrator in the East-wing. The latter condition
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allowed the subjects to be in full view and within reach (through the bars)
of the apparatus whilst allowing the researcher to refill and reassemble
the containers out of sight of the subjects (see Figure 2.6 for a plan of the

holding-facility).

Videotaping of all trials was carried out using either one or two Hi8 Sony
video cameras. In the HD study, demonstrations were recorded using one

camera on a tripod approximately 3m from the location of the apparatus

(outside of the holding facility), operated by the researchers through
remote control. The subject's actions on the HD apparatus were also
recorded at closer range, using the second handheld camcorder to permit
more detailed aspects of object manipulation to be seen (Figure 2.7). In
the HAF and NC study Francis Lukwiya, Heather Cohen and Catherine

Epps assisted the researcher in either carrying out demonstrations or

videotaping, allowing both demonstrations and trials to be recorded on

the same camera.

Figure 2.7: Using a

handheld camera to

record the details of

Bili's manipulations of
the Honey Dip task (see

Chapter 3).

Since Ngamba island is not primarily a research site, the activities geared
towards the arrival of visitors, the welfare of the chimpanzees, and of the
other humans on the island, were all factors that took priority over
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research. Thus although testing occurred almost daily, a certain flexibility
was obligatory to accommodate the needs of the project.

Ethical considerations

Ethical proposals to be assessed by a specified committee are necessary

for work with human subjects and project licenses must be sought for
invasive work with non-human animals however the study of animal
behaviour is not regulated in such a manner. The Association for the

Study of Animal Behaviour yearly publishes guidelines for the treatment
of animals in behavioural research and teaching. These are very general
and are not prescriptive, although a number of more specific points

requiring a greater degree of attention are also outlined (e.g. aversive
stimulation, intraspecific killing etc.)

To assess the ethical implications of the studies designed for the

chimpanzee on Ngamba I compiled an ethical proposal normally given to
researchers planning work with human subjects. Although this was not

entirely applicable to the chimpanzees, it proved an adequate tool for

thinking of the potential sources of stress the chimpanzees would
encounter during the experiments and thus designing practical solutions
to avoid such events (see Appendix D for the Ethical Proposal).

Enculturation and Human-Chimpanzee relations on Ngamba Island
The issue of 'Enculturation'

A contentious issue in the ape cognition literature is whether the degree
of human interactions experienced by the subjects during their upbringing

may affect their performance on cognitive tasks (Bjorklund et al., 2000;

Bjorklund et al., 2002; Boesch, 1993b; Call & Tomasello, 1996; Gomez,

1993).

Call & Tomasello (1996) carried out the most extensive review of the ape

cognition literature with this issue in mind and concluded that (human)
'enculturation' significantly affects apes' cognitive performance on a

number of tasks, including their 'imitative' capacities. Call & Tomasello
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(1996) classified subjects from previous studies into one of a possible five

categories discriminating the degree of human interaction experienced by
the apes during their up-bringing (Table 2.4). Call & Tomasello concluded
that for tasks involving a 'knowledge of objects' (e.g. object permanence,
tool use etc.), human rearing did not significantly affect the apes'

performance, however in tasks pertaining to the social domain (e.g. joint
attention, intentional communication, social learning etc.) (human)
enculturation significantly improved the apes' cognitive performance.

WILD Apes who have spent their entire lives in their natural habitats

CAPTIVE Apes in human captivity who have interacted with humans
and their artefacts only minimally; this includes many zoos
and some laboratory settings

NURSERY-
RAISED

Apes raised from a young age with peer con-specifics and a
good deal of contact with humans and their artefacts, but
without human training aimed at specific behavioural
outcomes.

LABORATORY-
TRAINED

Apes raised mostly in human captivity who have been trained
in particular tasks, sometimes multiple tasks over many years
(some of which might be symbolic)

HOME-RAISED Apes raised by humans in something like a human cultural
environment (sometimes including exposure to training in
symbolic skills): the environment need not literally be a home
but most include something close to daily contact with humans
and their artefacts in meaningful ways

Table 2.4: Categories and definitions assessing the level of
'enculturation' of apes in previous cognitive studies (Call and Tomasello 1996,

pp. 372)

The important difference between enculturated and non-enculturated

apes, according to the authors, is that the former, given a constant

meaningful exposure to humans, come to view their surrogate parents as

'intentional agents who can be imitated or communicated with

referentially' (pp. 392). This in turn affects the emergence of cognitive
abilities in the social realm, which would remain otherwise latent in the

non-enculturated ape (Tomasello & Call, 1997). Thus based on the
review carried out by Call & Tomasello (1996) imitative learning (although
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not other social learning processes) is considered to be a cognitive skill

requiring extensive human interactions to become fully manifest in the

apes' repertoire of behaviour and is seen to occur mostly in home-raised
environments (pp. 390). The review concurs with a study carried out by
Tomasello et al. (1993b) in which mother-reared chimpanzees, children
and enculturated chimpanzees were presented with a 'do as I do' task

involving a number of objects. Results showed that mother-reared

chimpanzees were significantly poorer imitators than the enculturated

chimpanzees.

Bjorklund et al. (2002) carried out a study examining deferred imitation in
enculturated chimpanzees, and although the authors were unable to

replicate the study with mother-reared chimpanzees, they speculate that
the nature of their subjects' experience (i.e. growing up with human

surrogate parents) had a significant effect on their imitative performance.
More specifically, they suggest that enculturated chimpanzees have an

increased motivation to enter into triadic interactions with humans and

objects because of a number of their previous experiences. The authors
thus seem to agree with Tomasello and colleagues in subscribing to a

definition of imitation which requires a perception of the intentionality
behind a model's actions which in turn is thought to be only within the
human and enculturated apes' realm of capabilities.

A number of authors have countered these claims, suggesting that

although 'enculturation' may indeed be necessary for apes to develop
their full cognitive potentials, it is not strictly 'human' interactions that can
achieve this, but more simply a rich stimulating social and environmental
life that apes in impoverished captive conditions are unlikely to

experience (Boesch, 1993b; Whiten, 1993). Furthermore, serious

questions have been raised as to the meaning of 'enculturation',

concerning exactly what experiences an ape must have undergone to

qualify for this status (Gomez, 1993). Finally Russon (1999) takes issue
with Call & Tomsello's stand suggesting that although human
'enculturated' apes may show greater cognitive abilities in tests relying on
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human interactions and human artifacts, it is equally true that ape

'enculturated' apes will show greater technical and cognitive skills within
their own familiar natural-environment reflecting the, perhaps rather
obvious, truth that cognitive abilities are shaped by the individual's

(human or otherwise) rearing conditions and the problems they
encounter. Data from re-introduction programs of orang-utans seem to
substantiate these claims (Russon, 1999; Russon, 1996).

In as far as no claims are made in this thesis for 'intentional imitation' in

chimpanzees (imitation that recognises the intention of the model) the
whole issue of enculturation could be legitimately avoided. However

attempts to categorise the Ngamba chimpanzees according to Call &
Tomasello's classification may shed some light on the issue of
enculturation itself. Thus below is a description of the life style led by
humans and chimpanzees on Ngamba during the different stages of the
latter's integration to the chimpanzee community followed by an

assessment of each subject's level of enculturation based on what is
known of their experience.

Human-Chimpanzee Relations on Ngamba Island
All the nursery chimpanzees spent between one month and one year

living with a human care-giver that acted as its surrogate parent (Table

2.5). The duration of the chimpanzees' stay with a surrogate mother

depended on the orphan's age and health conditions on arrival. All
arrivals after May 2000 spent a minimum of three months living with a

human caregiver, since this was established as the minimum quarantine

period the chimpanzees had to undergo prior to being moved to Ngamba
Island and integrated with the other nursery chimpanzees. During

quarantine time a chimpanzee would typically live with one human

surrogate parent 24 hours a day six days a week in a camp site (known
as the 'bandas' see Table 2.5) at the Uganda Wildlife Education Centre

(ex-Entebbe Zoo) and occasionally in the CSWCT house. On occasions
there would be more than one chimpanzee at the quarantine site,

allowing for a mixed-species environment. During this period the
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chimpanzees had extensive contact with human artifacts, learned to

respond to their name when called and interacted with their human

caregivers throughout the day.

Once on Ngamba Island the young chimpanzees lived in a peer group

with daily interactions with adult female chimpanzees and one or two
human caregivers who would accompany them during the two-hour walk
in the forest each morning. Typically the contact sought by the young

chimpanzees during these walks varied from individual to individual. The
most recently introduced orphans, during the first couple of months,
would often seek out contact with the human caregivers. The rest of the

group would typically spend time with the adult females climbing, playing
and feeding in the forest. During the remaining part of the day contact
with humans was through the bars of the holding facility when they were

being fed, and for the occasional tickle or groom. The young

chimpanzees did however receive some form of enrichment twice daily,

mostly in the form of embedded foods and toys (see Appendix C).

In terms of Call and Tomasello's definitions the period spent in quarantine
could be viewed as a home-raising environment. However contrary to the
cases described in the authors review, no training of the chimpanzees
ever occurred at any level. In fact the opposite is true, in that training was

carried out on prospective parents who were taught the basics of

chimpanzee communication and social behaviour (e.g. pant-hooting in

greeting others, food-grunts for appetising treats, 'hooo' sounds for

danger, play faces, grooming etc.) and required to interact with the

orphans using as many as these behaviours as possible to encourage the

young orphans to 'act as chimpanzees' even with humans. Once on the
island the chimpanzees' experience was more akin to the nursery-raised

description of Call & Tomasello (1996), but with the added experience of

daily contact with adult female chimpanzees.
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Chimpa nzee

TimewithhumanspriortoarrivalatCSWCT
TimewithcaregiversatCSWCTpriortointegration
TimewithcaregiversatCSWCT post-integration

MW

1-2yearw/Congolesefamily

1monthatUWECthenimmediate integrationwithIK&KL

IK

6/8monthsinAfricanhome

1monthbandasthenimmediateintegrationwithMW& KL

KL

AtbarracksinArua,afewmonthsinAfricanhome
1monthatUWECthenimmediate integrationwithMW&IK

NK

2weeksatUSmarinehouse,suspectnotlongout offorest

18Monthsinbandasthenintegrationtoadult community

1weekinhousepostfinger amputation

CD

StraightoutofforesttoUWEC

spentseveralmonthswithhumancaregiver
Severaltimesspentwithkeepers whensickatIsinga

MT

15monthswithcaregiverinahomeinBurundiwith MT

3monthsatUWECwithcaregiverandMZ
MZ

15monthswithcaregiverinahomeinBurundiwith MZ

3monthsatUWECwithcaregiverandMT
Bl

LivedwithAfricanfamily,butsurvivedonfood stolenorgiven

3monthsbandas+housethenimmediateintegration
AS

Notknown

1monthbandas1monthisland

BL

Aloneindarkroom,veryscaredofAfricanson arrival

1monthbandas2monthsisland

*Postseriousinjuries:2months atbandas&house

YK

Notknown

1monthbandas3monthsisland

Arminfection:1weekislandcamp

MU

Notknown

3monthsbandasthenimmediateintegration
Brokenarm:3weeksincampon island

YY

Notknown

3monthsbandaswithKSthenimmediateintegration
KS

Notknown

3monthsbandaswithYYthenimmediateintegration
PS

2weekswithUgandanfamily

1year(6monthsbandas,6monthsislandcamp)
IN

Notknown

3monthsbandas3monthsislandcamp
Table2.5:Theknownhistoryofhumancontactforthenurserygroupchimpanzees.The'bandas'referstothetimespentwitha

humancaregiveratUWEC,usuallyforquarantineormedicalpurposes.MTandMZspenttheir3-monthquarantineinanoutdoor+indoor roomofthechimpanzeeholdingfacilityatUWEC,althoughtheyhadacaregiverprovidingdailyenrichmentandinteraction.BLduringthe firstyearofhisstayonNgambawasoftensicklyhencehespenttimeinthehumancamponafairlyregularbasis.
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The difficulty in firmly allocating the Ngamba chimpanzees to one of Call
and Tomasello's categories of human enculturation (see Table 2.4)
seems to support criticisms that the notion of 'enculturation' itself is, at

best, lacking in specificity (Gomez, 1993). However, Tomasello et al's
notion of enculturation rests on the perception of others as 'intentional

agents' which in turn rests on three types of interactions which are seen

to occur between humans and apes; namely, the apes are seen to be (1.)

encouraged to attend to what humans are attending to and rewarded for

doing so; and/or (2.) exposed to human artifacts and shown how they
work, with social praise when the subjects reproduce the actions

observed; and/or (3.) exposed to forms of gestural and symbolic
communication that presuppose a reciprocity of understanding (pp. 392-

393). Thus determining whether the Ngamba chimpanzees experienced
these three modes of human-ape interaction becomes fundamental for

determining their level of enculturation.

As mentioned above, no training is given in symbolic communication and
all care is taken to use the chimpanzees' forms of communication
wherever possible. Thus the third category does not apply. Similarly, no

overt praise is given to chimpanzees reproducing human actions simply
because, typically, when this does occur it mostly results in highly
undesirable consequences (e.g. a chimpanzee doing the laundry will

invariably result in very dirty clothes). So if anything the chimpanzees are

discouraged in their attempts at human-like behaviour (category 2).

Finally, praise is not overtly given for sharing attention with humans
either, because this occurs spontaneously. Particularly with the younger

infants who, as in the wild, will be either clinging to the surrogate parent
or perching on his/her back. From that vantage point the view they will
have of the world around them is the same as the parent's. In cooking a

meal, for example, the focus of the parent's attention will be directly in
front of the infant who will mostly be looking on, if not attempting to

participate, even when actively discouraged to do so by the parent.
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Similarly when older and more independent, the orphans will choose
whether to attend or not to their parents daily activities (such as doing the

laundry, sweeping the floor etc.), and mostly the parent will be overjoyed
if the infant does not attend to these task, since they are made all the
more feasible without ape intervention.

However, although not easily classified as 'enculturated' in Call &
Tomasello's terms, it is undeniable that the Ngamba chimpanzee are

connoisseurs of human artifacts and human behaviour when compared to

mother-raised chimpanzees both in the wild and in zoos, simply because
of the level of intimacy and amount of time spent with people. Given the
closeness of the bonds formed between humans and chimpanzees it
would thus not be surprising if they attended to humans more eagerly
than mother-raised chimpanzees in zoos or in the wild. It may even be
that the Ngamba chimpanzees attend more eagerly to human than to

chimpanzee demonstrators, especially soon after their extended period in
a predominantly human environment when humans are their main (if not

only) reference point. However this is yet to be proven, as is whether after
some time with other chimpanzees the reference point (and attention) is
shifted away from humans and onto other chimpanzees.

There is another respect in which the Ngamba chimpanzees' experience
seems to differ significantly from that of wild and zoo chimpanzees, and
that is in the level of food sharing which occurs between surrogate parent
and chimpanzee. However, if anything this may decrease the imitative
motivation of the chimpanzees, in that in the wild, where mother rarely
shares food, it may pay to copy her actions to get at the food yourself. On

Ngamba, chimpanzees could come to expect that humans will always
share food with them, so waiting and not bothering with the task
themselves may work just as well. Thus, overall, the motivation to attend
to human behaviour would be expected to be high for these

chimpanzees, and quite possibly significantly higher when compared to

chimpanzees raised with less intimate human contact. It follows that high
levels of attentiveness to human demonstrations would positively affect
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the imitative performance of the human-raised chimpanzees as well.
However this is not the same as saying that human-chimpanzee
interactions affect the emergence of cognitive abilities, such as imitation,
which remain latent in less 'enculturated' chimpanzees.

The only study to explicitly compare enculturated versus non-enculturated

chimpanzees on imitation (Tomasello et al., 1993b) found the former to
be more proficient however a reanalysis of the same data (Carpenter et
al., 1995) found that differences between enculturated and mother-reared

chimpanzees were also evident on their level of attention to the object

being manipulated and that this was, predictably, correlated with imitative

performance. Interestingly enculturated chimpanzees were also found to

engage more in bouts of 'joint attention' with human demonstrators; a

measure which correlated with the kind of imitative performance

subsequently shown on the object (i.e. preferentially of 'means' and not

'ends'). However a human demonstrator was used for both groups but
from the chimpanzees' perspective, for the two experiences to be

analogous, mother-reared chimpanzees should have had a chimpanzee

demonstrating the task for them. Maybe attention given to the
demonstrator will be higher when the model is of the same species the

subject interacted with mostly in infancy, since this will have been the

primary reference point during the infant's crucial developmental phases.

Only after conducting such control studies would we know if there is

something in the nature of human interactions with chimpanzees that

encourages more sophisticated cognitive abilities to emerge in human
raised chimpanzees than wild born individuals.

Furthermore, a 'do as I do' task relies on the very use of symbolic
communication that the authors pinpoint as an element of enculturation,
which suggests all the chimpanzees they worked with were at least partly
enculturated (certainly more so than the chimpanzees on Ngamba). In
addition to which, a 'do-as-l-do' task seems to test more than just the
imitative abilities of the subjects in that it requires both high attention and
motivation for the chimpanzee to successfully master the training period,
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on which the experimental phase depends. Thus considered in its entirety
it does not seem surprising that a 'do-as-l-do' task will be better
understood and responded to by those apes with more extensive human

experience.

ABANDONED PROTOCOLS

The Nut-Cracking Experiment with the Adult Group
"The effects of dominance and friendship on the dispersal of nut-cracking

behaviour in a community of adult chimpanzees"

The Nut-Cracking study described in Chapter 5 was originally envisaged
to be carried out both with the nursery group and the adult group.

Ultimately, however, the part of the study involving the adults had to be
abandoned. A description of the work carried out and the reasons for

abandoning it are outlined below.

Introduction

The aim of the Nut-Cracking study with the adult group of chimpanzees
was three-fold:

1) to test whether nut-cracking is a socially learned behaviour in a

naturalistic setting modelled on that of wild chimpanzees

2) to explore the social dynamics of social learning e.g. the effects of
dominance and friendship on observation of conspecific models,

scrounging and tool choice

3) to compare the social learning skills of chimpanzees of different ages
i.e. infant and juveniles (in the nursery group) with adults, to assess

the possibility of a 'critical age of learning' (Matsuzawa, 1996;
Matzusawa, 1994)
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Experimental Method

Participants
All the chimpanzees in the adult group (except NK and CD who were

allocated to the nursery group) were used in this experiment (see Table

2.2).

Materials

The materials used in the experiment consisted of four stones and a

number of nuts, which were presented to the participants during baseline
trials. The researcher and a co-worker used the stones to crack the nuts

themselves and agreed on their relative merits (see Table 2.6 for weights
and descriptions).

Stone
Number

Weight
in kg

Description

1 4kg flat stone with a smooth surface; potential anvil, used only
during the baseline conditions

2 1kg good to crack with but uneven surface so one needs to get
a good handle on it

3 1kg Triangular shaped, good to crack with
4 1kg wide shape, not so easy to hold in hand, or to crack nuts

with

Table 2.6: Weight and description of stones

The nuts used were of the species Elaeis guineensis. They were not

indigenous to Ngamba Island, thus they were collected from known
locations on the mainland and provisioned to the chimpanzees as

required. A total of 616 nuts were collected and sorted into two

categories, small and large:
308 small nuts = 1kg (1000g), average 3.3 g per nut
308 big nuts = 4kg (4000g), average 13 g per nut

A concrete slab was set in the ground on the chimpanzees' side of the
electric fence that divides the chimpanzee forest enclosure and human

camp. This was to be used as an anvil during experimental trials. Six

'dips' were laid in the concrete to accommodate the nuts.
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Procedure

Baseline Trials

All the chimpanzees of the adult group had been confiscated in Uganda
and are of the subspecies Pan troglodytes schweinfurthii. They are

thought to originate from forested areas in either Uganda or the
Democratic Republic of Congo, where nut cracking is not known to occur.

However four chimpanzees (i.e. BK, SL, BH, TB) had been shown how to
nut-crack by a human in 1997 and had been seen subsequently to carry

out the behaviour on several occasions. A further three chimpanzees (i.e.

RB, KT, NT) had observed their conspecifics nut cracking but did not

carry out the behaviour themselves (Debby Cox and Stany Nyandwi

personal communication). Furthermore a number of the Ngamba

chimpanzees lived at close quarters with humans during their infancy;
therefore there was a chance they had witnessed nut cracking during
these periods. For these reasons a number of baseline trials were carried
out to assess the participants' knowledge of the task.

Baseline trials with the chimpanzees were carried out throughout the

year. Participants were tested separately in the East-wing of the holding

facility (see Figure 2.6). Trials lasted a minimum of 30 minutes and a

maximum of 60 minutes and were discontinued if participants made no

contact with either stones or nuts for more than five minutes. All

interactions with either nuts or stones were recorded using a Hi8 Sony
video camera.

In Baseline 1, participants were presented with a total of seven nuts and
four stones distributed in the experimental room in a specific order:
1 nut (big) + stone N. 3 within 1 m of the anvil (i.e. stone N. 1)
2 nuts (1 big, Ismail) + stone N. 2 within 2 m of the anvil
4 nuts (2 big, 2 small) + stone N. 4 within 3 m of the anvil

76



In Baseline 2, participants were presented with seven nuts one of which
had been cracked and left open, exposing the content. The set up was as

follows:

1 nut (cracked, with core exposed) + 1nut (big) on the anvil (i.e. stone N.

1) + stone N. 3 propped on the anvil
2 nuts (1 big, 1 small) + stone N. 2 within 2 m of the anvil
3 nuts (2 big, 1 small) + stone N. 4 within 3 m of the anvil

Experimental trials

During baseline trials, one chimpanzee from the group who had known
how to crack nuts in 1997 (BK) successfully carried out the behaviour

thereby obtaining the inner core of the nuts. No extra training was given.
BK is a low ranking young female and this was considered to be a

promising status for a model, since hypothetical^ in the wild an incoming
female bringing with her a 'new skill' would, at least to begin with, hold a

relatively low rank in her new community.

During the month of September 2001, at around 5.30 pm each day when
all the chimpanzees had returned to the fence line before coming into the

holding facility for the night, the second stage of the study was carried
out. Ten nuts were thrown into the area around the concrete anvil and a

couple were delivered to BK directly. All interactions with the nuts were

recorded on a dictaphone, as well as two Hi8 Sony video cameras. One
camera was set on a tripod directly in front of the concrete anvil, the other
was handheld by the researcher.

Observational Methods

The interest in presenting the nut cracking task to the chimpanzees in a

naturalistic fashion was to look at the effect of the community's social

dynamics on the spread of a novel behaviour. Therefore observational
data were collected to build a picture of the dominance hierarchy and

friendship relations amongst the chimpanzees.
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The social and hierarchical structure of the community was known by the

caregivers, but it was based on anecdotal descriptions of episodes mostly
collected during feeding time rather than collection of data on the social
interactions of the chimpanzees. Thus a more systematic approach was

developed.

Data on the social interactions in the adult group could be collected

during provisioned feeding times (starting at 11 am and 3 pm and lasting
between 15 minutes to an hour) and in the late afternoon, when most (but
not necessarily all) the chimpanzee would spend up to an hour within
view before returning to holding facility at around 6 pm. The researcher
collected all observational data from the 'visitors platform' running

alongside the fence separating the chimpanzees' territory from the human

camp (see Figure 2.4.). At each feeding time data were collected

alternately from one end of the platform or the other. Collection of data in
the late afternoon was carried out from the best view point on the

platform, depending on the location of the chimpanzees.

The method of data collection was investigated during the first visit to

Ngamba Island in 1999 and modified for use during the longer visit (from
October 2000 to September 2001). This resulted in two methods of data
collection.

Scan/Interval data collection

Every five minutes the activity of all the chimpanzees in sight and the

spatial relations amongst them were recorded on a dictaphone. Six
behavioural categories were used (Table 2.7) and two spatial categories
i.e. 'in body contact' and 'within 2 meters'.

All data were transferred onto to check-sheets on a daily basis, and a

summary of the proximity data was made on a monthly basis for the
duration of the stay on Ngamba (see Appendix E for examples of data
sheets used).
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Code Meaning Definition
P PLAY Chasing, tickling, wrestling with one or more other

chimpanzees
G
BG

GROOM
BEING GROOMED

Participant grooming or being groomed by another
chimpanzee

F FEED Collecting and ingesting food or scraps of food
R REST Inactive
L LOCOMOTE Moving on the ground
OS OUT OF SIGHT The location is known but activity is obscured by

vegetation.

Table 2.7: Behavioural categories and their definitions used for
scan/interval data collection.

Ad Lib data collection

Ad lib data were collected during feeding time and recorded on check-
sheets (see Appendix E). The behaviours noted concerned the social
interactions between the chimpanzees (Table 2.8).

Code Meaning Description
AF AFFILIATIVE Any 'friendly' interaction. This included: embrace, groom,

present for groom, kiss, pat, smell, gentle touch, play, invite
play, inspect genitals, hand-hold, arm round, genital-genital
rub, mount (between females which is different from copulate
see below), finger wrestle.

AG AGGRESSIVE Three levels specifying the intensity of the aggressive
interaction

LEVEL 1: Threat behaviour: bipedal swagger, running towards with
bristled hair, throwing an object, arm waving, stamping,
slapping the ground, hunching display. There is no physical
contact between actor and receiver.

LEVEL 2: Any of the above behaviour + chase and/or a slap, kick, shove
i.e. some form of brief but aggressive body contact perpetrated
by the actor on the receiver.

LEVEL 3: Threat + pound, drag, grapple, bite, lift & slam i.e. a more
serious aggressive body contact of longer duration or greater
intensity than level 2.

Response: SB, AG,
S/id, N

SB SUBMISSIVE A submissive gesture directed towards a particular individual
(the receiver) e.g. pant-grunting, presenting, bending away,
wrist presenting, bowing and crouching.

Response: AF, AG,
N

DS DISPLAY. A charging display directed to no chimpanzee in particular and
with no direct threat. So no receiver id or response.

CP COPULATE. A male mating with a female with thrusting motions and penile
erection. No response necessary.
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SF SUPPLANT OVER
FOOD.

The actor takes food which the receiver had initially
approached, or which was within arm's length (within reach) of
the receiver.

Response: SB, AF,
N, AG, S/ID, LV

BF BEG FOR FOOD. Actor approaches the receiver who is feeding and sits very
close to either peering into the others mouth within 10cm, or
extending a hand towards the actor's mouth or putting his/her
own lips to the actors mouth.

Response: N or TF
CR CARRY. Actor carries one of the infants. No Response necessary.

Responses What the RECEIVER chimpanzee does in response to the
actors behaviour.

AF As above
AG 1,2 or 3: As above
SB Pant-grunting, presenting, bending away, wrist presenting,

bowing and crouching.
LV LEAVE. The receiver of an interaction increases the distance between

him/herself and the actor.

N NO RESPONSE. The receiver does not react to the behaviour directed towards
him/her. This may be the case most of the time.

FT FOOD
TRANSFER.

Usually preceded by a begging for food

M: Food is taken from the other's mouth
H Food is taken from the other's hand
G Food is taken from the ground directly in front of the other But

not if scraps/rejected food)
S/id REQUEST FOR

SUPPORT
Following an aggressive interaction one of the chimpanzees
looks to a 3rd party for support, by approaching them and
waa-barking at the original aggressor

Table 2.8: Descriptions of the behavioural categories used for Ad Lib
data collection at feeding times.

Problems Encountered

Baseline Trials

The first problem encountered was willingness of the chimpanzees to

participate in the experiment. The chosen participant would be kept in the

holding facility in the morning when the adult group was released into the
forest. Some participants were noticeably anxious about these

procedures; consequently, a number of chimpanzees were tested in a

group, and others only received baseline-2 i.e. the condition which was

thought most likely to instigate nut cracking behaviour if this was already
in the participant's behavioural repertoire (Table 2.9).

80



Of the 17 chimpanzees tested, only two (SP & NT) received both B1 and
B2 independently as planned. Five received only B1 in a group situation

(RB, MS, TB, ED, MK, all males), five received only B2 albeit

independently (SD, KD, PC, MG, CN). Finally SL & BK were tested

together for both B1 and B2, and NG was not tested at all.

Participant Baseline 1 Baseline 2
RB 17.10.00* No
MS 17.10.00* No
TB 17.10.00* No
ED 17.10.00* No
SD No 21.8.01
MK 17.10.00* No
KD No 23.8.01
PC No 10.8.01
MG No 20.8.01
NG No No
SP 28.6.01 8.8.01
CN No 7.8.01
KT 17.10.00* 18.8.01
SL 14.10** 18.10**
NT 28.10.00 11.11.00
BK 14.10** 18.10**
BH 17.10.00* 9.8.01

Table 2.9: Dates in which baseline trials were carried out with the adult

chimpanzees. * chimpanzees tested together as a group. ** SL and BK, were
tested together for both B1 and B2.

Additionally it was felt that for a number of chimpanzees the very low to
non-existent level of explorative behaviour occurring was due more to
their anxiety at being separated from their peers than from a genuine lack
of interest in the nuts. Because of all these problems I was reluctant to
consider the lack of nut cracking behaviour displayed by all but one

chimpanzee (BK) as truly indicative of their absence of knowledge of this
behaviour. The lack of interest in the nuts was also apparent with the
edible core of the nuts which only a few chimpanzee tasted, and mostly
discarded even after tasting.
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Nonetheless, it was thought that allowing BK to carry out the behaviour
with all the group present may still be of interest in terms of the possible
influence of social dynamics on the observational learning of nut cracking,

scrounging, and transmission of the skill between members of the group.

Unfortunately, despite presenting the necessary tools and nuts in the

group every day for two weeks, BK did not perform the behaviour in front
of the other chimpanzees. Since the baseline data was at best patchy
and the end of the data collection year was rapidly approaching it was felt
that this study was best abandoned, to prioritise the completion of the
other experiments embarked upon. Thus the observational data that were
collected so as to allow for the study of the social dynamics in the spread
of a novel learned task was also made redundant. Although the social
data are potentially interesting in revealing the hierarchical structure of
the adult group on Ngamba priority in analysing data was given to the

completed studies.
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Chapter 3

SOCIAL LEARNING OF NUT-CRACKING BEHAVIOUR IN INFANT

AND JUVENILE CHIMPANZEES (Pan troglodytes)

ABSTRACT

Nut cracking has been observed to vary between communities of wild

chimpanzees both in its occurrence and in the material tools used

(Boesch et al., 1994; McGrew, 1992). Hence it has been identified as an

example of 'cultural' behaviour (McGrew, 1992; Whiten et al., 1999;

2001). The acquisition of nut cracking has been studied also from a

developmental perspective in a community of wild chimpanzee (Inoue-
Nakamura & Matsuzawa, 1997). However only one experiment has been
carried out in captivity to look at the social transmission of this behaviour

(Sumita et al., 1985). The study presented here investigated the effect of

age and a knowledgeable conspecific (and human) model on infant and

juvenile chimpanzees' acquisition of nut cracking. Results indicated that
nut cracking is acquired by social learning but only by chimpanzees 3 to 4

years of age. Direct comparisons are made with a developmental study
carried out with wild chimpanzees (Inoue-Nakamura & Matsuzawa, 1997)
and results are discussed in relation to the concept of 'chimpanzee
cultures' (Whiten etal., 1999; 2001).

INTRODUCTION

The possibility of 'culture' and social learning in non-human species has
become a hotly debated topic in the animal cognition literature (Boesch,
1996c; Byrne, 2002; Galef, 1990; Heyes, 1993; McGrew, 1998;
Tomasello et al., 1993a; Whiten, 2000). At a theoretical level the debate
has revolved around the definition of culture itself (McGrew, 1992), and
the cognitive abilities that a non-human species may have to possess for
behaviours to be transmitted 'culturally' (McGrew, 1998; Galef, 1992;
Premack & Premack, 1999; Boesch & Tomasello, 1998). Little agreement
has been reached and claims of 'culture' in other species have been

made for a number of primate species (e.g. Japanese macaques, Hirata
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et al., 2001; chimpanzees, Whiten et al., 1999; 2001; Boesch, 1996b;

orang-utans, van Schaik et al., 1999; capuchins, Panger et al., 2002;
marine mammals, Rendall & Whitehead, 2001 and birds, Catchpole &

Slater, 1995) but it has also been denied to all but Homo sapiens

(Tomasello, 1999a; Premack& Premack, 1999).

A popular method used to investigate the possibility of behavioural
variation (if not culture) in non-humans animals is inter-population

comparisons. Variations on behaviour within and between populations
which could not be adduced to ecological and/or genetic differences, are
viewed as potential cultural traditions. Whilst for some researchers this is

proof enough that other non-human animals have cultures (McGrew,
1992; Whiten et al., 1999; 2001), others remain unconvinced, suggesting
that most behaviours pinpointed using this method could have been
learned by population members individually (thereby excluding the

necessary social component of cultural behaviours), or be under genetic
and ecological influences which have yet to be wholly excluded (Galef,
1990; Tomasello 1990; Wrangham et al, 1994). In light of a study carried
out by Morin et al. (1994) the possibility of genetic influence is particularly
relevant to behaviours seen to differ between the subspecies Pan

troglodytes verus and the other two subspecies (P. t. troglodytes and P.t.

schweinfurthii) since according to these authors the large genetic
difference between the west African subspecies (verus) and the other two
should result in considering the former a separate species.

Nut cracking in chimpanzees has been suggested as one of 39 cultural
behaviours found to vary across communities in the wild (Whiten et al.,
1999; 2001; Boesch et al., 1994). However it is found to occur only in
west-African chimpanzees (P.t. verus) (McGrew, 1992; Whiten et al.,

1999; 2001), making it particularly susceptible to criticisms of genetic
influence on the spread of its occurrence. Countering such criticisms,
researchers have identified communities geographically close to (but
none the less separate from) a nut cracking community where this
behaviour is wholly absent, showing that the divide between eastern and
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western subspecies is not solely responsible for its occurrence (McGrew,

1992; Boesch et al., 1994). Furthermore variations of this behaviour
between communities occur also in terms of the materials used to crack

nuts, despite equal availability of resources (McGrew, 1992; Whiten et al.,

1999).

Another approach to the study of nut cracking in a population of wild

chimpanzees was taken by Inoue-Nakamura & Matsuzawa (1997). The
researchers used an 'outdoor' laboratory which allowed for repeated
collection of video footage over several years and detailed analysis of the

chimpanzees manipulatory behaviour. The longitudinal study outlined the
behavioural stages followed by infant and juvenile chimpanzees in their

acquisition of nut cracking, from simple manipulations of single objects to

achieving the co-ordination of actions and objects necessary to

proficiently perform the whole nut cracking sequence. The researchers
found that nut cracking appeared in its adult form in chimpanzees of
around 3.5 years of age, and that it was likely transmitted from adult to
infant through emulative social learning i.e. observational learning of the
affordance and possible function of the tools used to crack nuts with.

Studies in captive and semi-captive environments have also lent some

support to viewing nut cracking as a socially learned behaviour; however,
in most cases methodological choices have made captive studies difficult
to compare to work with populations of wild chimpanzees.

Hannah & McGrew (1987) observed a group of 16 wild-born

chimpanzees when first released on a forested island in Liberia. After six
weeks in which the newly released community had shown no sign of tool

using behaviours, a new female was introduced who spontaneously and

persistently started cracking nuts. Within the first day three other

chimpanzees were attempting the same behaviour and in the subsequent
two months 13 of the 16 chimpanzees had successfully acquired nut

cracking. Since none of the chimpanzees had previously been seen to

perform this behaviour it was concluded that social learning was
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responsible for the spread of nut cracking. Unfortunately the lack of video

equipment prevented the researchers from closely investigating the

stages of acquisition of the new behaviour.

Sumita et al. (1985) experimentally explored the acquisition of nut

cracking in a group of adult captive chimpanzees. Five individuals were

given a number of control conditions in which all the necessary tools for

cracking nuts were made available. They were then shown how to crack
the nuts by either a human or a knowledgeable chimpanzee. They found
that of the five chimpanzees tested, three acquired the behaviour. In all
three cases the quality of the chimpanzees' observation of the
demonstration (i.e. close, absorbed watching with no manifestation of
other behaviours) was a valid predictor of their subsequent performance,

suggesting that observational learning was involved in the acquisition of
nut cracking. Moreover, the authors compared the quality of attention

given to the human versus conspecific demonstrator by two of the

participants and found that their levels of attention were higher when

being shown how to nut-crack by a conspecific. Once the three nut

cracking chimpanzees were released back into their group, totalling 14

chimpanzees, only one infant acquired the behaviour. The authors

suggest that the processes of acquisition was different in the infant than
for the other chimpanzees, less influenced by observation and more

based on 'goal-directed trial and error learning'.

Funk (1985 in Boesch, 1996b) gave nuts to a community of chimpanzees
at Zurich zoo for two weeks without showing them how to crack them

open. None of the chimpanzees in the zoo succeeded in opening the nuts
but they were seen to perform a more varied repertoire of behaviours
than chimpanzees in the wild with whom they were compared (only 7 of
the 14 behaviour exhibited by the zoo chimpanzees were seen in the Tai

chimpanzees). This was taken as further confirmation that nut cracking
behaviours exhibited by chimpanzees in the wild are culturally learned.
However the authors do not specify whether the zoo chimpanzees were

familiar with shelled nuts, i.e. whether they knew and liked nuts.
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Furthermore two weeks is a very short time period compared to the years

of exposure to nuts and stones community of chimpanzees would

experience in their natural environment.

Custance et al. (2002) identified the need for a shift in the methodological

approach taken by researchers on social learning in primates; away from
the purely cognitive aspects and towards more ecologically valid

experimental questions and designs. This was considered to be

particularly important in introducing a degree of applicability to social

learning studies for example for re introduction programs aimed at primate
conservation. Since the present study was carried out in a sanctuary for

orphaned chimpanzees this aspect of social learning was thought to be
all the more significant. Thus the methodology adopted in the current

study attempted to follow some of the guidelines set out by Custance et
al. (2002) by focusing on an ecologically valid task (one which at least
some communities of chimpanzees in their natural habit exhibit), working
with conspecific as well as human demonstrators, and designing the

study to include a no-demonstration control group as a measure of

assessing the actual advantages of a knowledgeable model on the
observer's performance.

The use of similar behavioural coding measures also allowed a degree of
direct comparison with Inoue-Nakamura & Matsuzawa's (1997)

developmental study of nut cracking acquisition in a population of
chimpanzees living in the wild.

Described below is a systematic investigation of the acquisition of nut

cracking by infant and juvenile chimpanzees in a controlled, but

ecologically valid, experimental context. A number of aspects of nut

cracking were thus explored. Firstly, the direct influence of

knowledgeable conspecific (and human) models on the observer's

acquisition of nut cracking was assessed by comparisons with a condition
defined by the absence of such a model in participants matched for age.

Secondly, the spread of ages in the study population (1.8 to 6 years old),
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allowed for an investigation of the ontogenetic influences on the

acquisition of nut cracking as well as a direct comparison with results
from a developmental study on wild chimpanzees (Inoue-Nakamura &

Matsuzawa, 1997). Finally, since all the participants were of the

subspecies Pan troglodytes schweinfurthii, which does not crack nuts in
the wild, insights on the genetic influence on the acquisition of nut

cracking could be gleaned.

METHOD

Participants
The research was carried out on Ngamba Island Chimpanzee Sanctuary,
Lake Victoria, Uganda. The island sanctuary houses orphaned

chimpanzees confiscated by the authorities as a result of illegal poaching
activities.

CONTROL GROUP EXPERIMENTAL GFtPUP

Participants Gender Age Participants Gender Age
CD* F 8 IK F 6
MT M 5 NK F 5
KL M 4 MZ M 4
AS M 3 BL M 3
Bl F 3 YK M 3
YY F 2.5 MU* F 2.5
IN M 1.8 PS* F 1.8

Table 3.1: Participants divided into two groups (control and experimental,
wherever possible matched for age). Three participants* had do be withdrawn
from the study for a variety of reasons. The chimpanzees included in the 'young

group' for analysis purposes are shown in bold. One more participant, MW, aged
5, became the demonstrator after he started successfully cracking nuts within
the first 10 minutes of the first baseline trial.

Fourteen chimpanzees (age range 1.8 to 8 years of age) were split into
two groups (control & experimental), wherever possible matched for age

(see Table 3.1). However three participants had to be withdrawn from the

experiment due to a variety of circumstances unrelated to the study. The
remaining 11 participants ranged from 1.8 to 6 years of age. The age of
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the chimpanzees was determined on first arrival by the sanctuary

veterinarian, based on dental eruption (especially with the younger

individuals), size, body weight and motor coordination.

Housing
The chimpanzees in the nursery group had access to a 100-acre forest
area during morning walks lasting approximately an hour and a half, and
afternoon walks lasting approximately one hour. These excursions were

carried out when the adult community, composed of 19 chimpanzees,
was in a holding facility in which all the chimpanzees spent the night.

During the rest of the day the nursery group chimpanzees were housed in
this 13x9x4 meter holding facility, which was divided into five rooms.

Participants had access to all of these rooms when experiments were not
been carried out. During experiments, the chimpanzees not being used
as participants were confined to two rooms furthest from the one used as

an experimental room, so that they could not see the participant engaged
in the experiment.

Previous Experimental Experience
All the participants had taken part in three previous social learning

experiments. Two involved dipping a stick in a hole to obtain either honey

(Chapter 4) or solid food (Horner & Whiten 2002). The third study
involved manipulating an artificial fruit with a number of defences that
needed to be disabled before the food could be accessed (Chapter 5). A
subset of participants (CD, IK, MW, KL, AS) also participated as non-

observing controls in a study with the 'pin-apple' artificial fruit

(unpublished data). See Whiten et al. (1996) for a description of the task.
In none of these studies had the participants been taught or encouraged
to imitate. They had had opportunities of different kinds for observational

learning, but in this they are no different to wild chimpanzees of a similar

age (c.f. Boesch & Boesch-Achermann, 2000; Goodall, 1986).
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Age Groups
Inoue-Nakamura & Matsuzawa (1997) found interesting age-related
effects on the acquisition of nut-cracking in the wild, and the current study
aimed to explore similar issues. However, two of the younger

chimpanzees in the study (MU and PS) had to be withdrawn due to
medical conditions, leaving a very small sample size (two participants

only) in the younger age group. Thus Bl and YK, thought to be the

youngest of the 3-year old chimpanzees participating in this experiment
were included in the younger group in the age-related analysis. The old

group was thus composed of seven chimpanzees age range 3 to 6 years

old, with a mean of 4.3 years. The young group comprised eight

chimpanzees aged 1.8 to 3, with a mean of 2.3 years.

Materials

The materials used in the experiment consisted of four stones and a

number of nuts, which were presented to the participants during baseline
trials. The researcher and a co-worker used the stones to crack the nuts

themselves and agreed on their relative merits (see Table 3.2 and Figure
3.1 for weights and descriptions).

Stone
Number

Weight
In kg

Description

1 4kg flat stone with a smooth surface; potential anvil
2 1kg good to crack with but uneven surface so one needs to get a good

handle on it
3 1kg triangular shaped, good to crack with
4 1kg wide shape, not so easy to hold in hand, or to crack nuts with

Table 3.2: Weight and description of stones used in the study. Weight of
stones in the current study are comparable to those used by chimpanzees in

Bossuo, Guinea (Sakura & Matsuzawa, 1991).
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Figure 3.1: Nuts (the top pile of 'big nuts' and bottom pile of 'small nuts')
and stones used in the experiment (stone on the top right hand side used as an

anvil).

The nuts used were of the species Elaeis guineensis. They were not

indigenous to Ngamba Island; thus they were collected from known
locations on the mainland and provisioned to the chimpanzees as

required. A total 616 nuts were collected and sorted into two categories

(small and large):
308 small nuts = 1kg (1000g), 3.3 g per nut on average

308 big nuts = 4kg (4000g), 13 g per nut on average

Procedure

Baseline Trials

Participants were tested separately in a room of the holding facility. Trials
lasted a minimum of 30 minutes and a maximum of 60 minutes and were

discontinued if participants made no contact with either stones or nuts for
more than five minutes. All interactions with the either nuts or stones

were recorded using a Hi8 Sony video camera.

In Baseline trial-1, participants were presented with a total of seven nuts
and four stones distributed in the experimental room in a specific order:
1 nut (big) + stone N. 3 within 1 m of the anvil (i.e. stone N. 1)
2 nuts (1 big, Ismail) + stone N. 2 within 2 meters of the anvil
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4 nuts (2 big, 2 small) + stone N. 4 within 3 meters of the anvil

In Baseline trial-2 participants were presented with seven nuts, one of
which had been cracked and left open exposing the content. The set up
was as follows:

1 nut (cracked, with core exposed) + 1 nut (big) on the anvil (i.e. stone N.

1) + stone N. 3 propped on the anvil
2 nuts (1 big, 1 small) + stone N. 2 within 2 meters of the anvil
3 nuts (2 big, 1 small) + stone N. 4 within 3 meters of the anvil

During Baseline trial-2 the researcher used food grunts to draw the

participant's attention to the kernel of the nut and shared this with the

participant. During baseline conditions one chimpanzee was found to
know how to crack nuts (MW); he was thus subsequently used as a

model during a section of the experimental trials.

Baseline trials were presented to participants for two main reasons.

Firstly to establish whether any of the chimpanzee had previous

knowledge of the task, since to differing degrees all the participants had

spent time in a human environment prior to arriving to the sanctuary.

Cracking of oil palm nuts by humans is common in Uganda; so much so

that piles of discarded shells can be found on road sides with utensils

lying next to them, mostly the remnants of school children's snacks on

their way home from school (personal observation).

Secondly, providing no-observation baseline trials allowed for within

group analysis of the changes of the participant's behaviour after the
introduction of a model, a methodology recommended as particularly
valuable when also coupled with between group comparisons as well

(Custance et al., 2002).
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Experimental Trials
Control Group

Participants in this group received trials on five consecutive days with the
same set-up as Baseline trial-2. However the experimenter continued to

food-grunt excitedly on first seeing the cracked nut in the experimental
room and immediately shared the content with the participant, so as to

encourage interest in the nuts.

Experimental Group

Participants in this group were given daily demonstrations of nuts being
cracked by MW and the researcher on five consecutive days. MW was

mostly a good model, tolerating his conspecifics' close attention to the

task, however, with a couple of chimpanzees he showed a consistent low
level of aggression which resulted in their inability to watch him nut-

cracking. In these instances the researcher would take over the

demonstrating completely.

Trials consisted of two parts. MW and the participant were allowed in the

testing room together with the researcher with:

1 nut (small) + stone 3 on the anvil
2 nuts (1 big + Ismail) + stone 2 within 2 meters
2 nuts (1 big + Ismail) + stone 4 within 3 meters.

MW cracked a minimum of three nuts within a 30 minute period, whilst
the participant was encouraged to attend by the researcher watching MW

closely and occasionally food grunting when nuts were successfully
cracked. The two remaining nuts were cracked open by the researcher

insuring the participant was in proximity and attending. The nuts cracked

open by the researcher were shared with the participant. Sharing of nuts
is seen to occur in wild populations of chimpanzee particularly between
mothers and infants (Boesch & Boesch-Achermann, 2000), as are

clusters of chimpanzee closely attending a conspecific doing something

perceived as interesting. Thus the researcher's behaviours were geared
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to create as far as possible a naturalistic setting in which the
demonstration of nut cracking could occur.

MW was then removed from the testing room, to allow the observer free
and complete access to nuts and tools. Thus the participant was

presented with:

2 nuts (1 big+1 small) on anvil + stone 3
2 nuts (1 big + Ismail) + stone 2 within 1 meter
2 nuts (1 big + Ismail) + stone 4 within 2 meters

The researcher cracked one more nut in front of the participant leaving
one nut and stone-3 on the anvil. The participant was then given a

minimum of 30 minutes and a maximum of one hour with the nuts and

stones. The trial was discontinued if the participant did not interact with
either nuts or stones for five minutes.

A follow-up phase was also conducted in which both the Control and the

Experimental group were presented with demonstrations of nut cracking
carried out by the researcher alone. This was done for two main reasons.

Firstly it was considered of interest to observe whether the behaviour of

chimpanzees in the control group, after seven trials with no model, would

change after the introduction of a knowledgeable model. Secondly, after
one week of demonstrations the Experimental group was showing
behaviours relevant to nut cracking but not the complete sequence for nut

cracking to be successful. Since chimpanzee in the wild only acquire the
behaviour after years of exposure, a further set of demonstrations + trials
was thought to allow them the extra time and experience needed to learn
the novel behaviour.

Thus the second set of demonstrations + trials was carried out. On five

consecutive days the experimenter cracked five nuts over a period of 15
minutes, leaving the remaining five nuts and three stones + the anvil as
described above, for the participant to manipulate.
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Video recordings of both demonstrations and trials using a Hi8 Sony
video camera were made for later analysis.

ANALYSIS

Behavioural Coding
The analysis was carried out using similar (and in some cases identical)

coding categories outlined by Inoue-Nakamura & Matzusawa's (1997)

study of the development of nut cracking in wild chimpanzees. Thus a

behavioural episode started when a participant contacted a stone and/or

nut, and ended when the participant moved without being in contact with
a stone or nut. An observational episode consisted of a participant within
one meter of the performer, with their face orientated towards them for
three seconds or more.

Fundamental Actions

Only a selection of fundamental actions used in the Inoue-Nakamura &
Matzusawa's (1997) study, namely those identified by the authors as

more directly relevant to the acquisition of nut cracking (p. 166), were

used to code the participants' behaviours in the current study (see Table

3.3). Furthermore the categories 'Take' and 'Pick' were collapsed for the

analysis, and the category 'eat' was not included.

A Take Nut Take a nut, a kernel, or a piece of kernel stuck inside a broken
shell in a hand

Pick Nut Pick up a nut, a kernel, or a piece of kernel stuck inside a
broken shell with fingers

B Hold
Stone

Hold a stone in a hand, including transporting it. The stone has
to be lifted up

C Put Put a nut on a stone with a hand

D Hit Hit a nut on the ground or a stone with the hands, whether or
not the participant held a stone or nut

Table 3.3: The selection of 'Fundamental Actions' from Inoue-Nakamura &

Matsuzawa, (1997) identified by the authors as more directly relevant to the

acquisition of nut cracking. These were used in the current study to code the

participants' behaviour.
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As with the study by Inoue-Nakamura & Matsuzawa (1997) the 'Hit'

category of behaviour was coded in greater detail to allow for analysis of
the combination of objects used by the participants (see Table 3.4 for

categories identified by Inoue-Nakamura & Matsuzawa, 1997 and
additional categories in italics which were found to occur in the current

study).

HIT:

NUT/S ON BY
Stone Hand
Ground Hand
Stone Nut
Ground Stone

Nut-Crack Stone Stone
Ground Nut

STONE/S ON BY
Stone Hand
Ground Hand
Ground Nut
Ground Stone

GROUND Nut
Stone

Table 3.4: A more detailed coding of 'Hit' specifying the objects involved.
The italics indicate categories which were not included by Inoue-Nakamura &
Matsuzawa (1997) but were observed in the current study.

Two sets of data could be used to analyse the fundamental actions
carried out by the chimpanzees in each trial. The first set included only
the number of separate 'occasions' in which chimpanzees carried out
fundamental actions. This measurement would pinpoint multiple
instances of a particular action occurring within a behavioural episodes,
but would not include the repetitions of the same behaviour being

performed in succession (e.g. hitting a nut 13 times, one after another,
would be considered only as one occurrence of 'hit nut'). The second
method was to include the exact number of behaviours being carried out

(i.e. including successive repetitions of the same behaviour). Analysis
was carried out using both sets of data but since in the statistical tests
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carried out the same pattern of results emerged, only results from the
former (more stringent) method are reported.

Sequence of fundamental actions
Each behavioural episode was also coded according to how many single
fundamental actions were carried out (e.g. A: pick/take, or C hold stone)
as well as the frequency of strings of behaviours consisting of two (e.g.
AC: pick nut, hold stone), three and four (e.g. ACBD: pick nut, hold stone,

put nut on stone, hit nut) fundamental actions.

Hierarchical classification of behaviour

Inoue-Nakamura & Matsuzawa (1997) also coded behavioural episodes
in terms of their hierarchical classification, taking account of whether one
or more behaviours were occurring on one or more objects (see Table

3.5). The same coding system was used for the current study; however,
because the current study only coded behavioural episodes in which at
least one of the fundamental actions directly related to nut cracking

(Table 3.3) were present, there are fewer samples of each hierarchical

category.

Nut cracking episodes are thus being measured in a number of different

ways. The hierarchical categorisation of behavioural episodes pinpoints
how many of these contain at least one instance of nut cracking. However
because behavioural episodes are defined by the end of all contact with
the objects being manipulated, this method cannot reveal how many

times the participant picks a nut, places it on a stone and hits it with
another stone without breaking contact with all the tools being used. The

sequential analysis of behaviour is equally incapable of pinpointing the
exact number of nut cracking instances, since the category 'hit' in this

system does not differentiate the functionally ineffectual behaviours (e.g.

hitting the nut with a hand) from the potentially successful ones (i.e.

hitting a nut using a stone). Hence the need for a more accurate measure

in the form of the sub-category 'nut-crack' of the fundamental action 'hit'

(see Table 3.4).
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A-1- i A single action on a single
object

Participants manipulated only one object, a stone or
a nut, by means of a single action in a behavioural
episode. The repetition of a single action is involved
in this category (e.g.: kissing a stone, taking a nut)

A-1 -ii Successive actions on a

single object
Participants manipulated only one object by means
of two or more kinds of actions successively in a
behavioural episode, (e.g. pulling a stone with one
hand, stepping on the stone and then flinging it with
both hands; picking up a nut with one hand and then
mouthing it.)

A-2 Successive actions on

multiple objects
Participants manipulated several objects
successively, but only one object at a moment, by
means of two or more kinds of actions in a

behavioural episode (e.g. rolling a stone with one
hand, pulling up another stone with the other hand,
and then pressing the stone with both hands; raking
together nuts on the ground with one hand, and then
touching a stone with the same hand.)

B-1 Simultaneous actions on

multiple objects while no
relation among them

Participants manipulated several objects
simultaneously by means of two or more kinds of
actions while no physical contact among objects in a
behavioural episode (e.g. rolling a stone on the
ground with one hand while touching another stone
with the other hand; biting a nut held in one hand
while pushing a stone on the ground with one foot.)

B-2 Simultaneous actions on

multiple objects while any
relation among objects

Participants manipulated several objects
simultaneously by means of two or more kinds of
actions while no physical contact among objects in a
behavioural episode (e.g. picking up a nut and
putting it on a stone with one hand while touching
the stone with the other hand)

C Nut-cracking Participants performed nut cracking: picking up a
nut, putting it on a stone, and then hitting it with
another stone. It did not matter whether they
succeeded to crack open a nut and ate the kernel in
it or not.

Table 3.5: Inoue-Nakamura and Matzusawa's (1997) 'Hierarchical
Classification of Behavioural Episodes' (pp. 163) was also used in the current

study.

Observational Episodes
Two measures were used to code the participants' observation of the
human and the conspecific demonstrators the: (1) total time (in seconds)

spent watching the model and (2) number of nuts observed being cracked

open.
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The duration of the participants' observational bouts refer only to periods
in which they watched the model actively carrying out the hitting motion of
stone against nut. Periods of the participants' observation of other
relevant behaviour e.g. putting nut on stone, picking stone up, could not

always be determined and were thus wholly excluded.

Statistical analysis
Given the small sample size the data was analyzed using non-parametric
statistical tests. Kruskall Wallis was used for between group comparisons
and a Wilcoxon test for comparisons across trials. All values reported are

at 2-tailed levels of significance unless otherwise stated.

RESULTS

Overall, eight of the twelve chimpanzees that took part in this study
carried out nut cracking behaviours. One chimpanzee (MW) started

cracking nuts successfully within the first ten minutes of the first baseline
trial and was thus subsequently used as a model for a subset of the

remaining participants. Given the speed and apparent purposefulness of
his actions during the first baseline trial (he collected all the nuts and put
them on the anvil within the first three minutes; and started hitting them
with a stone within eight minutes) it seems safe to assume he was

familiar with this behaviour. As mentioned above cracking of oil palm nuts

by human is common in Uganda, and the method employed is identical to
that observed in wild chimpanzee thus it is likely that MW acquired the
behaviour during his prolonged stay in a human home. Compared to the
other chimpanzee in the sanctuary he is one of those who is thought to
have spent the longest time in a human environment, furthermore he
would have been of an age capable of acquiring the observed behaviour,
since he was thought to be three and half to four years old on arrival. Of
the remaining seven chimpanzees who acquired the behaviour after
observations of a demonstrator, the youngest individuals (BL, AS and KL)
did not successfully crack open the nuts, despite carrying out all the
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appropriate behaviours. This was thought to be due to a lack of strength,
since their technique appeared to be adequate.

Behavioural Episodes
A total of 462 behavioural episodes were coded; 70 occurring during
baseline trials, 187 during the first week of trials (84 for the no-

demonstration control group and 103 for the experimental group) and 205
for the second week of trials (81 for the control group observing a model
for the first time and 124 for the experimental group on their second week
of demonstration trials). No significant differences were found between
control and experimental groups in the number of behavioural episodes
carried out in baseline (z=0.367, p=0.714) and experimental trials (week
1: z=0.367, p=0.714; week 2: z=0.367, p=0.714).

Fundamental Actions

Experimental versus Control Group
The frequency of fundamental actions (i.e. take/pick nuts, hold stone, put
nut on stone and hit) were compared between control and experimental

groups. No significant difference was found between groups in baseline
trials. In experimental trials, in which the control group had no-

demonstration sessions and the experimental group received
demonstration of nut cracking, only 'hit nut' approached significance

(Medians for Control Group 0 versus Experimental Group 3; X2=3.597,

p=0.058) (Figure 3.2). A further comparison was made between week two
of demonstrations for the experimental group and the no-demonstration
week for the control group and a significant difference was found both in
'hold stone' (Medians for Control Group 0 versus Experimental Group 13;
X2=6.685, p=0.01) and 'hit nut' (Medians for Control Group 0 versus

Experimental Group 24; X2=5.242, p=0.022), with the experimental group

carrying out significantly more of these behaviours than the control group.
Pick/Take nuts also approached significance (Medians for Control Group
15 versus Experimental Group 35; X2=3.692, p=0.055), more of these
behaviours being carried out by the experimental group than the control

group (Figure 3.3).
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Figure 3.2: Median frequency of fundamental actions for Control Group
(no-demonstration trials) versus Experimental Group (conspecific demonstration

trials).

Figure 3.3: Median frequency of fundamental actions for Control Group

(no-demonstration trials) versus Experimental Group (2 weeks of conspecific

demonstrations)

101



The behavioural coding used included a number of sub-categories for 'hit
nut' specifying the type of object combination (see Table 4). An analysis
at this level revealed that the experimental group carried out significantly
more nut cracking behaviour (i.e. hitting a nut on a stone using another

stone) than the control group (Median for Experimental Group 1 versus

Control Group 0; X2=4.4, p=0.036) after one week of demonstrations

(Figure 3.4). The significance was maintained even when comparing the

group on their second week of demonstrations + trials with the group on

their first week of demonstrations + trials (X^S.868, p=0.049). The

groups did not differ on any other 'hit' behaviours.
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Figure 3.4: Medians for 'hit' sub-categories for Control Group (no-

demonstrations) versus Experimental Group (conspecific demonstrations).

Within Group: Baseline versus Experimental Trials
All within group analyses comparing no-demonstration baseline trials with
demonstration trials were carried out including participants from both
control and experimental groups (i.e. the first week of demonstrations for
both groups). Combining the two groups allowed inclusion of significantly
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greater number of participants (i.e. 11 instead of 6 and 5) in the statistical

analyses.

At the level of fundamental actions only one behaviour approached

significance: 'put nut on stone' (Median for Baseline trials 0 versus

Experimental trials 0.8; z=1.892, p=0.059). However a more detailed

analysis of the 'hit' subcategories revealed a significant increase of 'nut-

cracking' (Median for Baseline trials 0 versus Experimental trials 0.2;
z=2.226, p=0.026) and 'hit stone on ground with stone' (Median for
Baseline trials 0 versus Experimental trials 0.2; z=2.207; p=0.027).

Age Group Comparison
The frequency of occurrence for fundamental actions (e.g. pick/take, hold,
hit stone, hit nut etc.) was compared between age groups (the old group

having a mean age of 4.3 versus the young group with a mean age of

1.8). No difference was found between age groups in baseline trials.
However in experimental trials (i.e. the first week of demonstrations) the
older group carried out significantly more 'pick/take' (Median for Old

Group 26 versus Young Group 8.5; X2=6.091, p=0.014), 'put' (Median for
Old Group 5 versus Young Group 1.5; X2=6.205, p=0.013), 'hit

stone/ground' (Median for Old Group 12 versus Young Group 0;
X2=7.196, p=0.007) and 'hit nut' (Median for Old Group 3 versus Young

Group 0; X2=7.512, p=0.006) (Figure 3.5).

A further comparison between age groups including data from the second
week of demonstrations (for those participants who received this)
revealed similar results for the categories of behaviour mentioned above

('pick/take': X^e.036, p=0.014; 'put': X^e.569, p=0.010; 'hit

stone/ground': X2=7.130, p=0.008; 'hit nut': X2=7.333, p=0.007), although
'hold stone' was also seen to be carried out significantly more often by
the older group (X2=6.176, p=0.013).
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Figure 3.5: Median fundamental actions for old and young group in
experimental trials

Ngamba versus Bossou
As mentioned above, the coding system used in the current study was

limited to identifying the occurrence of the behaviours directly related to
nut cracking (Table 3.3), i.e. a subset of the ethogram used by Inoue-
Nakamura & Matsuzawa (1997). Hence the comparison between age

groups of chimpanzees at Bossou and Ngamba is limited to the

frequency distribution of those behaviours. However other differences
between populations further complicate the comparison. For the Ngamba

chimpanzees all data are included, i.e. data both from baseline trials and

experimental trials; however, this is not equivalent to the data from
Bossou since the infant and juvenile there would always have the benefit
of a model.

A further cautionary note is needed as regards the distribution of ages
and sample sizes. Of the four age groups identified by Inoue-Nakamura &
Matsuzawa's (1997) study, only three could be matched since there were

no six month old chimpanzees in the present study. All three year old

chimpanzees in this study were compared to Inoue-Nakamura &
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Matsuzawa's (1997) 3.5 year old category, resulting in a similar sample
size (4 for Ngamba versus 3 for Bossou) and a comparable number of
fundamental nut-cracking actions (520 for Ngamba versus 561 for

Bossou). However for the remaining two age categories the current study
allowed for only one chimpanzee in each (YY in the 2.5 age group and IN
in the 1.8 age group), consequently the total number of fundamental nut-

cracking actions is quite dissimilar (for the 2.5 year old age group 38 at

Ngamba versus 88 at Bossou; for the 1.5 age group 28 at Ngamba
versus 107 at Bossou). Thus to allow some measure of comparison in the
distribution of actions for each age group between study sites each type
of fundamental action (e.g. pick nut) was expressed as a percentage of
the total number of fundamental actions observed (Figure 3.6). Figure 3.6
shows that the overall results show similar development changes,

although with a trend to greater developmental progress at Bossou. This
is somewhat expected given the much larger exposure to the behaviour
at Bossou compared to Ngamba (a maximum of 12 hours in total).

100% i

80% -

60% -

Figure 3.6: Distribution of fundamental nut cracking actions for different

age groups of chimpanzees at Ngamba and Bossou
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Sequence of Fundamental Actions

Experimental versus Control Group
A comparison of the control versus experimental group showed no

significant difference in sequential complexity in the no-demonstration
baseline trials. However a significant difference was found during the first
week of experimental trials. Participants who had watched
demonstrations of a conspecific (and human) model nut cracking carried
out significantly more 3- and 4-action sequences than participants in the
no-demonstration control group (Median for 3-action sequences for

Experimental Group 3 versus Control Group 0; X2= 4.5, p=0.037; Median
for 4-action sequences for Experimental Group 1 versus Control Group 0;

X2=6, p=0.036) (Figure 3.7). No significant differences were found on 1-
and 2-action sequences (X2=14.5, p=0.926; X2=7.5; p=0.164

respectively).

No significant difference was found for the second week of experimental
trials in which the control group also received demonstrations of nut

cracking but only by a human model. To investigate whether the

conspecific and human models had a different effect on the observers, a

comparison was made between week 1 for the experimental group (i.e. a
week of daily demonstrations by a conspecific) with week 2 for the control

group (i.e. a week of daily demonstrations by a human). No significant
differences were found in the participants' behaviour.

Within Group: Baseline versus Experimental Trials

Participants in both the experimental and control group were included in
the within participant analysis across baseline and experimental trials. So
as to be comparable the first week of demonstration trials were taken for
both groups.
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A significantly greater number of 3-action sequences was carried out in

experimental versus baseline trials (Median for Experimental trials 0.2
versus Baseline trials 0; z=2.533, p=0.011) (see Figure 3.8). However,
the other action-types did not significantly differ (1-action sequence

z=1.023, p=0.306; 2-action sequence z=1.424; p=0.154; 4-action

sequence z=1.706; p=0.088).

Figure 3.7: Median frequency of 1 to 4 sequences of fundamental actions
related to nut cracking for the control and experimental group

A comparison of the two baseline trials with the last two experimental
trials for each chimpanzee (i.e. day 4 and 5 of demonstrations for the
control group and days 9 and 10 for experimental group), revealed an

interesting pattern of significance with single actions decreasing

significantly from baseline to experimental trials (Median for Baseline
trials 4 versus Experimental trials 2; z=2.251, p=0.024) and a

corresponding increase in 3 and 4-action sequences (Median for Baseline
trials 0 versus Experimental trials 1; z=2.032, p=0.042; Median for
Baseline trials 0 versus Experimental trials 1; z=2.207, p=0.027

respectively) (Figure 3.9).
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Figure 3.9: Median frequency of 1 to 4 sequences of fundamental nut-

cracking actions in baseline versus last two trials
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Age Group Comparison
The frequency of occurrence for each sequence of fundamental actions

(e.g. 1-action sequence, 2-action sequence etc.) was compared between

age groups. No difference was found between age groups in baseline
trials; however, in experimental trials 2-action (Median for Older 7 versus

Younger group 2.5; X2=7.130, p=0.008), 3-action (Median for Older 5
versus Younger group 0; X2=6.263, p=0.012) and 4-action (Median for
Older 1 versus Younger group 0; X2=3.943, p=0.047) sequences

occurred significantly more in the older than in the younger group (Figure

3.10). A further comparison between age groups including data from the
second week of demonstrations (for those participants who received this)
revealed a greater significant increase in 3- and 4-action sequences

(X2=6.263, p=0.012; X2=6.2.63, p=0.012) but a smaller, albeit still very

significant, increase in 2-action sequences (X2=6.205, p=0.012).

Figure 3.10: Median for 1 to 4 sequences of fundamental nut cracking
actions for old and young groups

Ngamba versus Bossou
The same limitations in comparing the fundamental nut cracking actions
of the chimpanzees at Bossou and Ngamba apply for the sequences of
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actions. Namely, the small sample size for Ngamba in the two youngest

age categories and the inclusion of data from no-demonstration baseline
as well as experimental trials for Ngamba. Comparisons were made in
terms of the percentage of sequence type (e.g. 1-action sequence) over
the total number of sequences observed for each age category in the two
studies (Figure 3.11). Figure 3.11 shows broadly similar results, although

chimpanzees in the youngest age group carried out more 3-action

sequences in Bossou, whilst in the 2.5 year old category where Bossou

chimpanzee performed 3-action sequences Ngamba chimpanzees
showed a propensity for 4-action sequences. This trend is seen in the
eldest age category as well, where Ngamba chimpanzee performed

slightly more 4-action sequences and Bossou more 3-action sequences.

100% -[

90% -

80% -
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Figure 3.11: Distribution of 1-, 2-, 3- and 4- fundamental nut cracking
action sequences for different age groups of chimpanzees at Ngamba and
Bossou.
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Hierarchical Classification of Actions

Control versus Experimental Group
The frequency of occurrence for each hierarchical type of behaviour (e.g.

A1, A1ii, A2 etc.) was compared between the control and experimental

group. No significant differences were found in baseline trials or in

experimental trials (where the control group received no-demonstration
trials and the experimental group the first set of nut cracking

demonstrations). However when comparing the experimental group's 2nd
week of demonstration with the control group's no-demonstration trials a

significance emerged in the greater number of nut cracking behaviours

(category C) carried out by the experimental group (Median for Control

group 0 versus Experimental group 8; X2=6.439, p=0.011) (Figure 3.12).
This significance was not maintained when comparing the 2nd week of
demonstrations for the experimental group with the 1st week of
demonstrations for the control group.

□ control

group
■ experimental
group

Figure 3.12: Median frequency of hierarchically categorised behaviours for
the no-demonstration control group versus experimental groups (2nd week of

demonstrations)
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Within Group: Baseline versus Experimental Trials

Participants in both the experimental and control group were included in
the within participant analysis across baseline and experimental trials. So
as to be comparable, the first week of demonstration trials were taken for
both groups. There was a significant increase from baseline to

experimental trials only for 'C' i.e. nut cracking (Median for Baseline 0
versus Experimental trials 0.2; z=2.264, p=0.024) (Figure 3.13).

□ baseline trials

■ experimental
trials

Figure 3.13: Median frequency of hierarchically categorised behaviours
in baseline (no-demonstration) trials versus experimental trials (1 week of

demonstrations)

Age Group Comparison
The frequency of occurrence of each hierarchical behaviour type (e.g. A1,

A1ii, A2 etc.) was compared between age groups. No difference was

found between age groups in baseline trials; however, in experimental
trials B2 actions (i.e. simultaneous actions on multiple objects with any

relation among them) occurred significantly more in the older than in the

younger group (Median for the Older 5 versus Younger group 0;
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X2=5.686, p=0.017). A further comparison between age groups including
data from the second week of demonstrations (for those participants who
had received this) revealed significantly greater frequency of both B2
actions (Median for Older 5 versus Younger group 0; X2=5.686, p=0.017)
and nut-cracking (Median for Older 4 versus Younger group 0; X2=6.263,

p=0.012) for the older group (Figure 3.14).

Figure 3.14: Median frequency of hierarchically categorised behaviours
in the old versus young group in experimental trials (week 1 and week 2 of
demonstrations combined)

Ngamba versus Bossou
The same limitations apply for comparisons between sites at this level as
for comparisons at the action and sequence level. In addition the current

study was coded using only a subset of the ethogram used by Inoue-
Nakamura & Matsuzawa (1997); thus the hierarchical classification of
behavioural episodes carried out here is based solely on behavioural

episodes in which at least one or more fundamental nut cracking actions
occurred. However for the hierarchical classification of these episodes the
full ethogram outlined by Inoue-Nakamura & Matsuzawa (1997) was
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used, thus for example if a participant was seen picking up a nut (i.e. a

fundamental nut cracking action) and then kissing it (i.e. not a

fundamental nut cracking action but part of Inoue-Nakamura &

Matsuzawa, 1997 ethogram the episode was classified as A1ii (i.e.

multiple actions on the same object). Unfortunately it was not possible to

glean from the Inoue-Nakamura & Matsuzawa (1997) study which

hierarchically classified behavioural episodes contained a fundamental
nut cracking action. Thus to allow some measure of comparison in the
distribution of hierarchical episodes for each age group between study

sites, each type of hierarchical episode (e.g. A1, B2 etc.) was expressed
as a percentage of the total number of hierarchically classified episodes
observed in that age group regardless of whether or not they included a

fundamental nut cracking action (Figure 3.15). Figure 3.15 shows that in
the youngest age group Bossou chimpanzee performed many more A1
behaviours than Ngamba chimpanzee, and in the 2.5 age category the
former performed more B2 behaviours than the latter. The greater
number of these behaviour types in the wild may be due to the fact that
the data from Ngamba was not as comprehensive as the data collected

by Inoue-Nakamura & Matsuzawa's (1997) study, in that it included only
those behavioural episodes manifesting a fundamental nut cracking
action. Thus it is likely that in the current study these types of behaviour
were simply missed.

In the eldest category the chimpanzee at Bossou performed more nut

cracking behaviour than the chimpanzees on Ngamba (39% versus 27%),
this difference is probably due to the greater exposure to this behaviour

by chimpanzee in the wild.
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Figure 3.15: Distribution of hierarchically classified behavioural episodes
for different age groups of chimpanzees at Ngamba and Bossou.

Observational Episodes
A total of 148 observational episodes were coded for the control group

(all involving a human model) and 286 for the experimental group (of
which 22% were observations of a conspecific model). Correlation tests

(Spearman's rho) were carried out between the (1) total observation time
and (2) number of nuts each individual had witnessed being cracked with
the total number of 'hit nut' actions they carried out. For these tests a 1-
tailed level of significance was reported since specific predictions were

made in relation to the direction of results. As a whole, observation time

was significantly correlated with 'hit nut' actions (rho=0.656, p=0.028) but
the number of nuts observed being cracked was not (rho=0.430,

p=0.187). The same pattern of significance but with stronger correlation
coefficients was found for participants in the older group where
observation time strongly correlated with 'hit nut' actions (rho=0.857,

p=0.007) (Figure 3.16), but no correlation was found between this
behaviour and the number of nuts cracked open (rho=0.667, p=0.051).
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No statistical difference was found between age groups for total
observation time (z=0.756, p=0.45).

Figure 3.16: Total observation time (in seconds) and total 'hit nut'
behaviours for participants in the 'old group'.

DISCUSSION

Can nut cracking be socially learned?
The present study set out to investigate the acquisition of nut cracking in
12 (although originally 15) sanctuary chimpanzees between the ages of
1.8 and 6 years old. After one chimpanzee (MW) immediately
demonstrated successful nut cracking skills, he was introduced as a

model to the other participants. Seven of the remaining 11 chimpanzee

acquired nut cracking after having observed a model. A comparison of
chimpanzees in the no-demonstration group and those who saw MW and

myself nut cracking revealed that nut cracking can be learned through
observation of another's successful behaviour. Confirmation of this was

obtained when, following observation of a model nut cracking, three of the
six chimpanzees previously in the no-demonstration group also started

showing nut cracking behaviour. Thus, similarly to other studies (Hannah
& McGrew, 1987; Sumita et al., 1985) but with the added strength of
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consistent results from both within and between participant (matched for

age) comparisons (Custance et al., 2002), a strong indication of the

chimpanzees' ability to acquire nut cracking through observation was

found, lending credence to the notion of nut cracking as a 'cultural
tradition' in communities of wild chimpanzees. It also provides a strong

indication that the function of social learning is indeed the increased

speed and efficiency with which certain biologically important behaviours
can be acquired (Visalberghi & Fragaszy, 1990). However, the current
results cannot exclude the possibility that nut cracking may be individually
learned as well, since the chimpanzees in the no-demonstration control

group were exposed to the relevant tools and nuts only for a total of
seven hours, spread out over as many days, which, compared to the wild,
is a minimal amount of time.

Social learning of nut-cracking and chimpanzee reintroduction

Chimpanzee reintroduction programs are extremely controversial and

currently unlikely to occur on a large scale due to the rapidly increasing

disappearance of their natural habitat (Teleki, 2001), the potential risk of

introducing human-related diseases to wild populations (Harcourt, 1987)
and the dangers of overly-habituated apes in proximity of human

dwellings. At present only one such program is being carried out in

Congo-Brazzaville (Teleki, 2001), and the Ngamba Island Sanctuary has
no plans for the reintroduction of chimpanzees in the wild. However
reintroduction to semi-natural environments such as forested islands is

increasingly viewed as a potential solution to the orphan crisis faced by
all African sanctuaries (Harcourt, 1987), and given that the prior

experiences of the chimpanzees are often inadequate to ensure a safe
transition to more natural environments, any information which can aid
the process may be of benefit. Most sanctuary workers would consider

using social learning as a way to successfully transmit new skills to

orphan chimpanzees as a rather obvious method since this has been

regularly used from the very first attempts at reintroduction (Brewer,

1978). Unfortunately these reports are rarely published, and when they
are, they are often dismissed as anecdotal, which effectively discourages
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further publication, creating a certain alienation between researchers and
those working for the welfare and conservation of apes. Reporting results,
mindful of the possible use to chimpanzee rehabilitation and
reintroduction programs is thus also an attempt to bridge the gap

between the perceived obsession of academics with abstract theories
and the urgent need for practical solutions faced by those working 'on the

ground' for the conservation and welfare of great apes.

Results from the current study suggest that nut cracking, and thus in all
likelihood other skilful tool-using behaviours observed in wild

chimpanzees, can be socially learned from one chimpanzee to another

(or from a familiar trusted human), and that this method can be used as a

fast and efficient way of preparing chimpanzees for a particular aspect of
their new environment. On the last day of the study, the juvenile and
infant chimpanzees were given nuts and stone during their daily foray in
the forest. MW (the demonstrator during the entire experiment)

immediately started nut cracking, and whilst no other chimpanzee carried
out the behaviour, as many as five chimpanzees clustered around the
model to observe his actions. Given MW demonstrated the ability to

transpose the behaviour into a new environment it is likely that given
more practice the other chimpanzees would also have performed the

newly acquired skills in the forest. However whether they are also able to

generalise the behaviour to other species of nut or hard-shelled fruits is
not so clear.

An experiment by Matsuzawa (1996) suggests that generalising nut-

cracking to another species of nuts may not be so simple. He introduced
the unknown Coula species to a community of chimpanzee who regularly

performed nut cracking of oil-palm nuts (Elaeis sp.) and although they

investigated the new objects, trying to bite into them, the chimpanzees
did not attempt to crack the new nuts using a stone.

Furthermore, when one individual female performed the behaviour it

spread only to the juvenile chimpanzees and not to the adults, raising the
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possibility that for reintroduction purposes the ages of between 3 and 6

years old may be the most fruitful for exposure to a knowledgeable

model, performing those behaviours which the juvenile will need in their
new environment. The current study is also mute about the best choice of
a model. No difference was found in the time spent watching the human
versus the conspecific model; however, on a number of occasions, and

particularly towards certain individuals, MW would show a strong degree
of intolerance and occasional aggressive or threatening behaviour, which
would effectively deter the observer from further attending his actions.
Furthermore an attempt was made to introduce nut cracking to the adult

community of chimpanzees on Ngamba, but the sub-adult female who
had exhibited the behaviour whilst alone in an indoor enclosure refused to

nut-crack when in the presence of the whole community. These two sets
of observations, whilst anecdotal, clearly confirm the importance of

selecting an 'adequate' model and the consequent need for detailed
studies in this area (Custance et al., 2002), particularly where interaction
between humans and the primate species chosen for reintroduction
needs to be minimised.

The ontogeny of social learning
As mentioned above, due to the withdrawal of two of the younger

participants, the age groups originally defined could not be statistically

compared. Age differences were however apparent when the two

chimpanzees estimated to be the 'younger' individuals in the 3-year old

category, were allocated to the 'young group' thus allowing for statistical

analyses. At the level of individual actions no differences were found
between the age groups during baseline trials, however during
demonstration trials the older group performed a significantly greater
number of behaviours relevant to nut cracking. It seems therefore that
differences between age groups are found in the acquisition/learning of a
new skill rather than in the kind of spontaneous explorative behaviours

performed on the objects during no-demonstration baseline trials.
Furthermore since the age groups did not differ in the time spent

observing the model nut cracking the difference seems to lie in the ability
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to transform what is observed into a matching set of behaviours. This is
confirmed by analysis at the sequential and hierarchical level, in which
differences were also found only during experimental and not baseline
trials. The older group carried out significantly more 2-, 3- and 4-action

sequences than the younger group, but no difference was found on single
actions on nuts and stones. Compared to the younger group, the older

group also produced significantly more behavioural episodes showing
'simultaneous actions on multiple objects with any relation amongst the

objects' during the first week of demonstrations + trials. When data from
the second week was also included, the older group were found to carry

out significantly more nut cracking behaviours as well.

These results are consistent with findings from a number of studies. Bard
et al. (1995) investigated the effect of age and modelling on the

acquisition and comprehension of a tool-using task in six chimpanzees

aged between two and four years old. To investigate the acquisition of the
task two groups matched for age were compared. One group had the
benefit of a model performing the task, whilst the other group did not.
Results showed that modelling significantly reduced the number of trials
needed to solve the task for the two older group of chimpanzees (aged
above 2 years 10 months); however, no effect of modelling was shown for
the 2-year old. Comprehension of the task was explored by presenting

participants with a number of different tools of different suitability for

completing the task. The older chimpanzees (aged above 2 years 10

months) were more successful in solving the complex tasks, such as

dismantling a bundle of sticks, so as to select the appropriate tool for the
task. However overall there was no age differences in the number of
errors made or the percentage of solved trials. Thus it seems that the age

effect was specifically related to the observational learning of the task. In
the present study task comprehension was not investigated, but similarly
to the study by Bard et al (1995) age differences seemed to be

specifically related to the effect of a model on the participants'

performance. This is despite total observation times not differing between

age groups.
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The use, wherever possible, of the same coding system allowed for a

comparison with the study carried out by Inoue-Nakamura & Matsuzawa

(1997) on the development of nut cracking in wild chimpanzees. This
revealed a remarkably consistent picture despite the reduced sample size
of younger chimpanzees in the current study and the inclusion of data
from no-demonstration baseline trials, which may have resulted in a more

conservative estimate of frequency of behaviours relevant to nut cracking
for the Ngamba chimpanzees. Of particular interest is a comparison of
the actual acquisition of the complete nut cracking technique, where
Inoue-Nakamura & Matsuzawa (1997) found that it is at the age of 3.5

years that the chimpanzees finally succeed in carrying out all the

appropriate parts of the behaviour as well as performing them in the 'right'

sequence so as to nut-crack successfully. Similarly, in the current study,
of four chimpanzees in the 3-years old category, the two thought to be the

youngest did not acquire the behaviour, whilst the older ones did. It is
around this age that chimpanzees in the wild acquire a number of other

tool-using behaviours (McGrew, 1977; Sugiyama, 1995), whilst in

captivity the use of a two-action task investigating social learning at the
level of both discrete actions and hierarchical structure showed that the

latter was only acquired by chimpanzees above the age of three (Chapter

5). Thus it may be that social learning of the structure of a behaviour, in
terms of the sequence required (hierarchical or otherwise) can only occur
at around three years of age, although more simple, discrete actions can

be learned through observation at a younger age. In the literature it is
often stated that nut cracking takes chimpanzees five years to learn, but it
seems that given a knowledgeable demonstrator and providing the
observer is at least 3.5 years old, learning to nut-crack can take as little
as 7 hours!

Which Social learning mechanism is used to acquire nut cracking?
The study outlined above did not set out to distinguish between social

learning processes, rather it focused on addressing the broader question
of whether advantages may derive from a knowledgeable model, and
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complementing observation of nut cracking in wild chimpanzees with
more controlled experimental methods which could be, at least partially,

comparable. However, the results obtained show certain patterns of

acquisition that may hint at some of the cognitive aspects of social

learning.

At the level of discrete actions, significant differences between the no-

demonstration control group and the experimental group were

circumscribed to 'hit nut on stone with a stone' (i.e. nut cracking). This

pattern remained largely unchanged even when comparing data from the
second week of demonstrations for the experimental group with the no-

demonstration control group, in that the only other significant difference
was in 'hold stone'. No other differences were found in either the other

behaviours directly related to nut cracking (e.g. putting the nut on the

stone) or in 'hit stone' subcategories. This suggests that the chimpanzees
in the control group were carrying out at least some of the component
actions of nut cracking, but were unable to combine the actions to form a

meaningful whole. Confirmation of this came from observing significant
differences between no-demonstration control and experimental groups

only on 3- and 4-action sequences, and neither single 'relevant'
behaviours nor combinations of two of them. Furthermore behavioural

episodes including the whole hierarchical sequence of nut cracking where
shown to occur significantly more frequently in the experimental than the
no-demonstration control group, although only when comparing the
formers' second week of demonstration-trials.

The fact that the two groups differed specifically in terms of the very

behaviour (hit nut on stone with stone) which is the culmination of a

sequence of other discrete actions (i.e. picking the nut, putting the nut on
the stone, holding the stone), suggests that it is the combination of these
action (not the single behaviours) which is perhaps unlikely to occur if it
has not been previously observed.
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These results seems to lend support to a view of imitation which is not
limited to the reproduction of discrete actions but rather takes into
account the copying of the sequential and/or hierarchical organisation of
a behaviour. Byrne & Russon (1998) suggested that the sophistication of

ape imitation lies in the ability to reproduce behaviours at the 'program'
level and not just at the level of individual familiar actions which can be
elicited by a more automatic process (i.e. 'response facilitation'). Whiten

(2002b; 2002c) also considered sequentially and hierarchically organised
tasks in the context of ape imitation and recent studies with chimpanzees
seem to confirm their abilities in both these domains (Whiten, 1999 and

Chapter 5). Matzusawa (1996), using a technique defined by Greenfield

(1991), categorised nut cracking as hierarchically-structured whilst Byrne
& Russon (1998) offered it as a potential example of program-level
imitation in chimpanzees. Byrne & Russon (1998) maintained that
imitation at the program level requires multiple observations of the target
behaviour to allow the naive participant to discern the statistical

regularities forming the hierarchical organisation of the task before the

matching of behaviour can become manifest. This was indeed the case in
the present study, since although all the chimpanzees who eventually
learned to nut-crack showed signs of acquiring the behaviour within the
first few days of demonstrations, success in opening the nuts appeared

only in the second week of demonstration + trials. Indication that the extra
week was necessary for the behaviour to become manifest is confirmed

by the significantly greater number of key nut cracking behaviours (i.e.
'hold stone' and more importantly 'hit nut on stone with stone') found in
the group who had received two weeks of demonstrations + trials as

compared to the group who had received only one.

Mimicry, imitation and intriguing anecdotes
As outlined in Chapter 1 there has been a proliferation of terms to
indicate putatively different cognitive mechanism involved in social

learning, but studies to investigate their existence have somewhat lagged
behind. A number of anecdotal (i.e. limited in number) yet potentially

interesting observations were collected during the study presented here,
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which perhaps more than anything indicate the need for controlled

experiments as well as the more naturalistic kind of studies.

The first set of observations involve three chimpanzees (IK, BL, MZ), who
were seen to carry out hitting motions with their hand on the ground,
whilst observing the model pounding the nut with a stone. This behaviour
occurred on seven separate occasions for BL (of which three whilst

observing MW and four during demonstrations by the researcher). The
same behaviour occurred only once with MZ. IK's behaviour was slightly
different in that her whole body was rocking following the motion of the
observed pounding behaviour (this occurred on two separate occasions).
IK and MZ also placed their hand and hand + foot on the researchers'
arm whilst pounding the nuts (this occurred once with IK and twice with

MZ). Interestingly these are also the three chimpanzees who, carried out
the greatest number of 'hit nut on stone with stone' (BL 34, MZ 27, IK 27).
What to make of these behaviours?

Response facilitation (Byrne & Russon, 1998) and 'mimicry' (Call &

Carpenter, 2002) are two of the more 'simple' processes which have
been invoked by some authors to account for behavioural matching seen

in chimpanzees at the level of discrete actions (for example in two-action
tasks on artificial fruits). The distinguishing feature of these processes is
an automaticity in their occurrence and (for 'mimicry' at least) an

implication of a lack of understanding of the model's intentions in

performing the task (Call & Carpenter, 2002). However these categories
remain as elusive to identify as the more complex definitions of
'intentional imitation', since they cannot be easily discriminated from other
forms of behavioural matching. Recently, Byrne (2002) speculated that an
increased likelihood of carrying out a familiar observed behaviour

(response facilitation) found a neurological confirmation in the discovery
of 'mirror neurons' i.e. neurons which are activated in a monkey's brain
both when carrying out a particular motor action and when observing
another individual (conspecific or human) perform the same motor action

(Rizzolatti, 2001; Rizzolatti et al., 1996). No intentional stance can be
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deduced from the set of observations described thus perhaps mimicry or

response facilitation can account for these observations.

Another set of observations revolve around the distinction between

emulation and imitation, where the former is considered to be a copying
of 'external changes in the environment' as opposed to a matching of the
actual behaviours being performed by the model. Three chimpanzees on

17 separate occasions were seen performing all the relevant actions

using the appropriate tools but pounding on shells as opposed to whole
nuts. In these cases it would appear that the actual behaviours were

being copied, not only the 'changes in the world'. Although the

chimpanzees' understanding of the ultimate purpose of their actions

(opening nuts) may be questioned, suggesting that perhaps mimicry

(sensu Call & Carpenter, 2002) may be sufficient to explain their actions.
However on other occasions a chimpanzee would hit a nut placed on the

ground or stone using an open hand or a foot (this occurred for four

chimpanzee on 25 separate occasions), or would throw the nut on the

ground with some force. In these instances it would seem that they could

glean the changes that the nut had to go through to obtain a reward (it
had to be cracked) but sought this result using their own idiosyncratic
methods, i.e. an emulative process. Looking at observational episodes it
is also interesting to note that although time spent observing the

pounding of nuts correlated with the subsequent performance of
chimpanzees, the actual number of nuts cracked did not. This raises the

possibility that it is the actual behaviour itself and not the 'end result'
which is important in the acquisition of the behaviour.

From this study no firm conclusions can be drawn as to which cognitive
mechanisms were being used by the chimpanzees to acquire nut

cracking. However it is interesting to note that a study with strong

ecological validity can on the one hand allow for potentially fruitful

comparisons with observations from wild populations and perhaps even

have a degree of applicability in reintroduction programs, yet on the other
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hand falls short at the level of the detailed controls needed to discern

between the cognitive mechanisms identified by the theoretical literature.

An experiment carried out by Horner & Whiten (2002) which did set out to

investigate the potential use of emulation versus imitation showed that

chimpanzees are capable of using both these strategies, choosing the
most effective alternative depending on their level of understanding of the
task. Accordingly, having found a degree of support for both these

processes occurring in the present study, it seems that in acquiring the
novel complex skills necessary to crack nuts, juvenile chimpanzee

employ both an emulative strategy, trying to obtain the 'end result' of a
cracked nut by their own idiosyncratic attempts, but combine it with close
attention to demonstrated behaviours which they are seen to reproduce in
a number of different often ineffectual contexts (e.g. rhythmically bashing
a hand on the ground whilst observing the model nut-cracking, and/or

hitting nut with a hand on the ground), before succeeding in acquiring the
whole behaviour. The fast learning witnessed in chimpanzees may thus
be explained by their ability to combine learning strategies to best effect.
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Chapter 4

SOCIAL AND NON-SOCIAL LEARNING OF SIMPLE AND COMPLEX

PROBING TECHNIQUES IN CHIMPANZEES (Pan troglodytes)

ABSTRACT

The acquisition of a tool-probing skill to obtain honey was investigated in
11 sanctuary-living chimpanzees between 1.8 and 7.5 years old. Two
versions of a task were designed to mirror the different ant dipping

techniques seen in chimpanzee communities in the wild: Participants
witnessed first a simple Method-1 capable of obtaining small quantities of

honey and later a more complex and more rewarding Method-2. Three
baseline trials in which participants could explore the task independently
were followed by four trials in which they saw a human demonstrator

carrying out Method-1. If participants succeeded in acquiring this method

they experienced four trials with demonstrations of Method-2. A further
six days of intense demonstrations followed by two days of trials were

presented to the chimpanzees if they had not acquired the method shown

during previous trials. We found that only one chimpanzee under three

years of age acquired Method-1; however, simple elements of the
behaviour significantly increased from baseline to experimental trials for
all participants, suggesting some form of social learning. All five

chimpanzees over four years old acquired Method-1, this behaviour

significantly increased after observation of the model. Two of these older

chimpanzees successfully upgraded to Method-2 after the extended
observation period. A second experiment investigated the chimpanzees'

ability to master Method-2 with no prior knowledge or reinforcement for
Method-1. All five chimpanzees tested independently learned elements of
Method-2 but only two fully mastered the task. Results from the two

experiments are discussed considering the function and flexibility of

chimpanzee social learning.
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INTRODUCTION

Chimpanzee tool use for foraging was first observed by Goodall (1963) in
the Gombe Stream Reserve, Tanzania. Since then it has been reported in
all long term study sites across Africa (Whiten et al., 1999). However the

frequency, context and behavioural form of tool usage in foraging varies
across communities, encompassing 23 of 39 putative cultural variants
identified in chimpanzees (McGrew, 1992; Whiten et al., 1999; 2001).

The present study focuses on probe-using behaviours. In the wild, the
most complex of these include ant fishing (Nishida, 1973; Nishida &
Hiraiwa, 1982), ant dipping, (Boesch, 1996a; Goodall, 1968; McGrew,
1974; Sugiyama et al., 1988), termite fishing (Goodall, 1964; McGrew et

al., 1979; McGrew & Collins, 1985) and fluid dipping (Boesch & Boesch,
1990; Bermejo & lllera, 1999). Fishing for termites and ants, and dipping
for honey, required the utilisation of a probing tool to gain access to a

source of food embedded in a protected structure (a nest or hive), whilst
ant dipping can also occur when the potential prey is on the move and
thus exposed, although capable of inflicting severe bites if directly
handled.

All these probing behaviours vary across chimpanzee communities

(Whiten et al., 1999; 2001). Fluid dipping varies at the level of the

presence or absence of the behaviour across communities, or in

frequency of its occurrence. Termite fishing varies in the materials being
used (leafy versus not leafy) whilst ant fishing is carried out using both
different materials and behavioural techniques (Boesch, 1996a).

Ant dipping has been observed at three long-term study sites: Gombe

(Tanzania), TaT (Cote d' Ivoire) and Bossou (Guinea). The length of the
tools used to fish for ants has been shown to be significantly longer at
Gombe (averaging 66 cm) than at TaT (averaging 23.9 cm) (Boesch &
Boesch, 1990; McGrew, 1974; Humle & Matsuzawa, in press) whilst tools
in Bossou tend to fall between the extremes of Gombe and TaT (Humle &

Matsuzawa, in press; Sugiyama, 1995). Techniques employed in ant

128



dipping also vary between TaT and Gombe. At Gombe, a 'pull through'

technique is employed, whereby the chimpanzee allows the ants to
swarm up the probe and then manually wipes them off, ingesting the
bundle of ants from the collecting hand (McGrew, 1974; McGrew, 1992).
At TaT however, ants are taken off the tool by direct mouthing (Boesch,

1996a). Whilst Gombe chimpanzees have on occasion been seen to

carry out the tool-to-mouth ant dipping technique (i.e. like that used at

TaT), no TaT chimpanzee has ever been seen carrying out the Gombe

'pull through' method. A comparison of field sites revealed no ecological
difference which might obviously affect the observed variation in
behaviour (Boesch, 1996a). Furthermore, the technique used at Gombe
was found to be four times more efficient than that being carried out at

TaT, in terms of the number of ants consumed per unit time (Boesch,

1996a). This variation in both the length of tools used and techniques

employed during ant dipping, combined with an apparent lack of

ecological explanations for such variations, has led a number of
researchers to consider ant dipping as one of the best naturally-identified
cases for cultural behaviour in chimpanzees (Boesch & Boesch, 1990;
Boesch, 1996a; McGrew, 1992).

However, some commentators have argued that it is difficult, perhaps
even impossible, to rule out in the wild, the possibility that there are subtle
environmental differences that have not been recognised but which
nevertheless lie at the root of behavioural variations (Galef, 1990;

Tomasello, 1990; Whiten & Ham, 1992). For example, if ants were fiercer
at Gombe, a longer stick might be preferred and the 'pull through'

technique might be acquired by individual learning and invention. This

problem might be resolved if we were able to answer the question 'What
would happen if a chimpanzee from Gombe were transferred to TaT?
Would the more efficient method used to ant-dip at Gombe be adopted by
the TaT chimpanzees?'

Given the ethical and practical difficulties of carrying out such an

experiment the approach taken here was to design an experimental
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paradigm analogical to ant dipping in the wild, and present it to a semi-

captive group of chimpanzees.

The procedure was based on the hypothesis that each of the two
methods of ant dipping in the wild is acquired through individual

exploration and observation of local models already skilled in them, and
that the more complex tradition has arisen (at Gombe) as an elaboration
on the simpler one (Whiten et al., 2001). Accordingly, arrangements were
made so that participants were first exposed to the task independently
then observed a model using a relatively simple Method-1 in an artificial

dipping task, and if they acquired this simple procedure, they were further

exposed to a model performing a more complex and productive Method-
2. Each of these sets of observational learning trials was preceded by
baseline control trials in which participants had both opportunities for
individual learning of effective techniques to get the honey, and simple
'social' learning opportunities that did not invoke watching a skilled model,
but instead took the form of simulated cues that would be produced by

prior feeding using the relevant method, as may occur in the wild.

The predictions were that participants would be more likely to acquire
both Method-1 and Method-2 after observing an expert model than in the

prior baseline control phases, and that Method-2 would be utilised only
after both Method-1 had been acquired and modelling of Method-2 had

additionally been witnessed. The task was thus designed so that the food
reward could be accessed in two different ways, one substantially more

efficient than the other. The more efficient (and more complex) Method-2

incorporated elements of the less efficient (easier) Method-1, in the same

way that the ant dipping 'pull through' technique of Gombe appears to

incorporate elements of the kind of tool-to-mouth method customary at
Ta'i'. Juvenile and infant members of a community of free ranging

chimpanzees in Uganda were tested on these tasks. Because of the
obvious difficulties of using ants as a food source, honey was provided
instead, thus the task is referred to as the "honey-dip" (HD). This makes
the experiment relevant also to the study of techniques of honey dipping,
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including prior experimental studies (Hirata & Morimura, 2000). However,
the current experiment was specifically designed to incorporate simple
and complex forms of a probing task, for the reasons explained above.

EXPERIMENT 1

METHOD

Participants
The study was carried out in Ngamba Island Chimpanzee Sanctuary. This
100-acre island sanctuary in Lake Victoria, Uganda houses orphaned

chimpanzees confiscated by the Ugandan Wildlife authorities following

illegal poaching activities.

Eleven chimpanzees participated in the experiment, aged 1.8 to 7.5 years

of age, with comparable numbers of participants under and over three

years old (Table 4.1). The age of the chimpanzees was determined on

first arrival by the sanctuary veterinarian, based on dental eruption

(especially with the younger individuals), size, body weight and motor co¬
ordination.

Participants Gender age (yrs)
GROUP 1A

CD F 7.5
IK F 5.5
NK F 4.5
MW M 4.5
KL M 3.5

GROUP 1B

AS M 2.5
BL M 2.5
YK M 2.5
YY F 2
MU F 2
KS M 1.8

Table 4.1: Participants characteristics. Group 1A were above 3 years of

age. Participants in Group 1B were below 3 years old.
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Housing
The infant group had access to a 100-acre forest area during morning
walks lasting approximately an hour and a half, and afternoon walks

lasting approximately one hour. These excursions were carried out when
the adult community, composed of 19 chimpanzees, was in a holding

facility in which all the chimpanzees spent the night. During the rest of the

day the infants were housed in this 13x9x4 meter holding facility, which
was divided into five rooms. Participants had access to all of these rooms

when experiments were not been carried out. During experiments, the

chimpanzees not being used as participants were confined to two rooms

furthest from the one used as an experimental room, so that they could
not see the participants engaged in the experiment.

Previous Experimental Experience
A subset of participants (CD, IK, MW, KL, AS) participated as non-

observing controls in a study with the 'pin-apple' artificial fruit

(unpublished data). See Whiten et al. (1996) for a description of the task.
In none of these studies had the participants been taught or encouraged
to imitate. They had had opportunities of different kinds for observational

learning, but in this they were no different to wild chimpanzees of a

similar age (c.f. Boesch & Boesch-Achermann, 2000; Goodall, 1986).

Materials

The Dipping Task

During all baseline and experimental trials the participants were

presented with the honey-dip array and a selection of objects. The honey-

dip array (HD) consisted of nine separate units fixed to two wooden trays

(thus forming one array of five honey pots and another of four honey

pots). All the honey-pots were painted dark green, preventing the

participants seeing the food inside (Figure 4.1). Each honey pot
measured 9 x 6 x 6 cm and contained peanuts and honey.
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Figure 4.1: The Honey-dip array consisting of five identical honey-pots.
The brass rod used to access the honey is shown next to a pen for scale.

During the experimental conditions, participants witnessed a model

gaining the food using one of two methods:
METHOD 1. The model used the index finger to open a small trap door
and, whilst holding it open, used the other hand to insert a rod to reach
the honey (Figure 4.2).
METHOD 2. Using a rod, the model poked a bolt placed on the side of
each honey-pot inwards, thus allowing the lid (in which the smaller trap
door is placed) to be opened (Figure 4.3a). After having poked the bolt,
the model used a modification of Method 1 to lever the larger lid open

(Figure 4.3b).

Method-1 could be used to obtain small amounts of honey whilst Method-
2 allowed the participants to remove all remaining honey and peanuts.
The differential complexity and productivity of Method-1 and Method-2
mirror the ant-dipping methods of Ta'i and Gombe respectively, where the

complex pull-through technique used at Gombe is several times more

efficient than the simpler method at Ta'i (Boesch, 1996a).

Procedure

Because participants would need to be tested according to their progress
in learning (graduating from simple to complex techniques) they
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experienced a schedule of trials according to a set of contingent rules,
summarised in Figure 4.4.

Both baseline and experimental trials lasted no less than 30 minutes and
a maximum of one hour. Trials were discontinued after 30 minutes if no

interaction with the HD occurred for 10 minutes. Participants were tested

individually, in an indoor enclosure familiar to them and hidden from the
view of the other chimpanzees. The researcher was in the testing
enclosure with the participants during all trials.

Figure 4.2: Accessing the honey using Mehod-1.

Figure 4.3a & 4.3b: Accessing the honey using Method-2

Baseline Trials

A total of four baseline trials were presented (Figure 4.4); the first three
occurred prior to the demonstration of Method-1, whilst the fourth was

presented prior to the demonstration of Method-2. The overall aim of the
baseline trials was to recreate certain basic aspects of the scenario that a
wild chimpanzee may encounter in first approaching a novel task, apart
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from witnessing an expert model. Although witnessing an expert

conspecific carrying out the task may be a significant step in the learning

process, it is also possible that other situations would be sufficient to help
a participant to master the task, such as finding left-over food and

appropriate tools close to the embedded food source. Thus throughout
the first three baseline trials, participants were presented with elements
that might 'hint' at solutions.

Baseline 1. On first entering the testing enclosure the researcher
attracted the attention of the participant by making a food-grunt while

looking towards the HD, to express interest and lack of fear of the new

object. This was not repeated in any other condition. In subsequent trials
the researcher did not initiate contact with the participant and only
interacted with him/her if approached for reassurance.

Baseline 2. The participant was presented with the same array as

for B1, but a drop of honey was smeared on the slide door of each honey-

pot. It was anticipated this might encourage the participant to explore the
HD and associate the object with a preferred food (which was otherwise

only visible once the trap door had been opened).
Baseline 3. The participant was presented with the same array as

for B1, but a brass rod (an appropriate tool for the dipping task), with a

residue of honey, was left within one meter of the HD. This was intended
to simulate a wild chimpanzee's opportunity to find the tools used by
another chimpanzee in proximity of an ant source. Whilst the three
conditions mentioned above were presented prior to demonstrations of
Method-1, Baseline 4 occurred before the model demonstrated Method-2.

Baseline 4.: The participant was presented with the same array as

for B1, but the lid of one honey-pot was left open, thus exposing the
entire food contents. This baseline condition was included to allow the

participants to see only the outcome of Method-2, as Baseline 2 and 3 did
for Method-1. This final baseline trial was presented before
demonstrations of Method-2.
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Experimental Trials
There were two categories of experimental trials:
1. Individual Demonstration & Test: each participants was shown how to

exploit the HD using either Method-1 or (later) Method-2 and was

immediately tested alone.
2. Group Demonstration / Individual Test: participants were given

demonstrations on how to exploit the HD whilst in small groups.

Demonstrations were given on 2 consecutive days, every half an hour
from 9 am to 5 pm and participants were then tested individually on the
third day.

The group demonstrations were given to the participants because of low
attentiveness to demonstrations of Method-2 when the participants were

able to access the HD using the already familiar Method-1.

Individual Demonstration & Test

During individual trials a minimum of one and a maximum of three sets of
demonstrations were given depending on the participants' performance. A
set of demonstrations consisted of the researcher using either Method-1 to
obtain honey or Method-2 to obtain honey and peanuts, from four different
units of the honey-dip. During each set of demonstrations, the content was
shared with the participants. A set of demonstrations was given at the start
of each trial regardless of participants' prior performance on the task.
Successive sets of demonstrations were given every 10/15 minutes during
trials if the participants had not acquired the method successfully.

Regardless of performance on the task, all participants experienced

experimental trials on successive days for both Method-1 and Method-2

(see Figure 4.4). However only participants that had successfully acquired
Method-1 were subsequently presented with trials demonstrating Method-2.

Demonstrations of Method-1 were performed by the researcher in the

testing room with the participant, during Experimental Trials 1 to 4.
Demonstrations of Method-2 occurred during Experimental Trials 5 to 10.
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The testing room was equipped with the tray of five honey-pots for the

participant to use, whilst demonstrations were carried out by an assistant in
a cubicle adjacent to the testing room, using the 4-honey-pot tray. The
demonstrations were carried out in full view of the participants and

approximately 50 cm from them. Demonstrations occurred in the adjacent
cubicle to allow the honey-pots to be refilled and reassembled after each
set of demonstrations, out of sight of the participant.

Group Demonstration / Individual Test

Following the sequence of individual demonstrations and trials, three days
of group demonstrations were carried out with the participants. Participants
were split into two groups, the first consisting of those individuals who had

successfully acquired Method-1 (Group 1A) and the second of those who
had failed to acquire Method-1 (Group 1B: see Figure 4.4). Both groups

were given demonstrations of the method they had not yet acquired, every
30/40 minutes for three days (an average of 30 sets of demonstrations a

day). This is substantially more than in some prior experimental studies

(Whiten et al., 1996) but may be small by comparison with wild juveniles'

experience of some actions such as ant-dipping or termite fishing that
mothers may pursue for hours at a time during the first 4 to 7 years of the
infants' life (McGrew, 1977). On the following day, trial 9 was carried out,
over a 30 minute period. During trial 9, participants in Group 1A were given
two sets of demonstrations of Method-1; one set at the start of the trial,

another 10 minutes later. A set consisted of a tray of 4 honey pots.

Participants in Group 1B were instead shown how to open two honey pots

using Method-2. One demonstration was given at the start of the trial,
another 10 minutes later.

The procedure was repeated again (i.e. three days of demonstrations and
two days of trials). In this second round, one individual in Group 2 (MW)
was kept in a separate enclosure since he had been monopolising the

viewing position in the previous round of demonstrations, but he was also

given demonstrations every 30 minutes. Trial 10 was carried out on the next

(and final) day.
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Video-recording
Video recordings of both demonstrations and trials were made for later

analysis. Two Hi8 Sony video cameras were used. Demonstrations were

recorded using one camera on a tripod approximately three metres from the
location of the HD, operated by the researchers through remote control. The

participants' actions on the HD were also recorded at closer range, using
the second handheld camcorder to permit more detailed aspects of object

manipulation to be analyzed.

ANALYSIS

Behavioural Coding
Behaviours performed by participants were considered separate actions
when the bodily parts involved came into contact with the HD and were then

separated from it before a new or the same action reoccurred. A detailed

coding of all participants' actions on the HD was carried out. For the

purpose of analysis, discrete behaviours were allocated to a number of
different categories, corresponding to parts of either Method-1 or Method-2.
These are detailed in Table 4.2.

Statistical Analysis
Given the small sample size non-parametric statistical tests were used to

analyse the data. Mann-Whitney U tests were used for between group

comparisons and Wilcoxon tests were used when comparisons were made
across trials. All values reported are at 2-tailed levels of significance.
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SIMPLE ELEMENTS Open trap door with finger
OF METHOD 1 Contact appropriate tool to slide door
(SEM1) Open trap door with tool

Open and hold trap door open with
finger, contact appropriate tool to trap
door of neighbouring honey pot

INCOMPLETE
METHOD 1 Open and hold trap door with finger but

attempt to insert inappropriate tool
(IM1) Open trap door with inappropriate tool

and attempt to insert it
Open and hold trap door with finger
whilst making contact between
appropriate tool and either finger holding
the trap door, or edge of the trap door

TOTAL METHOD 1

(TM1)

METHOD 1 Open trap door with tool and insert tool
(M1) Open trap door with finger and insert tool

Open trap door with a tool and insert an
other tool

SIMPLE ELEMENTS Poke bolt with finger
OF METHOD 2 Poke bolt with inappropriate tool
(SEM2) Poke bolt with appropriate tool but

without removing it completely
INCOMPLETE Poke bolt with appropriate tool, removing

it

METHOD 2 Open the lid using a tool.
(IM2) However these two actions do not occur

in demonstrated sequence

TOTAL METHOD 2

(TM2)

Poke bolt followed by levering the lid
open using the appropriate tool

METHOD 2 in sequence
(M2) Poke bolt followed by levering the lid

with a finger in sequence
As above although the honey pot is not
successfully opened.

NON FUNCTIONAL
BEHAVIOURS
(NFP)

Touch, Hit, Mouth, Bite, Scratch.

Table 4.2: Categories of behaviour used for coding and analysis.

RESULTS

Acquisition of Method-1
All the five chimpanzees in Group 1A (aged three years and above)

acquired Method-1 either during baseline trials (MW and IK both in
Baseline 1) or during trials with demonstrations of Method-1 (KL and NK in
Experimental Trial 1; CD in Experimental Trial 2). By contrast only one

chimpanzee in the younger group acquired Method-1 (BL), doing so in

Experimental Trial 10 but repeating the action a total of only five times.
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Acquisition of Method-2

Only two chimpanzees (MW and CD) ever fully mastered the more

complex Method-2 and thereby successfully opened the honey pots to
retrieve the reward. MW acquired Method-2 during Experimental Trial 5,
i.e. after demonstrations of Method-2, whilst CD acquired the behaviour

during Experimental Trial 10 after the prolonged period of demonstrations
of Method-2. CD carried out all the behaviours of Method-2, successfully

opening the honey pot, but she not did not perform the actions in the same

sequential order demonstrated by the model; furthermore she only
succeeded in opening the lid using Method-2 on two occasions.

Within Group Analyses
Given the differing levels of mastery found in trials for the older Group 1A
and the younger Group 1B, the acquisition of Method-1 and Method-2 was

analyzed separately for these age groups across baseline and

experimental conditions. Table 4.3 shows the plan of analysis and a

schematic summary of results.

The rationale for the analysis was to first perform a non-parametric

analysis of variance across all trials (Friedman) to reveal the presence of

any significant change in the broader categories of behaviour (Total
Method-T and Total Method-2'). If a significant difference was found at
this level two further analyses were carried out. Firstly, results were

compared between specific conditions (e.g. baseline versus

demonstration-1 trials) using a Wilcoxon test, to establish exactly which
conditions caused changes in the frequency of these broad behavioural

categories. Secondly, an analyses of the more discrete behavioural

categories (e.g. 'Simple Elements of Method-1' and 'Method-T proper) was
caried out using the same strategy, first investigating change across all
trials using a Friedman analysis, and if this proved significant, comparing
results between specific conditions using Wilcoxon tests.
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GROUP 1A Friedman across Wilcoxon Friedman across Wilcoxon
Test: all trials trials

SIMPLE ELEMENTS Base < Demo 1 *

METHOD 1 (SEM1) ** Demo 1 > Demo 2a *

Behavioural TOTAL METHOD 1 Base < Demol * Demo 1 > Demo 2b *

Category: (TM1) * Demo 1 = Demo 2a

Demo 1 > Demo 2b* Base < Demo 1 *

METHOD 1 (M1) ** Demo 1 = Demo 2a

Demo 1 > Demo 2b*

SIMPLE ELEMENTS

Base 4 = Demo 2a METHOD 2 (SEM2) **
Behavioural TOTAL METHOD 2 Base < Demo 2b*

Category: (TM2) * Demo 1 = Demo 2a INCOMPLETE

Demo 1 > Demo 2b * METHOD 2 (IM2) ns
Demo 2 = Demo 2b

METHOD 2 (M2) *

Table 4.3: Non parametric within group analysis of Method 1 and Method
2 behaviour for Group 1A. *= < 0.05; ** = < 0.01. Base = Baseline trials 1-3. Demo
1 = Demonstration of Method 1, trials 1-4. Base 4 = Baseline trial 4. Demo 2a =

Initial demonstration of Method 2, trials 5-8. Demo 2b = Intensive demonstrations

of Method 2, trials 9-10

Group 1A
Method-1

A non-parametric analysis of variance revealed a significant change in
Total Method-T (TM1) behaviours occurring across the baseline and
experimental trials (Friedman test, p=.040). Subsequent Wilcoxon tests
showed that participants were carrying out significantly more TM1
behaviours in trials following demonstrations of Method-1 (z= -2.023,

p=.043) than in baseline trials and significantly less in trials 9 + 10 (i.e.
after extensive, repeated demonstration of Method-2) than in trials with
demonstrations of Method-1 (z= -2.023, p=.043) (see Table 4.3 and Figure

4.5).
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Figure 4.5: Median scores for Total Method 1 (TM1) in baseline and

experimental trials for Group 1A

Total Method-1 (TM1) behaviours encompassed both the Simple Elements
of Method-1 (SEM1) and the performance of Method-1 (M1) behaviours.
Further analyses were conducted separately for both these categories.

Participants showed significantly more SEM1 and M1 behaviours in trials

following demonstrations of Method-1 than in baseline trials (z= -2.023,

p=.043 for both). Both SEM1 and M1 behaviours decreased significantly
from demonstrations of Method-1 trials to Trials 9 and 10 i.e. after

extensive, repeated demonstration of Method-2 (z= -2.023, p=.043). SEM1
also decreased significantly from demonstrations of Method-1 trials to
demonstrations of Method-2 trials (z= -2.023, p=.043) (see Table 4.3 and

Figures 4.6 & 4.7).

Method-2

Significant changes of Total Method-2 behaviours occurred across

baseline and experimental trials (Friedman test, p=.033). Subsequent
Wilcoxon tests identified no significant increase of TM2 behaviours from
baseline trial 4 to trials in which demonstrations of Method-2 were given

(z= -.447, p=.655). However a significant increase was found to occur

between baseline 4 and trials 9 + 10 (i.e. after participants received 3 days
of demonstrations prior to each experimental trial) (z= -2.023, p=.043), and
between trials with demonstration of Method-1 and trials 9 + 10 (z= -2.023,
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p=.043) (see Figure 8). No significant difference was found between initial
trials of demonstration of Method-2 and trials 9 + 10 (z= -1.826, p = .068).
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Figure 4.6: Median score for Simple Elements of Method 1 (SEM1) in
baseline and experimental trials for Group 1A

Figure 4.7: Median score for Method 1 (M1) in baseline and experimental
trials for Group 1A
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Analysis of the more specific behaviours discriminated within TM2 revealed
a significant difference across trials for Simple Elements of Method-2

(SEM2) behaviours (Friedman p=.020), and for Method-2 (M2) behaviours

(Friedman p=.031).
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Figure 4.8: Median scores for Total Method 2 (TM2) in baseline and
experimental trials for Group 1A

Group 1B
A non-parametric analysis of variance revealed a significant change in
Total Method-1' (TM1) behaviours across baseline and experimental trials

(Friedman p=.019). Subsequent Wilcoxon tests showed significantly more

TM1 behaviours in trials following demonstrations of Method-1 (z= -2.023,

p=.043) and significantly more in trials 5 and 6 (i.e. after participants
received three days of demonstrations prior to each experimental trial) than
in baseline trials (z= -2.201, p = .028) (see Figure 4.9). However there was

no significant change between trials with initial demonstrations of Method-1
and trials 5 and 6 (z= -.943).
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Figure 4.9: Median score for Simple Elements of Method 1 (SEM1) in
baseline and experimental trials for Group 1B

The changes in Total Method-1 (TM1) behaviours encompassed both the

Simple Elements of Method-1 (SEM1) and the performance of Method-1

(M1) behaviours. Further analyses were carried out separately for both
these categories. Participants performed significantly more SEM1
behaviours in trials following demonstrations of Method-1 than in baseline
trials (z= -2.023, p=.043) (Table 4.4) and the increase was even greater
from baseline to trials 5 and 6 (i.e. after extensive, repeated demonstration
of Method-1) (z= -2.201, p=.028). However there was no significant change
in the frequency of occurrence of Method-1 (M1) across baseline and

experimental trials (Friedman p=.607) (Table 4.4).

Age-group comparisons: Group 1A versus Group 1B
The acquisition of Method-1 was compared across baseline trials and
demonstration trials of Method-1 for Group 1A and Group 1B. A non-

parametric analysis of variance for independent samples (Kruskall Wallis)
showed that the older Group 1A carried out significantly more Total
Method-T (TM1) behaviours during both baseline and experimental trials
than the younger Group 1B (Kruskall Wallis test for baseline trials p=.005;
for demonstrations of Method-1 trials, p=.006; Table 4.5 and Figure 4.10).
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GROUP1B Friedman across Wilcoxon Friedman across Wilcoxon
Test: all trials Trials

SIMPLE ELEMENTS Base < Demo 1a *

METHOD 1 (SEM1) ** Base < Demo 1b *

Behavioural TOTAL METHOD 1 Base < Demo 1a * Demo 1a =Demo
1b

Category: (TM1) ** Base < Demo 1b *

Demo 1a =Demo
1b

METHOD 1 (M1) ns

Table 4.4: Non parametric within group analysis of Method-1 and Method-
2 behaviour for Group 1B. *=<0.05; ** = < 0.01. Base = Baseline trials 1-3. Demo
1a = Demonstration of Method-1, trials 1-4. Demo 1b = Intensive demonstrations

of Method-2, trials 5-6

Again following the scheme of Figure 4.5, more detailed analysis showed
the older Group 1A carrying out significantly more Simple Elements of
Method-1 (SEM1) both during baseline and experimental trials (Kruskall
Wallis p=.004 and p=.011 respectively), and significantly more Method-1

(M1) behaviours during both baseline and experimental trials (Kruskall
Wallis p=.037 and p=.004 respectively).

Test:

Behavioural

Category:

Kruskall Wallis

Baseline **

Grp 1A>Grp 1B
TOTAL METHOD 1

(TM1)

Demo 1 **

Grp 1 A>Grp 1B

Kruskall Wallis

SIMPLE ELEMENTS

METHOD 1 (SEM1)

METHOD 1 (M1)

Baseline **

Grp 1A>Grp
1B

Demo 1 **

Grp 1A>Grp
1B

Baseline *

Grp 1A >Grp
1B

Demo 1 **

Grp 1A>Grp
1B

Table 4.5: Summary of results for Method 1 behaviours between the older

Group 1A and younger Group 1B. *= < 0.05; ** = < 0.01
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Figure 4.10: Median of Total Method-1 (TM1) behaviours across baseline
and experimental trials for participants in Group 1A and Group 1B

DISCUSSION OF EXPERIMENT 1

Acquisition of Method-1

Overall, only 6 of a total of 11 chimpanzees between the ages of 1.8 and 8

fully acquired Method-1. An age effect was found, with all five

chimpanzees over four years old acquiring the behaviour compared to only
one under four years. The developmental effect is consistent with the
observation of tool use in the wild where termite fishing and ant-dipping

appear in the chimpanzees' behavioural repertoire between the ages of 4
and 7 (McGrew, 1977; Sugiyama, 1995). This suggests that the Honey-dip
task is quite comparable in difficulty to similar tool using tasks seen in the
wild.

In both groups there was a significant increase in Method-1 behaviours (or
Simple Elements of Method-1 behaviours for the younger group) after
observation of a model, over and above the frequencies shown in baseline

conditions, that had offered significant 'stimulus enhancement' learning

opportunities through food clues on the tool and HD boxes. Such results
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support the importance of observational learning in the acquisition of the
task, with such effects demonstrable at an age before young chimpanzees
are capable of mastering this kind of task, as well as when they are old

enough to do so.

Transition to Method-2

Only the older Group (1A) was shown demonstrations of Method-2 since
the younger Group (1B) had mostly not succeeded in acquiring Method-1.
Even in Group 1A only two individuals (MW and CD) fully acquired
Method-2 suggesting a complete switch from one method to the other was
not readily made. However all participants showed a significant increase in
elements of Method-2 behaviours (SEM2 and M2) during trials 9 and 10
i.e. after having received a total of 6 days of demonstrations (as many as

720 honey-pots being opened). This indicates that social learning was also

occurring in the acquisition of Method-2, even though it was not powerful

enough to cause a transition to using Method-2 in three of the five

participants.

Accordingly, the first two of the three predictions offered in the introduction
to this paper are broadly supported, in so-far-as participants were more

likely to acquire some or all of both Method-1 and Method-2 after observing
an expert model than in the prior baseline control phases. The third

prediction, that Method-2 would be utilised only after Method-1 had been

acquired and modelling of Method-2 had been witnessed, was partially

supported by the finding that only one participant (MW) performed any

Method-2-like actions before seeing Method-2 modelled, and the full
Method-2 only came to be utilised (by 2 participants) following modelling of
Method-2.

Nevertheless, the extensive series of demonstrations of Method-2 needed

to show these effects gives little support to the idea that mastering a simple

technique much facilitates the acquisition of a more elaborated version. To
the contrary, the young chimpanzees we studied seem to have expressed
considerable conservativism, sticking with Method-1 for prolonged periods
in the face of repeated demonstrations of the more productive Method-2.
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A reasonable perspective on these results is that such long bouts of

modelling are actually modest compared to what is typically experienced in
the wild. As noted above, wild chimpanzees do not even attempt to ant dip
before the age of four, although due to the close bond with the mother they
have ample opportunities for observation of the behaviour during those first
few years (McGrew, 1977; Sugiyama, 1995). McGrew suggested that due
to the relative complexity of the task, coupled with the painful results of

incompetence, a long observation time may be necessary before juveniles
can successfully master ant-dipping themselves (McGrew, 1977).

A long observation time (relative to the time scale of the experimental work
carried out) was indeed necessary for the chimpanzees we studied to

acquire elements of the more complex honey dipping method. However
our results suggest a more extreme hypothesis: that conservatism is of a

degree that acquiring Method-1 actually interfered with adopting Method-2.
Removal of the opportunity to carry out the behaviour that was already
habitual appeared important in facilitating the acquisition of the new

method. This raises questions about the ease with which a switch from one

method to another would occur in the wild.

Accordingly in a follow-up experiment, chimpanzees were presented with a

situation in which only Method-2 could be successful. We thus assessed
the acquisition of Method-2 (whether independently or socially) without the

potential interference of a previously acquired sub-optimal strategy (i.e.

Method-1). Results of this experiment are contrasted with those described
above.
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EXPERIMENT 2
METHOD

Participants
The five participants taking part in Experiment 2 (Group 2) were housed in the
same enclosure and followed the same daily routines described above. The

age range was from 1.8 to 5 years of age (Table 4.6).

Participants Gender Age
GROUP 2
MT M 5
MZ M 4
Bl F 3
PS F 1.8
IN M 1.8

Table 4.6: Characteristics of participants in Group 2.

Procedure

Procedure for Experiment 2 closely mirrored that used for Experiment 1.
However the HD contained only biscuits and peanuts, rewards that could only
be obtained using Method-2.

The participants were given three baseline trials:
Baseline trial 1: as for Experiment 1
Baseline trials 2 & 3: one of the lids of the HD was left open exposing the food
contained for the participants to take. Experimental trials also mirrored the

procedure of Experiment 1.

Experimental trialsl to 4: each participants was tested individually, the
researcher carrying out a demonstration of Method-2 every 10 minutes on one

unit of the HD. Experimental trials were carried out on successive days; the
first demonstration of Method-2 per trial was always carried out regardless of
the chimpanzee's performance. Subsequent demonstrations were carried out

only for those individuals that had not acquired the technique.
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RESULTS

Acquisition of Method-1
Two participants (MZ and Bl) in Group 2 acquired Method-1 despite this
method being inappropriate to obtaining a food reward. Both showed the
behaviour during baseline trials.

Acquisition of Method-2
The same two chimpanzees (MZ and Bl) acquired Method-2 and thereby

successfully opened the honey pots to retrieve the reward. Both successfully

performed the component behaviours of Method-2 in sequence, MZ during
trials with demonstrations of Method-2, Bl during baseline trial 1. However
their pattern of behaviour subsequently changed, MZ carrying out the

sequence of Method-2 as demonstrated, Bl choosing to first poke all the bolts
of the honey pots and only subsequently open the lids. By trial four both

participants were successfully opening all the honey pots. The remaining
three participants acquired elements of Method-2, but did not successfully

open the honey pots.

Within Group Analyses
Total Method-1 behaviours decreased significantly from baseline to trials with
demonstration of Method-2 (z= -2.023, p= .043). More specifically, the
decrease was found to occur in Simple Elements of Method-1 (SEM1)
behaviours (z= -2.023, p=.0430), but not in Method-1 (M1) behaviours (z= -

.447, p=.650). However there was no corresponding increase in Total Method-
2 from baseline to experimental trials (z= -.674, p=.65) (Table 4.7 & Figure

4.11).

Comparison of Experiments 1 and 2

Participants were matched for age (IK/MT; MW/MZ; KL/BI; KS/IN; YY/PS) and

comparison was carried out for baseline trial 1 (which was identical for

participants in both groups) and experimental trials (in which participants in

Group 1 were shown Method-1 and Group 2 Method-2). There was no

difference between Group 1 and Group 2 in the frequency of Total Method-1
behaviours (TM1) during either Baseline Trial 1 or Experimental Trials
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(Kruskall Wallis p=.754 and p=.251 respectively). However a significant
difference was found for Total Method-2 behaviours, Group 2 carrying out
more of these behaviours than Group 1 both during baseline trial 1 and during

experimental trials (Kruskall Wallis p=.034 and p=.013 respectively) (Figure

4.12).

GROUP 2
Test:

Wilcoxon Wilcoxon

SIMPLE ELEMENTS

METHOD 1 (SEM1) Base > Demo 2 **

Behavioural TOTAL METHOD 1 Base > Demo 2 **

Category: (TM1) METHOD 1 (M1) Base = Demo 2

Behavioural TOTAL METHOD 2 Base = Demo 2

Category: (TM2)

Table 4.7: Non parametric within group analysis of Method-1 and Method-2
behaviours for Group 2. *= < 0.05; ** = < 0.01. Base = Baseline trials 1-3. Demo 2 =

Demonstration of Method-2, trials 1-4
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Figure 4.11: Median scores for Total Method-2 (TM2) in baseline and
experimental trials for Group 2
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Figure 4.12: Mean number of Total Method 2 (TM2) behaviours for Baseline
Trial 1 for participants in Group 1 and Group 2 matched for age

During experimental trials the number of Total Method-1 behaviours (TM1)
carried out did not differ between Group 1 and Group 2 (Mann Whitney test U
= .31) however Group 2 carried out significantly more Total Method-2
behaviours than Group 1 (U = .016, p < .02) (Table 4.8).

Group 1A versus Group 2

Participants in Group 1A, matched for age were compared to participants in

Group 2 on experimental trials in which both had witnessed demonstrations of
Method-2. There was no significant difference between participants in the two

groups for either Total Method-1 (Kruskall Wallis p=.127) or Total Method-2

(Kruskall Wallis p=.507) in trials with demonstrations of Method-2. The same

was found when comparing TM2 behaviours in trials 9 and 10 with
demonstration of Method-2, between Group 1A and Group 2 (Kruskall Wallis

p=.724) (see Table 4.9).
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Group 1 versus
Group 2

Test: Kruskall Wallis

Baseline 1

Grp 1 = Grp 2
Behavioural TOTAL METHOD 1

Category: (TM1)
Experimental
Grp 1 = Grp 2

Baseline 1 *

Grp 1 < Grp 2
Behavioural TOTAL METHOD 2

Category: (TM2)
Experimental **
Grp 1 < Grp 2

Table 4.8: Summary of differences between Group 1 and Group 2 with

participants matched for age. *= < 0.05; ** = < 0.01

Group 1A versus
Group 2

Test: Mann Whitney

Demo 2a

Grp 1A = Grp 2
Behavioural TOTAL METHOD 1

Category: (TM1)
Demo 2b

Grp 1A - Grp 2

Demo 2a

Grp 1A = Grp 2
Behavioural TOTAL METHOD 2

Category: (TM2)
Demo 2b

Grp 1A = Grp 2

Table 4.9: summary of results between Group 1A and Group 2 with

participants matched for age. *= < 0.05; ** = < 0.01 Demo 2a = Initial demonstration
of Method 2, trials 5-8 Demo 2b = Intensive demonstrations of Method 2, trials 9-10.
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DISCUSSION OF EXPERIMENT 2

Acquisition of Method-1 and Method-2 for Group 2
Use of Method-1 was recorded for two participants during both baseline and

experimental trials, despite the fact that in itself it was not effective. The

frequency of Method-1 decreased significantly from baseline to experimental
trials once Method-2 was demonstrated, but there was no corresponding
increase in Method-2 from baseline to experimental trials. This appears to be
due to the high incidence of Method-2 behaviours occurring already during
baseline trials, suggesting that learning of this method was occurring at an
individual rather than social level in this experiment. The chimpanzees in

Group 2 performed some Method-1 behaviours, but because this was not

being reinforced they appeared to persist more in their exploration of the HD,

eventually 'discovered' Method-2 behaviours.

Experiment 1 and 2 Compared
A comparison was made of the results for experiment 1 and 2, with

participants matched for age. During baseline trial 1 (which was identical for
both groups) no differences were found in the frequency of Method-1
behaviours occurring. However Group 2 showed significantly more Method-2

type behaviours than Group 1. Thus, in experiment 2, where reinforcement for
the sub-optimal method (Method-1) was removed, behaviours pertaining to
Method-2 were discovered using individual learning alone, for there was no

significant difference in frequency of Method-2 behaviours between baseline
and experimental trials.

A comparison of experimental trials between Group 1 and 2 confirmed their
use of different methods in tackling the task after observing a model, in that

Group 2 carried out significantly more Method-2 behaviours than Group 1.
The groups did not differ in the frequency of Method-1, but this was expected
since Method-1 behaviours are an integral part of Method-2 and thereby just
as likely to be observed in Group 2.

Finally a subset of individuals in Group 1A (i.e. those who had observed
Method-2 in Experiment 1) were matched to the three individuals of equivalent
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ages in Group 2. A comparison of these chimpanzees revealed that there was

no difference in the frequency or expertise in carrying out Method-2. This

suggests that learning of Method-2 through social means, despite the prior

acquisition of sub-optimal Method 1, had occurred in Group 1A equally

effectively as in Group 2, where acquisition of the behaviour occurred through
a combination of environmental constraints and individual learning.

SUMMARY OF RESULTS AND GENERAL DISCUSSION

Overall, the honey-dip was tested with a total of 16 chimpanzees, nine of
whom successfully acquired Method-1 (all those aged four and over and one

three year-old). The more complex Method-2 was successfully mastered by
three of the eight chimpanzees over four years old and by one three-year old,

indicating this task was appropriate to their capabilities, but challenging. The

significant differences in mastery found between the age groups mirror the
data on tool using in the wild, suggesting the level of difficulty of the honey-dip
was reasonably comparable.

Chimpanzees who had effectively acquired Method-1 did not upgrade to
Method-2 when, in Experiment 1, they still had opportunities to carry out their
own (sub-optimal) method. The limited switch to Method-2 occurred only
when the possibility of carrying out Method-1 was temporarily removed during
the observation period, effectively encouraging the participants to attend to
the new behaviour before they had an opportunity to work on the task again.
This is consistent with Hirata & Morimura's (2000) study in which

chimpanzees observed a knowledgeable conspecific perform a new skill only
when they did not know how to carry out the task themselves.

After a relatively long observation period two participants acquired the
behaviour as successfully as the chimpanzees who, in Experiment 2, were
from the outset only able to gain reinforcement for the acquisition of optimal
Method-2. Thus assuming the analogy between the HD and ant dipping in the
wild is a valid one (as indicated by the age correlation noted above), switching
from one method to an improved one would seem to depend on the

opportunity a chimpanzee has to watch the new method being carried out for
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prolonged periods of time, without being able simultaneously to access the
food source using her own sub-optimal strategy. Being young and/or
subordinate would offer naturally occurring instances of these conditions.

Young chimpanzees experience enough tolerance from their mothers and
some other community members to permit a prolonged observation time,
whilst being subordinate restricts their access to limited food sources (Boesch
& Boesch-Achermann, 2000; Goodall, 1986). In the case of dipping for driver
ants, the biting capacity of the prey may additionally tip the balance of
attention from early practice to extended observation (McGrew, 1977).

Innovation and diffusion of novel behaviours in wild chimpanzee communities
are particularly difficult processes to observe due to the perceived
conservatism of this species (Kummer & Goodall, 1985; Takahata et al., 1986;
Boesch, 1995) and the difficulties of following an emigrating female to a new

community or observing an unhabituated incoming female (Boesch, 1993a;
McGrew, 1998), thus experimental studies addressing these issues are

particularly needed.

The study outlined above goes some way towards assessing the flexibility of

young chimpanzees in acquiring a novel behaviour when its basic function is

already being fulfilled by another sub-optimal strategy. Innovation can be seen

as the use of a new behaviour to access a new food source but also as a

more efficient way of tapping into an already existing resource. Given the

difficulty the chimpanzees in this study experienced in switching from one

method to another, the data seem to show a degree of conservatism similar to
that suggested in the literature on wild chimpanzees (Kummer & Goodall,
1985; Takahata et al., 1986; Boesch, 1995). A particularly suggestive

example of the conservatism seen in chimpanzees is evidenced in a study by
Matsuzawa (1996). A new species of nuts (Coula edulis) was presented to a

wild chimpanzee community already adept at cracking open oil palm nuts.

Although most of the chimpanzees examined the Coula nuts, only one female,

Yo, known to originate from a neighbouring Coula-nut-cracking community,
carried out the appropriate behaviour. During the following days, only two

juvenile chimpanzees (aged five and six) acquired the behaviour, and
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whereas the adults tended to ignore Yo's behaviour, youngsters were seen to
observe her more closely. This study is in line with speculations that juveniles
would be the most likely candidates for the acquisition of new skills or

modification of known behaviours, as in the case of cracking a new species of

nut, or adopting a more proficient ant dipping method.

According to Boesch (1996a) the maintenance of a maladaptive behaviour in
the wild may be a strong test of that behaviour being a 'cultural tradition' since
'we would expect individuals to test the possibilities and choose the best

ecological solution they find' (p.259). A lively debate has since emerged
around the possibility of maladaptive behaviours being maintained through
social learning (Galef, 1995; Laland, 1996). The hypothesis that an animal

learning a sub-optimal strategy through observation would then have difficulty

upgrading to a more rewarding alternative, has never been explicitly tested. In
the present study the chimpanzees who had acquired Method-1 only started

acquiring elements of Method-2, after the possibility of interacting with the HD

using the sub-optimal familiar Method-1 was removed. This suggests that the

quality and/or length of observation of Method-2, while Method-1 was still an

option, were too low to allow them to learn the new, optimal behaviour. Yet
even when the conditions for observation were made as effective as those in

which Method-1 was shown, only two participants switched behaviour (of
which one, MW, had partially acquired the behaviour individually, and the
other, CD, only successfully carried out the optimal behaviour on two

occasions). This suggests that the maintenance of a sub-optimal learning

strategy can indeed be a side effect of social learning (Laland, 1996).

However, other possibilities need to be considered. The chimpanzees'

difficulty in switching to the optimal Method-2 may be due to a strict abiding to
a quickly ingrained social tradition (Method-1) but it may also be explained by
a perseverative tendency in the known behaviour (i.e. an inability to inhibit

Method-1) or a lack of understanding of the greater rewards produced by
Method-2. The latter hypothesis seems unlikely given experiments with

chimpanzees in which the perception of 'more versus less' (as well as more
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complex quantitative analysis) appeared to be well within their capabilities

(Tomasello & Call, 1997).

Behavioural inhibition is associated with frontal lobe activity based on

evidence from studies of A-not-B tasks in which participants are required to
switch from a formerly successful strategy (A) to a newly successful behaviour

(B). In these tests perseverative behaviour is seen to occur both in frontal lobe

patients (Diamond, 1985) and young children whose frontal cortex is not yet

completely developed (Diamond, 1991). Chimpanzee perform adequately on

the simple A-not-B tasks (Rumbaugh & Pate, 1984a; Rumbaugh & Pate,
1984b; Rumbaugh, 1970). However, the task described in this paper goes a

step further in its complexity since the A-strategy (i.e. Method-1) is still
successful, albeit less so, than the new strategy being demonstrated (Method-

2). Furthermore in a study looking at factors influencing the imitation of

manipulatory actions, (Myowa-Yamakoshi & Matzusawa, 1999) found that the
most common error carried out by the chimpanzees was one of perseveration
of actions previously carried out on the objects presented. Although

chimpanzees and humans share a large frontal cortex (Semendeferi et al.,

2002) it is possible that in the context of imitation where an additional

cognitive requirement is made (compared to A-not-B tasks) the chimpanzee's

relatively smaller pre-frontal cortex (Semendeferi et al., 2001) or other crucial
differences in the organisational structure of this area (Semendeferi et al.,

2002) are responsible for the perseverative behaviour shown in this task and
others like it.

Moreover a more recent study carried out in Bossou (Humle & Matsuzawa, in

press) found that chimpanzees in this particular community use both the ant

dipping method of Ta'i (direct mouthing) and Gombe (pull through). However
the authors found that the method used was related to the choice of tools (in
terms of length), the ant species and the location (i.e. nest versus travelling

ants) in which they were being harvested, i.e. it was context bound.

Additionally a lower efficiency harvesting rate was found in Bossou compared
to both the other field-sites, despite the supposedly more efficient pull-

through method being used. Given these discrepancies the authors suggest
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that more detailed comparisons of the ecological variable at Ta'f and Gombe
need to be carried out. In the context of the current study it is interesting to
note that the most successful chimpanzees to acquire Method-2 were those
who were presented with 'ecological constraints' making Method-1 inadequate
and effectively encouraging further exploration of the task until Method-2 was

discovered (in Experiment 2). In view of the results from Humle & Matsuzawa

(in press) it would have been interesting to change the chimpanzees

'ecological environment' after they had acquired Method-1 by suddenly

making Method-2 the only rewarding alternative. How long would the

chimpanzees have taken to learn the new behaviour under these conditions?
Would it have taken longer that the chimpanzees for whom the ecological
environment provided reward only for Method-2 from the start (as in

Experiment 2) ?

Finally the likelihood of an animal maintaining a socially learned, maladaptive
behaviour more readily than an individually learned sub-optimal behaviour is a

controversial issue in the social learning literature and one which is seen to
need more empirical investigation (Laland, 1996). It would also help resolve
whether the maintenance of a sub-optimal behaviour is a function of it having
become a 'tradition' or whether it is a result of perseverative trends associated
with the limitations of the chimpanzees' frontal lobe capacity. Artificial fruits
with similar designs to the HD could be used to test this hypothesis in a

variety of species.
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Chapter 5

SOCIAL LEARNING OF A HIERARCHICALLY-ORGANIZED

ARTIFICIAL FRUIT TASK BY INFANT AND JUVENILE

CHIMPANZEES (Pan troglodytes)

ABSTRACT

Social learning has increasingly been dissected into a multitude of different

cognitive processes. One such distinction is that copying of an action from
one individual to another can occur at different levels e.g. at the level of
discrete actions or at the structural (or program) level, which concerns the

sequential or hierarchical organisation of the behaviour (Byrne & Russon,
1998; Whiten, 2002b). A study by Whiten (2002b) showed that presented with
a two-action, hierarchically structured task, three year old children copied the
observed hierarchical approach, although not the sequence demonstrated.
The current study presented 16 infant and juvenile chimpanzees with a task

designed to examine social learning at action, sequential and hierarchical
levels. Matching of observed behaviour was found on one (of a possible two)
component actions and, for subjects above three years old, on hierarchical
but not sequential aspects of higher-level structure. This is the first

experimental study showing ontogeny of social learning in chimpanzees, and
an ability to imitate the hierarchical-structure of a complex sequence of
actions.

INTRODUCTION

The last ten years have seen the emergence of a lively debate in the area of
animal social learning, with questions being raised about the cognitive
mechanisms involved (Galef, 1988; Tomasello et al., 1987; Heyes, 1994;

Heyes, 1996; Whiten & Ham, 1992), the species using them (Visalberghi &

Fragaszy, 1990; Byrne & Tomasello, 1995; Tomasello, 1996; Heyes, 1998)
and their functions (Galef, 1995; Laland, 1996).
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The cognitive mechanisms involved in social learning have come under

particular close scrutiny, often focusing on the attempt to identify 'true
imitation'. This has become more challenging with the recognition that other
less cognitively complex processes (such as social facilitation, stimulus
enhancement and observational conditioning) may result in similar
behavioural outcomes (Heyes, 1994; Zentall, 1996) as may alternative

processes that can be no less sophisticated (notably emulation Tomasello,

1990; Whiten et al., in press). Bewildering as this plethora of terminology may

at first seem, the ever more reductionist approach adopted in the social

learning literature has been constructive in inspiring experimental research to
tease apart the existence of these processes at an 'empirical' and not just
theoretical level.

One of the issues emerging from the theoretical debate and inspiring a

number of different experimental designs is the question of 'novelty'. Novelty
had already been identified by Thorpe (1963) as a necessary precondition for
imitation which he defined as "the copying of a novel or otherwise improbable
act or utterance, or some act for which there is clearly no instinctive tendency"

(italics my own, p. 135). Byrne (1994) suggested that actions which were

already part of the animal's repertoire could be merely enhanced or primed by

seeing them being carried out, thereby increasing the probability of their future
occurrence. He labelled this priming mechanism as 'response facilitation' and
considered it sufficient to explaining the copying behaviour of 'simple' actions
such as those shown in two-action tasks in birds and primates (Byrne &

Tomasello, 1995).

Other researchers have argued instead that the precondition of novelty

effectively excludes the possibility of studying imitation in a controlled

experimental manner, since however complex a behaviour, it is always made

up of simpler actions which, if they are to be at all within the subjects

capabilities, will have to be part of their repertoire (Heyes & Ray, 2000). The
constraint of novelty would result in neglecting such imitative behaviour, which

may be of interest nonetheless (Gardner & Heyes, 1998; Huber, 1998;

Zentall, 1998). Whiten (1998a; 2000) suggested that given the difficulty (and
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perhaps inadvisability) of devising 'wholly novel' individual actions, a more

fruitful approach would be to use novel combinations of known actions to test
for the presence of imitation in non human species. As one example of this

approach, Whiten describes the sequential imitative learning observed in

chimpanzees in an artificial fruit paradigm in which two groups of

chimpanzees copied one of two possible sequences of tackling defences to
access a food source (Whiten, 1998a).

However in a more recent paper, Byrne (2002) objected that response

facilitation can suffice to explain imitation of even a complex sequence of
actions since this can be occurring by 'dissection into simpler sequential parts
that are already in the observer's repertoire' and these may be copied as 'a

string of beads'. Response facilitation could then be sufficient to explain
behaviour matching at both a single action and a sequential level. The more

cognitively complex social learning process which Byrne (2002) suggests

distinguishes great apes from other species is at the 'program level', i.e. not
the repetition of a string of single unit actions already in the subjects repertoire

through response facilitation, but the discerning of hierarchically-structured

regularities in a string of observed behaviours, which allows the observer an

understanding of the task at this 'program' level. It is at this hierarchical level
that the subject then reproduces the action, with lower-level features ignored.
To discern the regularities in the task, the model must observe the behaviour

being carried out on a number of occasions. Imitation at this level is thus not

expected to be an immediate response. 'String parsing' is the term used by

Byrne to identify this process. Hypothetical examples of this imitative learning
mechanism in apes come from observational studies such as plant processing
in wild mountain gorillas and tool-using (ant dipping, nut cracking and termite

fishing) in wild chimpanzees (Byrne, 1999). Matsuzawa (1996) earlier
identified nut-cracking as a hierarchically organised task, although he did not

suggest hierarchical imitation was the cognitive process responsible for its

acquisition in young chimpanzees.

No experimental studies have been carried out to explore imitation of
hierarchical structure in apes. However Whiten (2002b; 2002c) described an
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experimental paradigm involving an artificial fruit (the 'key-way') which could
be accessed in one of two hierarchically different ways ('row-wise' or 'column¬

wise'), to test for imitation at this level in 3-year old children. The results
showed that children copied the hierarchical but not the sequential structure
observed. The current study utilised a parallel experimental paradigm for

juvenile chimpanzees, designed to examine imitation at action, sequential and
hierarchical levels.

METHOD

Participants
The study was carried out at the Ngamba Island Chimpanzee Sanctuary,
Lake Victoria, Uganda. The island sanctuary houses orphaned chimpanzees
confiscated by the authorities as a result of illegal poaching activities. Sixteen

chimpanzees (age range 1.8 to 8 years of age) were allocated to two groups

('ROWS' versus 'COLUMNS' groups), wherever possible matched for age

(see Table 5.1).

Housing
The infant group had access to a 100-acre forest area during morning walks

lasting approximately an hour and a half, and afternoon walks lasting

approximately one hour. These excursions were carried out when the adult

community, composed of 19 chimpanzees, was in the holding facility. During
the rest of the day the infants were housed in a 13x9x4 meter holding

facility divided into five rooms. The participants had access to all of these
when experiments were not been carried out. During experiments the

chimpanzees not being used as participants were confined to the two rooms

furthest from the experimental room, where they could not see the

participant's trials.

Previous Experimental Experience
All the participants had participated in two previous social learning

experiments which involved dipping a stick in a hole to obtain either honey

(Chapter 4) or food (Horner & Whiten 2002). A subset of participants (CD, IK,
MW, KL, AS) also participated as non-observing controls in a study with the
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'pin-apple' artificial fruit (unpublished data). See Whiten et al. (1996) for a

description of the task. In none of these studies had the participants been

taught or encouraged to imitate. They had had opportunities of different kinds
for observational learning, but in this they were no different to wild

chimpanzees of a similar age (c.f. Boesch & Boesch-Achermann, 2000;

Goodall, 1986).

GROUP1: ROWS GROUP 2: COLUMNS

Participant Age Gender Method Participant Age Gender Method
CD 8 F 1R IK 6 F 2R

NK 5 F 2L MT 5 M 2L
KL 4 M 1R MW 5 M 1L
BL 3 M 1R MZ 4 M 2L
AS 3 M 2R Bl 3 F 2L
MU 2.5 F 2R YK 2.8 M 1R
YY 2.5 F 1L KS 1.8 M 2R
IN 1.8 M 1R PS 1.8 F 1L

Table 5.1: Groups of participants (Rows vs Columns) matched by age. The
action method they observed was either: Method 1; poke bolts, push trap door, roll
wheel: or Method 2; twist bolts, pull-and-twist trap door, roll wheel. The
demonstrations progressed either from right to left (R), or left to right (L) (see
Procedure).

Materials

The 'Hierarchical' Artificial Fruit

The Hierarchically-structured Artificial Fruit (HAF) consists of a rectangular
box divided into three compartments (A, B, C) (Figure 5.1). Each

compartment presents the participant with four layered tasks

(subroutines/layers: 1, 2, 3 and 4). First, a bolt must be either pushed or

pulled to allow lifting of a hinged lid (i.e. the second layer). The participant
thus gains access to the third layer in which a door can be slid in one of two
directions. This in turn reveals the fourth and final task which presents a

vertically-mounted knurled wheel, that must be rotated a number of times
before it catches and stops. Once all three sections of the box are

successfully manipulated, the food is released. In total there are thus twelve
elements: four (1, 2, 3, 4) tasks in each of three compartments (A, B, C).
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Figure 5.1: The Hierarchically-Organized
Artificial Foraging Task (HAF). The unit
furthest on the left is completely locked, bolt
in place. The right unit shows the open lid
and closed sliding door. The middle unit
shows opened lid and slide door allowing
access to a knurled wheel. All defences must

be disabled before the food can be obtained.

The fruit was designed so that one of two different hierarchically-organized

sequences of action can be demonstrated; either Method "ROWS" in which
the same subroutine is carried out for each compartment before moving onto
the next subroutine (i.e. sequence 1A, 1B, 1C; 2A, 2B, 2C; 3A, 3B, 3C; 4A,
4B, 4C) or Method "COLUMNS" in which all subroutines for each columnar

compartment are completed before moving onto the next compartment (i.e.

sequence 1A, 2A, 3A, 4A; 1B, 2B, 3B, 4B; 1C, 20, 30, 4C) (Figure 5.2). Both
methods are 'hierarchical' in that the elements of one level are completed
before those of the next level are tackled.

In addition, the elements of both Subroutines 1 and 3 were designed so they
can be demonstrated in one of two different ways. In layer 1 bolts can be
either pulled & twisted or poked out. In layer 3, the door can be slid in one of
two directions. Finally the rotating action at level 4 must be iterated until the
wheel reaches its natural stopping point. Thus the design of the HAF affords
'two action' demonstrations (and potential imitation) at either (or both of) the
level of the overall hierarchical structure, or the elements that make it up.
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Figure 5.2: Schematic depiction of the row-wise versus column-wise
hierarchical structures demonstrated to the participants.

Procedure

Demonstration days

During two consecutive days, each individual chimpanzee saw an

experimenter opening the HAF using the appropriate method. The researcher

presented a total of nine demonstrations per day; three demonstrations in
succession every seven to ten minutes. Demonstrations were carried out in a

small cubicle adjacent to the participant's enclosure, in full view and within
arms reach (through the enclosure bars) of the participant. Participants were
not permitted to interact with the HAF during these demonstrations days,

although touching the HAF through the bars whilst demonstrations were being
carried out was allowed.

Testing days
On the 3rd , 4th, and 5th days, each chimpanzee was individually tested. The
test trials lasted a minimum of 20 minutes and a maximum of one hour. Trials

were discontinued once the participants gained access to the food or if they

ignored the HAF for more than 5 minutes (a relatively rare occurrence). At the
start of each trial the researcher gave the participants an additional three
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demonstrations of the appropriate method (see Table 5.2 for a summary of
the experimental schedule). As on days 1 and 2, demonstrations were carried
out in full view of the participant in a cubicle adjacent to the testing enclosure.

During the subsequent test trials the experimenter was in the enclosure with
the participant.

DAYS PROCEDURES

DAY 1 3 demonstrations; 7/10 minutes break; 3 demonstrations; 7/10
minute break; 3 demonstrations.

DAY 2 3 demonstrations; 7/10 minutes break; 3 demonstrations; 7/10
minute break; 3 demonstrations.

DAY 3 3 demonstrations + test
DAY 4 3 demonstrations + test
DAY 5 3 demonstrations + test
2 WEEKS LATER
DAY 6 3 demonstrations + test
DAY 7 3 demonstrations + test
DAY 8 3 demonstrations + test

Table 5.2: Testing schedule and conditions

Video Recording
Video recordings of both demonstrations and trials were made for later

analysis. Demonstrations were recorded using a Hi8 Sony video camera on a

tripod approximately three meters from the location of the HAF and operated

by the researcher through remote control. Participants' actions on the HAF
were subsequently recorded in test trials by the researcher holding the
camera at closer range to permit more detailed aspects of object manipulation
to be recorded.

ANALYSIS

Behavioural Coding
Actions

Behaviours performed by participants were considered separate actions when
the bodily parts involved came into contact with the HAF and were then

separated from it before a new or the same action occurred. Failed attempts
at removing the bolts and moving the trap door were included in the analysis
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when the action could be easily allocated to one of the categories described in
Table 5.3.

For each trial the percentage of pull bolt (over pull + push behaviours) and of

pull slide door (over pull + push behaviour) was calculated.

ACTIONS on the HAF

Pull Bolt: P. grips and pulls the bolt towards his/her body, with or without twisting
Push Bolt: P. pushes the bolts away from his/her body either by poking it with a

finger, palm or any other part of the hand
Pull slide door: P. uses a finger to pull the slide door towards his/her body
Push slide door: P. uses a finger to push the slide door away from his/her body

Table 5.3: Categories of behaviour at the action level. P = participant.

Hierarchical Structure

Coding of the chimpanzees' behaviours in terms of any hierarchical structure
favoured (row versus columns), was carried out by first charting the sequence

in which the defences were successfully tackled. For each trial, the

percentage of row-wise versus column-wise transition steps (over the number
of total transitions they made during that particular trial) was then calculated.

Sequential Structure

Participants had seen the model removing the defenses either from right to
left or left to right. For each trial a record was made of whether the
participant's first transition between actions matched that of the model it had
seen earlier in this respect.

Statistical Analysis and Inter-observer Reliability
Given the small sample size all data from the action, hierarchical and

sequential categories were analyzed using non-parametric statistical tests.

Mann-Whitney U tests were used for between group comparisons and
Wilcoxon tests were used when comparisons were made across trials. All
values reported are at 2-tailed levels of significance. An independent observer
'blind' to the demonstration participants had witnessed coded a subsection of
the data. Significant levels of agreement were found on the coding of discrete
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action, using a Spearman's rho correlation (0.787 agreement for 'pull bolts',
0.100 for 'push bolts'; 0.100 for 'pull slide door', 0.896 for 'push slide door').
For the hierarchical analysis a Kappa inter-observer reliability revealed a

0.956 agreement on the type of transitions made.

RESULTS

Analysis was carried out separately for trials 1 to 3 and trials 4 to 6, since in
the latter trials the researcher carried out the final stage of the task to

guarantee that the participant would obtain the reward. One chimpanzee (MU)
had to be excluded from the latter part of the study (trials 4 to 6) due to an

arm injury. Her data are included at a descriptive level and in the analysis of
trials 1 to 3, but excluded in all within-participant analyses comparing trials.

Overall Success in Removing Defences

Participants were generally able to successfully disable the HAF's defenses
from the first trials. On average they removed 74% of defenses in trials 1 to 3,

compared to 78% in trials 4 to 6. Turning to success on specific components,
on average the chimpanzees removed 89% of bolts in trials 1 to 3 and 97% of
bolts in trials 4 to 6. The slide door was opened 72% of the time in trials 1 to 3
and 81% of the time in trials 4 to 6. On all these measures there was no

significant improvement in the number of defenses removed in the first three
trials compared to the last three (All defenses: z=0.945, p=0.345; Bolts:
z=1.166, p=0.244; Trap door: z=1.22, p= 0.222).

However, although no improvement was seen between the first three and the
last three trials in the percentage of defenses removed, there was a significant
decrease of unnecessary actions. The total number of actions (pull and push)
carried out both on the bolts and on the slide door were significantly higher in
the first three trials than trials 4 to 6 (Median for bolts 41 and 17 respectively :

z=3.153, p=0.002; Median for Trap doors 18 and 9 respectively: z=9.898,

p=0.004) (Figures 5.3 & 5.4).

The participants' success rate in obtaining the reward independently (i.e. in
the first three trials) was poor. Only three (out of a total 16 chimpanzees i.e.
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MZ, NK, MT) successfully obtained the reward unaided. This was due to
difficulties the chimpanzees experienced in rolling the wheel in the right
direction for long enough to successfully release the catch holding the food

tray in place. Typically, the participant would start rolling the inner wheel in the

right direction but would not continue so all the way; then they would often
start rolling in the opposite direction, thereby closing the mechanism again.
The wheel rolling was the part of the task the participants found most difficult
to master (on average they rolled the wheel 39% of the time in trials 1 to 3,
and 42% in trials 4 to 6). Thus as explained earlier, in the latter three trials, to

guarantee the participant would obtain a reward, this part of the task was

completed by the researcher. However attempts carried out by the participant

(even if unsuccessful) were also recorded.

60
0
O)

§ 50
L—

0

trials 1 to 3 trials 4 to 6

Figure 5.3: Median score for actions on the bolts (pull+push) in
trials 1 to 3 and trials 4 to 6.

An age effect was found in the success rate of removal of defences. In trial 1
to 3 the older group carried out significantly more overall removal of defences

(80.5% versus 65%; U=6, p=0.009) (Figure 5.5) and opened more slide doors

(89% versus 55.5 %; U=8.5, p=0.017) than the younger group (Figure 5.6).
Differences between age groups in attempts on the wheel only approached

significance (50% versus 44%; U=12.5, p=0.56) and no difference was found
in the removal of bolts (11=19, p=0.184).
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In trials 4 to 6, no age difference was found on any of these measures (All
defences: U=23, p= 0.806; Bolts: U=22.5, p=0.480; Trap door: U=12.5,

p=0.096; Wheel: U=15, p=0.214).

Figure 5.4: Median score for actions (pull+push) on the
slide door in trials 1 to 3 and 4 to 6.
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Figure 5.5: Median percentage for all defenses removed in trials 1 to
3 by the old and young group
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Figure 5.6: Median % for slide doors being opened in trials 1 to
3 for the old and young group

Behavioural Matching
Actions

No significant difference was found between the participants who had seen

the model remove the bolts by pushing versus pulling, in either the first

(Median pulling behaviour for push group versus pull group 90% and 89.5%

respectively; U=31.5, p=0.958) or the second group of trials (Median pulling
behaviour for push group versus pull group 100% and 100% respectively;
U=23, p=0.407).

No significant difference was found on the actions involving the slide door in
trials 1 to 3 (Median pulling behaviour for push group versus pull group 71%
versus 83%; U=22.5, p=0.316). However for trials 4 to 6 a significant
difference was found between participants in the group who had observed the
slide door being opened by pulling towards, versus those who had seen it

being pushed away from the model (Median pulling behaviour for push group

versus pull group 18% versus 85.6%; U=6, p=0.011) (Figure 5.7). However
because the participants carried out significantly more actions on the slide
door during the first three trials compared to the latter three (z= 9.898,
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p=0.004) (Figure 5.4), there was a possibility that the participants' copying of
slide door action during the first instances of trials 1 to 3 were being lost in the

subsequent repetition of irrelevant actions. Thus a comparison was carried
out on the 'pull' vs 'push' groups on just the first three actions on the slide
door for trials 1 to 3 but no imitative effect was found (Median pulling
behaviour for push group versus pull group 81.5% versus 94.5%; U=21.5,

p=0.249).

Figure 5.7: Median % of pull slide door for 'pull group' versus

'push group' in trials 4 to 6

Hierarchical Structure

Between Groups
The tendency to reproduce the observed hierarchy was analysed using the

participant's successful actions, since a degree of success on at least the first
components was necessary before strategic choices of a 'row' versus

'column' approach could be made. Statistical analysis was carried out for both

percentage of row transition and percentage of column transitions over all
transitions (including diagonal switches). These are independent of each other
to the extent that participants can in principle perform row-wise, column-wise
or diagonal transitions (i.e. participants are not obliged to perform the task in a

hierarchical way at all).

175



No significant difference was found in the hierarchical pattern being used by

participants who had observed row versus column for the first three trials

(Median row transitions for 'row group' 24.5 versus 'column group' 20: U= 29,

p=0.752; Median column transitions for 'row group' 72 versus 'column group'
73: U=31, p=0.916). Overall, results were equally lacking in statistical

significance for the latter three trials (Median row transitions for 'row group' 27
versus 'column group' 9: U= 16, p=0.165; Median column transitions for 'row

group' 78 versus 'column group' 83: 11=14, p=0.105). However when the

youngest six chimpanzees (between 1.8 and 2.5 years) were excluded from
the analysis, a significant difference was found between row and column

groups in trials 4 to 6. Participants in the group who had witnessed 'row'
demonstrations carried out a significantly greater percentage of row

transitions than the group who had seen columns (Median row transitions for
'row group' 33 versus 'column group' 5; U=0.00, p=0.009); conversely the

participants in the 'column' group carried out a significantly greater

percentage of column transitions than the 'row' group (Median column
transitions for 'column group' 83 versus 'row group' 57; U=0.00, p=0.009)

(Figures 5.8 & 5.9).

There was no such significant difference in the older group in trials 1 to 3

(Median row transitions for 'row group' 27 versus 'column group' 15; U=12,

p=0.917; Median column transitions for 'column group' 69 versus 'row group'
66: 11=12.5, p=1.00).

Another measure of the copying of hierarchical structure was considered in
which diagonal transitions were excluded. This was thought to be appropriate
because although the same diagonal transitions are necessary for the task to
be accomplished completely using either the row or column method, the
number of diagonal transitions required for each method differed (row method

requiring three diagonal transitions as opposed to only two for the column

method) (see Figure 5.2). This difference was overcome by computing the

percentage of column transitions over column + row transitions only (i.e.

excluding diagonal).
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Figure 5.8: Mean percentage of row transitions being made in trials 1 to
3 (Period 1) and trials 4 to 6 (Period 2) for older subjects (>3 years old) in 'row

group' versus 'column group' based on successful actions
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Figure 5.9: Mean percentage of column transitions being made in
trials 1 to 3 (Period 1) and trials 4 to 6 (Period 2) for older subjects (>3 years

old) in 'row group' versus 'column group' based on successful actions
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The use of this method confirmed the results found above. A significant match
of hierarchical structure was found for the above 3-years old in trials 4 to 6

(Median % column transition for 'row group' 63 versus 'column group' 94;
U=.000, p=0.009) (Figure 5.10). However no significant difference was found
in trials 1 to 3 (Median % column transition for 'row group' 65 versus 'column

group' 84; U = 12, p = 0.917). Similarly, no significant matches in hierarchical
structure were found for the chimpanzees as a whole group in either trials 1 to
3 (Median % column transition for 'row group' 76 versus 'column group' 80; U
= 28.5, p = 0.713) or trials 4 to 6 (Median % column transition for 'row group'
66 versus 'column group' 91.5; U = 15.5, p = 0.147), using this method.

Within group

Given a significant difference between experimental groups was found only in
the latter three trials for the older group, within-group analysis was carried out
for over-3-year-old participants' only. Comparison was made between the first
three trials and the last three trials in each group. No significant difference
was found in the percentage of column transitions (over column + row) being
carried out by either group (Median % column transitions for 'row group' in
trials 1 to 3 65 versus trials 4 to 6 63: z = 1.483, p = .138; Median % column
transitions for 'column group' in trials 1 to 3 84 versus trials 4 to 6 94: z =

1.753, p = 0.08). This suggests that the learning process applied to
hierarchical structure occurred throughout the trials in a relatively gradual

manner, although the divergence in the two groups' behaviour was only

strong enough to become statistically significant in the latter three trials.

178



100 T—— —

90—fst—■—I
80 1 I ' 1

§§ ■ —H
| 70 ■
1 60 -H | fj§ I —I

CD/IK NK/MW KL/MT BL/MZ AS/BI

subjects matched for age

Figure 5.10: Mean % of column transitions (over row+column) for
older subjects (>3 year olds) in trials 4 to 6 for 'row group' vs 'column

group', based on successful actions.

Sequential Structure

Accuracy in reproducing the observed sequence was analysed using each

participant's first successful action. As in the case of hierarchical structure,
trials 1 to 3 and 4 to 6 were analysed separately. Following the logic of the

analysis of hierarchical structure, percentage of right starts, and percentage of
left starts, (over all starts, including when participants started with the middle

unit) were calculated and compared between the group that had seen a 'right
start' versus the group seeing a 'left start'.

Overall, participants did not begin with the sequence demonstrated by the
model in either the first three (Median % right start for 'right group' 33 versus

'left group' 49.51: U=26, p=0.545; median % left start for 'right group' 0 versus

'left group' 16.5 : U=27.5, p=0.641) or the last three set of trials (Median %

right start for 'right group' 49.5 versus 'left group' 33: U=26.5, p=0.855;
median % left start for 'right group' 33 versus 'left group' 33: U=26.5,

p=0.853).
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Given the results from the hierarchy analysis in which the older chimpanzees
showed a significant similarity to the observed model's strategy, a separate

analysis was carried out for this group. However, participants did not begin
with the sequence demonstrated by the model in either the first three (Median
% right start for 'right group' 33 versus 'left group' 66: U=11, p=0.729; median
% left start for 'right group' 33 versus 'left group' 33: start: U=8.5, p=0.339) or
the last three set of trials (Median % right start for 'right group' 33 versus 'left

group' 33: U=12.5, p=1; median % left start for 'right group' 66 versus 'left

group' 33: U=12, p=0.911).

DISCUSSION

Overall Success

The overall success of the chimpanzees in removing the defenses was high
from the start (74% in trials 1 to 3) suggesting that for the most part this task
was well within the chimpanzees' capabilities. The participants' mastery of the
task improved over trials as indicated by the significant decrease in

unnecessary repetition of actions on both bolts and trap doors in trials 4 to 6,

rendering their performance more efficient.

The greatest difficulty experienced was with the wheel (only 42% wheel rolling

compared to 97% bolt removal and 81% opening of trap door in trials 4 to 6),
which effectively impeded the chimpanzees from obtaining the reward
unaided. Although rolling the wheel was within the participants' capability

(only two chimpanzees, YK & KS, never carried out the behaviour), the fact
that the wheel could be rolled in both directions resulted in the chimpanzees

performing the behaviour in both directions, thereby rarely succeeding in

completing the task unaided (only three chimpanzees accomplished this).
This is viewed mostly as an experimental design fault for two reasons. Firstly,
because the chimpanzees were unable to observe the inner mechanisms of
the task they could not appreciate the need to roll the wheel in one particular
direction as opposed to another to remove the latch holding the tray with the
food in place. Secondly, they were given the freedom to sit on either side of
the HAF when engaging with it, which meant that on a number of occasions
when rolling the wheel in the 'right' direction (in reference to their body and
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what they had observed), they were in fact closing the mechanism because

they were seated in the 'wrong' place. Furthermore as a colleague has

suggested, it is possible that asking chimpanzees to put their fingers in
confined spaces without seeing what is there, is not the most ecologically
sensible task to present them with. Most exploration of hidden cavities in wild

chimpanzees occurs using probing instruments (e.g. twigs). This behaviour
was also observed in our experiment when participants repeatedly inserted
the bolts in the cavity in which the wheel was set.

The differences in success rate between older (3 years old) and younger

participants on a number of behavioural measures (overall defense removal
and slide door opening), was limited to the first three trials, suggesting that

although slower at mastering all the required behaviours, the younger

chimpanzees were also capable of solving the task successfully eventually.

Imitation of Constituent Actions

The chimpanzees in this study copied the push versus pull alternatives used
to open the slide doors but not the pull versus push actions used to remove

the bolts. The latter is puzzling given the previous results on the same two-
action paradigm in which matching on similar defences was found (Whiten et

al., 1996; Whiten, 2002c).

For five of the total 16 participants (CD, IK, MW, KL, AS), a possible

explanation may be that they had had some previous experience with similar
bolts on an artificial fruit given to them in no-demonstration control tests a

year and a half before (unpublished data). During these control conditions all
the participants removed the bolts, and they did so typically by pulling them

(5% push + poke; 95% pull + twist). A sixth chimpanzee, NK, was also

exposed in this way but she did not interact with the bolts. Thus these

participants may have ignored demonstrations involving poking bolts, since

they had a readily available "pulling" schema.

Results from this previous study also suggest that the most likely action

chimpanzees will carry out on the bolts is pulling. Given the bolts on the HAF
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were fairly loose, this tendency to pull may also help explain the lack of

copying, even for those not previously exposed to the bolt task. The lack of a

significant difference in performance on this task between the younger and
older chimpanzees (see 'overall success') also suggests this part of the task

may have been too easy for these chimpanzees to show any dependence on

observational learning.

Where copying of the model's actions did occur was in the opening of the
slide door, where chimpanzees saw a demonstration of pull towards, versus

push away, from the body. This however was evident only in the latter three
trials. Therefore imitation of the constituent actions, on the sliding door, took
several trials to emerge.

Which cognitive mechanisms are involved in the chimpanzees' copying at this
level, revolves around the issue of novelty (imitation versus response

facilitation), and whether the participants were reproducing a change of state
in the world or reproducing the bodily behaviour observed (emulation versus

imitation). The latter issue could have been examined more deeply had more

chimpanzee participants been available. Thus one group could have seen the

trap door being 'pulled towards' during demonstrations with the model sitting

along side the participant, but then constrained to sit in the opposite position
to the demonstrator when presented with the HAF. Results from this condition
would have allowed the experimenter to discern whether the participant was

reproducing the position of the trap door in relation to the self (i.e. pulling
towards her body), or in relation to the box itself (thereby having to push away

form the body to achieve this).

Byrne & Tomasello (1995) maintained that copying two action tasks such as

those used in artificial fruits like the HAF can be explained by a relatively

simple priming mechanism i.e. response facilitation. This may thus be
sufficient to explain the imitative responses of constituent actions shown here.
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Hierarchical Imitation and String Parsing
Whiten (2002c pp.105) proposed that in studying imitative learning of a

juvenile ape and its adult model, several alternative hypothesis can be

proposed to explain a match in behaviour in the context of hierarchically
structured actions:

1 the hierarchical structure is being imitated
2 the participant produces the same behavioural solution as the model
without observational learning, through trial and error learning and the task's

ecological constraints
3 the juvenile copies various elements of the model's behaviour but
structures them hierarchically herself ("hierarchization": Russon, 1999a).

The study outlined above shows that chimpanzees above the age of three,
like 3-year old children (Whiten, 2002b) may imitate hierarchically. Had the

chimpanzees learned the task individually, we would have expected to see no

similarity between the participant and the model's behaviour either in the
hierarchical structure or its constituent elements. Had the chimpanzees

copied only various aspects of the behaviour and then "hierarchized" it
themselves (Russon, 1999a), we would have expected some imitation at the
lower action level together with a convergence of the chimpanzees' behaviour
into either a row or column approach, but randomly distributed across

experimental groups as opposed to matching the observed model's
hierarchical structure. Therefore hypotheses 2 and 3 are rejected in favour of

hypotheses 1 (see Figure 5.11 for an example of a participant disabling the
defences on the HAF following a row-wise strategy).

The results also seem to lend some support to Byrne et al.'s (2001) string

parsing theory. Firstly, the theory predicts that imitation at a program level
would require multiple observation occasions to allow the naive participant to
discern the statistical regularities within the task. This was confirmed by the
current study in which imitation at a hierarchical level only became apparent in
trials 4 to 6, after participants had observed over 30 demonstrations.

Secondly, the theory predicts selective copying in relation to a complicated

sequence of observed behaviour. This was also confirmed by the study, since
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the chimpanzees only reproduced one of the two possible behaviours at the
action-level (i.e. the direction in which the slide door was being opened and
not the pulling versus pushing of the bolts).

However Byrne et al. (2001) argued that the "key-way" fruit (the hierarchically
structured artificial fruit used earlier with 3-year old children) was perhaps not
an adequate means of testing for hierarchical imitation because the
hierarchical organisation was a 'rigid property of the task' and it 'forced any

successful performance to follow one or a few sequences of movements'. A
calculation of the possible successful (non-hierarchical) sequences a

participant could carry out to access the HAF resulted in a figure of 34650

suggesting the task does not constrain participants to carry out a hierarchical
solution.

There may however be more effective ways to resolve this issue. With the
HAF, one could use either a no-model control condition or a third group of

chimpanzees observing a model opening the HAF, following a randomly
chosen sequence of actions. This latter option had been included in the

original plan; however, there were not enough participants above three years

of age to allow this condition to be included in the study. Another possibility
which is being looked at for further research is designing an artificial fruit
which can be accessed in a hierarchical way, but where each individual
subroutine is not embedded in the next. This would allow for even greater

behavioural flexibility and a more precise analysis of the sequential versus
hierarchical levels of imitation.

Delay in Imitation
In previous studies using artificial fruit paradigms, imitation of constituent
actions such as poking versus pulling occurred in trials immediately following
demonstration, (Whiten et al., 1996) whilst in the present study, where
imitation at this level did occur, it only appeared in the latter three trials.
Imitation of hierarchical structure has never been tested with chimpanzees

before; however, its appearance only in the later experimental trials is
consistent with observations of chimpanzees copying the sequential structure
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of an artificial fruit task only during the third and final trial of an artificial fruit

experiment (Whiten, 1998a; 2002b).

Compared to the previous artificial fruits, the HAF is substantially more

complex in the number of defences that need to be tackled to achieve the

reward, although not necessarily in the number of constituent action-types
used. The HAF requires the chimpanzees to carry out four different kinds of
actions (remove the bolts, open the lids, open the slide doors and roll the

wheels) on a total of 12 different defences, compared to four types of actions

(removing bolts, removing pin, removing barrel and opening lid) on four

Figure 5.11: Mugenzi disabling the
defences following a row-wise strategy:

Pulling the bolts out (a); opening the lids

(b); pulling the slide doors (c); rolling the
wheels (although sitting in the opposite
orientation to the models') (d); and finally

obtaining the reward (e).
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defences (two bolts, one pin and one handle) in the previously used artificial
fruit (Whiten et al., 1996).

Both sequential and hierarchical imitation aid participants in organising the

disparate behaviours observed in a coherent structure which can be more

easily memorised and recalled, increasing the efficiency with which the task is
solved. Thus having mastered component individual actions (which high
success rates indicate the participants achieved within the first three trials),
and given overall complexity of defences needing to be removed, copying the
model's overall strategy provides an organisational structure for solving the
task more efficiently in future trials. This is comparable to the learning process

observed in young chimpanzees mastering nut-cracking in the wild, in which
the individual actions are first acquired separately, and only later built into a

hierarchical whole (Inoue-Nakamura & Matsuzawa, 1997; & Chapter 3).

Young chimpanzees are seen to first learn single actions involving the nut

cracking tools (e.g. pounding the stone on the ground), then combine two

aspects of the task (e.g. placing the nut on the anvil) and finally construct all
the elements into a hierarchical whole (i.e. placing the nut on the anvil and

pounding it with the stone).

The Ontogeny of Imitation

Finally, this study showed an age effect in social learning, in that all

chimpanzees showed social learning of one action level behaviour (pushing
versus pulling the slide door open) but only chimpanzees above 3-years old
showed matching of the demonstrated hierarchical structure. The results are

consistent with reports of age differences in the acquisition of tool use in the
wild and experimental data from studies in captivity.

Inoue-Nakamura & Matsuzawa (1997) studied the ontogeny of nut cracking in
wild chimpanzees and found that although chimpanzees as young as 2.5

acquired the basic actions it was only at 3.5 years of age that the

chimpanzees successfully combined the behaviours to successfully crack the
nuts. Thus the study suggests that hierarchically organised behaviours,
whether acquired through social or trial and error learning, are more likely to
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occur in chimpanzees above the age of 3.5. Similarly, tasks which may be
considered hierarchically organised, such as ant dipping and termite fishing

(Byrne, 1999), are acquired by wild chimpanzees only between the age of 4
and 7 (McGrew, 1977; Sugiyama, 1995).

Bard et al. (1995) investigated the effect of age and modelling on the

acquisition and comprehension of a tool-using task in six chimpanzee aged
between two and four years old. To investigate the acquisition of the task two

groups matched for age were compared. One group had the benefit of a

model performing the task, whilst the other group did not. Results showed that

observing a model significantly reduced the number of trials needed to solve
the task for the two older group of chimpanzees (aged above 2 years and 10

months), however no effect of modelling was shown for the 2-year old group.

Comprehension of the task was explored by presenting participants with a

number of different tools of different suitability for completing the task. The
older chimpanzees (aged above 2 years and 10 months) were more

successful in solving the complex tasks, such as dismantling a bundle of
sticks, so as to select the appropriate tool for the task. However overall there
was no age difference in the number of errors made or the percentage of
solved trials. Thus it seems that, similarly to what we found in the present

study, the age effect was specifically related to the observational learning of
the task.

The same task was used by Visalberghi et al. (1995) to compare tool use
abilities in apes and capuchins. In a simple condition, participants had to use

a stick to retrieve a reward from a tube. In the more complex condition,

participants were required to dismantle a bundle of sticks by removing sticky

tape, and having chosen one tool, insert it in the tube to remove the reward (a

hierarchically organized task). Whilst the authors found no age difference in

performance for capuchins, they found that the two youngest chimpanzees
were initially unsuccessful on the task. The three year old bonobo was

completely unsuccessful on the task and was thus re-tested two years later

(aged 5), with successful results. The 3.5 year old chimpanzee did master the

simple task (albeit on the 7th trial compared to all the other chimpanzees
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solving it on the 1st), and also mastered the complex task, although taking
twice as long as the next slowest chimpanzee (76.8 seconds, compared to 36

seconds).

Hierarchization per se has been experimentally investigated by Matsuzawa

(1991), who replicated a study carried out on infant humans (Greenfield,
1991) but with nine chimpanzees. The task involved presenting the

participants with five nesting cups and allowing them to manipulate the

objects at will. Matzusawa found that of his nine participants only two learned
to use the 'subassembly method', i.e. placing one cup in another and then the
assembled pair into a larger cup. The remaining participants would place one

or more cups into each other but not using the 'subassembly method', i.e. a

hierarchical strategy. Interestingly, the seven chimpanzees who failed the task
were under 4 years of age, whilst the successful participants were adults.

Finally, Johnson-Pynn et al. (1999) also replicated the seriated cup

methodology used by Greenfield (1991) with chimpanzees (Pan troglodytes
and Pan paniscus) and capuchins (Cebus apella), and found that both

species were capable of using the hierarchical subassembly strategy,

although the capuchins required a pre-training phase with the apparatus. In
contrast with Matsuzawa (1991), the researchers found that all the

chimpanzees used the subassembly method, however the youngest four

participants (aged 8 and 9 years old) used it less frequently than the older

participants (aged 14 and over).

Thus it seems that the use of a hierarchical strategy in tool-use and other
tasks is acquired from the age of 3.5 and improves over the course of the

juvenile chimpanzees' development. Tomasello (1990) remarked that in
children, 'at each stage of the developmental process, the youngster's
attention is drawn to the tool-use task, but what it takes away from the
observation depends on what aspects of the problem situation it is capable of

assimilating to its current knowledge'. In line with this comment and results
from other studies, the present study suggests that social learning of

hierarchically structured tasks as those described above occurs in
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chimpanzees over the age of three and not in younger participants. However,

younger participants are capable of acquiring some of the more discrete
behaviours such as pushing versus pulling open a trap door. These findings

suggest social learning is an important process in the long-term-development
of adult skills in chimpanzees.
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Chapter 6

CONCLUSIONS AND ETHICAL IMPLICATIONS

CONCLUSIONS

The aims of the current research were to (1) investigate social learning in

chimpanzees (2) by using experimental research methodologies which could
be compared to studies of chimpanzee populations in the wild and (3)

focusing on the more understudied aspects of social learning: i.e. ontogeny,
function and social dynamics.

Methodology in (semi-)captive studies of social learning
The three studies outlined here go some way towards fulfilling these aims. In
terms of methodology, it is often stated in the literature that studies are

needed both in captivity and in the wild to give a full picture of the social

learning and cognitive capabilities of non-human animals (e.g. Whiten,

2002a), however the tasks presented in experimental studies are on many

occasions so different as to make comparisons of any kind difficult. The study

examining the acquisition of nut cracking (Chapter 3), is to my knowledge the
first in the social learning literature to use a directly comparable methodology
both in terms of the task and behavioural coding/analysis used. This was due
to the methods adopted by Inoue-Nakamura & Matsuzawa's (1997)
observational study and the study outlined in Chapter 3. Inoue-Nakamura &
Matsuzawa's (1997) study used a semi-experimental method i.e. the 'outdoor

laboratory' where nuts were provisioned to the chimpanzees in a specific
location allowing for video recording of their behaviour and thus detailed

coding and analysis from repeated observations of the video data. This

methodology lends itself to repetition in a semi-captive environment such as

Ngamba, and was hence used in the current study, allowing for a direct

comparison of results between the two studies. Thus the two studies are truly

complementary. The captive research provides a context in which rigorous

testing conditions (i.e. within and between group control conditions) can

address questions which remain unanswered from the field (e.g. the role of
social versus individual learning); whilst the study in the wild provides a
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reference point for the results obtained here, allowing for comparisons
between the two study populations, and an understanding of the

generalisability of results.

The Honey-Dip (Chapter 4) also consisted of an attempt to address questions
which could not be answered by studies in the wild, namely whether a

chimpanzee knowledgeable in one method of ant-dipping (the 'Tai method')
would learn through observation, a more effective if somewhat more complex
method used by chimpanzee in another community (the 'Gombe method').
The methodological strategy used in this study was to create an artificial task

closely related to its target counterpart in the wild and present an opportunity
for a possible switch in behaviour resulting in increased efficiency/reward.
Direct comparability to the behaviour in the wild is not possible, since they are
not the same behaviour. However the age-related pattern of acquisition for the
two tasks was found to be similar suggesting that the cognitive requirements
are the same. Even so, an element of doubt as to whether the Honey-Dip can

truly be considered an analogue to the ant dipping behaviour in the wild
remains. Other ways of comparing the two tasks could have been done if
more detailed observational studies of the acquisition of this behaviour in the
wild had been available, such as the types of errors produced during learning
of the task. If studies in captivity are to really complement work carried out in
the wild, yet tasks cannot be directly comparable, (even though they have
been inspired by specific behaviours seen in the wild), multiple measures of
their similarity may be a good way to assess how effective they are as

'analogues'.

The final task used in this set of studies (the HAF, Chapter 5) was also
created with the intention of resolving questions arising from studies of wild

apes which were difficult to answer from observational studies alone, notably
the possibility of imitation occurring at different levels (at the level of discrete
actions, or more holistically at the structural level). Although not a direct

analogue of any one particular behaviour seen in the wild, the task was

designed to pose similar problems, and each component action was based on

behaviours observed in chimpanzees' natural environments (e.g. sliding a
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door using a finger is based on the scratching action used to reveal the
location of entrances to termite/ant mound in the wild). Undoubtedly the

ecological validity of this task as compared to the others is much lower, and in
fact one particular aspect of the task (rolling the knurled wheel) was found in

practice to be inappropriate.

Thus three levels of methodological approaches for the study of captive

chimpanzees were taken here:

(1)The same behaviour seen in the wild (cracking nuts open with stone

hammers) was used allowing for a direct comparison and thus a good level of

generalisability.

(2) An artificial analogue of a particular behaviour seen in the wild was

developed (i.e. the Honey-Dip as substitute for ant dipping) to investigate its

acquisition in a more controlled context. With comparative measures (e.g.

development pattern) found to be similar between the captive and 'wild' task,
the generalisability of this task was also quite high although not as reliably so

as with the previous measure.

(3) A task was developed (the HAF) which posed similar cognitive demands
as those observed in the wild and which comprised single actions seen to
occur in a natural context, but was not based on any one particular naturally

occurring behaviour. Comparability in this case is lower than when using the
other two methodologies, and it is harder to ensure that the processes seen to
occur in the study are in fact the same as what chimpanzee use when solving

problems faced in a more naturalistic context.

Of the 18 existing experimental social learning studies with chimpanzees

(Table 6.1), only two involved behaviours seen in the wild (i.e. nut-cracking)

(Sumita et al., 1985; Hannah & McGrew, 1987), four were designed to pose

similar problems (i.e. dipping/probing of some sort) (Celli et al., 2001; Hirata &
Morimura, 2000; Paquette, 1992; Tonooka et al., 1997), one was explicitly

designed to comprise a number of behaviours seen to occur in the wild

(Whiten et al., 1996) and a further three can be included in this category since
the tasks appear to require tool-use behaviours observed in the wild (Bard et

al., 1995; Tomasello et al., 1987; Nagell et al., 1993). The remaining eight
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studies were based on tasks which had very little comparability with the wild,

particularly for five (possibly seven) of these which required chimpanzees to
understand the human instruction to 'do as I do'.

Principal conclusions on issues of methodology are thus that more care

should be taken to design experiments that are comparable, either directly, or
at least at a level analogous to tasks studied in the wild, to encourage the two
areas of research to be truly complementary.

Ontogeny of social learning
A further aim of the current set of studies was to explore understudied areas

of social learning, amongst which was the development of this cognitive ability
in young chimpanzees.

All three studies found significant age-related effects in the social learning of
the tasks presented. In the acquisition of nut cracking, although all

chimpanzees, including the youngest infants, benefited from exposure to a

conspecific knowledgeable model, only the older participants acquired the
whole behaviour (Chapter 3). The differences between age groups seemed to
be specifically related to the ability to acquire the structural organization of the
task. This was confirmed in the study specifically designed to investigate the

acquisition of the hierarchical organization of the task, as opposed to just the
discrete component actions (i.e. the HAF in Chapter 5). All age groups were

influenced by the observation of a model at the level of discrete actions on the
slide door, but only the older group was observed to match the hierarchical
structure of the task, despite the younger group obtaining a good level of
success in acquiring the reward. In the Honey-Dip study (Chapter 4) age

effects were also observed, but, in this case it seems more likely that the
difficulties encountered by the younger chimpanzees were linked with motor

difficulties, since they appeared to carry out all the appropriate actions, yet
lack the degree of strength and motor precision required to obtain the honey.

Interestingly, for the only study in which the relevant analysis was carried out

(nut-cracking Chapter 3) no age difference was found in time that subjects
devoted to observing models.
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Thus it seems that social learning abilities mature alongside the other

cognitive abilities seen in chimpanzees (Parker & McKinney, 1999), and that
whilst the ability to acquire discrete actions via observation emerges as early
as 2 years of age, the capacity to learn the structural organization of a

behaviour is only available to chimpanzees between the age of three and four

years old. Observation of a conspecific occurs from the youngest age, and
does not seem to change significantly, although more research is needed to
confirm this.

The current set of studies was particularly concerned with the hierarchical
structure of behaviour, which was observed to be learned through observation
at around the same age at which chimpanzees are seen to spontaneously
start organizing objects hierarchically (inferred from two studies looking at
hierarchization Matsuzawa, 1991; Johnson-Pynn et al., 1999). Given that
discrete actions are the first to be learned observationally, it would be

interesting to test whether sequential structures of behaviour are acquired

prior to 'upgrading' to the more complex acquisition of hierarchical structures.

In more general terms the ontogenetic results from the current studies are in

agreement both with the only two studies in captivity investigating the

developmental aspect of social learning (Bard et al., 1995; Bjorklund et al.,
2000; see Chapter 1 and 5 for a review of these) and with observations in the
wild (McGrew, 1977; Sugiyama, 1995; Inoue-Nakamura & Matsuzawa, 1997).
Both sets of evidence indicate a crucial learning stage commencing at around
three to four years of age.

The current studies are regrettably mute as to the reality of a 'critical age' after
which learning of a particular behaviour is impossible or at least much more

difficult, as proposed by Matsuzawa (1996). The intention of carrying out the
nut cracking study with the adult as well as the juvenile population of Ngamba
was to allow this issue to be addressed, with important implications for
rehabilitation and reintroduction of chimpanzees. Unfortunately it proved

impossible to complete such a study with the adult group.
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Function of social learning
Another of the understudied areas identified by the literature review in

Chapter 1 is the exploration of the function of social learning. A number of
researchers have suggested that social learning is a reliable way of

transmitting information between individuals, which can increase their rate of

learning whilst at the same time decreasing the potentially harmful (or on

occasions even lethal) effects of trial and error learning (Visalberghi &

Fragaszy, 1990). However very little empirical data is available to substantiate
this assumption and tests using control groups need to be carried out to
assess the truth of these claims (Custance et al., 2002).

The nut cracking experiment (Chapter 3) was designed following the

methodology suggested by Custance et al. (2002), matching two groups of
infant and juvenile chimpanzees for age and then providing only one with a

knowledgeable conspecific, whilst the other was presented only with the tools

necessary to crack nuts with. Despite some exploration of the tools by the no-

demonstration group, only the group with a model learned the behaviour in
full, and only after demonstrations did the chimpanzees in the no-

demonstration group learn to nut-crack. Thus the function of social learning

posited by Visalberghi & Fragaszy (1990) (i.e. a fast and efficient learning

mechanism) was empirically confirmed by this study.

A further issue in the social learning literature has been the possibility that
social learning could potentially be maladaptive if it inhibits trial and error

learning of a more successful behaviour (Laland, 1996). Boesch (1996a)
considered the possibility that maintenance of a sub-optimal behaviour in a

wild population of chimpanzees would be the best demonstration of a 'cultural'
tradition. He identified the ant-dipping method used at Ta'i as a good example
of this, since it was found to be four times less successful than the ant-dipping
method in Gombe. Yet the chimpanzee at TaT were never seen to carry out
the method seen at Gombe.
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The study carried out using the Honey-Dip (Chapter 4) was designed to look
at this issue more closely. Results suggested that there may be a less

adaptive side to social learning, since once the chimpanzee had learned a

successful but not optimal method (Method-1) for acquiring a food source

(whether by social or individual means), despite repeated demonstrations of
the more successful method (Method-2), they were largely unable to switch.
Thus the previously established sub-optimal strategy being used effectively,
inhibited both the thorough exploration of the task which could have led to the
more successful Method-2 being discovered, and/or the acquisition of the
more efficient behaviour through observation of a model carrying out the
behaviour. Both these latter learning strategies were employed by a group of

chimpanzees presented with the same task, but modified so as to make only
the optimal Method-2 reap any rewards.

The results suggest that there are two forces at play in the learning strategies
of chimpanzees, largely in opposition with each other. These are (1) the

explorative trial and error impulse (curiosity) which allows the chimpanzees to
'discover' new ways to access food (which chimpanzee in both Experiments 1
and 2 with the Honey-dip successfully employed) tempered by (2) a

behavioural conservatism in which behaviours either learned from others or

individually are maintained largely unchanged (as the chimpanzees did in

Experiment 1 of the Honey-Dip). It may be that maintaining the balance
between these two learning strategies is the most effective way for

chimpanzees to deal with their environmental niche.

The conservatism observed in chimpanzees may also go some way in

accounting for the apparent lack of behaviour ratcheting exhibited by

chimpanzees. However some authors have rightly cautioned that the

presence of ratcheting in chimpanzees cannot be discounted since the time
frame for this to be manifest are likely to be enormously long given what we
know of the cultures of Acheulian humans are anything to go by (McGrew,

1992).
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Experimental Studies

Domain

Method

Model

Cognitive Mechanism

Numberof subjects

Age

Custanceetal95

Gestural

'DoasIdo'

Human

Imitation

2Pant.

4yearsold

Myowa96

Gestural

Free

Human

Imitation

1Pant.

5to15weeks

Myowa-Yamakoshi&Matzusawa99
Objectmanipulation

Dothis

Human

Emulation

5Pant.

12to19yearsold

Myowa-Yamakoshi&Matzusawa00
Objectmanipulation

Free

Human

Emulation/Imitation
5Pant.

12to19yearsold

Tomaselloetal93

Objectmanipulation

'DoasIdo'

Human

Imitation*

2Pant.
1Panp.

10,5and5yearsold

Beringetal00

Objectmanipulation

'DoasIdo'

Human

Imitation*

3Pant. 3orangs

5.5,3.5,2yearsold 6.5,4.5,4yearsold

Bjorklundetal02

Objectmanipulation

?Free

Human

Imitation*

3Pant.

9,7,6yearsold

Bjorklundetal00

Objectmanipulation

?'DoasIdo' 'encouragedto...'
Human

Imitation*

1Pant. 1orang

4yearold 6yearold

Whitenetal96,98

Feeding/objectmanipulation
Free

Human

Action&sequential imitation

4Pant.

9,10,22,26

Hannah&McGrew,87

Tool-use/nut-cracking
Free

Chimpanzee
Sociallearning

16Pant

5to20yearsold

Sumitaetal85

Tool-use/ nut-cracking

Free

Human &Chimpanzee
Sociallearning

4Pant.

8to25yearsold

Paquette92

Tool-use/probe

Free

Chimpanzee

Trial&errorlearning& Sociallearning

4Pant.

7to9yearsold

Cellietal01

Tool-use/probe

Free

Chimpanzee
Trial&errorlearning Stimulusenhancement
6Pant.

22to28yearsold

Tomaselloetal87

Tool-use/raking

Free

Chimpanzee

Emulation

14Pant.

4to9yearsold

Nagelletal93

Tool-use/raking

Free

Human

Emulation

15Pant.

4to8yearsold

Tonookaetal97
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ETHICAL IMPLICATIONS

The use of the word 'culture' for non-human species
As suggested in the closing paragraphs of Chapter 1, a review of the literature
indicates that accepting or denying the notion of chimpanzee cultures is

based, not only on the empirical evidence emerging from careful experiments
and observations in captive and wild settings, but also on the definition of the
word 'culture'. With its -until recently- almost exclusively human connotations
the term seems to be problematic when used in the context of other-than-
human beings. This is evidenced by the more accepting attitudes adopted
when talk revolves around 'traditions' in non-human animals, or the 'almost-

culture' words used by some researchers (e.g. proto-culture) (see McGrew,
1992 for a similar point). Thus a number of questions arise: How much do
semantics influence the arguments and conclusions drawn? And perhaps
more importantly from a practical standpoint, what implications do our use of
words have on the attitudes and treatment of non-human animals?

The ever more reductionist view of social learning has to a certain extent
canalized researchers into focusing almost exclusively on the cognitive
mechanism involved in social learning. The resultant bounty of terminology,

although potentially confusing, can also be viewed as a concrete attempt at

pinpointing more precisely where differences between species lie and hence
the roots of our own species' cultural tendencies.

But the other side of this argument is that whether studying social learning in

chimpanzees or parrots, the focus on cognitive abilities often seems to revolve
around the pervasive attempt to determine the uniqueness of humanity.
Whether this is a result of the diatribes over terminology and potentially

corresponding cognitive processes, or whether the opposite is true (i.e. the
search for human uniqueness directs research almost exclusively on cognitive

processes) the fact remains that little has been written or said about why a

chimpanzees should imitate as opposed to emulate, and even less as to why
a parrot with its walnut-sized brain should be so adept at matching his
behaviour to his (human) companion.
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It thus seems that, regrettably, we are still inclined to wear different
observational lenses for different species and that most studies' raison d'etre
remains the significance for our own species' evolution. It follows then that a
'human' word such as 'culture' is perceived as sitting uncomfortably next to

'chimpanzee' or 'bees' more because of our own species long-standing

tradition(l) of segregating ourselves from all other animal species than the

carefully reached conclusions of the academic community (see the Daily

Telegraph's editorial of the 27th July 1999 for an example of this).

This is not to say that there are no real differences between our own cultures
and those of chimpanzees (so far only humans have been known to start

inter-group conflicts based on the differently perceived characteristics of an
invisible entity loosely known as 'God'). Nor that their functions may be
different (for example, where chimpanzees may have culture as a way to learn

rapidly the best use of their environment, in humans culture has also acquired
a prescriptive function to regulate behaviour amongst individuals in the same

group and between groups).

But if understanding of the concept of culture across species (from fish to

primates) is going to progress, there may be a need for attempting a more

chimpanzee's (or fish)-eye view on the arguments, and shift the focus from

looking for similarities versus differences between humans and other animals,
to framing questions as far as possible within the animal's own framework,

taking less of an evolutionary and comparative psychological approach and
more of an ethological perspective.

Such decisions on the use of terminology are important since they are likely to
have implications that go beyond the walls of academic debate. If research on

the use of language and its influence on attitudes towards ethnic minorities
and women can be equally applied to non-human animals, our own choice of
words, need to be considered, mindful of the effects this may have on the
treatment of the non-human species we engage with, as well as the academic
discussions this choice may engender.
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Similarly given the privilege of living alongside and studying an endangered

species (currently suspected to undergo a reduction of at least 50% within the
next ten years by IUCN estimates), it seems highly necessary to consider the
ethical implications of this kind of research for chimpanzees themselves.

The use of results from primate cognition studies and researcher

responsibility
The announcement of 'chimpanzee cultures' received a great deal of
international media attention following the 1999 Nature publication. The

majority of articles attached a conservation message to this discovery. Most
did so by quoting one or other of the co-authors concerns (e.g. the

Washington Post 24th June 1999, The Chronicle 4th July 1999). A number of
articles reported the scientific findings and went on to deal with conservation
issues at greater length either within the body of the article itself or in box-
inserts (e.g. the New York Times, June 17 1999, Focus 25/1999). Thus at the

very least the publication of 'chimpanzee cultures' brought the issues of

chimpanzee conservation back into the media, albeit briefly.

However its impact may be more far reaching still. Ethological studies
conducted in the wild have historically played a significant role in the general

public's perception of apes and have often formed the basis for both
conservation and welfare campaigns (Jamieson & Bekoff, 1999). Only one

article I came across linked the findings on chimpanzee cultures to issues of
their welfare. This is probably due to the fact that the research was based on

fieldwork and was hence more directly linked to in situ conservation.

However the studies outlined in this thesis may have a more direct relevance
to welfare issues. Social learning is only one of a number of aspects of ape

cognition currently being assiduously investigated. In line with the majority of
studies in this field, results from the present set of studies support claims of a
direct continuity between human and non-human apes, and a qualitative

similarity in their cognitive abilities. These are the very arguments which have
been used extensively to advocate changes in legislation to protect apes from
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use in laboratory testing and even the granting of putatively 'human' rights

(Cavalieri & Singer, 1993).

Suggestions that chimpanzee cultures and studies of their social learning
abilities are being used in this fashion are evidenced by Steven Wise's
introduction to his book "Unlocking the cage: Science and the case for animal

rights" (2002). Wise states that a mountain of evidence supports Tomasello's
claim that chimpanzees are "are very cognitively sophisticated creatures". He
then goes on to describe chimpanzees as they appear to the general public
after decades of research: "Chimpanzees are probably self-conscious. They
use insight, not just trial and error to solve problems. They have complex
mental representations, understand cause and effect, imitate and co-operate.

They compare objects and relationships between objects. They use and make
tools. Given the appropriate opportunity and motivation they may teach,

deceive, self-medicate and empathize. They transmit culture between

generations." [italics my own]. These characteristics are what Wise then uses

as supporting ground for the allocation of 'basic legal rights' to apes.

At the practical level, legislative changes that have been made in regards to
the use of apes in laboratory research appear to have been based on the
accumulated evidence of the apes' high degree of cognitive complexity.

In 1997 the British government introduced a ban on the use of great apes in
animal experimentation, stating that "The cognitive and behavioural
characteristics and qualities of these animals mean it is unethical to treat them
as expendable for research." (GAP Newsletter Autumn/Winter 1997)

Although the ban was introduced as 'government policy' and not a binding

legislation, great apes are no longer kept in biomedical facilities in the UK, and
have not been tested on since 1986 (Boyd Group Report 2002).

In 1999, New Zealand went a step further by passing legislation which

prohibited the use of great apes in research "unless such use is in the best
interest of the non-human hominids". According to John Luxton, New
Zealand's Minister for Food and Fibre and the one responsible for promoting
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the bill through Parliament, "this requirement recognizes the advanced

cognitive and emotional capacity of great apes"

(www.bornfree.or.uk/news013.htm ).

Thus, this brief exploration of how results from cognitive work on great apes is

being used outside the confines of academia, seems to suggest that it forms
the basis on which legislative and welfare changes for apes are being made.
Hence it is likely that the current studies will be similarly used.

However some difficult questions remain. Waldau (2001) outlined the moral
dilemmas implicit in invasive work with apes (that I would extend to primates
in general). Their cognitive (and biological) similarity to humans, according to

some, is the precise reason why they make such perfect animal models for
medical research. Yet if the experiments planned for these creatures are

unethical on humans then their similarity to us can be used equally if not more

strongly to argue against such experimentation. Although I have not come
across literature drawing on results from cognitive studies of primates to

support biomedical research, this cannot be wholly excluded. Jamieson and
Bekoff (1999) raise the question "Are scientists responsible for how their
results are used?" Given the dramatically opposing ways primate cognition
research can potentially be used, the question posed by Jamieson & Bekoff

appears to be particularly important.

Jamieson and Bekoffs (1999) suggestion is that "a scientist who studies

particular animals may be morally required to be an advocate for them in the

way that physicians are advocates for their patients. On this view" - they
continue - "the welfare of the animals who a scientist studies should come

first, perhaps even before the goal of obtaining peer-reviewed scientific
results." (pp. 367). "Of course!" is my immediate reaction "how obvious!".
However these assertions are a product of having worked in a sanctuary
where welfare and conservation were the priority. In the academic
environment however ethical considerations on the use of research results

was never mentioned to me during my undergraduate or postgraduate studies
and during the last conference I attended ("Rational Animal", Oxford 3-4
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October 2002), the only mention of this topic arose after a question from a

Ph.D. student in the audience. As an ethologist, unlike laboratory animal
researchers who must obtain Home Office Licenses, and those conducting
studies on humans, who must submit a proposal to the School Ethics

Committee, I was never required to compile an ethical proposal (although see

Appendix D) nor was I given the ASAB guidelines to read and discuss with
others (www.animalbehaviour.org/ABS/Handbook/abspolisy99.html). Yet the

psychological harm that can be done by a callously designed behavioural

experiment with such sophisticated creatures as chimpanzees (and in my

opinion primates in general) can be as damaging as the more direct physically
invasive testing, and even observational studies in the wild pose considerably
difficult moral questions (Wrangham, 2001).

Whilst wholly agreeing with Jamieson and Bekoffs suggestion, from my brief

exposure to the field, it seems to me that most researchers in animal cognition
are alarmingly unconcerned with the implication of their work for conservation
and/or animal welfare and mostly reluctant to deal with these issues.
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APPENDIX A

PLANT SPECIES ON NGAMBA ISLAND

This section provides a table detailing the plant samples collected between 1998 to
2000. The Biological Survey and the Environmental Impact Assessment were both
carried out prior to the chimpanzees arrival to Ngamba and thus collected data on
species which were thought to be edible to chimpanzees. These are compared to
data on species which were tasted at least once by the chimpanzees during the first
release in October 1998, and data on species tasted by the new infants arrived on
the island after the initial release, during their integration period in the forest from
December '99 to May '00.
"Indicates plant species tasted by the 'new' infants but not by the old group
monitored during the first two weeks of their release in Oct. 1998.

Table A.1: Plant species found on Naamba Island during four separate surveys
conducted between April 1998 and May 2000

Samples from the
Biological Survey (by
Frontiers) carried out

before the

chimpanzees' move
(April 1998)

Samples from the
Environmental

Impact Assessment
(by Kityo) before the
chimpanzees' move

(July 1998)

Samples of plants
consumed by

chimpanzees dining
the first 2 weeks

on Ngamba
(id by Amoorti Tinka
John; October '98)

Samples of plants
tasted and consumed

by new chimpanzees
(id by Makerere
University; Dec
1999-May 2000)

Family Species Species Species Species

Anthophyta
(Angiospermae)
flowering plants
Acanthaceae Asystasia gangetica Asystacia gangetica
Acanthaceae Barteria stuhlmanii

Acanthaceae Dyschoriste sp.
Acanthaceae Barteria fisculosa
Acanthaceae Justica flava Justicia flava Justicia flava
Agavaceae Dracaena fragans
Amaranthaceae Celosia globosa
Amaranthaceae Cyathula prostrata
Amaryllidaceae Scandoxus

cinnaberinus
Anacardiaceae Pseudospondias

microcaipa
Apocynaceae Tabernaemontana

pachysiphora
Araceae Culcasia angolensis
Araceae Culcasia falcifolia Culcasia falcifolia Culcasia falcifolia
Araceae Culcasia scandens
Araceae

Asclepidaceae Cyanchum oldolinow
Asclepiadaceae Mondia whitei

Aspleniacea Asplenum aethiopicum
Asteraceae Erlangea tomentosa Erlangea tomentosa
Asteraceae Crassocephalum

crepidioides
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Table A.1 (continued): Plant species found on Naamba Island during four separate
surveys conducted between April 1998 and May 2000.

Samples from the
Biological Survey (by
Frontiers) carried out

before the

chimpanzees' move
(April 1998)

Samples from the
Environmental

Impact Assessment
(by Kityo) before the
chimpanzees' move

(July 1998)

Samples of plants
consumed by

chimpanzees during
the

first 2 weeks
on Ngamba

(id by Amoorti Tinka
John;

October '98)

Samples of plants
tasted and consumed

by new chimpanzees
(id by Makerere
University; Dec
1999-May 2000)

Family Species Species Species Species

Balsaminaceae Impatiens sp.
Basellaceae Basella alba Basella alba
Burseraceae Canarium

schweinfurthii
Caesalpinaceae Senna occidentalis

Cecropiaceae Musanga scrope
Cecropiaceae Musanga scnepoides
Commelinaceae Bufforestia

imperforata
Commelinaceae Commelina africana Commelina africana
Commelinaceae Commelina capitata Commelin capitata
Commelinaceae Pollia condensata Pollia condensata

Compositae Erlangea tomentosa
Compositae Melanthera scandens

Compositae Synedrella nodiflora

Convolvulaceae Ipomoea cairica
Cucurbitaceae Diplocyclos palmatus
Cucurbitaceae Lagenaria sphaerica
Cucurbitaceae Cucumis sp.

Cyperaceae Cyperus cyperoides
Cyperaceae Cyperus sp.

Cyperaceae Cyperus latifolius
Dracaenaceae Dracaena fragans Dracaena fragans Dracaena fragans
Euphorbiaceae Alchornea cordifolia
Euphorbiaceae Argomuellera

macropylla
Euphorbiaceae Croton macrostachyus
Euphorbiaceae Macaranga monandra
Euphorbiaceae Tetrorchidium

didymonstemon
Tetrorchidium

didymostemon
Tetrorchidium

didymonstemon
Lamiaceae Solenostemon

latifolius
Lauraceae Beilschimidia

ugandendesis
Leguminosae Aeschynomene

elaphroxylon
Leguminosae Albizia zygia
Leguminosae Piptadeniastrum

africanum
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Table A.1 (continued): Plant species found on Naamba Island during four separate
surveys conducted between April 1998 and May 2000.

Samples from the
Biological Survey (by
Frontiers) carried out

before the

chimpanzees' move
(April 1998)

Samples from the
Environmental

Impact Assessment
(by Kityo) before the
chimpanzees' move

(July 1998)

Samples of plants
consumed by

chimpanzees during
the

first 2 weeks
on Ngamba

(id by Amoorti Tinka
John;

October '98)

Samples of plants
tasted and consumed

by new chimpanzees
(id by Makerere
University; Dec
1999-May 2000)

Family Species Species Species Species

Loganiaceae Anthocleista

schweinfurthi
Loganiaceae Anthocleista vogelii Anthocleista vogelii
Lomaraiopsidaceae Bolbitis auriculata

Bolbitis gemmifera
Lomariopsis warneckii

Malvaceae Hibiscus rivularis
Malvaceae Hibiscus physaleides
Malvaceae Hisbiscus sp.
Malvaceae Sida rhombifolia
Melastomataceae Melastomastrum

capitatum
Melastomastrum

capitatum
Melastomataceae Iristemma

mauritianum

Meliaceae Guarea cedrata Guarea cedrata
Minosaceae Albizia gummifera * *
Moraceae Ficus asperifolia
Moraceae Ficus cyathistipula Ficus cyathistipula
Moraceae Ficus dawei
Moraceae Ficus ottoniifolia
Moraceae Ficus ovata
Moraceae Ficus percifolia
Moraceae Ficus

saussureana**
Moraceae Ficus sur
Moraceae Ficus thonningii Ficus thonningii
Moraceae Ficus trichopoda**
Moraceae Antiaris toxicaria

Moraceae Milicia excelesa
Moraceae Myrianthus holstii
Myrtaceae Eugenia bukobensis
Ochnaceae Ouratea densflora
Ochnaceae Ouratea hiernii
Oleaceae Jastninium

pauciflorum
Papilionaceae Abrus pulchellus**
Papilionaceae Baphia wollastoni**
Papilionaceae Crotalania pallida Crotalania pallida
Papilionaceae Sesbania dummeri

Note: ** indicates plant species tasted by the 'new' infants but not by the old group
monitored during the first two weeks of their release in Oct. 1998.
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Table A.1 (continued): Plant species found on Naamba Island during four separate
surveys conducted between April 1998 and May 2000.

Samples from the
Biological Survey (by
Frontiers) carried out

before the

chimpanzees' move
(April 1998)

Samples from the
Environmental

Impact Assessment
(by Kityo) before the
chimpanzees' move

(July 1998)

Samples of plants
consumed by

chimpanzees during
the

first 2 weeks
on Ngamba

(id by Amoorti Tinka
John;

October '98)

Samples of plants
tasted and consumed

by new chimpanzees
(id by Makerere
University; Dec
1999-May 2000)

Family Species Species Species Species

Passifloraceae Passiflora edulis Passiflora edulis
Piperaceae Piper guineense
Poaceae Cyrtococaum

multirode**
Poaceae Cynodon aethiopicus
Poaceae Megastachya

mucronata

Poaceae Panicum

heterostachyum
Poaceae Paspalum conjugatum
Polygonaceae Polygonum salcifolium
Pontederiaceae Fichornia crassipes
Phytolaccaceae Phytolacca

dodecandra
Rhamnaceae Maesopsis eminii Maesopsis eminii
Rubiaceae Canthium sp. **
Rubiaceae Canthium sp.

(different from
above)**

Rubiaceae Coffea eugeioides Coffea eugeioides
Rubiaceae Dictyandra

aroborescens
Dictyandra
aroborescens

Rubiaceae Geophila repens
Rubiaceae Morinda Lucida**
Rubiaceae Oldenlandia

corymbosa
Rubiaceae Oxyanthus speciosus Oxyanthus speciosus Oxyanthus sp.
Rubiaceae Pentas pubiflora
Rubiaceae Geophilis hirsuta
Rubiaceae Tarrena

pavettoides**
Rubiaceae Vangueria apiculata
Rubiaceae better sample needed
Sapindaceae Cardiosperum

herbaceum**

Note: ** indicates plant species tasted by the 'new' infants but not by the old group
monitored during the first two weeks of their release in Oct. 1998.
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Table A.1 (continued): Plant species found on Naamba Island during four separate
surveys conducted between April 1998 and Mav 2000.

Samples from the
Biological Survey (by
Frontiers) carried out

before the

chimpanzees' move
(April 1998)

Samples from the
Environmental

Impact Assessment
(by Kityo) before the
chimpanzees' move

(July 1998)

Samples of plants
consumed by

chimpanzees during
the

first 2 weeks
on Ngamba

(id by Amoorti Tinka
John;

October '98)

Samples of plants
tasted and consumed

by new chimpanzees
(id by Makerere
University; Dec
1999-May 2000)

Family Species Species Species Species

Sapotaceae Aningeria altissima
Sapotaceae Pachystela brevipes Pachystela brevipes Pachystela brevipes
Solanaceae Capscum frutescens
Solanaceae Solanum terminate

Solanaceae Solarum macrocapon
(wild group)

Solanaceae Solarum nigrum
Tiliaceae Triumfetta tomentosa
Tiliaceae Triumfetta annua

Thymeleaceae Peddiea fischeri
Umbelliferae Centella asiatica

Verbenaceae Clerodendrum

formicanum
Verbenaceae Curodendrum

silvanum

Zingeraceae Afromomum
angustifolium

Afromomum
angustifolium

Aframomum
anguistifolia

Aframomum
anguistifolia

Zingeraceae Afromomum
luteolatum

Zingeraceae Afromomum
mildbraedii

Zingeraceae Afromomum sp.

Zingeraceae Afromomum
malanthocloa
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APPENDIX B

CHIMPANZEE PROFILES

This section provides demographic details for the Adult Group of chimpanzees on
Ngamba Island, as well as behavioural characteristics personal histories of all the
chimpanzees on Ngamba Island, to complement information provided in Chapter 2.

Table B1: Demographic details of chimpanzees in the Adult Group.

Name
& abbreviation

Sex Year of
birth

(estimate)

Age in
2001

(years)

Origin Arrival
date at

UWEC

Confiscation location

Megan
MG F 1984 17 Rwanda Dec 1988 Entebbe airport

Maisko
MS M 1984 17 DRC Dec 1988 Entebbe airport

Kidogo
KD F 1984 17 DRC Dec 1988 Entebbe airport

Robbie
KB M 1986 15 DRC Aug 1991 Kyambura village

Peace
PC F 1986 15 Kibale Forest,

Uganda
1991 The Colleen Hotel,

Mukono, Uganda
Sophie
SP F 1986 15 DRC Mar 1993 Malaba, border ofKenya

Nagoti
NG F 1986 15 Not known July 1992 Kampala area

Sunday
SD M 1987 14 DRC June 1989 Entebbe airport
Katie
KT F 1987 14 DRC Dec 1990 Entebbe airport
Eddy
ED M 1989 12 Kibale Forest,

Uganda
Dec 1993 Akefs Egyptian Circus,

Kampala
Connie
CN F 1989 12 Uganda July 1992 Army roadblock near

Mbarara
Tumbo
TB M 1989 12 Kibale/Itwara

Forest, Uganda
Dec 1990 Entebbe airport

Bahati
BH F 1990 11 Uganda April 1994 Kibale area, Western

Uganda
Natasha
NT F 1990 11 Kibale/Itwara

Forest, Uganda
Mar 1994 Arua, Northern Uganda

Becky
BK F 1991 10 Uganda Jan 1994 Kampala area

Sally
SL F 1991 10 Kibale/Itwara

Forest, Uganda
Jan 1994 Kampala area

Mika
MK M 1992 9 Uganda Dec 1993 Akefs Egyptian Circus,

Kampala
Cindy
CD F 1993 8 Budongo Forest,

Uganda
1994 Masindi

Nkumwa
NK F 1996 5 Uganda Feb 1997

Cook at US Marine

House, Kampala



Table B2: Physical and behavioural characteristics and personal history of
chimpanzees in the Adult Group.

Name Physical characteristics Behavioural characteristics
& personal history

Megan
• Quite tall
• Protruding forehead
• Black face
• lower lip often droops when

waiting for food

• Great tool user (long pieces of sticks used to
retrieve food at feeding time)

• amongst high-ranking females & asserts
dominance over younger males

Maisko

• Medium-sized
• Very dark face
• piercing amber eyes

• Fairly independent
• generally socialises with Nagoti & Connie
• plays well with Mika (adolescent male),

often seen chasing & tumbling around together

Kidogo
• Big & heavily-built (gorilla-like

look)
• Ironically, "Kidogo" in Swahili

means small

• Most dominant female
• often asserts position by taking food from

others (especially little Nkumwa) &
occasionally by displaying alongside males

Robbie • Big & strong
• Light brown face
• very pale eyelids (when blinks)

• Alpha male
• often emerges from forest in a bipedal or

bristled display
• not oldest but controls & mediates

relationships within group
• often seen in company of oestrous females
• gentle with humans despite age & rank
• particularly good relationship with Stany

(human caregiver in charge of chimp welfare)

Peace

• Fairly large
• Light coloured face with well-

proportioned features (considered
rather beautiful)

• Middle ranking
• irritated when interrupted or disturbed whilst

"busy"
• calm & relatively independent of humans

Sophie
• Tall & brown
• Small round face (often shields

face from sun with one hand during
feeding)

• Best nest builder
• seems very knowledgeable about forest

(guides newer chimps to fruiting trees)
• status increased since arrival as a result of

good relationship with alpha male (Robbie)

Nagoti • Tall & elderly looking
• Brownish hair & bald patch on

forehead

• Timid & sometimes appears frightened of
larger chimps

• becoming more confident over time (since
arrival on island)

• often plays with Nkumwa & sometimes lets
her ride dorsally

Sunday
• Tall & long-limbed
• long dark face
• hole in left ear (from time in

circus)

• Not afraid ofwater
• hangs from branches, cooling off in water
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Table B2 (continued): Physical and behavioural characteristics and personal history
of chimpanzees in the Adult Group.

Name Physical characteristics Behavioural characteristics
& personal history

Katie • dark face & damaged right ear
• often has a sexual swelling

• Own infant died in 1998 & took over care of
Nkumwa (youngest at the time) & shared
her nest at night

• gave birth to infant in July 2002
• Gerald Muyingo has special relationship

with her
• very close to Tumbo for a while & refused

to be separated from him (now relationship
more balanced & often see them grooming
after feeding)

Eddy • healthy, shiny black coat
• brown face with many wrinkles

• although in good physical condition, he was
very depressed on arrival at UWEC

• took a long time to integrate into group
• recently he has started to display, and

perhaps in recognition of this, Robbie is
asserting his dominance (e.g. by stealing
Eddy's food)

Connie • short
• black face & brown/pink outline

around lips

• in poor physical condition on arrival at
UWEC (brought from Mbarara with another
chimpanzee who did not survive the
journey)

• since moving to Ngamba Island, her status
has risen as she developed a friendship with
Robbie, the alpha male

• quiet
• easily spotted as she likes to walk upright,

and jump up & down for food
• likes to build nests

Tumbo • light brown coat
• very pale freckly face

• When he arrived he was very thin with a
large bloated stomach ("Tumbo" means
"stomach" in Swahili)

• Gentle & playful
• When Nkumwa was first introduced to the

group, Tumbo was one of her primary "care
givers"

• Adolescent male who hasn't started

displaying or challenging the females yet
• Shares a special relationship with Katie

Bahati • Slight
• Dark faced

• Name means "luck" in Swahili
• Originally researchers tried to reintroduce

Bahati to a group ofwild chimpanzees in
Kibale Forest (unfortunately, this failed &
she was brought to UWEC)

Natasha • Short black coat
• Black face & wrinkled forehead

• Considered to be a "dare devil" & will
somersault towards you

• At UWEC, she encouraged visitors to come
up to her cage & drench them with water

• Sometimes washes hands & feet on the
beach

• During feeding she claps her hands together
to gain attention (in the hope ofmore food)

• Mischievous & smart
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Table B2 (continued): Physical and behavioural characteristics and personal history
of chimpanzees in the Adult Group.

Name Physical characteristics Behavioural characteristics
& personal history

Becky • Small
• Droopy lower lip
• Bald forehead

• Brought to UWEC with Sally & prefers not to be
separated from her

• Sally used to continuously suck on Becky's
lower lip for comfort, but since moving to
Ngamba, this unnatural behaviour has virtually
stopped (their bond remains strong)

• As a pair, Becky & Sally readily accept new
orphan chimps & ease their integration into the
rest of the community

Sally • Light flecks in hair
• Pale face with black mark between

eyes

• Found abandoned in a garden in Kampala &
brought to UWEC with Becky

• Used to suck Becky's lower lip when she needed
comforting. This behaviour has almost ceased,
but they are still often together & sometimes
share food

• Sweet-natured & good with infants
• Happy, likes to play in wet grass, & spin in

circles until she falls over dizzy & laughing

Mika • Young adolescent male, who had
recently gone through a growth spurt,
so appears quite tall & lanky

• When he arrived at UWEC, he quickly integrated
with the other chimpanzees

• Keepers nicknamed him "city-boy", because
they say he is very "street wise"

• Despite low rank & young age, he often attempts
to mate with females in oestrous, sometimes
getting away with it (he has leamt to run very
fast from Robbie)

Cindy • Small & dark
• Unusually black face & grey beard for

her age

• Confiscated as part of a "sting" operation, in
which a Chief Game Warden was implicated for
smuggling

• Has become more relaxed since her arrival on

Ngamba Island, standing up for herself if other
chimps tease her

• Can usually spot her walking at the back of the
group as the other chimps arrive or leave the
feeding area

Nkumwa • Youngest & smallest
• "Nkumwa" means "I am protected" in Luganda
• when she first arrived at UWEC she would not

eat or drink & it took some time to rehabilitate
her

• she was introduced slowly to the adult group &
is now loved and spoilt by all the chimps, apart
from Kidogo, who regularly steals food from her

• Robbie is particularly fond of her, as are Sunday
& Nagoti, who spends a lot of time playing with
her
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Table B3: Behavioural characteristics and personal history of chimpanzees in the
Nursery Group.

Name Behavioural characteristics
& personal history

Ikuru • "Ikuru" means "happy one" in Lubara.
• Her mother was killed accidentally in the war in Congo. A Ugandan solider rescued her

from the dead body and brought her to Uganda, where she could be cared for properly.
• When Ikuru arrived at UWEC, she had a bloated stomach; a sign ofworm infestation, as

well as hair loss, and the majority of her baby teeth had either fallen out or were so
badly corroded that they had to be removed.

• When stressed, she will start to rock. This is a sign also seen in humans when they have
been through trauma.

• She is slowly being introduced to the adult group and the forest, where she loves to
climb the trees.

Mawa

• "Mawa" means "one who has faced many problems" in Lubara.
• Mawa's general condition was not too bad when he came to the centre. He had bad

wounds from a rope that was tied around his hips.
• He was kept as a pet with a Congolese family for a year before he was confiscated.
• He is a happy chimp who likes company and he loves to play. He also likes to kiss a

lot.
• He is very cheeky and has been known to pull you in for a hug and then steal your

sunglasses!

Kalema

• Dr Gladys Kalema confiscated him on her way back from Budongo Forest. He was tied
up with a rope around his waist and was being walked by a houseboy. The officer said
he had confiscated him off the soldiers at the Bombo barracks, as they were not taking
care of him. He had kept Kalema at home, even though he knew it was illegal.

• He has integrated well into the nursery group.
• He is a happy, boisterous and playful individual when among the young ones, but is still

very shy of the adult chimps.

Baluku

• "Baluku" was named after the ranger who rescued him.
• Officials at the border post informed UWA rangers at Queen Elizabeth National Park

that someone was trying to sell an infant chimp. The rangers, along with Dr Ludwig
Siefert, went to confiscate the infant with the assistance of the customs officials.

• He had a rope tied around his waist, which cut deep into his skin. Consequently he has
deep scars. He was kept alone in a house, locked in the dark.

• He was very afraid ofAfricans at first but slowly his confidence has been regained
through our keeping staff.

• He is a popular infant amongst the females, and is often carried by Cindy, Becky or
Connie during forest integrations.

Asega
• "Asega" means "born in the bush" in Lubara.
• Police sent a message of Asega's confiscation following which a vet from UWEC flew to

collect him.
• He was in fairly good condition on arrival at UWEC. His coat was dull, but otherwise

he appeared fine.
• He has become a good friend of the two newest arrivals, Yoyo and Kisembo.
• Although attempts have been made to pair Asega with an adult female as a surrogate

mother, no special bond has yet developed.
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Table B3 (continued): Behavioural characteristics and personal history of
chimpanzees in the Nursery Group.

Name Behavioural characteristics
& personal history

Kisembo

• lie was confiscated from the back of a bicycle when he was own his way to be sold to a
Ugandan housewife. He was taken to the Ajai Wildlife Reserve where ChiefWarden in
charge, Mr Johnson Masereka, cared for him for a few days before bringing him to the
centre.

• He was in quite good health when he arrived and unusually happy for a new
confiscation.

• Kisembo spent 3 months in quarantine at UWEC with Yoyo where he was a great source
of support to her. Since arriving on Ngamba (November 2000), Yoyo has become more
confident and their roles reversed.

Yoyo
• She was very quiet when she arrived and throughout her three-month quarantine at

UWEC. Since moving to Ngamba her confidence has increased dramatically.
• She is a very vocal and playful young chimp, and likes to greet everybody the first time

she sees him/her each day.
• Yoyo's integration is progressing slowly but surely. She is quite shy with the other

chimps, which may indicate that she spent a while with people before being confiscated
and bought to the sanctuary.

Yiki • "Yiki" has two meanings, in Lubara it means "survivor" and in Japanese it means
"brave one". Both names were very appropriate for this little chap.

• On arrival, he was very underweight, severely anaemic and had a respiratory infection.
He was going into heart failure due to blood parasite infestation and poor nutrition.
Luckily, proper medical attention led to a full recovery.

• He was a happy and confident little chimp - already displaying and trying to be the
dominant male in the nursery, even though he was one of the smallest of that group!

Pasa

• She was surrendered to UWEC by a Ugandan man in Arua who realised he had broken
the law by purchasing the infant from a Congolese two weeks earlier.

• Her name comes from an alliance called the "Pan African Sanctuary Alliance" which
was formed during a workshop held in Entebbe at the time of her confiscation. This
alliance is trying to stop the root causes of the chimpanzee orphan crisis (bushmeat trade
and habitat destruction).

• She is the youngest chimp received so far (approx. 6 months on arrival), needing 24-
hour human care until she was strong enough to join the nursery group full time.

Mukisa
• She is a very long limbed chimp, who climbs well but tends to move much slower than

the other chimps.
• Compared with the other nursery chimps, Mukisa is very independent of people, and

well liked by the adult females with whom she has been integrated so far.
• She has formed a strong bond with Sally, and they often sleep in the same hammock

together. However, infants can be quite popular amongst the adult females, so if a
chimp of higher rank wants to carry Mukisa during integrations in the forest, Sally has
to relinquish her. Fortunately, Mukisa appears quite happy to be shared around.
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Table B3 (continued): Behavioural characteristics and personal history of
chimpanzees in the Nursery Group.

Name Behavioural characteristics
& personal history

Indi

• "Indi" earned his name within minutes of arrival at UWEC, displaying an independence
considered quite unusual for a newly confiscated chimp.

• After developing a good bond with his caregivers, Indi remains a very curious,
mischievous and "independent" chimp.

• lie has proved to be the smoothest integration into the nursery group, where he is closely
guarded and looked after by Cindy, the "surrogate older sister" of the nursery chimps.

• Indi has a very positive attitude towards the older chimps, greeting them appropriately
and standing up for himself when necessary. He and Connie developed a very strong
affiliation for each other from the moment they met, and their closeness continues to
grow with each integration attempt.

Bili
• "Bili" was named after the town in DRC in which she is presumed to have come from
• On arrival, she was immediately treated for scabies. The lower half of her back and

around her buttocks was crumpled and dry and most of her hair in that region had fallen
out; After rigorous troatment and many lavonder oil baths and vitamin E cream rubs, she
recovered quickly and her hair has now grown back.

• Bili is a very happy young chimp, and loves company. She likes to play, and giggles a
lot.

Mugenzi • "Mugenzi" means "friend" in Kirundi, the local language of Bujumbura, Burundi, where
he was confiscated.

• Before being confiscated by the wildlife authorities, Mugenzi and another male
chimpanzee, Mutama, were bought at the border by an expatriate living in Bujumbura.

• As there were no proper holding facilities, an American woman with previous
chimpanzee experience cared for the two chimpanzees, at the request of the authorities
The chimps were looked after by two ex JGI-Burundi caregivers and kept in her
backyard for 15 months before they became too difficult to control and then plans were
made for them to be brought to Ngamba Island. Thanks to the Uganda Wildlife
Authority, the long-term care of these chimps is now possible.

• They have being integrated into the nursery group and will eventually be part of the
adult community on Ngamba Island.

Mutama

• "Mutama" means "old one" in Kirundi, the local language of Bujumbura, Burundi,
where he was confiscated.

• Before being confiscated by the wildlife authorities, Mutama and another male
chimpanzee, Mugenzi, were bought at the border by an expatriate living in Bujumbura.

• Other details are the same as for Mugenzi.
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APPENDIX C

INFANT GROUP ENRICHMENT SCHEDULE

This section provides information about the type of enrichment methods used for the
infant group. Behavioural enrichment is particularly important for these chimpanzees,
since they spend most of their time in the holding facility, and require challenges to
ensure that play and foraging skills are stimulated.

Table D.1: The weekly enrichment schedule for the infant group on Nqamba Island

WEEKDAY PREPARATION MORNINGS AFTERNOONS

MONDAY • honey or jam in
pipes & can
outside holding
facility

• foraging food & paper
shreds in hanging bottles
& cans

TUESDAY • bring grass/
afromomum
from forest walk

• elephant grass & /
or afromomum

• chicken food / popcorn
in hay

WEDNESDAY • bring branches
from forest walk

• branches &

magazines with
jam

• tub filled with water &
carrots / beans / pebbles /
peanuts

THURSDAY • honey or jam in
pipes & can
outside holding
facility

• balloons filled with fruit

juice &/or foraging food

FRIDAY • bring grass/
afromomum
from forest walk

• freeze bananas

• elephant grass & /
or afromomum

• 2 jerry cans with
vegetables & jam (+
sticks)

- SATURDAY • freeze fruit &
oatmeal cubes

• 4 sacks or carton
boxes with hay

• foraging food

• frozen bananas (1 each)

SUNDAY • (frozen) foraging
food in hay

• tennis balls

• tub filled with water &
carrots / beans / pebbles /
peanuts
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APPENDIX D

ETHICS PROPOSAL FOR RESEARCH WITH CHIMPANZEES ON NGAMBA
ISLAND

This section provides a copy of the ethics proposal compiled prior to the researcher
commencing the studies (October 2001). Although the form was designed for work
with human subjects and was not required for the undertaking of work with
chimpanzees in Uganda, it proved a useful way of thinking about the potentially
stressful situations the participants would encounter during the studies and seeking
solutions to counter these.

SCHOOL OF PSYCHOLOGY ETHICAL COMMITTEE

PROPOSAL FOR RESEARCH

Please submit 8 copies of the completed Proposal Form, the Subject Information
Sheets, the Consent Forms and any Advertisements for subjects to Tracy McKee.

A summary should be provided at question 3, and only one copy of the full protocol
is required (when it exists).

1. Name and Status of Proposer:
Sarah R.J. Marshall, Ph.D. student

2. Name of Supervisor:
Andrew Whiten

3. Title of Proposed Project:
Social Learning in Semi-Wild Chimpanzees

4. Please give a summary of the proposed project, including the questions to be
answered, full details of the subjects, the procedures to be used, and how the data
will be analysed. Use this page, and not more than one additional page.

The proposed research involves the presentation of 'Artificial Fruits' (AF) to the
chimpanzees resident on Ngamba Island, Uganda. The AFs are food containers
designed so as to replicate the cognitive complexities chimpanzees are exposed to
in the wild when accessing embedded food sources. Building on previous work using
artificial fruits (see Whiten et al 1996) the current study aims to reveal the cognitive
and social aspects of the chimpanzees' learning processes (see main proposal for
details) . The data will be collected on videotapes which will be subsequently
analyzed following methodologies simlarto those used by Whiten et al 1996.
The subjects are 26 chimpanzees (Pan troglodytes troglodytes) from the ages of 2 to
19 years. They are all orphaned chimpanzees confiscated by the Ugandan
authorities whilst trying to be sold as pets.

5. Please describe how the subjects will be selected, and how informed consent
will be obtained. Will there be difficulty in obtaining informed consent due to age, a
mental illness or communication difficulties etc? Give details of any payments to
subjects.
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All the chimpanzee residents on Ngamba Island will be part of the experiments
designed by the researcher. Consent will be invited by always giving the subject a
chance to leave the testing room if s/he so desires. No communication difficulties are
envisaged since a wide range of behaviours from walking away to rattling of cages
and loud screaming are good indicators of unwillingness to participate that most
humans can easily recognize. Payment will take the form of preferred foods after the
end of each testing session.

6. Please give:
Starting date of project: Sept. 2000
Duration of project: 10 to 12 months
Duration of involvement for individual subjects: 10 to 12 months
Location of testing of subjects: Ngamba Island, Lake Victoria, Uganda

7. Please state who will have access to the data, and what steps will be taken to
keep data confidential:

NOT APPLICABLE

8. a) Please describe any potential hazards to either the investigator(s) or
participant(s), and any procedures that may cause discomfort or distress:

The issue of ethical concern which may arise from this research is the possible
distress the chimpanzees may encounter during testing. The AF itself is not unlike
'toys' used in zoos as environmental enrichment for captive chimpanzees and given
the chimpanzees repeatedly go back to these devices it appears they enjoy the
stimulation gained from the interaction. However the present study also envisages
separating single chimpanzees from their peer group to allow for individual testing
with the AFs. For a number of chimpanzees (depending on their personalities), this
can be a stressful experience, however previous experience working with this group
of chimpanzees has allowed the researcher to identify the more problematic
individuals thus the measures outlined below will be employed where these
chimpanzees are seen to exhibit signs of stress.
No hazards are envisaged for the investigator since no direct contact with the adult
chimpanzees will be necessary, and contact with infant and juvenile chimpanzee is
playful and does not pose a physical threat.

b) What does the investigator plan to do with any such events as might occur?

Positive reinforcement training has been used, especially in the US, to successfully
and harmlessly train primates (including chimpanzees) to willingly spend time in
isolation provided some positive experience is occurring during this period. Thus
prior to the research period a professional trainer will be spending some time training
the chimpanzees on Ngamba to cooperate with the isolating procedure; this is
thought to be crucial for veterinary purposes and more general management of the
chimpanzees as well as for the benefit of the intended research. Furthermore based
on the trainers experience with the chimpanzees if it is thought that a particular
chimpanzee is overly sensitive to being isolated, exclusion from the study or testing
in pairs will be considered. Finally during the research itself if a chimpanzee in
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isolation is seen to exhibit any signs of distress the trial will be immediately ended
and the chimpanzee allowed to rejoin his/her peers.

c) What training has the investigator received in relation to this?

The researcher has had extensive experience with all the chimpanzees with whom
she will be working and has had positive reinforcement training experience with both
baboons and chimpanzees. The intimate knowledge of each individual chimpanzee
will allow her to rapidly recognize any signs of stress they may be exhibiting and act
accordingly.

9. Please state if any participants are in the dependent relationship with the
Investigator, e.g. student:

Have been surrogate mother to a number of the younger subjects (Asega in
particular).

10. Please list any special ethical considerations which you believe should be
considered by the Ethical Committee.

11. a. Does the study involve deception?

No.
b. If it involves deception how will the subject be debriefed.

12. I have read the statement by the British Psychological Society on Code of
Conduct and Ethical Principles:

Applicant's Signature

Date

Supervisor's Signature

Date
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APPENDIX E

DATASHEETS

This section provides examples of the datasheets used to collect social interaction
amongst the adult chimpanzees for the Nut-cracking Experiment with the Adult
Group which however had to be abandoned (see Chapter 2).

Table E1: Data sheet used to collect scan data every 5 minutes on the activity and
position of each group member.

DATE START TIME END TIME

point Point point
action Body contact 2m Action Body

contact
2m action Body contact 2m

RB
MS
TB
ED
SD
MK
KD
PC
MG
NG
SP
CN
KT
SL
NT
BK

BH

NK
CD

Table E2.: Data sheet used to collect Ad Lib data on aggressive and affiliative
interactions amongst members of the Adult Group.

observer date location visitors chimpanzees in holding-facility:

TIME ID
ACTOR

BEHAVIOUR ID
RECEIVER

RESPONSE NOTES



Table E3.: Monthly summary sheet for scan data, each detailing the number of
aggressive or affiliative. submissive, and food supplanting occurance amongst
each pair of community members.

. / RB MS TB ED SD MK KD PC MG NG SP CN KT SL NT BK BH NK CD
RB
MS
TB
ED
SD

jMK
|KD
PC
MG
NG
SP
CN
KT
SL
NT
BK

BH
NK
CD
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