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Abstract

An important element innderstanding the evolutionary origin of human language is
to explore homologous traits in cognition and communication between primates and humans
(Burling, 1993, Hewes, 1973)0ne proposed modality of language evolution is that of
gestural communication,efined as communicative movements of hands without using or
touching objectgde Waal, 2003)While homologies between primate calls and language
have been relatively well explored, we still have a limited understanding of how cognitive
abilities may haveshaped the characteristics of primate gestui@erballis, 2003)
ChimpanzeesRan troglodytey are our closest living relatives and display some complex
cognitive skills in various aspects of their gestural behaviour in captagyWaal, 2003,
Pollick and de Waal, 2007)However, it is not yet currently clear to what extent these
abilities seen in captive apes are typical of chimpanzees in general and to what extent
cognitive capacities observed in captive chimpanzees have been enhanced by the socio

cultural environment of captivity such as language training.

In this Ph.D. research, | investigated the cognitive skills underlying gestural
communication in both wild and language trained chimpanzees, with a special focus on the
repertoire and the intentiolitg of production and comprehension. The study of cognitive
skills underlying the production of the repertoire and the role of intentionality is important
because these skills are cognitively demanding and are a prerequisite in human infants for
their ablity to acquire languagéBaldwin, 1995, Olson, 1993) My research suggests that
chimpanzee gestural communication is cognitively complex and may be homologous with the
cognitive skills evident in prgerbal infants on the cusp of language acquisition.
Chimpanzees display a multifaceted and complex signal repertoire of manual gestures. These

gestures are the prototypes, within which there is variation, and between which the



boundaries are not cleaut, but there is gradation apparent along several magical
components. Both wild and language trained chimpanzees communicate intentionally about
their perceived desires and the actions that they want the recipients to undertake. They do not
just express their emotions, but they communicate flexibly bysadgitheir communicative

tactics in response to the comprehension states of the recipient. Whilst chimpanzees
communicate their intentions flexibly, the messages conveyed are specific. However,

recipients comprehend gestures flexibly in light of the dighee r 6 s over al | i nt en

Whilst wild and language trained chimpanzee gestural communicatieealed
similar cognitive characteristics, language trained chimpanzees outperformed wild apes in
that they had ability to use signals which made distinctibas human deictic words can
make. Whilst these differences between wild and language trained chimpanzees may be due
to the different methodological approaches used,dbigeivablghat language training may
have influenced captive ape cognitive skiltlsthe representational domain. These results
from wild and language trained chimpanzees indicate that chimpanzees possess some form of
cognitive skills necessary for language development and that cognitive skills underlying
repertoire and use in chimpangesre a shared capacity between humans, other apes and a
common ancestor. These findings render theories of the gestural origins of language more

plausible.
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Chapter 1: General introduction

RATIONALE

An important element in understanding the evolutionary origins of human language is
to understand the features of cognition and communication in our closest relatyes
(Burling, 1993, Hewes, 1973)Understanding homologous traits in cognition and
communication between primates and humans is important because it allows us to explore
fundamental questions about the evolutionary transition fromirmgyaistic to linguistic
communication, and how cognitive abilities may have shaped the form and function of
communicative behaviour in our common ances{&wrling, 1993, Hauser et al., 2002b,
Fitch et al., 2005b, Hewe4,973 Corballis, 2003) One proposed modality danguage
evolution is that of vocal communication, which is defined as the interaction of at least two
individuals within a species, where production of auditory signal made by the vocal tract is
perceived by and changes the behaviour of another indlviBwadbury and Vehrencamp,
1998)Vocalisations are important in investigating human language evolution because the
primary modality of human language is vocal and vocalisations possess certain features
homologous with human language such as functionalrential usagéFitch, 2005)

On the other hand, primate gestures such as communicative movements of the head,
limbs, bodily postures and locomotory gaits are more cognitively complex than vocalisations
and display several characteristics, which arere similar to human language, such as
flexible use and cultural transmissigomasello and Zuberbthler, 2002, Tomasello and
Call, 2007, Whiten et al., 1999, McGrew et al., 200d)particular, manual gestures such as
communicative movements of handstheut using or touching objects are importéde
Waal, 2003) Manual gestures are neurologically distinct from other types of gestural

communication because only the brain structures underlying manual gestures are homologous



with those areas responsild human languagéRizzolatti et al., 1996a, Rizzolatti et al.,
1996b, Perrett et al., 1985)hile many primate species commonly communicate with calls,
facial expressions or bodily movements, only apes and humans frequently communicate with
hands(de Wal, 2003, Pollick and de Waal, 200 hile the homologies between primate
calls and language have been relatively well explored, have a relatively limited
understanding of how cognitive abilities may have shaped characteristics of primate gestures
(Corballis, 2003) However, it is important to investigate how features of cognition and
gestural communication in our primate relatives compare with the characteristics of cognition
and communication evident in human language. Gestural communication oparaes
complementary fashion with a vocal mode of communicatiwendon, 2004)and may
involve complex cognitive processes because signallers use gestures intentionally which
implies that they may make informed choices which may be based on mental repogsenta
(Tomasello and Zuberbtihler, 2002)

Wild East African chimpanzeesPén troglodytes schweinfurthiiare among our
closest living relativeOlson and Varki, 2003and display complex cognitive skills in
various aspects of their social behaviour intiedy such as ability to understand that others
are intentional beings with per spuewhichcane st at
be alterecby communicativédbehaviour(Hare et al., 2001Hare et al., 2000, Kaminski et al.,
2008) However, theextent to which these abilities seen in captive apes are acquired via
contact with humans or are typical of chimpanzees in general remains uf@dlaand
Tomasello, 1996, Boesch, 2008, Tomasello and Call, 2008, Boesch, Zb@rgfore, it is
also impotant to investigate cognitive capacities in wild ape populations, because their social
and ecological environment may shape their cognition in a manner that is more characteristic
of the social and ecological environment of the last common ancestor wingarea with

that of captive populations.



Additionally, the extent to which the cognitive capacities and communicative
behaviours observed in captive chimpanzees have been enhanced byukocab
environment of captivity, or how these may vary with efiéint degrees of enculturation,
remains uncleaCall and Tomasello, 1996)in particular investigating cognitive skills
underlying communicative behaviour in language trained chimpanzees could provide an
important insight into chimpanzee communicati@@dl and Tomasello, 1994)This is
because languageaining represents the most intense form of enculturation and linguistic
interaction may play a causal role in understanding that others have beliefs and intentions
(Garfield et al.,, 2001) Thus, examiningthe cognitive skills underlying gestural
communication in language trained chimpanzees may illuminate how social and cultural
pressures may have shaped the cognitive abilities of our hominid ancestors, and perhaps also
indicate how these pressures coult/én led hominids to acquiring symbolic capacities of

language.

In this Ph.D. thesis | aim to explore homologous traits in the cognition underlying
chimpanzee gestural communication and human language. Specifically, | attempt to explore
the repertoire of maual gestures and the underlying role of intentionality in gesture use in
wild and language trained chimpanzees. While prior research on the repertoire of manual
gestures has provided a descriptive repertoire of gestures in chimpanzees primarily reared in
captivity, very little is known about manual gestures in wild chimpanzees and the structural
analysis of repertoire in both contexts is missing. Moreover, prior research on the intentions
underlying gestural communication in captive chimpanzees has sedidbat they display
sensitivity to the visual awareness of the recipient. However, little is known about
understanding intentions in wild chimpanzees and whether intentionality underlying gesture

use can be seen in both signaller and recipient behaMaueover, there is currently limited



insight into how understanding of intentionality would compare in wild chimpanzees and
chimpanzees exposed to language training.

This Ph.D. thesis is the first systemaditalysisinto gestural communication in wild
East African chimpanzees and captive langutagaed chimpanzees using a comparative
approach. The comparative method constitutes a special, strategic tool with which to tackle
the problem of language evolution because it allows us to explore fundamesgtibigsi
about the evolutionary pressures that accompanied the transition frehmgoistic to
linguistic communication, and how these evolutionary pressures may have shaped our

common ancestordés system of cognition and co

BACKGROUND

Studyirg  human behaviour from an evolutionary perspective allowsunique
understandingf the function of human behaviour, by providing insights into questions such
as how behaviour influences the genetic fithess of the individual, and how this is
subsequently»pressed in the gene pool of the future generatibnsbar and Barrett, 2007)
To date, we have good evidence for how the behavioural strategies of our ancestors have
been shaped to maximise their fithess. For instance, using paleontological remairs we ar
able to deduce at what stage in human evolution humans manufactured complex tools, and
developed rudimentary forms of art and religi(Barrett et al., 2002)Whilst we have
relatively good insight into various aspects of life of our hominid ancest@a€uolution of
|l anguage is stildl | argely hypothetical. The
arrival of writing has made it difficult to draw inferences about the presence and form of

language in our hominid ancest¢Fstch, 2005)

An important first step in examining the evolution of a faculty for language is to

distinguish its various constituent propert{étauser et al., 2002bYiewed as a system of



cognition and communication, the key areas of inquiry in language evolution are the
definition of language, its fundamental function and its phylogenetic antecé€deriisrgen,

1963) Hauser and colleagu€002b)distinguish between two main mechanisms involved in
language, i.e. broad and narrow language faculties. Broad language faefiitys any
mechanisms involved in language in a broad s¢sse Hockett and Altmann, 1968a for
detailed description of design features of languagé)le mechanisms that are specific and
unique to human language are a subset of broad language facdligre defined as the
narrow language faculty. Determining homologies between primate communication and the
narrow language faculty is important because it allows research efforts to focus on those key
innovations which characterised the transition frome-lipguistic to linguistic
communication in humans. Additionally, determining those traits of communication that are
different from the communicative system of our closest living relatives, but are analogous
with traits in other more distant taxa,askey issuebecause it allows us to determine which
adaptive pressures selecfed languageand how these pressures have shaped the form and

function of human language faculfyitch, 2005)

When exploring language evolution it is important to focus onndeow language
faculty and to distinguish questions concerning language as a system of communication from
those questionsoncerning thecognitive mechanismsnderlying languagéHauser et al.,
2002b) This is because the central cognitive capacitiearajuage may have evolved due to
nori communication related selective pressures, but were reshaped due to the constraints
imposed by the communicative requirements of language. In terms of the narrow language
faculty, the key components of this communicaBystem are speech, syntax and semantics
(Fitch et al., 2005b)Speech is defined as the principal signalling modality of language,
which relies on reconfigured vocal apparatus for the production of a range of sounds, and

vocal imitation as a mode of acgition. Syntax is understood as an og@aded system,
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which allows parsing and production of hierarchical structures within language to allow
greater communicative flexibility. Finally, semantics is defined as encoding of an unlimited
set of distinct propsitional meanings in language which may involve both concrete and
abstract meanings(see e.g. Fitch, 2005 , Hockett and Altmann, 1968a for more detailed
information on these principle components of language)

Whilst we now understand relatively well thawone of these narrow language
characteristics such as speech, syntax and semantics are present in the natural communication
systems of any great ape species, the presence or absence of the cognitive abilities underlying
these communicative abilities is $eslear(Tomasello and Zuberbihler, 2002)owever it is
important to investigate the cognitive processes underlying primate communication, rather
than simply how they communicate. This is because language is inseparably bound up with
human cognition andahguage is critically important for human thought and mental
processingTomasello, 2008)Furthermore, whilst there may be limitations on the capacity
to express cognitive abilities in one communicative modality, the cognitive abilities displayed
by apedn other communicative modalities mandicate that certain degree of continuity in
language may be present in our closest living relatiBesling, 1993, Hewes, 1973)That
is, rather than asking whether primates have language, we should insteafbridbk
component features that are the building blocks of the capacity for language, allowing us to
evaluate whether these abilities are widespread across a range of species or more species
specific(de Waal and Ferrari, 2010)

ACogniti on, d indudea petcgptiod, eedrning, enemory and decision making,
in short all the ways in which animals take in information about the world through the senses,
process, retai n a(pade 2d8 Shetdewortt, 2001Bebatviourowhichi t 0
involves @mplex cognitive processing is different from other behaviours, which include

simple associations and reflexes that are tied to particular emotions, because the former are
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underpinned by an ability to volunt ateri |y
behavioural flexibility. The ability to manipulate other behaviour and mental states in
response to the perception of particular goal states indicates cogomnsexity Tomasello

and Call, 1997)Cognitive abilities are particularly importantlanguage use and acquisition.

For instance, learning by imitation is a complex cognitive skill that is necessary for
developing linguistic communication because language is based on an ability to generate and
learn a large and opeanded lexicon of word@itch, 2005) Additionally, a cognitive ability

to recognise and to act upon the behavioural or mental states of others is important in
|l anguage use because | anguage iis a soci al
attention and imaginationpghat the recipient will do, know or feel what the signaller wants

to convey(Tomasello, 2008)

To date, research primatecommunication has primarily examined important aspects of
cognitive abilities in relation to the vocal communication systeffiemasello and
Zuberbuhler, 2002)The evidencesuggests thaprimates may have certain representational
abilities indicatedoy functionally referential callsn manyprimatespecies that careliably
provide recipients with information about the presence wdgtors or food in the
environment(Zuberbihley 2009) For instance, vervet monkeys use different alarm calls in
association with different predators leading to different escape responses in recipients;
perceiving the call or the predator itself elidke same specific responégeyfarth et al.,

1980) Chimpanzees in captivity produce acoustically different food grunts in response to
quality of the food eateifSlocombe andZuberbihler 2006, Slocombe anduberbihley

2005) Additionally, there is evidere in vocal communication for audience effects, where the
signall erés vocal Dbehaviour is affected by
familiarity) or the presence or absence of conspecifics. For instance, Townsend and

Zuberbuhler(2009 have shown that East African chimpanzee females suppress production
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of copulation vocalisations in presence of other dominant females. Gouzoules and colleagues
(1984) have shown that rhesus macaques produce acoustically different scream variants as a
function of aggression severity, relatedness and the relative rank of the opponent.

On the other hand we also currently understand that certain skills of language cognition
are absent in primate vocal systems. For instance, it has been shown that signats are
intentional from the senderds perspective;
presence of external referents but instead vocalisations just express their emotional states. For
instance, vervet monkeys continue producing alarm calls Wieeresponse of the recipients
relative to external referent has already been nliaglevervet monkeys have already escaped
to safety, Seyfarth et al., 198@himpanzees continue producing loud pambt calls upon
finding patches of food even if the wieocommunity is already feeding on the food tree
(Clark and Wrangham, 1994)This lack of complex cognitive skills underlying vocal
behaviour is further supported by findings from vocal development in primates and
demonstrates inability of primates to im¢eand acquire new sounds from other individuals.

For instance, cros®stering of Rhesus monkeys and Japanese monkeys produces no
significant changes in the repertoire or structure of their spggesal vocalisationgOwren

et al., 1992) Additionally, languagetrained apesubjected to years of language instruci®mn
unable to acquire any substantial vocabulary of wdidayes and Hayes, 1951This
apparent lack of cognitive skills in the vocal domain of communication may not reflect
overall limitations of primate cognition, but rather the difficulty of the communicative
mechanism to control vocal outp(ltieberman, 1968, Fitch, 20Q0yhilst the basic vocal

tract anatomy of primates would support production of language, nearalectivity
responsiblefor detailed voluntary control of the vocalisations and the capacity to link
auditory input to corresponding motor outputs are lacking in our primate rel@livegns,

1998)
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Whilst we have a relatively good understanding of cognitive capacities vindeviocal
behaviour in primates, such capacities in gestural domain are still poorly undd€kstoces
1973 Corballis, 2003)However, it is important to understand what cognitive characteristics
underlie gestural communication in primates. Whilst festuof cognition make primate
vocalisations an unlikely sole candidate for an evolutionary precursor to human language, it
is possible that the cognitive skills underlying language evolution are present in the gestural
modality of communicatiorfCorballis,2003, Hewes, 1973, Burling, 1993)his is because
primates have a greater voluntary control over their limbs than their vocal output and more
important similarities with human language can be observed in the gestural modality in many
areas of cognitionugh as learning, symbolic communication and intentionéliymasello
and Zuberbthler, 2002For instance, whilst vocal cultiweave not yet been shown among
any of the primate speci€Bollick and de Waal, 200/¢estural cultures in chimpanzees have
been reported both in the wilgee e.g. hand clasp, leaf clipping and missile throw, McGrew
and Tutin, 1978, McGrew et al., 2001, Whiten et al., 198%]) in captivity(Pika et al.,
2005b, Pika et al., 2003)dditionally, whilst chimpanzees display inallity to learn vocal
modifications, they have ability to acquire and use symbolically many gestures of American
Sign Language, which they are then able to transmit culturally to their off{@arginer et

al., 1989)

When elucidating the cognitive skillsnderlying gestural communication, manual
gestures are particularly important, defined as communicative movements of hands without
using or touching objects. This is because manual gestures are neurologically distinct from
other types of gestural commuatmon, such as bodily movements and locomotory gaits.
Brocabs area is a region of the hominid br:
(Broca, 1861) The ape Brodmannés area 4546Brwbadch i

area, is enlarged in the leftemisphere(Cantalupo and Hopkins, 2001 cotrast to
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vocalisations, monkep Br od mann o s area 1 s activated dur
perception of manual movemer{izzolatti et al., 1996a, Rizzolatti et al., 1996b, Perrett et

al., 1985) These mural structures underlying manual gestures in the great apes, are
homologous with the language areas in the human ,bsaiggestingan important link
between language and primate manual gestures, but not primate calls or other primate bodily
movements (Corballis, 2003) Additionally, while many primate species commonly
communicate with calls, facial expressions or bodily movements, manual gestures are typical
only in humans and other great agee Waal, 2003) This lack of homology between
Hominoidea andall other primate species regarding manual gestures, indicates a shift
towards a more flexible and intentional production for manual gestures in echoipiaid
ancestors prior to emergence of vocal langyageballis, 2003)

Despite the importance of maa gestures to understanding of cognitive skills
underlying human language evolution, to date, few studies have addressed the cognitive skills
underlying manual gestures, such as repertoire and intentionality of production and
comprehension. The study o speciesbo repertoire i s an
understanding the cognitive processes underlying human language evolution because it helps
us to understand the breadth of relevant traits of the communicative system, and which traits
could be homologes with the human communicative reperto{@ltmann, 1967) The
repertoire of communicative signals can be defined as a collection of actions or cues within a
species which are used to initiate change in behaviour of a reci{Beatbury and
Vehrencamp, 998). Analysis of the repertoire of communicative signals is an important first
step in addressing questions about the phylogeny of communication and provides a basis for
comparative investigations of function, ontogeny and adaptive significance of cocateni

signals(Altmann, 1967)
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Additionally, the study of intentionalityin communication also informs our
understanding of the cognitive processes underlying language evolution. Intentionality is one
of the most cognitively demanding features of humamnglage and the emergence of
communicative intentions is a foundational capacity required for the ability to acquire words
in human infants(see e.g. Baldwin, 1995, Olson, 1993 for detailed discussion of why
intentionality is important for development t#nguage) Intentionality can be defined as
such state of perception whereby interactants understand that others have goals and intentions
di fferent f(Tomaselloand Gall, 1399 Wmentionality in communication is a
key prerequisite for humadanguage because language is a form of social activity composed
of linguistic conventions, witlsignal productormot i vat ed by the percept
mental states, in terms of the desire of the signaller to request, inform or share social or othe
goals and belieffTomasello, 2008)

Investigating the capacity for intentional communication in our primate relatives is
important because it can provide key insights into the level of representations that the
primates are able to maintain and theretbee complexity of their cognitive processing. For
instance, primates may display cognitive abilities for primary, secondary or- meta
representation®rimary representation relates to a direct, singular and current assessment of
the world where individuacts through simple association between the current and preceding
behaviours. On the other hand, secondary representations are more complex because these
involve the ability to model hypothetical or nonexistent situations (e.g. the past and future)
and erertain multiple models, such as attributing intentions or attentional states to another
person (Perner 1991).This ability to form secondary representations gives rise to an
understanding of a key character i sntdingof of mi
oneds own goals and goal directed actions a

goal s that <can be different from oneds own

16



ability to form secondary representations allows an individuaigatally process the desired

goal state; taking necessary steps to achieve that goal state, as evidenced by monitoring and
amending of the goalirected behaviour until the desired goal state is achieved (Piaget 1954,
Bullock and Luetkenhaus 1988; Deloactet al. 1985).The study of repertoire and
intentionality in primate manual gestures is thus important to understanding language
evolution and provides vital insights into the cognitive underpinnings of communication in
our closest primate relatives.

Most of our knowledge about chimpanzee gestural communication comes from
studies of gestural behaviour in captivisee e.g. Liebal et al., 2004a, Leavens et al., 1996,
Leavens and Hopkins, 1998, Tomasello et al., 1984, Tomasello et al., 1985, Tomasello and
Frost, 1989, Tomasello et al., 1994, Tomasello et al., 1@39tural communication in free
ranging chimpanzees has not been studied systematically and existing studies are primarily
descriptive and based upon opportunistically sampled data on gestpestoire. For
instance, the gestural communication of the Kasakela group of Gombe (Tanzania) in East
Africa, with a special focus on adults, was described by Go¢sksl e.g. Goodall, 1986, van
Lawick-Goodall, 1968) She found that gestures are used iriewa of contexts, such as
aggression, affiliation and courtship. These observations were later supplemented by
observations on infants in the same group by PI@®j79) McGrew and Tutin(1978)
described grooming hardasp as a first case of a commutiiea behaviour described as a
social custom in chimpanzees. Systematic esitescomparisons also indicated that other
gestures are population specific in wild chimpanzees, such as leaf clipping and missile throw

(Whiten et al., 1999)

Moreover, the regrtoire of manual gestural communication in chimpanzees both in
captivity and in the wild has received limited research attention and has generally been

reported within a broader framework, focusing on all communicative bodily movements and
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facial expressins. The catalogues of manual gestures in captivity were compiled in greatest
detail by van Hooff(1971) Tomasello with colleaguggomasello et al., 1985, Tomasello

and Frost, 1989, Tomasello and Camaioni, 1997, Tomasello et al., 1997, Tomasello et al.,
1984) Liebal with colleaguegLiebal et al., 2004aand Pollick and de WadgR007) For
instance, Pollick and de WagR007) reported 16 manual gesture types in captive
chimpanzees, such as arm raise, reach out down and point. In terms of wild populagions
only reports of manual gestures come from same chimpanzee Kasakela group at Gombe
(Tanzania) described by Plodi1979) and van LawickGoodall (1968) For instance, van
Lawick-Goodall(1968)reported 14 gesture types and Pl¢b§79)reported 17 gesre types

such as beckoning, begging with hand and arm high (see table 2.11 in Chapter 2 for more

details on gestural repertoires described in these studies).

Whilst we know relatively little about manual gestures in chimpanzees in general, there is
evenless knowledge about how the repertoire of gestures could be structured in terms of
distinctiveness of precise morphology across gesture types. Only the groomingldsmnd
has been studied in terms of precise morphology of gestural communication aritdidfiow
might vary across populations. For instance, McGrew and ot@04)reported two types of
grooming hanetlasp: palm to palm handasp and non palm to palm. In the first type of
grooming hanec | a s p, t wo chimpanzees clisansitpalpalmarh ot h
contact. In the second type, there is no palmar contact, wrists are flexed and one limb is
resting on the other 6s (2001yekamined phot@yraghsy anéd n d ¢
videos of these hantlasp types across two chimpanzee comutmes)i focusing on the
precise morphological features of each hand clasp type. They reported that vgndepK
displayed both handlasp types, in Myroup only non palrto palm hanetlasp was found. In
extension to this study Nakamura and Uel@@04)examined gradation within handasp

types by measuring angles of the wrist and the elbow as well as palm contact. They found
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that a flexed type of grooming hawthsp occurred only in Mjroup, and that individuals

displayed consistent tendencies for wrisglas but not elbow angles. These findings are
foundational to our understanding of how differences between populations emerge in
communicative behaviour, because they explain how communicative behaviour could be
acquired and transmitted across generatwitisin populatosand t hus how o6cul t
be formed in the populations. To date, however, no other studies have attempted to identify
specific morphological features characteristic of manual gestures, or explore whether such

variation in features cdadi be quantified statistically both thin and between gesture types.

Moreover, whilst we know very little about repertoire and morphology of manual
gestures in chimpanzees, this situation is exacerbated by a lack of any intentionality criteria
applied whea considering ethograms from wild populations. However, it is important to
investigate whether the observed signal is voluntary because the distinction between simple
behavioural actions, which may be used by others to infer intentions, and meaningital gest
communication lies in determining whether the action is used intentiofRtherty
Sneddon, 2003, Leavens and Hopkins, 1986) example, activitieghich regularly precede
a particular event, such as those that indicate changes in activity stateefiveen resting

and locomotion), can become communicative to the receiver although this signal is

uni ntentional f r ¢TomaseorandeCeallpl997)p er specti ve
I n human intentional communi cation, i nt el
god s, beliefs and intentions and act fl exi bl

attention and imagination so that the recipient will do, know or feel what the signaller wants

to convey(Tomasello and Call, 1997Ysing criteria operationalizedr defining intentional

behaviour in human p#éngustic infants, studies in captivity have shown that great apes use

their gestures socially, i.e. signallers display sensitivity to the presence of an audience when
producing their gesture@d.eavens et al 2004) Signallers are sensit.i
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attentional state, gesturing more often when recipient is already looking aTtberasello

and Camaioni, 1997)as well as using attentiggetting behaviour in absence of visual
attention from recints(Krause and Fouts, 1997W)Vhile these studies have shown flexible

use of gestures in response to both the presence and visual attention of an audience, a more
compelling set of supporting evidence for complex cognitive skills underlying gestural
comnunication comes from reports of communicative persistence and elaboration.
Persistence can be defined as the continued production of the same signal. Elaboration is
defined as substitution of original signals, which have failed to communicate the gbal, wit
different signal types used until the goal is obtaiiBdtes et al., 1979)The cognitive

abilities underlying persistence and elaboration are important because they suggest that apes
may be capable of secondary representation such as -emdmsreasong, i.e. that
individuals recognise others desired goal state and understand which necessary steps need to
be taken to achieve their go@ferner, 1991)Moreover, the cognitive processing underlying
persistence and elaboration in communication is demgnbecause individuals may be
attributing mental states to their recipients when attempting to achieve their goals
(Suddendorf and Whiten, 2001)

Despite the importance to understanding of cognitive skills underlying language
evolution in humans, to datnly a few studies have addressed the ability of great apes to
persist in their communicative attempts in interactions between conspecifics. However, when
interacting with humans, chimpanzees exhibit both persistence and elaboration in gestures
and vocakations when an experimenter fails to deliver the desired object (Leavens et al.
(2005b) Cartmil and Byrne(2007b) observed that orangutans not only persist in their
communicative attempts when faced with communicative failure, but also they modify their
gestural communication flexibly to take into

their goalsarenot met or only partially met. Although this previous research has contributed
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to our understanding of persistence and elaboration in great sfpga)€ommunication, we

still have only a limited understanding of whether great apes intentionally persist and
elaborate in their communication. For instance, these studies did not makesamption

about whether these sequences of gestures wereeditestards achieving a particular goal.
However, without the assumption that the gestures were made towards specific goals and
identifying what these goals were, inferences about the success or failure of communication
cannot be made when examining intendél persistence in sequences of gest(@esinkoff,

1986) Additionally, previous studies on persistence and elaboration in communicative
attempts have included clearly stereotypical behaviours in their analysis, rather than focusing
on gestures alone.dwever, stereotypical behaviours are not used purposefully to influence
the behaviour of recipient to achieve desired goals by use of communication. Thus, the
fundamental requirement of persistence, that signallers direct their communication at a
recipientwith a priori knowledge of the effect that the signal will have on the recifiates

et al., 1979, Bates et al., 1975)not met in those analyses. Finally, none of the previous
studies on elaboration and persistence have focused on manual gedturstead all bodily
movements were taken into account. However, it is important to examine manual gestures in
particular because manual movements are neurologically distinct from other types of gestural
communication and may be underlined by more complEnitive processing than other
gesture types.

Moreover, whilst we already have some i ns
ot herdéds goals and comprehension states and
behaviour, almost nothing s nown about the recipientds wund
intentions, or how recipients comprehend ge:
goals and intentions. Such contextually defined comprehension of gestural signals requires

that therecipient understands not only the semantic content of a gesture, but also takes the
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goals of the signaller into account when deciding how to respond, and infers the common
cooperative goal of the signaller from the combination of gesture with cq@exe, 1975,
Levinson, 1983) In most primate studies, contextually defined comprehension has been
operationalised as the use of communicative signals, where one signal type is associated with
variety of contexts and one context is associated with variegesture types, i.e. one to

many rather than one to one relationship between gesture and ®ukikk and de Waal,

2007, de Waal, 2003, Pika and Tomasello, 2008)ng theseriteria, to date studies across

all captive species of great apes have detnatesi that gesture comprehension is
contextually defined and thus concluded that gestures have no specific meanings; responses
are determined by the recipientds perceptio
have also indicated that gesture @oahension could also be semantic because some gesture
types reliably receive specific responses regardless of the context in which they de=eased

e.g. Genty and Byrne, 2009)

This dichotomous view of the gesture comprehension system in primatestsiibge
relying on either the relationship between
alone may not be an adequate criterion for determining contextually defined usage. This is
because the context of gesture production alone cannottéllusieci pi ent s t ake t
goal into account in deciding how to respond
responses without taking into account the ultimate goals of signaller is not particularly
informative a b o uentions hArel hosvi recipiants | aecoudts for ithese in
responding. However, it is important to address this question systematically because the
cognitive abilities underlying contextually defined comprehension are complex and would
suggest that individuals mag lzapable of shared intentionality and secondary representation,
in contrast to semantic comprehension of gestures which could rely predominantly on

automatic respons€¥omasello, 2008)To date however, no studies have addressed the issue
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of comprehensio of gestures using a systematic approach and we therefore lack clear data on
whether great apes possess skills of contextually defined gesture comprehension.

Finally, almost all of the studies to date concerning cognitive skills underlying
gestural communpation in great apes have been done in captivity. It therefore remains
contentious whether the cognitive skills underlying communicative behaviour in great apes
are an artefact of rearing conditions. For instance, Tomasello an(2@adl)claim that gret
apes raised in normal captive conditions (as opposed to intense language training rearing
conditions) develop an understanding that other individuals have goals and comprehend the
i mportance of ot her s 0toknowleadgedtatep (e.rthateothers asen i n
intentional beings). They attribute these cognitive capacities in captive apes to extensive
contact with human interactants, especially during ontogeny. The contact with humans is
important because humans interact with captive apes iffieraht ways than their
conspecifics, for instance by attempting to direct their attention towards self or third objects
or events. When humans display these behaviours towards captive apes, captive apes acquire
a different set of social skills than th&ld conspecifics, specifically suited for contact with
humans. For instance, Tomasello and C2004)have shown that captive apes that varied in
the degree of enculturation also varied in their degree of understanding of accidental actions
versus intetional goals. Itakura and TanakB998)also found that captive chimpanzees with
the most exposure to contact with humans performed best when using experimenter given
cues to solve an objechoice experimental paradigm concerning communicative outcomes.

Languagetrained apes are of particular relevance to this debate; they not only
routinely interact with humans during every day activities but are specifically trained to
produce and comprehend linguistic and nonverbal convenfeals and Tomasello, 1996
Linguistic interaction is of paramount importance in the current context because it plays a

causal role not only in understanding that others have goals and visual attention but more
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importantly it is fundamental in the development of understandingthats have intentions

and beliefs(Garfield et al., 2001)For instance, Call and Tomasel©994) reported that
Chantek, an orangutan who underwent a ape sign language training programme, was able to
comprehend the function of human pointing signifigabetter than the chimpanzee reared

in more standard captive conditions.

While these theoretical considerations of social cognitive enhancement appear
plausible in light of data from captivity, some authors interpret these findings with caution
and instad suggest the need for further systematic studies of cognitive skills underlying
social behaviour in wild apes. For instance, Suddendorf and W2i6€1) argue that apes
develop their most sophisticated cognitive skills in the wild and that the appéfiests of
enculturation on cognition and behaviour in captive apes are due to differences in degree of
impoverishment of the social environment rather than its enhancgsemntalso Boesch,

2007, Boesch, 2008)Bering(2004) suggests that great ape cdgmi in captivity does not
change in any fundamental way when interacting with humans, but rather that interactions
with humans lead to a change in behaviour in that these apes acquire different problem
solving skills on novel objects. For instance, humamsy i nf |l uence the sub
and affective states by modifying the subje
achieve their desired outcomes, and in turn, subjects learn that observing and reproducing
human actions is the most effegtiway of accomplishing their desired goals.

However, it is currently difficult to fully assess whether the cognitive skills
underlying intentional communication as displayed by captive and landguaged
chimpanzees are acquired via contact with hunwanare a synapomorphic trait with our
common ancestor. Moreover, it is difficult to assess whether human contact and linguistic
instruction only transform prexisting cognitive skills in captive great apes, or whether these

experiences during ontogenyeate a novel set of cognitive abiliti€Bomasello and Call,
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2004) Answering these questions is important because they have wider implications for the
guestions about the evolution of the cognitive skills underlying language evolution. For
instance, it isstill unclear whether the last common ancestor of humans and chimpanzees
possessed certain components of our human social cognition and evolution modified those
pre-existing cognitive skills into more complex abilities, or whether the cognitive processing
underlying the capacity for intentionality is a uniquely human development, arising rapidly
since our split from other apes with no previousexesting skills of social cognition in the
common ancestor of humans and chimpanZBesing, 2004) These qu&tions cannot be
addressed systematically, because the cognitive skills underlying communicative behaviour
in wild great ape populations have to date not received sufficient research attention.

There is a paucity of data on the cognitive skills underlgmmmunicative behaviour
in wild apes and moreover, our knowledge is mainly based on largely anecdotal or qualitative
accounts. For instance, Matusm@&@da and Tomonag@&005)reported three episodes where
individuals intentionally controlled the sound daf clipping, which suggests that
chimpanzees may understand that other chimpanzees comprehend the causal relationship
between the sound production asdbsequent eventdntil recently, field studies of
cognitive skills underlying communication have belngely anecdotal because of an
assumption that field studies have no role in understanding the cognitive basis of behaviour
(Byrne, 2007) For instance, in most instances it is not possible to subject wild apes to
controlled experimentation in the fielmhd to compare the performance of wild apes on
cognitive tasks directly with that of laboratory anim@&Bering, 2004) However, it is
important to investigate social cognition in wild apes using observational methods because
freeranging apes may differdm captive populations, in terms of the selective pressures
involved in learning and the acquisition of behaviour. Thus, the comparative study of the

cognitive skills underlying gestural communication in fraaging chimpanzees, and
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language trained chipanzees, is a necessary and important addition to the existing data on
captive chimpanzees, in order to explore the potential influence of human rearing and

instruction on the cognition underlying use of communicative gestures.

AIMS OF THE STUDY

This stug of cognition underlying gestural communication in wild and language trained
chimpanzees aims to contribute to the debate of the evolution of language, specifically in
relation to the debate on the evolutionary transition fromlipgristic to linguistic
communication in humans. It will examine which underlying cognitive abilities underlying
human language evolution are most likely to have been present in our last common ancestor
with chimpanzees and which are unique to humans. Further, it aims to tiavifythe
gestural repertoire of wild and language trained chimpanzees might resemble hominid
communication, in terms of what wild and language trained chimpanzees might understand
about their own gestural communication. For instance, do signallers rdaisthey can
influence comprehension states of their recipients to achieve their goals by communicative
means? Do signallers know that they can use different means to achieve the same end? Do
recipients understand that signallers have specific goals redtions? Do recipients
cooperate wi t h i ndi vidual gestures even i
immediately beneficial to them? | will examine these research questions in the first
systematic study into the repertoire and intentionality tipitgy manual gestures in the wild
chimpanzee community at Budongo Forest, Uganda and a group of language trained
chimpanzees at the Language Research Centre, at Georgia State University (Atlanta, USA).
By combining an observational and an experimentatagmh with video analysis | aim to

complement previous work in several important ways.
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In chapter two | aim to establish an inventory of the gestural repertoire in wild
chimpanzees. In contrast to previous qualitative approaches | aim to avoid biagse®ypose
gualitative determination of gesture types and over inclusion of contexts and meanings within
gesture types. In order to determine whether quantitative statistical methods can reliably
differentiate between gesture types, clustering techniques adetauggoup morphological
components of gestural events, and these groupings are then validated using discriminate
function analysis to determine gesture types quantitatively and statistically. Additionally, |
aim to examine the distinctiveness of morphglog gesture types and establish quantitative
profiles for each gesture type, in terms of each of its morphological components. Finally, |
aim to compare the repertoire of manual gestures obtained quantitatively with the repertoire
of manual gestures deteined qualitatively by previous studies in order to assess the efficacy

of the quantitative methodology.

In chapter three, | evaluate the evidence that wild chimpanzee communication is goal
directed by examining evidence of persistence and elaboratitre iface of communicative
misunderstandings. These data will be used to explore whether chimpanzees have a priori
knowledge that these goals can be achieved by use of gestures. Specifically | examine
whether these communicative repairs are just stereotyy frustrated reflexes in response
to a recipientds | ack of responsiveness, o]
communicative failures in more flexible, creative and cognitively demanding ways. Finally, |
aim to address whether chimpanzees able to evaluate their own level of communicative
success and manoeuvre recipients towards achieving the desired goal, as evidenced by a

di splay of specific repair tactics to aid re

In chapter four, | build upon the findings dfie chapter three and explore wild
chi mpanzee understanding of signall erds goal
chimpanzee gesture comprehension by using a novel approach; looking more closely at the
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congruence of responses with the pcesti meaning of a gesture, and importantly in relation

to relative rank of the recipients to determine semantic meanings of gestures. | aim to
determine the goals of the signaller quantitatively by looking at types of behaviours which
occurred at the end @ach communicative episode. Based on this determination of a signal
meaning and signallerb6s goal s, I am able t
signall erds goals and intentions, and wheth
differenty in relation to the type of goal intended by the signaller, namely whether it is a

cooperative or competitive goal.

Finally, in chapter five | attempt to further explore role of understanding intentions in
shaping communicative strategies in chimpanzegmosed to languageaining procedures
usingan experimental approach. Although the task is based on previous studies with captive
apes, | examine a more complex task that requires cooperative communication between a
knowledgeable chimpanzee and a naraeer in order to locate a hidden food item. Thus, |
aim to examine whether languatgained chimpanzees persist and elaborate in their gestural
communication in response to failure of comprehension by the experimenter. Moreover, with
this approach | attept to gain insight into whether languagained chimpanzees
comprehend function of the pointing gesture and adjust their signalling behaviour

accordingly.

We address these research questions in chimparzeedrpglodytesin the wild and in
captivity. Chimpanzees are a good model species to investigate homologous traits in
cognition and communication with human system of communication and cognition because
they are genetically our closest livinglatives together with bonobow/i{o are equidistant
;Olson and Varki, 2003andtheydisplay several important cognitive skills in both physical
and social domains of cognition. Chimpanzees have been shown to display social awareness
as evidenced by sensitivity to otsdfeactiées vi su
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deception(Tomasello and Carpenter, 200Further, diimpanzees utilise these complex skills

of social awareness in managing demands of life in the wild in the complex figsion

social system. For instance, wild chimpanzees remembeaané abl e t o tr ack
relationships despite frequent lack of physical proximity form coalitionsatthievetheir

social gaingNewtontFisher, 2006)It is thereforamportantto examine how these complex

skills of social cognition would shapte communicative system of manual gestures in
chimpanzees.In this thesis, Ipresenta systematic study of cognition and gestural

communication in wild and language trained chimpanzees.
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Chapter 2: Formulating a dictionary of wild chimpanzee manal

gestures- statistical analyses of a graded repertoire system

BACKGROUND

A key component in understanding the origin of traits of human language is to
understand the breadth of traits of communicative system in our closest living relatives
(Zuberblhler2005) Analysis of the repertoire of communicative signals is an important first
step in addressing questions about the phylogeny of communication and provides basis for
comparative investigations of function, ontogeny and adaptive significance of cocateni
signals (Altmann, 1967) The repertoireof communicative signals can be defined as a
collection of actions or cues within a species which are used to initiate change in behaviour of
a recipient(Bradbury and Vehrencamp, 1998) particular, the gdésral repertoire, such as
movements of hands without the use of objects is impomaahualgestures are among a
few ancestral traits within the communicative repertoire that humans share with their primate

relatives and may be an evolutionary precursa $poken languagde Waal, 2003)

Whilst preliminary first steps towards compiling the repertoire of gestural
communication have already been made for some primate siiseee®.9. Pollick and de
Waal, 2007) these accounts have only been descripiwel contain biases posed by
descriptive methodology, such as a difficulty in establishing and maintaining the same level
of categorisation. On the other hand, more systematic quantitative assessment based on
statistical determination of the units of gesturhas not been carried out and a unified
framework for the quantitative analysis of gestural communication in primates is lacking.
East African chimpanzee$dn troglodytes schweinfurthiare our closest living relatives
(Reynolds, 2005and display feaires of social life and ecology characteristic of the early

humans populations such as fissfasion society on the forest/savannah interf@eodall,

30



1986) The study of the gestural communication in wild chimpanzees is therefore an
important first stepowards our better understanding of the probable features of gestural
communication in our common ancestor and the adaptive pressures which led early humans

into the development of the language.

Many authors in search of phylogenetic orggof human langagehave focused their
research efforts on compiling the repertoire of chimpanzee facial expressions and
vocalizationg(see e.g. van Hooff, 1971, van Hooff, 1967, Parr et al., 2007, Parr et al., 2002,
Marler and Tenaza, 1977, Marler and Hobbett, 1975,ldv|laf969, Mitani et al., 1999,

Mitani et al., 1996, Mitani, 1996)Repertoire of manual gestural communication in
chimpanzees to date received limited research attention and has been studied within broader

framework of the whole gesture repertoire focgsam all communicative bodily movements.

Additionally, repertoires of manual gestures have primarily been described for captive
populations. These catalogues of gestural behaviour from captivity were compiled in greatest
detail by van Hooff{1971) Tomas#o (Tomasello and Zuberbuhler, 2002, Tomasello et al.,
1985, Tomasello and Frost, 1989, Tomasello and Camaioni, 1997, Tomasello et al., 1997,
Tomasello et al., 1984).iebal(Liebal et al., 2004aand Pollick(Pollick and de Waal, 2007)
Moreover, some wearch effort has been made to compile repestook gestural
communication in wild populations of chimpanzees. The Kasakela group of East African
chimpanzees in Gombe (Tanzania) is among the most extensively studied chimpanzee groups
in Africa (see e.gvan LawickGoodall, 1968, van Lawicksoodall, 1967, Goodall, 1986,

Plooij, 1978, Plooij, 1979 see also, Sugiyama, 1969, Nishida, 1¥igfida et al.,1999,

2010,Reynolds, 1963 for gesture reports from other chimpanzee populations)

Whilst gesture repévire studies in captivity have been reasonably systematic, gesture

research in the wild has been mainly opportunistic and is frequently based on gesture
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categorisations by usage rather than morphology. Gestural repertoires have not been studied
systematially in the wild because until recently it was believed that the behaviour of captive
apes is representative of wild populatiqiyrne, 2007) However to obtain the repertoire
representative of typical chimpanzee communication it is necessary to alsinexgg@stures

in wild populations. This is because of the influence of different adaptive pressures on
cognition underlying gestures in captive apes as opposed to that of wild conspecifics such as
frequent contact with humans during ontogdipmasello andCall, 2004) Contact with
humans is important because humans interact with captive apes in different ways than their
conspecifics, for instance, by attempting to direct their attention towards self or third object
or events. When humans display these biglias towards captive apes, captive apes acquire

a different set of communicative skills specifically shaped for interactions with humans
compared to their wild conspecifics. For instance, captive apes frequently point to distal
objects,abehaviour whichs currently thought to be absent in the wild conspecffieavens

et al., 1996, De Waal, 2001, Leavens et al., 2009)

Studies of gestural communication in the wild present a good solution to these
problems of enculturation because they alloallection of data of natural chimpanzee
behaviours, with little influence of humans on the subjects during ontogeny. Studies of wild
chimpanzee gestural behaviour are thus the most representative of the typical chimpanzee
gestural repertoire and present the begttista point for comparisons of communicative
patterns between apes and humans to illuminate likely features of communicative patterns in

the common ancestor.

Furthermore, the studies of gestural repertoire have typically been descriptive and
consist of dist in which detailed morphology of behaviour patterns is given as descriptively
as possible. Whilst detailed descriptions of behaviour patterns form the basis for many
behavioural studies, the validity of this qualitative approach may be knarguanitative,
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statistical determination of gesture units. For instance, in two descriptive gesture repertoire
studies of the same group of chimpanzees, across similar number of observation hours and at
the same facility one author reported five manual gestypes (see Liebal et al., 2004a)
while othersreported sixteen manual gesturesee Pollick and de Waal, 2007)hese
inconsistent results are found because of the difficulty in objectively deciding what forms of
behavioural pattern should be lumped togetland what forms should be split up.
Additionally, it is difficult to systematically maintain the same level of splitting and lumping
when faced with a variety dfehaviouralcharacteristics. In chimpanzedsr instanceit is
possible to observe a nunmlgg different ways in which a signaller extends the hand towards
another with its hand movement differing in intensity and hand and arm shape differing in
form. The arm extend movement may vary from smooth, sweeping movements to forceful,
stretched in aihe arm extends. Forceful arm extenthy furthermore be divided into
movements with fingers stretched or fingers flexed in a fist, arm moving from downwards to

above, from upwards to below or straight to the side.

Systematic categorisation of gesturesmportant because use of too broadly or too
narrowly defined elements of behaviour may reduce the validity of results of studies of the
homology of gesture repertoires both within and across species. For instance, repertoires
which are categorised too bdig are difficult to compare with repertoires of other species; it
is difficult to assess whether any behavsnro t |l i sted in one speci e
absent or have been lumped with other categories of behaviour. Quantitative analysis presents
a good solution to these problems of categorisation because it allows a more objective
subdivision of movements without any prior necessity to identify behaviour elements or a
priori assumptions as to context or likely function of gestures. It can clagsstyres into
groups based on a large number of different morphological components and identify

statistically the way in which cases should be clustered into gr¢Bpsgz, 1993)
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Subsequently, quantitative analysis provittessmost rigorous and systematvay to analyse

the repertoire of gestural communication. Taking into consideration that quantitative
categorisation of gestural behaviour has not yet been done, it is reasonable to argue that
current descriptive studies have poogressbefore gestural epertoirs can be reliably

described for our nearest living relatives.

The statistical analysis of gesture structure and coding schemes for analysis of a
gestureis still in its infancy. As a result, the quantitative profile for each gesture type, in
terms of each of its morphological characteristics, is not known; this means we cannot
describe which features of a gesture discriminate it from other types and which gestures share
similar characteristics. It is importamoweverto know the characteristieatures of gestural
signals because it helps us in understanding the structure of repertoires, such as which
repertoires consist of signals with no intermediates between signal types (discrete
repertoires), which repertoires have signals which changegaat® from one prototypical
form to another (graded repertoires) and which repertoires are a mix of the twiVigples,

1976, Green and Marler, 1979 he structure of a communicative repertoire can in turn aid
us with information about social and emgical environments which accompanied
ritualisation and evolution of communicative signals. For instance, graded repertoires could
be favoured in conditions where individuals live in relatively open habitat and interact at
close range with conspecifics. dontrast, discrete repertoires may have evolved to improve
signals propagatiorapacities whersignals must operate in unfavourable conditions for
visual and contextual transmissideee e.g. Marler, 1976 for more information about
evolution of graded andiscrete repertoires)

To date, there are no studies which have empirically shown the extent to which

gestural repertoires are discrete or graded; it is reasonable to conclude that investigations into
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repertoires of gestural communication needd&velop further before studies of soeio
ecological factors underpinning evolution of human language can also be advanced.

Additionally, the structure of a communicative repertoire can inform us about the
cognitive and ontogenetic processes underlying gestodugtion. For instancgatterns of
gradation in gesture forms may be replicated across all individuals in the group, indicating a
genetically descended gesture struc{li@nasello et al., 1993, Genty et al., 2009, Fischer et
al., 2000) Differences in grdation between individuals along the gradient of relatedness and
association patterns may on the other hand indicate ontogenetic acquisition of gesture forms
(Whiten et al., 1999, Hauser, 1992)onsidering thaso farthere are no studies which have
emprically explored variation in gesture structure it is reasonable to suggest that research
methodology intothe repertoire of gestural communication reeéa be advanced further
before ontogenetic and cognitive processes accompanying evolution of languadee c
reliably explored.

The study of gestural repertoire in wild chimpanzees helps us to provide answers for
key questions about phylogenetic origin of human communication, such as which
communicative behaviours were present in the common ancestomahhand chimpanzees
and which gestural behaviours are unique to humans. It aids us in understanding of
phylogeny of language as well as ontogenetic and adaptive significance of gesture structure.
Thus, in order to advance knowledge in these areas, wedpiibn first systematic insight
into the repertoire of manual gestures in wild East African chimpanzees of Budongo Forest
Reserve, Uganda using quantitative analysis. First, we establish an inventory of the gestural
repertoire in chimpanzees using commouded clustering techniques and validating these
clusters using a discriminate function analysis. Second, these gestural groupings are
compared to previously reported captive and wild repertoires to enable the exploration of the

differences in gestural reprtoires Finally, variability in gestural communication is
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guantitatively catalogued and examined in relation to other modalities of communication to
explore possible ontogenetic, social and ecological factors acting upon structure of gestural

communicaidn.

METHODS

Study site and subjects

Manual gestures of one community of habituated East African chimpanzees were
examined over an 8 month peridivided into three studphaseqSeptember 2006, Apr
July 2007 and March May 2008) at Budongo Consenati Field Station, Budongo Forest
Reserve in Uganda (see Appendix 1 for map of Uganda with indication of a study site and
Appendix 2 for map of the study site). The study area is situated in western Uganda on the
edge of the west2e®@R,RIiIAELQMAAE)Y a(tl et3h7ed me an
m. (Eggeling, 1947)The reserve arezovers 79%m? and is composed of grassland; forest
and semideciduous tropical forest with predominantly continuous forest cover of 428 km2
(see e.g. Eggeling, 1947efolds, 2005 for detailed descriptions of floral composition of the
study area)

The chimpanzee community under study varied from 76 to 79 individuals (see
Appendix 3 for details of all chimpanzees in the community under study), habituated to
humans andblerating human observers at a close distance of approximately 5 m (see table in
Appendix 4 for additional details on the observed chimpanzee subjects). In this study the
gestural behaviour of 12 adult individuals was examined. Situdlyiduals were seleted
using the criteria that they did not have limb injuries and that they could be distinguished
according towo rank categories (i.e. 3 highnking and 3 lowanking males and females,
determined from the Budongaroject longterm records)A limited rumber of individuals

without injuries precluded inclusion of larger number of focal subjects. Additionally, we
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aimed that both sexes were equally represertddnited number of adult males duritige
period of study further restricted the number of faa#bjectswhich could be includedAll
females selected as focal subjects were parous. Additiorallyibitum data on subadult
subjectswere collected in norplay contexts to expand the data set of gestures in food and
locomotion contexts. The data set subadult subjects contributed a small number of

observations, i.€l5 out of 218 gesture eventstotal (see Table 2.1)

37



Table 2.1:Frequency of use of gesture types across focal and ad libitum observations

HCA gesture type

Nick

Bwo
ba

Musa

Squi
bs

Kato

Haw
a

Nam
bi

Zimb
a

Ruha
ra

Meli
ssa

Kwe
ra

Kutu

Adul

male

Adul

fema

Suba
dult

Jueni

Infan

Arm beckon (Ab)

Arm drop (Ad)

Arm extend, flexed wrist (Fw)

Arm extend, limp hand (Lh)

Arm extend, palm stretched
(Pp)

Arm extend, palm upwards,
handcupped (Ap)

Arm extend, palm vertical
towards body (Pv)

13

Arm flap (Af)

Arm raise (Ar)

Backward hand extend (Be)

Backward hand sweep (Bs)

Elbow raise (Er)

Fingers rounded sweep (RS)

Fingers sweep (Fs)
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Fist flail (Ff)

Forceful arm extend (Fe)

Hand bend (Hb)

Hand clap (Hc)

Hand swing (HSs)

Reach arm extend (Pe)

Reachfinger swing (Ps)

Reach finger swing/stroke (Pf

Reach hand swing (Ph)

Reach stroke (Pt)

Stiff arm extend (Se)

Stiff arm extend, palms
upwards, closed fis{$Sc)

Stiff arm raise, palm
downwards, closed fists (Sd)

Stiff swing, bilateral (Sb)

Stiff swing, unilateral (Su)

Stiff swing, stretched palm
(Ss)

Total gestue types

12

12

Total gesture events

18

16

13

10

14

12

26

16

18

21

21

14
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Data collection

Quantitative focal continuous follows and opportunistic, qualitatae libitum
samples wereised to establish anventory of getures for each of the focal subjects. The
focal individual was followed for a standardised period of 20 minutes, sampling each
individual in the group equally at different times of the day and across the studysperiod

Gestures and behavioural contexé.(ieliciting context and response by a recipient)
were recorded continuously using a digital video camera recorder (SONY [MCR8E and
SONY DCRi HC32E), with the camera focusing on the fomabjectbut also taking a wider
view to include interactantssée chapter 3 for detailed description of data collection for
context). Such a sampling protocol enabled 250 hours of focal footage to be collected, of
which amean (SD) of 17.21 (1.29) hours of good visibility, independent focal data per each

focal individual could be used for analyses.

Video analysis

As the first step in analyses, an inventory of gesture types was derived from video
recordings. Two hundred and eighteen manual gestures were extracted from video recordings
where quality of footage alloweatcurate coding of morphological details. For each gesture
event, the sender and recipient of a gesture were identified as well as a response by a
recipient and the context which elicited production of a gesture (see chapter 3 for detailed
information aboticoding of response and eliciting context). The signaller was identified as
an individual performing a gesture. The recipient of a gesture was coded as the individual at
whom the gesture was most clearly directed, i.e. an individual at whom the sigsaller
looking during or immediately after performing the gesture. When more than one individual
could be considered as a recipient, the behaviour of most visible subject was coded for

analyses.
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Behaviour was scored as a manual gesture if it was an expresswsment of the
limbs which was visual and mechanically ineffective (did not touch recipient or any object
and did not affect behaviour change in the recipient by mechanical means), communicative
(i.e. overall consistently induced change in the behavafurecipient) and intentional
(Pollick and de Waal, 2007)Behaviour was considered to be intentionally produced if
consistently accompanied by goal directedness (i.e. the signaller looking at recipient during
or after gesture production) or persistence alaboration in gesture usethre evenbf lack
of response from a recipiefBates et al., 1979)

An ethogram with multstate categorical elements was used to code morphological
characteristics of each gesture event. Morphology of a manual behavasuexamined
during the period of time between successive rests of the hands, from the moment the limb
began to move to the moment when it returned to the resting position. The gesture phrase was
divided into two broad phases. The first phagweparationphase- was coded from the
moment when the limb moved from the resting position to a position in gesture space where
the stroke began or movement was ceased without performing a stroke and held at the point
of greatest remove from the resting positione Biroke phase was coded at the peak of
movement in the gesture which was followed by retractiothelimb to resting position.
Resting position was assumed when the hand was returned to a position of rek®estion
Kendon, 2004 for other categorisatsoof phases within gesture phrase)

Twenty nine features of gestures were coded foh egesture phrase (see Table 2.2
for detailed description of the coding scheme for structuremanual gestures and
Appendices 5, 6 and for illustration of body partand planes discussed in the coding
scheme). Broadly, morphology can be executed in two different ways, i.e. depending on the
location of stimulus such as recipient or object relative to the signaller or independently of

such a position. For instance, whilee orientation of an arm ia givengesture such as stiff
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swing unilater al i's usually i ndependent of
orient arm in the direction of recipient), arm orientation in other gestures such as arm extend
depemls fully on where the recipient is relative to signaller. For instance, if a recipient is in
front, then signaller will extend its hand horizontally towards the recipient. If on the other
hand the recipient is above the signaller on a branch, then tpeergéavill extend the hand
upwards. Such a distinction is applicable to many features of gestures, such as how much the
arm, wrist or fingers are extended (i.e. if the recipient is close or far away from the signaller).

It may also be important that a rpignt is faced with certain part of the arm, for example, in

arm extend, palm vertical towards boeshere a recipient is always presented with the inner

part of the arm and hand. In such cases the way the arm is positioned as well as wrist flexion
will be adjusted to present the inner part of arm and hand to the recipient. Additionally,
manual gestures do not use objects for communicative purposes, however in some instances
gestures with objects were included if the object was not integral to gesturmexdfople,

in some cases of elbow raise, a subject held fruit in the hand while the elbow was engaged in
a communicative action. Since food in the hand did not play a role (gesture was invitation for

approach to breast feed) we included these gesturies repertoire.
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Table 2.2 Coding scheme for manual gestures

Broad category Morphological
feature code

Preparation phase of gesture
Number of arms 1A
1B

Transfer of motion 2A

2B

Arm orientation 3A

3B

3C

3D

Upper arm position 4A

4B

4C
4D
4E

Forearm position 5A

5B
5C

5D
SE
SF

Stiffness of arms 6A

Morphological feature description

gesture performed with one hand
gesture perforngewith both hands

no transfer of motion between hands (scored when only
hand is used)

synchronous actions: both arms perform same movement
same time

arm orientation depends on where the recipiemnelative to
the signaller

dorsepalmar axis of arm is directed vertically towards
signaller's body, parallel to the sagittal plane

dorsepalmar axis of the arm is directed downwards, parallg
the transverse plane of the signaller'sybod

dorsepalmar axis or arm is directed upwards, parallel to
transverse plane of the signaller's body

upper arm position depends on where the recipient is relati
the signaller

upper arm position depends on where ttiferent is relative t
the signaller

upper arm is stretched vertically downwards
upper arm is stretched vertically upwards
upper arm is stretched horizontally

forearm position depends on where the recipient is reldt
the signaller

forearm bent fully downwards

forearm position depends on where the referent is relati
the signaller

forearm lacks flexion
forearm half bent downwards
forearm half bent upwards

arms ardlexible and relaxed
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Broad category

Hand orientation

Arm bending

Wrist bending

Wrist bending strength

Morphological
feature code

6B
TA

7B

7C

7D

8B

8C

8D

9B

9C
9D

9E

10A
10B

10C
10D

10E

Morphological feature description

arms rigid and not flexible

hand orientation depends on where the recipient is relati
the signaller

dorsepalmar axis of the hand is directed vertically towards
signaller's body, parallel to ttsagittal plane

dorsepalmar axis of the hand is directed downwards, par
to the transverse plane of the signaller's body

dorsepalmar axis of the hand is directed upwards, parallg
the transverse plane of the signaller's body

arm flexion depends on where the recipient is relative tg
signaller

angle between the arm and forearm is decreased frg
stretched position

arm flexion depends on where the referent is relative tg
signaller

angle between the arand forearm widens and straightens {
the arm is extended from a flexed position

angle between the forearm and hand is decreased fr
stretched position

wrist flexion depends on where the recipient is relative to
signaller

hand holding an object, non communicative

wrist flexion depends on where the referent is relative tg
signaller

angle between the forearm and hand widens and straighter
is extended from a flexed position

hard is fully flexed towards the forearm

degree of wrist flexion depends on where the recipier
relative to the signaller

hand holding an object, non communicative

degree of wrist flexion depends on where the referer
relative to thesignaller

hand is stretched
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Broad category

10F
Fingers bending 11A
11B

11C
11D

11E
11F
11G

Fingers bendin¢ 12A
strength

12B

12C

12D

12E
Stroke phase of gesture

Whether arm held a 13A
preparatory apex

13B

Trajectory of arm 14A
movement

14B

14C
14D

Plane of arm movemer 15A

15B

Morphological
feature code

Morphological feature description

hand is flexed mid way towards the forearm
fingers are stretched

fingers flexion depends on where the recipient is relative t(
signaller

hand holding an object, non communicative

fingers are flexed at both the distal and proxir
interphalangeal joints

fingers are flexed at the proximal interphalangeal joint
index finger is stretched while all other fingers are flexed
fingers are flexed at the distal intbglangeal joint

fingers are stretched

degree of fingers flexion depends on where the recipie
relative to the signaller

hand holding an object, non communicative
fingers are flexed mid way towards th&mp

fingers are fully flexed towards the palm

stroke phase is executedrm makes movement

stroke not executed- arm held in the position and sha
assumed at the peak of theeparatory phase

trajectory of arm movement is elliptical a curved flattene(
circular shape

stroke not executed arm held in the position and shape as
at the peak of the preparatory phase

trajectory of am movement is linear

trajectory of arm movement depends on where the refere
relative to the signaller

plane of arm movement is vertical, from up to down

stroke not executed and arm held in the position andes
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Broad category

Location of arm
movement

Tempo of arm
movement

Joint of arm movement

Morphological
feature code

15C

15D
15E

15F

15G

15H

16A

16B

16C
16D

17A

17B

17C

18A

18B

18C

18D
18E

Morphological feature description

assumed at the peak of the preparatory phase

plane of arm movement is from the nrudgittal plane an
towards to away from signaller

plane of arm movement is vertical, from down to up

plane of arm movement depends on where the etips
relative to the signaller

plane of arm movement is executed in the horizontal p
from towards the signaller

plane of arm movement depends on where the refere
relative to the signaller

plane of arm movement from away to towards the mic
sagittal plane

|l ocation of arm movement i

stroke not executed and arm held in the position and s
assumed at the peak of the preparatory phase

location of arm movement S

location of arm movement depends on where the refere
relative to the signaller

arm movement dischronically transitions from one spee
movement to another

stroke not executed and arm held in the position and s
assumed at the peak of the preparatory phase

arm movement transitions from one movement to and
smoothly

joint of arm movement depends on where the recipier
relative to the signaller

stroke not executed and arm held in the position and s
assumed at the peak of the preparatory phase

joint of arm movement depends on where the referent is re
to the signaller

movement of arm is exead from the elbow joint

movement of arm is executed from the shoulder joint
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Broad category

Arm
repetition

movement

Whether hand held ¢

preparatory apex

Trajectory
movement

Plane
movement

of

of

hanc

hanc

Morphological
feature code
19A

19B

19C
20A

20B

20C

21A

21B

21C
21D
21E

21F

22A

22B

22C
22D
22E

22F
22G

22H

Morphological feature description

movement of arm is executed once

stroke not executed and arm held in the position and
assumed at the peak of the preparatory phase

n

movement of arm is executed repetitively

stroke executeddhand makes movement

stroke not executed and hand held in the position and
assumed at the peak of the preparatory phase

tn

execution ofhand stroke depends on where the recipiern
relative to the signaller

hand movement is elliptical a curved, flattened circle shape

stroke not executed and hand held in the position and
assumed at the peaktbe preparatory phase

hand movement is linear
hand movement is circular

trajectory of hand movement depends on where the recipig
relative to the signaller

trajectory of hand movement depends on where the refers
relative to the signaller

hand movement is executed in vertical plane, from up to do

stroke not executed and hand held in the position and
assumed at the peak of the preparatory phase

hand movement is executed aweym the midsagittal plane
hand movement is executed in vertical plane, from down to

plane of hand movement depends on where the refere
relative to the signaller

hand movement is executed towards the-gaigittal plane

hand movement is executed in the horizontal plane, f{
towards the signallerés bo

plane of hand movement depends on where the recipi€
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Broad category

Location
movement

Tempo
movement

Joint of hand meement

Hand
repetition

of hand
of hanc
movemen

Morphological
feature code

23A

23B

23C

23D
23E
24A

24B

24C

24D

25A
25B

25C

25D

25E

26A

26B

26C
26D

Morphological feature description

relative to the signaller

location of hand movement depends on ehire recipient is
relative to the signaller

stroke not executed and hand held in the position and
assumed at the peak of the preparatory phase

location of hand movement depends on where the refere
relative to the signaller

hard movement i s executed in
hand movement i s executed

hand movement dischronically transitions from one spee
movement to another

stroke not executed and ltaheld in the position and sha
assumed at the peak of the preparatory phase

hand movement smoothly transitions from one movemer
another

tempo of hand movement depends on where the recipid
relative to the signaller

hand movement is executed from the wrist joint

stroke not executed and hand held in the position and
assumed at the peak of the preparatory phase

joint of hand movement depends on where the refere
relative to the signalte

hand movement is executed from knuckles at the base ¢
hand

joint of hand movement depends on where the recipie
relative to the signaller

movement of hand is executed once

stroke not executed andaid held in the position and sha
assumed at the peak of the preparatory phase

movement of hand is executed repetitively

repetition of hand movement depends on where the recipit
relative to the signaller
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Broad category Morphological
feature code

Arm and hand directior 27A
of movemenh during
stroke phase

27B

27C

27D

27E

Other

Gesture aim 28A
28B
28C
28D

Part of hand and arr 29A
facing recipient

29B
29C

29D

29E

Morphological feature description

movement executed towards the signaller and away fron
recipient

stroke not executed and hand held in the position and
assumed at the peak of the preparatory phase

movement executed away from the signalled amwards the
recipient

movement executed neither towards nor away from
signaller or the recipient

direction of movement depends on where the referent is re
to the signaller

gesture is made towards the reapie

gesture is made towards a
gesture is made towards an external referent

gesture is made towards the signaller himself

recipient facing exterior part ofraror hand

recipient facing interior part of arm or hand

part of hand facing the recipient depends on where the rec
is relative to the signaller

part of hand facing recipient depends on where refere
relative to recipient

recipient facing both interior and exterior parts of arm and h

Note: Appendices 5, 6 and 7 contain diagrams illustrating body parts and planes referred to in

this coding scheme
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Statistical analysis

Due to the small sample size, observations fronmdividuals were pooled together
for analyses to examine morphology. Such procedure has been used in other studies of
gestural communicatio(see e.g. Pollick and de Waal, 2007, Genty et al., 2009rder to
avoid pseudoreplication only one manual gestype was included per gesture sequence in
the discriminate function analysis. This data selection procedure reduced the amount of data
from 218 to 205 cases, but was necessaryiasrgasedeliability of the repertoire analyses
by reducing pseudoreaphtion. The data presented in this chapteare categorical, meaning
that normal distribution could not be assumed. For this reason in this chapter we used non
parametric statistical testshere parametric assumptions did not apply, such as normally
distributed, continuous data and homogeneity of variance.

For cluster analysis all 218 observations were examiie@duse it was the aim of
cluster analsis to determine gesture typesior to cluster analysis assumption about gesture
types has not been made. order to determine the statistically significant grouping of
gestures into distinct clusters, standard hierarchical agglomerative clustering analysis (HCA)
was first performed on an entire morphology data set. The multistate categorical variables
from the ethogram (se&able 2.2 formed the input for analyses employing an average
betweengroup linkage algorithm and assuming squared Euclidean distance as the metric of
distance between elements of each clusee e.g. Lattin et al., 2003 for detailediesv of
cluster algorithms)Hierarchical cluster analyses measures the-pdart distances between
morphological features of all gestures to determine the similarity between gesture cases, in
terms of each otheir specific characteristics, such thattgestures grouped in the same
cluster are similar to each other in morphological terms and different from gestures located in

another cluster grouggokal and Michener, 1958)
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Next, the multistate categorical variables were converted into binary variables
representing the presence or absence of each state using a computer program designed by Dr
Quentin Atkinson (University of Oxford). The binary variables were then submitted to
simultaneous discriminate function analysis to validate gesture types idertiiethe
hierarchical clustering techniques and to test morphological variables influenced by gesture
type, such as which morphological components had most diversifying effemsture types
(see Table 2.%or list of categorical variables tested in tetsidy). The discriminate function
analysis identifies a linear combination of quantitative predictor variables (i.e. morphological
features of gestures) that characterize the differences between gesture types. Predictor
variables (i.e. morphological feags of gestures) are combined into- ri discriminant
functions (where n is the number of gesture types in the analysis), which are plotted onto a
two dimensional graph to demonstrate the grouping patterns of gestures. The grouping
patterns are informativim that gestures can either be assigned to an appropriate group (i.e.
the group assigned by cluster analysis) or to a different group, which produces the percentage
of correct assignment into categori@ortz, 1993) The results obtained from discrimirtan
function analyses were then validated by ushngi | eave one out o cl assi f
for whichdiscriminant functions are computed from cases where group membership has been
determined a priori by cluster analysis and applied to variallesangoup membership has
not been previously known.

Finally, Fisheroés exact test was perfor med
gestures with the highest correlation to both the first and second discriminant functions to
examine how these morplogjical features differentiated between gesture types. Since the
value of correlations was relatively low overall, the value of 0.1 was taken (on the scale of 0,
the lowest correlation to 1, the highest correlation) as the smallest value of correlation

accetable. All data analyses were performed using statistical package SPSS 17.0.
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Inter -observer reliability test

To assess intesbserver reliability, a random sample of 34 gestures were assigned to
the gesture types defined by the cluster analyses basedrphatogical featureésee Table
2.3). A second codefSarahJane Vick)correctly assigned 27/34 (79.41%) gestural events to
the same 12 original gesture types coded.
T Probability expected/ I Probability expected = (0.79 0.11)/(1- 0.11)] was good
excellent at 0.76(Bakeman and Gottman, 199Agreement on context was excellent with
23/24 (95.83%) cases correctly assigned to the same broad context (5 of 6 broad contexts
correctly identified: copulatignnursing,grooming, submission and travétjod access was

not correctly identified).
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Table 2.3 Agreement matrix

C2

Cl Ab |Lh |Pp |Ap |Pv |Af |Ar |Bs |Er |Fe |Hc |Hs | Se | Sd | Total

Ab 1

Lh 1

Pp 3 1

Ap 1

pv 2 |1 6

Af 3

Ar 3

Bs 3

Er 1 1

Fe 1

He 1

Hs 2 1

Se 1

Rl R W R R N W o w w Y Rk N R e

Sd 1 0

Total |2 |3 |4 |1 |7 |4 |4 |3 1 1 1 |2 1 1 (34

Note: frequencies on the diagomadlicate correctly assigned gestures (coder 1 categories in
left column, coder 2 given on top row).

For two of the five incorrectly assigned gesture types, the confusion corresponded
with the single confusion identified by the cross validation proce@recifically, one out of
the two incorrectly assigned arm extend, palm vertical towards body gestures, was assigned
to arm extended palm stretched gesture category; the same error occurred for 2% of this
gesture type during cross validation. Also in agreetwith the cross validation analyses was
the incorrect assignment of the single case of stiff arm raise, palm downwards, closed fist,

into the arm raise gesture category.
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RESULTS

Determining manual gesture types in wild chimpanzees

Hierarchical clusterraalysis produced a tree representing thirty gesture types. Figures 2.1
and 2.2 show dendrogranof gesture clusters anftequency distributions of all cases
categorised within each cluster of gesture type respectively. Overall the morphological
differencesbetween gesture clusters were small. Twenty two gesture types (73%) were
separated by distanesmaller than 5 (on the scale of 0 to 25), whereas 3 gesture types (10%)

were separated by distasdarger than 15.
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Figure 2.1: Dendrogram of manual gestureypes using average linkage between groups




Figure 2.2: Number of gesture cases within manual gesture type clusters identified by hierarchical cluster

(S0

1o

Number of cases

I | L O T P
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Pv Lh Af Hb Bs Ar Ap BEr Hs Fe Pp Su Fs Ph Se Pt Ab Ad Rs Be Pe Ss Sc Ff Ps Sb Pf Fw Hc Sd

Gesture type
analysis

Gesture abbreviations: Arm extend, palm vertical towards body (Pv); Arm extend, limpUmndrn flap (Af); Hand bend (Hb); Backward
hand sweep (Bs); Arm raise (Ar); Arm extend, palm upwards, hand cupped (Ap); Elbow raise (Er); Hand swing (Hs); Forerfehdr(fre);

Arm extend, palm stretched (Pp); Stiff swing, unilateral (Su); FingeegpJFs); Reach hand swing (Ph); Stiff arm extend (Se); Reach stroke
(Pt); Arm beckon (Ab); Arm drop (Ad); Fingers rounded sweep (Rs); Backward hand extend (Be); Reach arm extend (Pe)g Stiifesehed
palm (Ss); Stiff arm extend, palms upwards, etbfists (Sc); Fist flail (Ff); Reach finger swing (Ps); Stiff swing, bilateral (Sb); Reach finger
swing/stroke (Pf); Arm extend, flexed wrist (Fw); Hand clap (Hc); Stiff arm raise, palm downwards, closed fists (Sd)
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A discriminant function analysis wasomducted with gesture type as the grouping
variable to test the hypothesis that the hierarchical cluster analysis tree is an accurate
representation of the gesture types and hence that manual gesture types identified by
hierarchical cluster analysis are mphol ogi cal |y di fferent. Wi
significant di fferences across the means o
7575.81,p < 0.001, indicating that the discriminate model was appropriate and gesture types

identified by cluster anasys were morphologically different.

Additionally, it is important to compare how the membership of each gesture case defined
by cluster analysis would compare with the membership into gesture type assigned by
discriminae function analysis. Tables 2.4 a5 present original and crosslidated
predicted categorisations for each gesture type identified by the cluster analysis. The average
correct assignment into gesture type was 97.6%, with a-eatissted assignment of 90.7%.
Thirty gesture types weigassified above chance level by discriminate function analysis with
the original classification whereas 20 gesture types were classified above chance level with
crossvalidated classification. Thus, discriminate function analgsisfirmedthat 20 gesture
types were morphologically distinct from each other as well as those gesture types which

received validated predicted classifications at chance level (see Figure 2.3).

Furthermore, it is interesting to consider classification repalt individual gestie type.
Overall, 50% (15 gesture types) received 100% correct assignment, 5 gesture types were
classified above chance level between 50% and, @88 10 gesture types were classified
below chance level at 0%. This suggests that while statistically ipassble to distinguish
20 gesture types from their morphological features, not all gestures were completely discrete
and some gestures contained morphological features intermediate between prototypical

forms.
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Figure 2.3: The distribution of discriminant scores along two standardized canonical discriminant functions for all gesture types established by
cluster analysis.Gesture abbreviations are: Arm extend, palm vertical towards body (Pv); Arm extend, limp hand (Lh); Arm flap (Af); Haftblhend
Backward hand sweep (Bs); Arm raise (Ar); Arm extend, palm upwards, hand cupped (Ap); Elbow raise (Er); Hand swing (Hs)aforegfehd (Fe);
Arm extend, palm stretched (Pp); Stiff swing, unilateral (Su); Fingers sweep (Fs); Reach hand swing (Phjy &tiffrad (Se); Reach stroke (Pt); Arm
beckon (Ab); Arm drop (Ad); Fingers rounded sweep (Rs); Backward hand extend (Be); Reach arm extend (Pe); Stiff s\wwewd) psirat(Ss); Stiff arm
extend, palms upwards, closed fists (Sc); Fist flail (Ff); Readefiswing (Ps); Stiff swing, bilateral (Sb); Reach finger swing/stroke (Pf); Arm extend,
flexed wrist (Fw); Hand clap (Hc); Stiff arm raise, palm downwards, closed fists (Sd)
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Table 2.4 Percentage of agreement between original predicted classificationscamanual gesture types identified by cluster analysis.

Manual gesture types identified by cluster analysis

Ab |Ad |Fw |Lh |Pp |Ap | Pv |Af |Ar |Be |Bs |Er |Rs |Fs |Ff |Fe |Hb |Hc |Hs |[Pe |Ps |Pf |[Ph |Pt |Se |Sc |Sd | Sb | Su | Ss
Ab |100|0 |O |O |O |O (O |O |O |O |O |O |O |O |O |O (O (O (O |O |O |O |O |O |O |0 |O |O |0 |O
Ad | o i00/0 |0 |0 |O |O |O |O |O |O |O (O |O |O |O |O |O |O |O (O |O (O |O |O |0 |O |0 |O |O
Fw [0 |o i00/0 |0 |0 |O |O |O |O |O (O |O |O |0 |0 |O (O |O |O |0 |O |0 |O |0 |0 (0 |0 |0 |O
Lh o |o |o i00/0 |0 |0 (O |O (O |O (O |0 |O |0 |O |O0o |0o |0 |0 |0 |0 (0 |0 |O |0 |0 |0 |O |oO
Ppo {0 |0 |O |O |200(0 |O |O |O |O |O |O |O (O |O (O |O (O |O |O |O |O |O |O (O |O (O |O |O |O
Ap (0 |O (O |O |O |100/0 |O |O |O |O |O |O (O |O (O |O (O |O |O |O |O |O |O |O |O (O |O |0 |O
Pv fo |o |o |o0o |2 |0 |98 |O |O |O |O |O |O (O |O (O |O (O |O |O |O |O |O |O (O |O (O |O |O |O
Af |0 |0 |0 |0O |0 |O |0 J100/0 |O |O |O |O |O |O (O (O (O (O |O |O |O |O |O |O |O |O |O |O |O
Ar fo |0 (0 |O |O |O |O |O |100/0 |O |O |O (O |O (O |O (O |O |O |O |O |O |O (O |O (O |O |0 |O
Be |o |o |o |o (0o |0 [0 |0 |oO i00/0 |0 |0 (O |0 (O |O (O |O |O |O |O |0 |O |0 |0 |0 |0 |0 |O
Bs (o |0 |o |o |o |0 |O |O |O |O |1200/0 |O |O |O (O |O (O |O |O |O |O |O |O (O |O (O |O |O |O
Er lo |o |o |o (o (0o |0 |0 |O |0 |oO i00/0 |0 |0 |O |O |O |O (O |O |O |O |O |0 |O |0 |0 |0 |O
Rs |lo |o |o |o (o (0 |0 |O |O |O |O |O i00/0 |0 |0 (O |0 (O |O (O |O |O |0 |O |0 |O |0 |0 |oO
Fs (o |o |o |o |o |0 |O |0 |0 |0 |0 |0 |0 |100/{0 (O |O (O |O |O |O |O |O |O (O |O (O |O |O |O
Ff |o |o |o (o (o |0 |0O |O |O |0 |O |O |0 |oO 100/0 |0 |0 |O |O O |O (O |O |O |O |O |0 |O |oO
Fe |0 |o |o (0o (0o |O |O |O |O |O |O |O |O |O |O 0/{0 |0 |0 (O |O |O |O |O |O |O |0 |0 |0 |oO
Hb (o |0 |0 |0 |O |O |O |O |O |O |O |O |O (O |0 (O |100(O0O |O |O |O |O |O |O (O |O (O |O |O |O
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Manual gesture types identified by cluster analysis

Ab |Ad |Fw |Lh |Pp |Ap |Pv |Af |Ar |Be |Bs |Er |Rs |Fs |Ff |Fe |Hb |Hc |Hs |Pe |Ps |Pf |Ph |Pt |Se |Sc |Sd |Sb | Su | Ss
Hc |o 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 100 | O 0 0 0 0 0 0 0 0 0 0 0
Hs | o 0 0 0 0 0 0 33 |0 0 0 0 0 0 0 0 0 0 67 |0 0 0 0 0 0 0 0 0 0 0
Pe |0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 50 |0 0 0 50 |0 0 0 0 0 0
Ps |o 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 100 | O 0 0 0 0 0 0 0 0
Pf |0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 100 | O 0 0 0 0 0 0 0
Ph | o 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 100 | O 0 0 0 0 0 0
Pt |o 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 100 | O 0 0 0 0 0
Se |0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 100 | O 0 0 0 0
Sc |0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 100 | O 0 0 0
Sd |o 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 100 | O 0 0
Sb |o 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 100 | O 0
Su |0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 80 |20
Ss |0 0 0 0 0 0 0 0 0 0 0 0 0 50 |0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 50

Percentage of agreement between gesture types identified by cluster analysis and the predicted group mambersiepented by

diagonal row from top left and in bold type. These numbers represent percentage of cases within each gesture type wellictoaekte
predicted classifications (i.e. were assigned to its appropriate group as identified by clugtes)andher numbers (not in bold type) refer to
percentage of cases which were misclassified (i.e. were assigned to other group than the one identified by clusterGasalysis).

abbreviations are explained section 2.
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Table 2.5 Percentage of agreema between crossvalidated classifications and manual gesture types identified by cluster analysis.

Manual gesture types identified by cluster analysis

Ab |Ad |Fw |Lh |Pp |Ap | Pv |Af |Ar |Be |Bs |Er |Rs |Fs |Ff |Fe |Hb |Hc |Hs |[Pe |Ps |Pf |[Ph |Pt |Se |Sc |Sd | Sb | Su | Ss
Ab |7 |O |O |O |O |O (O |O |O |O |O |O |O |O |O (O (O (O (O |O |O |O |33 |0 |O |O |O |O |O |O
Ad | o i00/0 |0 |0 |O |O |O |O |O |O |O (O |O |O |O |O |O |O |O (O |O (O |O |O |0 |O |0 |O |O
Fw (o |o |o |0 |o |0 |0 |0 |0 (O |0 |0 |0 |0 |oO 100{0 (0o |0 |0 |O |O |O |O |O |O |O |0 |0 |oO
Lh o |o |o i00/0 |0 |0 (O |O (O |O (O |0 |O |0 |O |O0o |0o |0 |0 |0 |0 (0 |0 |O |0 |0 |0 |O |oO
Ppo {0 |0 |O |O |200(0 |O |O |O |O |O |O |O (O |O (O |O (O |O |O |O |O |O |O (O |O (O |O |O |O
Ap (0 |O (O |O |O |100/0 |O |O |O |O |O |O (O |O (O |O (O |O |O |O |O |O |O |O |O (O |O |0 |O
Pv fo |o |o |o0o |2 |0 |98 |O |O |O |O |O |O (O |O (O |O (O |O |O |O |O |O |O (O |O (O |O |O |O
Af |0 |0 |0 |0O |0 |O |0 J100/0 |O |O |O |O |O |O (O (O (O (O |O |O |O |O |O |O |O |O |O |O |O
Ar |0 0 |0 (o |o |0 |O |O |70 |O |O |O |O |O |O |O |O |O |O |O (O |O (O |O |20 |0 |O |O |O |O
Be (o |0 |o |0 |o |0 |O |5 |0 |O |O |O |O (O |O (O |O (O |5 |0 |O |O |O |O (O |O (O |O |O |O
Bs (o |0 |o |o |o |0 |O |O |O |O |1200/0 |O |O |O (O |O (O |O |O |O |O |O |O (O |O (O |O |O |O
Er lo |o |o |o (o (0o |0 |0 |O |0 |oO i00/0 |0 |0 |O |O |O |O (O |O |O |O |O |0 |O |0 |0 |0 |O
Rs |lo |o |o |o (o (0 |0 |O |O |O |O |O i00/0 |0 |0 (O |0 (O |O (O |O |O |0 |O |0 |O |0 |0 |oO
Fs (o |o |o |o |o |0 |O |0 |0 |0 |0 |0 |0 |100/{0 (O |O (O |O |O |O |O |O |O (O |O (O |O |O |O
Ff |0 |o |o (0o (o |0 |O |O |O |0 |O |0 |0 |O |oO 100/{0 |0 |0 (O |O |O |O |O |O |O |0 |O |0 |O
Fe |0 |o |o (0o (0o |O |O |O |O |O |O |O |O |O |O 0/{0 |0 |0 (O |O |O |O |O |O |O |0 |0 |0 |oO
Hb (o |0 |0 |0 |O |O |O |O |O |O |O |O |O (O |0 (O |100(O0O |O |O |O |O |O |O (O |O (O |O |O |O
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Manual gesture types identified by cluster analysis

Ab |Ad |Fw |Lh |Pp |Ap |Pv |Af |Ar |Be |Bs |Er |Rs |Fs |Ff |Fe |Hb |Hc |Hs |Pe |Ps |Pf |Ph |Pt |Se |Sc |Sd |Sb | Su | Ss
Hc |o 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 100
Hs | o 0 0 0 0 0 0 33 |0 0 0 0 0 0 0 0 0 0 67 |0 0 0 0 0 0 0 0 0 0 0
Pe |0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 50 |0 50 |0 0 0 0 0 0 0 0
Ps |o 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 100 | O 0 0 0 0 0 0 0 0 0
Pf |0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 100 | O 0 0 0 0 0
Ph | o 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 100 | O 0 0 0 0 0 0
Pt |o 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 100 | O 0 0 0 0 0
Se |0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 100 | O 0 0 0 0
Sc |0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 100 | O
Sd |o 0 0 0 0 0 0 0 100 | O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Sb |o 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 100 | O
Su |0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 100 | O
Ss |0 0 0 0 0 0 0 0 0 0 0 0 0 50 |0 0 0 50 |0 0 0 0 0 0 0 0 0 0 0 0

Crossvalidated percentage of agreement between gesture typé&fieddoy cluster analysis and the predicted group membership are represented by bold
type. These numbers represent percentage of cases within each gesture type which achieved correct predicted classifisatienss§igned to its
appropriate groupsaidentified by cluster analysis), other numbers (not in bold type) refer to percentage of cases which were misciassifiedgssigned
to other group than the one identified by cluster analysis). Gesture abbreviations are explained section 2.
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Determining variability in gestures

As a next aim of the study, we tested the variability underlying differences between
gesture types. Discriminant function analysis identified 24 standardized canonical functions
where first 21 functions differentiated betwegesture tges significantly (see Table 2t6r
significance tests of all functions). Thus, differences between gesture types could be
explained in terms of 21 underlying dimensions, which indicates that gestures had complex
morphology and possessed mangrphological attributes. Additionally, of the 24 functions,
the first two functions accounted for over 67% of total variance with canonical effect size
R2=1 and R2=0.99 respectively, whilst the remaining 22 functions combined accounted fo
33% of variancésee Table 2.Tor importance of each discriminant function in explaining the
variance). Thus, of 21 underlying dimensions, the two first functions had greatest
discriminating effect and the remaining functions had small or moderate effect on differences

between gesture types.
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Table 2.6 Significance tests of the discriminant functions

Test of Functions | Wilks' Lambda | Chi-square df Significance
1 through 24 0.000 7575.81 696 <0.001
2 through 24 0.000 6573.94 644 <0.001
3 through 24 0.000 5708.61 594 <0.001
4 through 24 0.000 4989.65 546 <0.001
5 through 24 0.000 4312.26 500 <0.001
6 through 24 0.000 3726.92 456 <0.001
7 through 24 0.000 3158.57 414 <0.001
8 through 24 0.000 2665.56 374 <0.001
9 through 24 0.000 2234.25 336 <0.001
10 through 24 0.000 1896.92 300 <0.001
11 through 24 0.000 1579.21 266 <0.001
12 through 24 0.001 1293.54 234 <0.001
13 through 24 0.003 1031.61 204 <0.001
14 through 24 0.010 813.645 176 <0.001
15 through 24 0.029 624.059 150 <0.001
16 through 24 0.074 461.182 126 <0.001
17 through 24 0.148 338.679 104 <0.001
18 through 24 0.276 227.995 84 <0.001
19 through 24 0.417 154.662 66 <0.001
20 through 24 0.563 101.572 50 <0.001
21 through 24 0.729 55.931 36 0.018
22 through 24 0.844 30.119 24 0.181
23 through 24 0.931 12.641 14 0.555
24 0.991 1.624 6 0.951
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Table 2.7 The relative importance of the discriminant functions in explaining the
variance

% of | Cumulative| Canonical | Effect
Function| Eigenvalue| Variance| % Correlation| size R?)
1 286.234 45.9 45.9 0.998 1
2 131.808 21.2 67.1 0.996 0.99
3 57.083 9.2 76.2 0.991 0.98
4 44,927 7.2 83.5 0.989 0.98
5 26.304 4.2 87.7 0.982 0.96
6 23.804 3.8 91.5 0.980 0.96
7 15.206 24 93.9 0.969 0.94
8 10.436 1.7 95.6 0.955 0.91
9 5.725 0.9 96.5 0.923 0.85
10 5.019 0.8 97.3 0.913 0.83
11 4.023 0.6 98.0 0.895 0.8
12 3.392 0.5 98.5 0.879 0.77
13 2.426 0.4 98.9 0.842 0.71
14 1.919 0.3 99.2 0.811 0.66
15 1.510 0.2 99.5 0.776 0.6
16 0.998 0.2 99.6 0.707 0.5
17 0.869 0.1 99.8 0.682 0.46
18 0.513 0.1 99.8 0.582 0.34
19 0.350 0.1 99.9 0.509 0.26
20 0.294 0.0 99.9 0.477 0.23
21 0.157 0.0 100.0 0.368 0.14
22 0.104 0.0 100.0 0.307 0.09
23 0.064 0.0 100.0 0.246 0.06
24 0.009 0.0 100.0 0.096 0.01
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Determining groupings of gestures

As a futher aim of the study, a scatteopof the discriminant function scores for
each gesture case grouped according to the type to which that gesture belonged was examined
to determinevhich gesture types validated by discriminant function analysis weikasim
each other and which gesture types were more digseet Figure 2.3)Gestures denoted at
either end of the plot show the greatest differences in morphology, whereas those in closer
proximity show least difference. In generaliscriminate scorefor gesture types were
generally clumped rather than being at a large distance from eachldtisesuggests that the
gestures possessed a few distinguishing featureghaneforewere more similar to each
other than they were markedly different. Adalitally, gestures had overlapping discriminate
scores for number of gesture types. This indicates that repertoire contained both discrete
signals and signals with intermediates between gesture classes with continuous
morphological variation both within artetween gesture types. The gestures most different
from each other are those which were discriminated by functions accounting for most of the
variance. The first discriminant function discriminated between the following gestures: hand
bend; reach strokepach arm extend; reach hand swing; arm extend, palm stretched; arm
extend, palm vertical towards body; arm extend, palm upwards, hand cupped; arm extend,
limp hand and backward hand sweep from forceful arm extend; fingers rounded sweep; arm
beckon fingers sweep; elbow raisejrra drop; arm raise; stiff arm extend; stiff swing,
unilateral; hand swing and arm flaphe second function discriminatétind bendyeach
stroke;reacharm extend; arm extend, palm upwards, hand cuppadhhand swing; fingers
rounded sweep; arrbeckon;stiff swing, unilateral; fingers sweep; elbow raise; afrop
arm raise; stiff arm extend; hand swing; arm flap from axtend, limp handarm extend,
palm stretched; arm extend, palm vertical towards body; backward hand sereefylfarm

extend.
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Determining distinguishing features of gestures

Next, the discriminate function correlation coefficients for all uncorrelated
morphological features were studied to determine which morphological features
discriminated most between gest typesand which features had least importance to the
differentiation of gesture typeslidated by discriminant function analygsee Table 2)3
The values of correlation coefficients indicate the magnitude of contribution of each
morphological featte to group separation. Morphological features with high values of
discriminate function correlation coefficients contribute most to separation between gesture
types whereas those with low values exert the least influence on gesture type differences. In
general no single feature loaded strongly on functions which accounted for most of the
variance. The highest values of correlation coefficients were 0.32 and 0.37 for function 1 and
2 respectively. Similarly, the largest absolute correlations between esableraand any
discriminant function were weak. Additionally, the highest values of absolute correlation
coefficients were observed for functions with weak influence on separation between gesture
types. The highest absolute values were 0.76 for functioanti30.60 for function 6. The
lowest values were 0.37 for function 21 and 0.37 for function 7. This indicates that gestures
were indistinct and no single feature had a strong discriminating effect between gesture types.
The features which were most distine, i.e. had highest correlation to either first or second
discriminant function (r > 0.10yvere wrist flexion dependent on recipient location (- =
0.32), fingers flexed at proximal interphalangeal joint (0-6),singlemovement of hand (r
= 0.13),wrist flexion at maximum (r = 0.12), arm flexed at wrist joint (r = 0.11), recipient
facing exterior part of arm or hand (r = 0.10), hand directed vertically towards signallers body
(r =-0.10) and fingers stretched (r=0.10).

Morphological featuresvith the highest correlation with the second discriminate

function were: fingers flexion depends on where recipient is relative to signalle033,
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fingers are flexed at proximal interphalangeal joint (r = 0.24), wrist flexion depends on where
recipient isrelative to signaller (r =0.31), recipient facing exterior part of arm or hand (r =
0.15) and recipient facing interior part of arm or hand{0.%3).

Moreover,the discriminate function correlation coefficients can give information as
to how morphologcal features influence the differences between gesture types.
Morphological features with same sign of coefficients, e.g. two positive or two negative
coefficients, contribute to group separation in the same way; morphological features with
opposite valug of correlation coefficients, e.g. one positive and one negative coefficient
contribute to group separation inpmsite ways (see Table 2.8verall, functions which
accounted for most of the variance discriminated between gesture types in similaivay. F
out of eight morphological features had the same sign of correlation coefficients thus
indicating that gestures displayed a lot of similarity in their morphological components. Thus,
in terms of function one, gestures which had wrist flexion deperatemécipient location
were also likely to have fingers flexed at proximal interphalangeal joint and hand directed
vertically towards si gn adinglemogementbod lthyd, wrist t unl
flexion at maximum, arm flexed at wrist joint, recipidacing exterior part of arm or hand
and fingers stretched. Similarly, when considering differences between gesture types
discriminatedby function two, gestures which hadingers flexion dependent on where
recipient is relative to signaller were alskely to have wrist flexion dependent on where
recipient is relative to signaller and recipient facing interior part of arm or hand, whereas they
were unlikely to have fingers are flexed at proximal interphalangeal joint and recipient facing

exterior part barm or hand.
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Table 2.8 Pooled within-groups correlations between uncorrelated, discriminating morphological features and significant standardized
canonical discriminant functions

Significant discriminant function

Morphological feature 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21
recipient facing exterior paf

of arm or hand 100 | .149 | .205 | .337 | -.491 | .026 | .211 | -.069 | .259 | -.087| .003 | .205 | -.106 | .045 | .061 | -.252 | .091 | .109 | -.329| -.205 | .147
fingers distal, proximal

interphalangeal joint flegin | .039 | .015 | -.080| -.072 | .077 | -.604 | .341 | -.174| .117 | .400 | -.155| -.049| .099 | .200 | -.050| .073 | .019 | .078 | .104 | .286 | .182
gesture is made towarg

external referent -.035| .084 | -.227| -.316| -.137| .325 | .378 | -.059| -.183 | .078 | -.087 | .239 | .073 | .260 | -.111| .040 | -.267 | .102 | -.042| -.136 | .373
fingers flexion relative tg

recipient -.075| -.376| .062 | -.010| -.014| .136 | -.025| .440 | .411 | .295 | .154 | -.288| -.060 | -.044 | -.176 | .208 | .021 | .126 | -.305| .066 | .214
hand directed vertically

towards signaller's body -.105]| .047 | -.127 | .132 | .243 | .097 | .245 | .441 | .467 | .085 | -.316 | -.080| -.256 | .014 | -.337 | .059 | -.098 | -.114 | .148 | -.166 | -.175
movement of hand i

executed once 132 | .057 | .371 | -.299| .154 | .336 | -.006 | -.168 | .175 | .385 | -.364 | -.184 | .003 | -.102 | -.013 | -.118 | .001 | .005 | .171 | -.344 | -.061
hand is stretched .041 | .025 | -.087| .116 | .044 | -110| .171 | -239| .134 | .333 | .410 | .163 | .075 | -.198 | -.057 | .010 | .300 | -.340| -.010 | -.261 | -.084
hand is fully flexed toward:s

the forearm .123 | .091 | .110 | -.045| .036 | -.042|.008 | .295 | -.192 | -.141| -.401| .284 | -.116 | .036 | .390 | -.289 | -.288 | .236 | .165 | .235 | -.102
arm  directed vertically

towards signaller's body -.096 | -.046 | -.083 | .168 | -.100 | .082 | .259 | .377 | .371 | .134 | -.390 | -.146 | -.196 | -.064 | -.325| .154 | -.132| -.154| .260 | -.102 | -.266
fingers are stretched .106 | .068 | .071 | .106 | .099 | .156 | .013 | -.078| -.261|-.230| -.186 | .465 | .218 | -.031| .101 | -.222 | -.061| -.039 | .459 | .335 | -.085
index finger stretched a

other fingers flexed -.013| .028 | -.058 | -.065| -.036 | .068 | .123 | .088 | -.049| -.032| .068 | -.171| .768 | -.083 | .475 | .075 | .173 | .135 | -.150| -.099 | -.001
fingers flexed at joint

proximal interphalangeal -.166 | .241 | .060 | -.059 | -.168| -.050| -.111| -.052| -.235| .081 | .358 | .060 | -.595| -.072| -.134 | -.046 | -.069 | -.043 | -.055 | .501 | .075
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Significant discriminant function

Morphological feature 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21

gesture performed with on

hand -.012| .005 | .035 | -.049| -.049| .018 | -.054| .070 | -.004 | -.116| -.310 | -.144 | -.168 | .476 | .393 | .015 | .403 | -.279 | -.018 | .127 | .034
arm downwards, parallel t
body .031 | -.022 | -.045| -.052 | .046 | .053 | -.094 | -.402| .218 | -.192 | .404 | .108 | .036 | .029 | .432 | -.099| .139 | .405 | -.207 | .263 | .221
fingers are mid way flexe
towards the palm -.042| .087 | -.038| -.030| -.041 | -.021 | .078 | -.141 | -.150| .200 | .152 | .022 | -.268 | .279 | .003 | .447 | .325 | .134 | -.217| -.349| -.271
recipient facing interior par
of arm or hand -.069 | -.131| -.057 | -.053 | .409 | .051 | -.414| .028 | -.070| .221 | .019 | -.307| .166 | .007 | -.160 | .434 | -.085| .062 | .162 | .189 | .114
movement towrds

signaller/away recipient .045 | .004 | .148 | -.131| .043 | .055 | -.109| .016 | .170 | .045 | .264 | .019 | .133 | .279 | .093 | -.061| -.150| -.431 | .291 | .008 | -.121

movement of arm i

executed once .029 | .057 | .243 | -.186| .114 | -.027 | .072 | -.181 | .142 | -.190| -.325| .240 | .103 | -.274| -.087 | .256 | -.026 | -.357 | -.489 | .265 | -.028
wrist flexion relative to
recipient -.322| -.311| .280 | .148 | -.012| .029 | -.327| .098 | .119 | .237 | .097 | -.200 | .150 | .080 | -.284 | .286 | .019 | .117 | -.234 | -.064 | .373
hand movement from up t
down vertically .020 | .012 | .034 | -.018| .012 | .00L | .016 | -.003| -.057 | .023 | -.064 | -.045| .021 | -.061| -.092 | -.315| .347 | -.070| .113 | -.072| -.078
arm movement from up t
down vertically .021 | .008 | .031 | -.033| .018 | -.031| .042 | .034 | -.058 | -.041| -.058 | -.022 | -.077 | -.201 | .024 | -.144| .358 | -.115| .226 | -.157 | .116
arm move away from mid
sagittal plane .020 | .007 | .023 | -.051| .018 | -.133 | .066 | .006 | -.051| -.061| -.085| .025 | .042 | -.041| -.114 | .044 | -.142| 501 | -.278| .017 | -.473
arm flexed at wrist joint .118 | .074 | .126 | -.014| .082 | -.007 | .162 | .158 | -.274| -.291| -.366 | -.034 | -.206 | .116 | .355 | -.210 | -.360 | .227 | .074 | .182 | -.126
arm movement from dow
to up vertically .024 | .016 | .045 | -.008| .012 | .028 | .021 | .012 | -.083| -.064 | -.026| -.109 | .029 | .027 | -.212 | -.027 | .228 | .048 | .046 | .161 | .363
Shaded cells represent largest absolute correlation between each wanallle any di scr i mi nant functi on. Mor phol ogi

are represented in bold type.
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Finall vy, Fi sher 6s e wecortelated enerphologieak featpresr f o r n

with the highest correlation to the first asdcond discriminant functions to determine the
nature of the influence of morphological features on the gesture type differences. Whilst
correlationcoefficientsindicate howmorphological featuresmfluence differences between
gesture types in relation gach other, they do not inform us directly about the differences in
the frequency of association between each gesture type and each wgigath@omponent.
See Tables 2.9 and 2.16r percentages of occurrence of mibrphological featurewith the
highest loadings onto the first and second discriminant functions across gesture types
validated by discriminate function analysis. See Tablel 2or significance tests of the
strength of these associations. On average each most distinguishing feature wweasnsign
associated with 52% of all gesture types (range 33 to 63%). Thus, gestures shared many
distinguishing features and were therefore not weoyphologicallydistinctive. The gestures
which shared similar distinguishing features and thus were rmogarsto each other were
associated with functions one and tWwor instance when examining the first function which
distinguishes the following gestures: arm extend, limp hard;extend, palm stretched; arm
extend, palm upwards, hand cupped; arm extpabin vertical towards body; backward hand
sweep; hand bendpachhand swing; aeachstrokewas associated with presence of arm
flexed at wrist jointhand fully flexed towards the forearm, fingers stretched, movement of
hand is executed once and reeiqgiis facingthe exterior part of arm or hand. In contrast,
hand directed vertically towards signaller's body, wrist flexion relative to recipient and
fingers flexed at joint proximal interphalangeakre less often present in those gestures.

On the ontrary, the following: am beckon;arm flap; arm raise; elbow raise; fingers
rounded sweep; fingers sweep; forceful arm extend; hand swing; stiff arm extend; stiff swing,
unilateral, were associated with the abseoicarm flexed at wrist jointhand fully flexed

towards the forearm, fingers stretched, movement of hand executed once and recipient facing
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exterior part of arm or hand. Hand directed vertically towards signaller's body, wrist flexion
relative to recipient and fingers flexed at joint proximakrphalangeal were more often
present in those gestures.

When looking at second functiontna extend, limp hand; arm extend, palm stretched;
arm extend, palm vertical towards body; backward hand sweep and forceful arm extend, were
associated with the gsence ofingers flexed at joint proximal interphalangeal and recipient
facing exterior part of arm or hand. They were associated with the absence of wrist flexion
relative to recipient, fingers flexion relative to recipient and recipient facing intesiorof
arm or hand. On the other handmaextend, palm upwards, hand cupped, hand beadh
hand swing,reachstroke; arm beckon; arm flap; arm raise; elbow raise; fingers rounded
sweep; fingers sweep; hand swing; stiff arm extend and stiff swingatenal were all
associated with presence wfist flexion relative to recipient, fingers flexion relative to
recipient and recipient facing interior part of arm or hand, but with absence of fingers flexed

at joint proximal interphalangeal and recipientifigeexterior part of arm or hand.
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Table 2.9 Distinguishing features of gestures as determined by function 1.

Sign - +
S| Morphological Manual gesture
I | features
arm arm arm backwa | arm hand reach reach forcefu | arm arm arm arm elbow fingers | fingers | hand reach stiff stiff
g extend, | extend, | extend, | rd hand | extend, | bend hand stroke I arm | beckon | drop flap raise raise rounde | sweep swing arm arm swing,
n limp palm palm sweep palm swing extend d extend | extend unilater
hand stretche | vertical upward sweep al
d toward s, hand
s body cupped

wrist flexion relative to| 100 | 100 | 98 100 | 100 | 100 |O 0 0 0 0 0 0 0 0 0 0 0 0 0
recipient

hand directed vertically O 0 98 0 0 100 | 50 100 | O 100 | O 0 0 29 0 100 | O 50 0 100
towards signaller's body

fingers flexed at joint O 0 0 0 100 | 100 |50 100 | O 0 0 0 0 0 100 | O 0 50 0 0
proximal interphalangeal

recipient facing exteriol 100 | O 0 0 0 100 | O 0 0 100 | 50 96 100 | 14 100 | 100 | 100 (O 100 | 100
part of arm or hand

arm flexed at wrist joint | O 0 2 0 0 0 0 0 100 | 100 | O 100 | 50 0 0 100 | 100 | O 0 0

hand is fully flexed| O 0 2 0 0 0 0 0 100 | 100 | 100 | 100 | 40 0 100 | 100 | 100 | O 0 0
towards the forearm

fingers are stretched 0 100 | 4 0 0 0 0 0 0 100 | 100 |96 70 0 0 100 | 100 | O 100 | O

movement of hand iy 0 0 0 100 | O 0 25 0 0 100 | O 100 | O 0 0 0 33 0 0 0
executed once

Grey cells as opposed to white cells denote contrast in percentage of occurrence of morphological features acrossgestdetdymined by discriminate
function analysis
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Table 2.1Q Distinguishing features of gestures as determined by funon 2.

s| Sign - +
[
9| Morphological Manual gesture
N| features
forceful | arm arm arm backwa | arm hand reach reach arm arm armflap | arm elbow fingers fingers hand reach stiff stiff
arm extend, | extend, | extend, | rd hand | extend, | bend hand stroke beckon | drop raise raise rounded | sweep swing arm arm swing,
extend limp palm palm sweep palm swing sweep extend extend unilater
hand stretche | vertical upward al
d towards s, hand
body cupped
fingers flexion| O 100 | O 96 100 | O 0 0 0 0 0 0 0 0 0 0 0 0 0 0
relative to recipient
recipient facing| O 0 100 | 98 100 (100 | O 0 0 0 50 4 0 86 0 0 0 0 0 0
- | interior part of arm or
hand
wrist flexion relative| 0 100 | 100 |98 100 | 100 (100 |O 0 0 0 0 0 0 0 0 0 0 0 0
to recipient
fingers flexed at joint O 0 0 0 0 100 | 100 |50 100 | O 0 0 0 0 100 | O 0 50 0 0
proximal
interphalangeal
+
recipient facing| 0 100 | O 0 0 0 100 | O 0 100 |50 96 100 | 14 100 | 100 |100 |O 100 | 100

exterior part of arm
or hand

Grey cells as opposed to white cells denote contrast in percentage of occurrence of morphological featugestacedgpes as determined by discriminate

function analysis
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Table 211 Associations between gesture types validated by discriminant function analysis and morphological features most strongly
associated with first and second discriminant functions

Morphological feature

Manual gesture

arm arm arm arm arm arm flap arm rase | backward | elbow fingers fingers forceful hand hand reach reach stiff arm | stiff
beckon extend, extend, extend, extend, hand raise rounded sweep arm bend swing hand stroke extend swing,
limp palm palm palm sweep sweep extend swing unilateral
hand stretched | upwards, | vertical
hand towards
cupped body
hand directeq - 0.001 | - 0.005 | 0.001 | 0.001 | 0.005 | 0.001 | - - 0.017 | - 0.001 | - - - - 0.017
vertically towards
signaller's body
arm flexed at wris{ 0.013 | 0.001 | - - 0.001 | 0.001 | - - - - 0.001 | 0.001 | 0.008 | 0.013 | - - - -
joint
wrist flexion relative to| - 0.001 | - 0.014 | 0.001 | 0.001 | 0.001 | 0.004 | 0.002 | - 0.011 | 0.011 | 0.001 | - 0.027 | - 0.027 | 0.011
recipient
hand is fully flexed 0.016 | 0.001 | - - 0.001 | 0.001 | - 0.039 | - - 0.001 | 0.001 | 0.004 | 0.016 | - - - -
towards the forearm
fingers are stretched | 0.022 | 0.001 | 0.002 | - 0.001 | 0.001 | 0.007 | 0.022 | - - 0.002 | - 0.002 | 0.022 | - - 0.006 | -
fingers flexion relatre | - 0.001 | - 0.011 | 0.001 | 0.001 | 0.006 | 0.001 | 0.043 | - - - 0.001 | - - - - -
to recipient
fingers flexed at joini - 0.009 | - 0.001 | 0.001 | 0.009 | - - - 0.033 | - - 0.001 | - - 0.033 | - -
proximal
interphalangeal
movement of hand i 0.009 | 0.003 | - - 0.001 | 0.001 | - 0.001 | - - - - 0.015 | - - - - -
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Morphological feature

Manual gesture

arm arm arm arm arm arm flap arm rase | backward | elbow fingers fingers forceful hand hand reach reach stiff arm | stiff
beckon extend, extend, extend, extend, hand raise rounded sweep arm bend swing hand stroke extend swing,
limp palm palm palm sweep sweep extend swing unilateral
hand stretched | upwards, | vertical
hand towards
cupped body
executed once
recipient facing| - 0.001 | 0.025 | 0.001 | 0.001 | 0.001 | 0.002 | 0.001 | - - - 0.025 | 0.001 | - - - - -
exterior part of arm o
hand
recipient facing| - 0.001 | 0.012 | 0.001 | 0.001 | 0.001 | 0.006 | 0.001 | 0.043 | - - - 0.014 | - - - - -

interior part of arm o
hand

Two-tailed Fisher exact test was used to examine association between each morphological feature and gesture type. Alteaigesfidanoe levels (p),

bold font indicates positive association, standard font indicates negatiwtatiesg- hyphen indicates non significant test reshibte that gestures Ad and

Pe were removed from the table as all associations wersiguificant
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Describing repertoire of manual gestures

Gestures crossvalidated above chance level

Table 212 displays inventoriesof gesture types identified in other studies and
comparison with current analysis. The gesture types validated by discriminant function
analysis above chance level displayed the follovahgracteristics (see Tables 2.9, 2ah@

2.11 for percentages of occurrence and significance tests of core distinguishing features
within each gesture type):
Arm beckon (Ab)

Gestures within the arm beckon cluster are made with one hand. The arm and hand
are directed verti chadylthe ars arevfiexibiesvithtaimeandsarisg n a | | ¢
bent, and with the hand flexed fully towards the forearm with fingers stretched. Upper and
forearm position andtrajectory, and the plane, location and joint of both arm and hand
movements depend on where tleeipient is relative to the signaller. The arm and hand
movement is executed once, accompanied by a smooth transition from preparatory phase.
This gesture is made in response to proximity to a receptive female and elicits a neutral

approach by the fema(see Figure 2.4).
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Figure 2.4: Arm beckon; from van Hooff (1971)

Arm drop (Ad)

Arm drop gestures are made with one hand, and the upper arm is stretched vertically
downwards, with the forearm flexed upwards at approximately 90 degrees. The arm and hand
are directed downwards or upwards, with the hand stretched at the wrist joint and fingers
outstretched. The arm and hand are flexible and remain in the position assumed at the peak of
the preparatory phase, with either interior or exterior of the armdgabia recipient. This
gesture is made when a recipient is stationary and close to the signaller, or is riding on
signall erdés back and it elicits climbing on

recipient.

Arm extend, limp hand (Lh)
Arm exterd, limp hand gestures are performed with one hand. The arm is oriented
vertically towards signall erés body or downy

Position of the upper arm and forearm and flexion of arm: wrist and fingers depend on where
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recipient is relative to signaller. A stroke is not executed and the arm is held in position
assumed at the peak of preparatory phase, o]
body, with the exterior part of hand facing the recipient. This gesturede primarily in
affiliative and submission contexti response to neutral or offensive approach, scratch in
grooming context or genital inspection. Responses include the recipient presenting specific
areas on the body for grooming, accepting a grograout from a signaller or by a defensive
leave by a recipient.
Arm extend, palm stretched (Pp)

Arm extend palm stretched gestures are performed with one hand. The arm and hand
are orientated downwards or upwards. The position of upper arm and forearftexamdof
the arm and wrist depend on where recipient is relative to signaller. Fingers are stretched and
arms flexible. Movement is made towards the recipient, once, abruptly, in a straight line and
in front of the si gn a loflaenrnmogwemdntaddpgnd onTwhere thel a n e
recipient is relative to signaller. This gesture is made primarily in agonistic contexts in
response to receiving offensive approach or observing aggressive behaviour on third party.

Responses include a cessation of goéstic behaviour by a recipient (see Figure 2.5).
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Figure 2.5: Arm extend, palm stretched; from Plooij(1984)
Arm extend, palm upwards, hand cupped (Ap)

Arm extend, palm upwards, hand cupped gestures are performed with one hand. Both
arm and hand ardrdcted upwards. Both upper arm and forearm position, and arm and wrist
flexion depend on where recipient is relative to signaller, fingers are flexed mid way at the
proximal interphalangeal joint. The arm and hand are flexible and after assuming prgparato
shape and position they remain held at the peak of the preparatory phase, facing recipient
with the interior part of arm. This gesture is most frequently made in response to observing
the recipient making reaching gestures towards an object or wherviolgsa recipient in the
possession of a highly desirable food item. Responses to this gesture include sharing of the
desirable item by a recipient or defensive or offensive rejection of the sharing initiation by a

recipient (see Figure 2.6).
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Figure 2.6. Arm extend, palm upwards, hand cupped; from van Hooff(1971)

Arm extend, palm vertical towards body (Pv)

Arm extend, palm vertical towards body gestures are performed with one or both
hands. When both hands are used they perform the same movemensanhéhéme. The
arm(s) and hand(s) are oriented vertically
forearm and arm, and wrist and fingers flexion depend on where recipient is relative to the
signaller. Arm and hand are flexible, and after assgrehape and position these remain held
at the peak of the preparatory phase, facing the recipient with the interior part of arm. This
gesture is made in response to: neutral and affiliative behaviour such as neutral or affiliative
approach or neutralting in close proximity; defensive approach by a recipient signalled by
pantgrunting and whimpering calls; neutral or defensive leave; solitary play; or when

receiving grooming from a recipient. Responses include predominantly a neutral or defensive
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appoach, breasteeding or cessation of potentially antagonistic behaviour, such as an
aroused approach.
Arm flap (Af)

Gestures within the arm flap cluster are performed with one hand. The position of
upper arm and forearm, arm and hand orientation and a&xoril depend on where the
recipient is relative to the signaller. The hand is fully flexed at the wrist joint, with fingers
stretched or flexed mid way at the distal interphalangeal joint. Arms and hands are flexible
and perform an abrupt, single movemenshape of an ellipse. The plane of arm and hand
movement is vertical, up to down, or down to up, or horizontal from towards to away from
the signallerds body, or from away to towar
hand movement depends where the recipient is relative to the signaller. Movement of hand
is executed from wrist joint, while joint of movement of the arm depends on where the
recipient is relative to the signaller. This gesture is made most often in agonistic contexts to
defer contact with the recipient such as in response to offensive, defensive or neutral
approach, or stopping an undesirable activity, such as requesting sharing of an item by a
recipient or copulation by a recipient with a desirable female. Responses to shisege
include defensive leave by a recipient including ggminting and cowering behaviour,
stopping of approach, defensive approach or offensive approach in retaliation (see Figures 2.7

and 2.8).
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Figure 2.7: Arm flap (from downwards to above); from Plooij (1984)

Figure 2.8: Arm flap (from upwards to down); from Plooij (1984)

83



Arm raise (Ar)

Arm raise gestures are performed with one hand; arm and hand are directed
downwards, with the upper arm stretched vertically upwards and the forearm half bent
downwards. The arm is flexed at the elbow joint, with wrist joint stretched or flexed mid way
or fully towards the forearm. Fingers are stretched or flexed mid way towards the palm at the
distal interphalangeal joint. Arm and hand are flexible and afsemaisg preparatory shape
and position they remain held at the peak of the preparatory phase, facing the recipient with
the exterior part of arm. An arm raise gesture is primarily performed in affiliative context in
response to: observing scratching byeaigient in a grooming context; receiving or giving
grooming by a recipient; affiliative approach or neutral behaviour. Responses include the
recipient accepting grooming from the signaller, grooming of the signaller by a recipient, or

neutral leave by ecipient (see Figure 2.9).

; hﬁs —

[

Figure 2.9: Arm raise; from Plooij (1984)
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Backward hand sweep (BS)

The backward hand sweep gesture is performed with one hand. Both arm and hand
are directed downwards with both upper and lower arms stretched vertically dalsnwa
Arm, wrist and fingers flexion depend on where the recipient is relative to the signaller. Arms
are flexible and make single, abrupt movement forming a horizontal line, executed from
towards to behind signall er 6s rylea@and.abrupthe ha
movement which has shape of an ellipse and is executed from down to up in the vertical
pl ane behind the signallerds body. Hand mov
the recipientfacing the recipient with interior part of thenaor hand. This gesture is made
in response to neutral and affiliative behaviour: affiliative approach; body contact with the
recipient; in response to the recipient unsuccessfully attempting to climb onto the back of a
signaller. Responses include thesue s s f u | climbing of signalle

signaller (see Figure 2.10).
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Figure 2.10: Backward hand sweep; from van LawickGoodall (1967)

Elbow raise (Er)

An elbow raise gesture is performed with one hand. The arm and hand are directed
vertically towards signaller's body or downwards. Upper arm position depends on where the
recipient is relative to the signaller, while the forearm remains fully flexed downwards, the
hand may be holding object but use of object in this gesture is not conativmidrms and
hands are flexible and after assuming their preparatory shape and position remain held at the
peak of the preparatory phase, facing the recipient with the exterior or interior part of the arm.
This gesture is made in response to neutrélabeur by a recipient, such as sitting in
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proximity to the signaller, as well as following affiliative behaviour such as pouting facial
expressions or whimpering calls. Response predominantly involves neutral approach of
signaller by the recipient.

Fingers rounded sweep (Rs)

The fingers rounded, sweep gesture is performed with one hand and with both arm
and hand directed upwards. The position of the upper arm and forearm and arm flexion
depend on where the recipient is relative to the signaller. Theisvagetched or fully flexed
towards the forearm. Fingers are fully flexed at the proximal interphalangeal joint. Arms are
flexible and remain held in the shape assumed at the peak of the preparatory phase of the

gesture. The hand makes repetitive, siomiovements that form circles from towards

signall erdés body to away in the horizontal [
the base of the hand in front of signall er 6:s
or hand. Thisgesture made i n response to recipientodos ne

as sitting in close proximity to the recipient or solitary play. The observed response to this
gesture was by initiation of play with the signaller.
Fingers sweep (FS)

A fingers sweepgesture is performed with one hand and with both arm and hand
directed vertically towards the signaller's body. The position of the upper arm and forearm
and arm flexion depend on where the recipient is relative to the signaller. The arm is relaxed
and fuly flexed at the wrist with fingers stretched. While the arm is held in a position
assumed during the preparatory phase, the hand performs repetitive, an abrupt circular
movement. The signaller moves their hand in front of the body, executing movement from
the knuckles at the base of hand. This gesture is made in response to offensive behaviour by a

recipient while approaching or stationary. Responses include either offensive leave or
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approach, cessation of antagonistic behaviour, or appeasement behagioas grooming

of the signaller by a recipieféee Figure 2.11)

Figure 2.11: Fingers sweep; from Plooi{1984)

Forceful arm extend (Fe)

Gestures within forceful arm extemtuster are performed with one hand. Arm and
hand orientation, arm flexion ambsition of both upper and lower arm depend on where the
recipient is relative to the signaller. The arm is fully flexed at the wrist joint and fingers are
stretched or flexed at both the distal and proximal interphalangeal joints. Arms are flexible
and execute a single, abrupt linear movement either from up to down vertically or
horizontally from towards to away from the rgdgittal plane. In contrast, the hand is held in
the position assumed at the peak of the preparatory phase. This gesture is nesgnse to
offensive or defensive approaches, or requesting of an item by a recipient. Responses
predominantly involve defensive behaviours, such as defensive leave or approach

accompanied by paigrunts or cowering behavio@see Figure 2.12)
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Figure 2.12: Forceful arm extend; from Plooij(1984)

Hand bend (Hb)

Hand bend gestures are performed with one arm and hand directed vertically towards
the signaller's body. The position of upper arm and forearm, and arm and wrist flexion
depend on where the rpe@nt is relative to the signaller. Fingers are midway or fully flexed
at the proximal interphalangeal joint. Arms are flexible and perform single or repetitive
abrupt linear movement. Both the plane and joint of arm movement depend on where the
recipientis relative to the signaller. The hand is held in a position assumed at the peak of the
preparatory phase towards the recipient, vexerior part of arm or hand presented. This
gesture is made predominantly in greeting and submissive contexts suchegapanse to
neutral or offensive approach by a dominant recipient. Responses include a cessation of an
aroused state by a recipient or cessation of approach, greeting behaviour such recipient
genitally inspecting signaller, or grooming of a signaller bgapient (see Figures 2.13 and

2.14).
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Figure 2.13: Form of hand bend; from Plooij(1984)

Figure 2.14. Form of hand bend; from Plooij(1984)

Hand swing (Hs)
Hand swing gestures are performed with one hand. Arms and hands are directed
downwards or upards. The position of both upper and forearms and arm flexion depend on

where the recipient is relative to the signaller. The hand is fully flexed at the wrist, towards
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the arm with fingers stretched. Arms are flexible and relaxed. The arm is heldshape

assumed at the preparatory phase, while the hand performs smooth, single or repetitive
movements in an elliptical shape. The gesture is executed from the knuckles at base of hand
towards signallerds body t o aestargsaieperfdrmed hor i
in response to neutral approach, solitary play by a recipient or social play by a recipient with

a third party. The response is initiation of play between signaller and a re¢gaenfigure

2.15)

Figure 2.15. Hand swing; from Pboij (1984)

Reach arm extend (Pe)

Reacharm extend gesture is performed with one hand. The arm and hand are
orientated vertically towards the signaller.
and forearm, as well as arm and wrist flexion depend wygwere the object is relative to
signaller. Fingers are flexed midway at the proximal interphalangeal joint or the index finger
is stretched while all other fingers are flexed. Arms and hands are flexible and are held in a
position assumed at the prepargtphase. This gesture is made in response to a recipient
feeding on a desirable food item or reaching towards a desirable food item. It may elicit

sharing of food item with the signaller.
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Reach hand swing (Ph)

Reachhand swing gesture is performed withe hand. The arm and hand are directed
vertically towards the signall erds body or
forearm, and the flexion of the arm and wrist depend upon where an object is relative to the
signaller. The fingers are flexed midw towards the palm at either the proximal or distal
interphalangeal joints. The arm is flexible and held in position assumed at preparatory phase.

In contrast, the hand performs a single or repetitive, smooth linear movement. The plane,
location and joinbf the hand movement depend upon where object is relative to the signaller.
This gesture is made in response to the recipient or the signaller reaching the desirable food
item or feeding on desirable food. The responses include a recipient rediredtiadtémeion

towards the desirable food or reaching towards it.

Reach stroke (Pt)

Reach stroke gesture is performed with one hand. Both the arm and hand are directed
vertically towards the signaller's body. Both the position of the upper and forearmatnand
and wrist flexion depend upon where the object is relative to the signaller. Fingers are flexed
midway at the proximal interphalangeal joint. The arm is flexible and performs an abrupt,
single or repetitive movement. The trajectory, plane, locatighj@nt of movement depend
on where the object is relative to the signaller. The hand is held in the position assumed at the
preparatory phase. This gesture is made in response to reaching an item by a recipient or in
response to a recipient leaving thgeab. It elicits responses such as a recipient approaching

or reaching a desirable item.

Stiff arm extend (Se)
A stiff arm extend gesture is always performed with both hands assuming the same
position and performing same movement in synchrony. The armds laad fingers are rigid
and stretched vertically downwards. Both the arms and hands are held in a position assumed
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at the peak of the preparatory phase, with the extefidhe arms and hands facing the
recipient. This gesture is made in response tofamsive approach or a defensive leave. The
recipient responds with antagonistic behaviour such as pant hoots or a defensive behaviour

such as defensive leave (see Figures 2.16 and 2.17).

" "'\\\\\\\\,' A

Figure 2.16: Stiff arm extend whilst standing; from Plooij(1984)
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Figure 2.17: Stiff arm extend whilst walking; from Plooij (1984)

Stiff swing, unilateral (Su)

Stiff swing, unilateral gesture is performed with one hand. One arm and hand is
directed vertically towards signaller's body. Arm and hand is rigid andteltesertically
downwards. The fingers are flexed midway at the distal interphalangeal joint, or at both the
distal and proximal interphalangeal joints. The arm makes abrupt, repetitive linear
movements in front of the body, directed from towards the kign@ r 6 s body to awv
horizontal plane. This arm movement is executed from the shoulder joint. The hand is held in
the position assumed at the peak of the preparatory phase, wekténer part of arm and
hand facing the recipient. This gesturamiade in response to an approach or to stationary

offensive or defensive behaviour, or in response to proximity of signaller to a desirable

female. It elicits responses such as a neutral approach by the female.
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Gestures crossvalidated at chance level
The gesture types validated by discriminate function analysis below chance level, displayed
the following morphology (see Table 2.1@ compare with gesture types identified in other

studies):

Arm extend, flexed wris(Fw)

An arm extend, flexed wrist actionperformed with one hand, with both the arm and
hand directed vertically towards the signal/l
and the flexion of the arm and fingers depend upon where the recipient is relative to the
signaller. The handiul | y fl exed at the wrist joint, t
exterior part of the outstretched fingers facing the recipient. The arm makes a sharp, linear
movement from up to down in the verttofal pl ¢
the arm movement depends upon where the recipient is relative to the signaller and the arm
movement is executed once with a flexible arm. This gesture is made in response to being in
proximity to a receptive female and elicits an approach by the éemal

Backward hand extend (Be)

Backward hand extend gestures are performed with one hand. The arm and hand are
directed downwards or upwards, with both upper and lower arm stretched vertically
downwards. Arm, wrist and finger flexion depend upon wheredbipient is relative to the
signaller. The arm is flexible and performs a single, abrupt linear movement, executed from
towards to behind the signallerds body in t|
position and shape assumed at the pealhefpreparatory phase. This gesture is made in
response to a neutral approach by a recipient, or a recipient unsuccessfully attempting to
climb the back of a female. It elicits response such as successfully positioning on the back in

order to ride on the gnaller.
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Fist flail (Ff)

A fist flail gesture is performed with one hand with both the arm and hand directed
downwards. Both the upper arm and lower arm are stretched vertically upwards, flexed at the
elbow, stretched at the wrist, with fingers fullyexed at both the distal and proximal
interphalangeal joints. Both arm and hand are flexible and perform abrupt, repetitive linear
action vertically from up to down. This gesture is elicited by an offensive approach by a

recipient and the response includegefensive leave by a recipient.

Hand clap (Hc)
The hand clap gesture is performed with both hands, performing the same action
simultaneously. Both arms and hands are directed vertically towards the signaller's body,
with the upper arm stretched downwswahd forearm flexed upwards. Arms are relaxed and
wrists and fingers are stretched. Both arms and hands are performing abrupt, repetitive linear
movement, bringing hands together in contact. Movement of the arms and hands is horizontal
from away to towarsithe mids agi t t al plane in front of sign.

in response to hearing pambots or an offensive approach by a recipient.

Reach finger swing (Ps)

Reach finger swing gesture is performed with one hand. The arm and hand are
drect ed vertically towards the signallerds bo
flexion of the arm and wrist depend on where the object is relative to the signaller. The index
finger is stretched while all other fingers are fully flexed towatds palm. The arm is
flexible and remains held at the position reached at the peak of the preparatory phase. The
hand is performs a smooth, repetitive linear movement, with the plane, location and joint of

movement dependent on where the object is reléditbe signaller. This gesture is made in
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response to a signaller seeing desirable f

the desirable food.

Reach finger swing/stroke (Pf)
Reach finger swing/stroke gesture is performed with one hand.tBe&arm and hand

are directed vertically towards the signaller's body. Both upper and forearm position, and arm
and wrist flexion depend upon where an object is relative to the signaller. Fingers are flexed
midway at the proximal interphalangeal joinhelarm is flexible and performs single, abrupt
movement; the trajectory, plane, location and joint of arm movement all depend upon where
the object is relative to the signaller. The hand also performs a single, abrupt linear action; the
plane, location andoint of movement depend upon where the object is relative to the
signaller. This gesture is made in response to a recipient reaching towards a desirable food

item.

Stiff arm extend, palms upwards, closed fists (Sc)

A stiff arm extend, palms upwards, abakfistgesture is performed with both hands,
acting in synchrony. The arms and hands are directed upwards with the arms rigid and fully
stretched vertically downwards. The fingers are fully flexed at both the distal and proximal
interphalangeal joints.file arms and hands are held in a static position, assumed at peak of
preparatory phase withterior part of arms facing the recipient. This is antagonistic gesture
made in response to a recipient approaching neutrally. In response to this gesture, the

recipient continues their approach but in a defensive manner.

Stiff arm raise, palm downwards, closed fist (Sd)
Stiff arm raise, palm downwards, closed {issture is performed with one hand. Both
arms and hands are directed downwards, the arms are rigistratched horizontally. The

arms are bent midway at the wrist joint and the fingers are stretched. The arms make an
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abrupt and repetitive linear action that moves from down to up, vertically in front of the
signall erds body. Thake, lemanthg heldie the posttion assumed ut e
at the peak of the preparatory phase. This gesture is made in response to the signaller

observing a receptive female in proximity and initiated copulation with the female.

Stiff swing, bilateral (Sb)

Stiff swing, bilateral gesture is performed with both hands, acting in synchrony. The
arms and hands are directed downwards. The arms and hands are rigid and stretched
vertically downwards. The fingers are flexed midway at both the distal and proximal
interphalangegbints. The arms move in a linear action, from towards to away from the mid
sagittal plane in front of the signall er6s
executed from shoulder joint. The hands are held in the position assumed at the theak of
preparatory phase of the gesture, with the exterior of the arm and hands facing the recipient

(see Figure 2.18).

Figure 2.18: Stiff swing bilateral; from van Hooff (1971)

Stiff swing, stretched palm (Ss)
A stiff swing, stretched palm gesture is @enhed with one hand. The arm and hand

are directed vertically towards the signaller's body. The arm is rigid and is stretched vertically
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downwards. The arm is stretched or fully flexed at the wrist with stretched fingers. The arm
performs a linear movement executed from towards signalle
plane. This movement is abrupt and repetitive and made from the shoulder joint, in front of
the signallerdés body. The hand maintains th

phase, witlthe exterior of the arm and hand facing the recipient.
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Table 2.12 Inventory of manual gestures in chimpanzees across wild (W) and captive (C) studies

Sonso community at Budongo
Forest Reserve, Uganda (W)

Kasakela community at Gombe
National Park, Tanzania (W)

M community at
Mabhali
Mountains
National Park,
Tanzania (W)

Chimpanzee
community at
the Arnhem Zoo,
the Netherlands

©

Chimpanzee community at the
Yerkes National Primate Research

Center, USA (C)

This study Yukimaru Frans Plooij Jane van Lawick | Toshisada J.A.R.AM.van | Katja Liebal Amy Pollick
Sugiyama (1969)| (1982) i Goodall (1968) | Nishida et al Hooff (1971) (2004) (2007)
(2010)
Validated by DFA above chance level
arm beckon - beckoning beckon - beckon (form 1) | - beckon
arm drop - lowering back - extend arm as - - -
ladder
arm extend, limp | - - - presentijo name | - - -
hand given)
arm extend, palm| - extending hand, | reaching towards| extend hand, - - reach out

stretched

palm downwards/
extending hand,
palm upwards

palm downward

down/reach out
up

arm extend, palm
upwards, hand
cupped

Hold out hand?

begging with
hand

begging

extend hand,
palm upward

hold out hand
(form 1)

beg with hand
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Sonso community at Budongo
Forest Reserve, Uganda (W)

Kasakela community at Gombe
National Park, Tanzania (W)

M community at
Mabhali
Mountains
National Park,
Tanzania (W)

Chimpanzee
community at
the Arnhem Zoo,
the Netherlands

(©

Chimpanzee community at the

Yerkes National Primate Research

Center, USA (C)

This study Yukimaru Frans Plooij Jane van Lawick | Toshisada J.AR.AM. van | Katja Liebal Amy Pollick
Sugiyama (1969)| (1982) T Goodall (1968) | Nishida et al Hooff (1971) (2004) (2007)
(2010)
arm extend, palm| - reaching for? reach hand presentiio name | stretch over reach? reach out side
vertical towards toward given)
body
arm flap - flapping flapping raise arm quickly/| upsway arm raise flap
flail
arm raise - arm high raising one arm | raise arm with - - arm raise
high elbow bent
backward hand | - - climb aboard - beckon (form 2) | - -
sweep
elbow raise - - raise arm - - - -
fingers rounded | - - - present o name | beckon (form 3) | - finger flex
sweep given)
fingers sweep - wristshaking - shake hand side | - - -
to side quickly
forceful arm - arm raise arm presentifo name | - - throw hold
extend raising/hitting given)
away
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Sonso community at Budongo
Forest Reserve, Uganda (W)

Kasakela community at Gombe
National Park, Tanzania (W)

Kand M
communities at
Mahali
Mountains
National Park,
Tanzania (W)

Chimpanzee
community at
the Arnhem Zoo,
the Netherlands

(©

Chimpanzee community at the

Yerkes National Primate Research

Center, USA (C)

This study Yukimaru Frans Plooij Jane van Lawick | Toshisada J.A.R.AM.van | Katja Liebal Amy Pollick
Sugiyama (1969)| (1982) i Goodall (1968) | Nishida et al Hooff (1971) (20) (2007)
(2010)
hand bend - bending away/ | wrist offer arm/reach | hold out hand wrist offer bent wrist
wristbending bending/bending | wrist (form 2)/parry
away toward/extend
hand, palm
sideways
hand swing - lies down on back - presentifo name | - - -
given)
reach arm extend - - reaching with - - - point?
hand?
reach hand swing - - - - - - -
reach stroke - - - - - - -
stiff arm extend | - bipedal swagger/| - presentiio name | - - -
rearing/ hunching given)
stiff swing, - bipedal arm arm waving? swinging one arm arm sway? - swing? /arm
unilateral waving and sideways, up or wave?
running? down
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Sonso community at Budongo
Forest Reserve, Uganda (W)

Kasakela community at Gombe
National Park, Tanzania (W)

M community at
Mahali

Chimpanzee
community at

Chimpanzee community at the
Yerkes National Primate Research

Mountains the Arnhem Zoo, | Center, USA (C)
National Park, the Netherlands
Tanzania (W) ©
This study Yukimaru Frans Plooij Jane van Lawick | Toshisada J.AR.AM. van | Katja Liebal Amy Pollick
Sugiyama (1969)| (1982) T Goodall (1968) | Nishida et al Hooff (1971) (2004) (2007)
(2010)
Validated by DFA at chance level
fist flail - - - presentijo name | - arm shake flail/shake wrist
given)
hand clap - - - - - hand clap clap hands or fee
arm extend, - - - - - - -
flexed wrist

backward hand
extend

presentijo name
given)

reach finger
swing

reach finger
swing/stroke

stiff arm extend,
palms upwards,
closed fists
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Sonso community at Budongo
Forest Reserve, Uganda (W)

Kasakela community at Gombe
National Park, Tanzania (W)

M community at
Mabhali
Mountains
National Park,
Tanzania (W)

Chimpanzee
community at
the Arnhem Zoo,
the Netherlands

(©

Chimpanzee community at the

Yerkes National Primate Research

Center, USA (C)

This study

Yukimaru
Sugiyama (1969)

Frans Plooij
(1982)

Jane van Lawick
T Goodall (1968)

Toshisada
Nishida et al
(2010)

J.A.R.A.M. van
Hooff (1971)

Katja Liebal
(2004)

Amy Pollick
(2007)

stiff arm raise,
palm downwards,
closed fists

presentijo name
given)

stiff swing,
bilateral

stiff swing,
stretched palm

Note: Gestures were allocated to their category based on that they best fitted description of a gesture. The fittingusiag inéalenation on

morphology and behavioural context. Gesturesewncluded in only one category (best fit) even if they could fit more than one category. If a

gesture fitted more than one category that was indicated by a question mark next to a gesture. If more than one dittdrehéypategory
found in thisstudy they were all quoted for the gesture type.

Studieshave reported followinghanual gestures (unless otherwise indicated the text is direct copy of the original description of a gesture):

1) Jane van Lawick Goodall, 1968

Hitting awayi a hitting movemenwith the back of the hand directed towards the threatened animal or toward the object.
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Arm raisingi either the forearm or the entire arm is raised with a rapid movement. The palm of the hand is normally orientated tdiverale tieel

individual and lhe fingers are slightly flexed.
Flapping- a downward slapping movement of the hand in the direction of the threatened individual.
Arm wavingi individual raised one or both arms rapidly in the air while standing upright facing the threatened individual.

Reaching towards holding the hand towards a high@nking individuali the wrist and fingers are extended and the hand may be held palm upward or

occasionally downward.
Wrist bending the wrist is flexed and the back of the hand or wrist may thérloetowards the lips of a dominant chimpanzee.

Bending awayi subordinate individual flexes its elbow and wrist at the same time drawing its arm close to its body and leaning slighttyratha

higher ranking animal.

Beckoni the male raised onerarlevel with or higher than his head and then makes a swift sweeping towards himself movement, his hand making an arc

through the air.
Raise arni recipient whimpered and signaller raised arm to give access to nipples.

Reaching with hand form of beggingreaching with hand to touch the food or toward desired food.
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Reach hand towardsubject reaches hand toward the recipient who is moving away, in response recipient returns to the signaller.

Raising one arm highmale is raising one arm high in tag (holding an overhead branch if available) giving a series of vigorous scratches from elbow to

belly. This served as a signal to the other to approach and join him for a grooming session.

Climb aboard mother reaches back with a characteristic clilmbaad gesture (like beckoning).

e Toshisada Nishida, 1968oshida Nishida et al., 2010

Reach out one hand towardggesture made in greeting context, when chimpanzees meet one another after a period of separation or in appeasement

situation

Begi subject raches out his hand palm uppermost, gesture made in food sharing context

Swinging one arm sideways, up or doivgesture made in an agonistic context

¢ Yukimaru Sugiyama, 1969

Hold out hand used in a food sharing context

2) J.A.R.A.M. van Hooff, 1971
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Arm swayi the animal may also swing its arms rhythmically in a parallel fashion in front of its body in a lateral plane or waveothianosbor less

irregularly above its head.

Upswayi the arm, which in its normal supporting, resting or manipulatosytion is directed more or less downwards, is moved upwards and forwards in
a short jerky movement, usually in a pronated position (i.e. hand palm downwards). While swinging forwards the hand haatjseddwp, its back
turned forwards. When the arstops moving at a more or less horizontal position the hand may swing out and upwards. The fingers are in the normal

semiflexed position.

Hold out hand’ a variety of forms were observed. Actor extends its arm roughly horizontally towards a fellownTlgeia position about midway

between pronation and supination. The hand may be bent at the wrist so that its back is turned to the partner withlibatforgiesdly stretched.

Parry’ one or sometimes both arms are raised. The forearm is kepbuglly horizontal position over or in front of the head, thus shielding it from

possible beats from a fellow.

Beckoni individual is stretching his arm and then making sweeping movements towards himself, the hand making an arc throug§lsahferair o
beckon was observed in sexual context by female, when female made similar beckoning movements, looking back while csttedci@ngrm
backwards, parallel to the body axis, during mepneisenting. Another form of beckon was observed when adolescént keaping its arms in the

supinated position, beckoned by bending and stretching the wrist and simultaneously bending and stretching its fapititygers r
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Stretch oveii adult males are seen to stretch one or sometimes both hands forwards alydughgdatds, hand palm down, over the back of a presenting

female.
3) Frans Plooij, 1982

Arm highi raising one arm high in the air combined with scratching, with long strokes, from elbow to side across the armpit @avitfeheside is

directed toward another individual, this usually elicits a grooming response.

Arm raisei raising the arm, which initially hangs more or less down, forwards with usually a rather quick, jerky movement. The &rigsedaslightly
and the palm of the hand may be otexl tow2ards the other individual and upwards or away from the other individual and downwards. The arm stops

rising at a more or less horizontal position. The hand may swing further upwards. The other individual is never seenko be st

Bipedal arm waing and running rising to a bipedal position, while facing another individual (often a baboon as well), and raising one or both arms

rapidly into the air. This is followed by running bipedally towards the other individual, waving arms in the air.

Beckonng1 raising one or both arms forwards and upwards rather sweepingly and stiffly with the elbows more extended than in $iee Bine mands
are hanging down rather limp. This movement is held at the end of the upward swing while the individuaketilgsst the other individual and may

rock.
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Bending awayi flexing elbow and wrist and at the same time drawing both arms close to its body and leaning slightly away from theusturalljus,

another chimpanzee

Bipedal swaggeri adopting an upright oresnirupright posture and shifting the body weight, often rhythmically, from one foot to the other. During this
swaying movement the chimpanzee may or may not be locomoting and the feet may or may not be lifted from the ground Swagipeds often

combined with hunched shoulders and the arms are held out from the body.

Begging with hand placing one or both hands around or under the lips, or chin and lips of another individual that has food in his mohihgtheuc

hand of the other individuabataining the food, or touching the food itself.

Extending hand, palm downwardsolding a hand towards another individual by extending the arm, wrist, and hand in a more or less horizontal position,

and stretching the fingers while the hand palm isctiie downwards. The other individual is not being touched

Extending hand, palm upwardshe same as extending hand palm downwards except that the palm of the hand is directed upwards

Flappingi raising one arm and hand and making a downward slapping neov@iithe hand in the direction of another individual

Reaching foii holding the hand(s) or foot (feet) towards another individual. The hands are in the norrigsesnposition and the arm is in a position

somewhere in between pronation and suppinatio
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Rearingi changing abruptly from a quadrupedal to a bipedal position by raising the torso towards a more vertical position. Thesuppedaected

downwards, the lower arms upward and the wrists are bent, stretching the hands forwards

Wristbending' flexing the wrist (often the fingers as well) while holding the back of the hand out towards another individual

Wristshaking' shaking the own hand vigorously with flexible wrist, while extending the arm fully or partly towards another individual

Lies down on back lying down on the back while keeping the head lifted from the ground and extending the arm and hand towards anothér individua

while looking at that individual

Hunchingi rounding the back, pulling the shoulders up and forwards, drawingetitedown, holding the upper arms slightly outwards and forwards and

the forearms slightly upwards. The chimpanzee may sit, or stand bipedaly or quadrupedally.

Lowering backi a mother lowering her hindquarters in front of her infant in such a way thest séarly sitting, leaning forward on her hands.

e Katja Liebal, 2004

Arm raisei subject raises its arm (as if to hit)

Arm shaké subject shakes its one hand or both repeatedly with rapid movements

Reachi subject extends its arm to the other
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Wrist offeri subject extends the back of its flexed wrist to the other
Hand clap subject slaps its own wrist or hand
o Amy Pollick, 2007

Arm raisel one or both arms raised with usually a quick, jerky movement, fingers are flexed slightly and palm of hand matatedlddesmrd the other

individual and upwards, or away from the other individual and downwards, no contact.

Arm wavel rising to a bipedal position while facing another individual and either swinging arms in front of torso or raising oheaombotpity into

the air

Beckoni one or both arms raised forward and upward sweepingly and stiffly with the elbows more extended than in the arm raise; Heargisg

down limply with finger flexes usually; movement is held at end of upward swing while indi\gthres at recipient

Begwithhand pl aci ng one or both hands around or under othero6s | ips and
Bent wristi flexing the wrist while holding the back or side of hand out toward anotheidndi, contact possible

Clap hands/fedt flat palms of hands are brought into contact with each other either in vertical or horizontal position, can be repetitive

Flail T arms and hands are completely raised above head and are shaken in rapid suRepssitive
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Flapi one arm and hand raised and makes a downward slapping movement of the hand in direction of another iindovitweéful contact with

substrate
Finger flexi palm can be up or down, and wrist is not bent; fingers move rapidly badkrémd
Pointi either whole hand or one or more digits directed to recipient, another individual or object in environment

Reach out dowin holding out a hand toward another individual by extending the arm, wrist and hand in more or less horizontalgnukgtogiching the

fingers while palm is facing downwards, other individual is not touched

Reach out sidé same as reach out down except the palm of the hand is directed sideways
Reach out ujp same as reach out down except that the open palm of tHeshdinected upward

Shake wrist shaking the hand vigorously with flexible wrist towards another individual. Repetitive
Swingi arm is swung in an underhanded airatan involve contact

Throw holdi arm is raised above head, as if in a throw, but movenwrcarried out for at least 2 s if at all
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DISCUSSION

This study provides the first systemagioalysis ofthe repertoire of manual gestures
in wild adult chimpanzees. The results show that chimpanzees have a multifaceted and
complex signal repertoiref smanual gestures. These gestures may be described as prototypes,
within which there is variation, and between which the boundaries are not alwaysutlear
but there is gradation apparent along several morphological components. While previous
research hasocused on examining the morphological complexity of vocal behaviour and
facial expressions, our research is the first empirical demonstration of such complexity in
gestural behaviour. The quantitative analysis of the repertoire of gestural communication

wild chimpanzees illustrates these intricacies.

First, this study demonstrates statistically that chimpanzees display at least 20 gesture
types in their repertoire. These gestures occurred across a variety of affiliative, agonistic,
motherinfant contexs, and were primarily concerned with the regulation of immediate
responses towards the signaller or objects in environment. Amongst the repertoire of manual
gestures, previously unreported gesture types were arm extend, limp hand, reach hand swing
and reah stroke. The repertoire of manual gestures could be characterised as rich and diverse
but clearly based on some key components such as arm extend, arm swing, reach and flail.
For instance, among the gestures withieg r oup of fir e a c hstureswierec ou | d
the arm and hand were positioned towards an object and held at the point of greatest remove
in the direction of desired object; a reach with a sharp rounded movement of the whole arm in
the vertical plane and directed at the desired obpaud; finally reach gestures where the arm
was held towards the object at the point of greatest remove, but the hand was also performing

a sharp rounded movement in the direction of desired object.
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In addition, in our analysis we defined gesture type asetigesture units which were
validated above chance level by a creaBdation procedure of the discriminate function
analysis. However, it is possible that the current number of 20 gesture types may be expanded
by future studies to 30 gesture types, atsaity indicated by cluster analysis. Gesture types
crossvalidated by the discriminate function analysis at chance level may be of importance in
future studies of repertoire of manual gestures in wild chimpanzees because solution of
discriminant functioranalysis could be unstable where there is a small sample size. This is
evident when examining the scatf@ot of the discriminant scores which indicates that group
differences between validated below and above chance level gestures types may be large.
This could further be supported by the fact that few of these validated at chance gesture types
have been documented in great appertoirs in other studies, for example hand clap or fist
flail. Whilst we were unable to include those gesture types vatidatechance in our

analyses, future studies may show these to be distinct gesture types in wild chimpanzees.

Our findings on repertoire size are similar to the work by Plooij, Goodall and Pollick.
For instance Plooi{1984, 1978, 197istinguished 17 gsture types, Goodall968, 1967,
1986)distinguished 14 gestures, PollifRollick and de Waal, 200Tpund 16 gesture types.
However, our results are in contrast with other research which reported fewer manual gesture
types. For instance, amongst thedsés in the wild, Nishidél970)reported only 3 gestures
and Sugiyamd1969) only reported one gesture type. Amongst studies from captivity van
Hooff (1971)found 9 gestures and Lieb@liebal et al., 2004afpund 5 gesture types. These
inconsistent radts may be due to the difficulty in objectively establishing the level of
categorisation of gesture units, as evidenced in variability in splitting and lumping of
morphological features across gesture repertoire studies. For instance, a hand bend gesture
categorised as a unitary gesture type in current study was split into two gesture types by

Plooij (1984, 1978, 1979)Goodall (1968, 1967, 1986and van Hooff(1971) Reaching
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gestures whichvere categorised as one gesture type by Li@habal et al., PO4a)was split

into 9 gesture types by current analysis. Additionally the difficulty of repertoire analysis is to
maintain the same level of categorisation across all gestures to avoid variability in splitting
and lumping within gesture studies. Polli¢Rollick and de Waal, 2007jor instance
described andategorised somgest ure types using relatively
which was classified as three different types of reach in our analysis) whilst the categorisation
used for other gesturesag more fine grained (i.e. reach out down and reach quwhiph

was lumped as one gesture type by current analysis). While gesture types determined
guantitatively here do broadly corresponded with the categories of gestures defined
gualitatively in prewous approaches, the variance in repertoire size of 5 to 17 from other
studies suggests that in previous research categorisation of gesture types at same level was
not maintained consistently. This in turn bears on validity of previous repertoire studies an
whether the more subjective qualitative assessment is reliable method of examining units of
gestur al repertoire. Research in the future
allow objective determination of gesture units if gestures areetocdmpared across

populations and sites.

In addition, the gestural repertoire size identified here is similar to the repertoire size
reported for both vocal and facial modes of communication in chimpanzees, across other
research in captive and wild poptites. For instance, Paf2002)reviewed evidence on the
communicative repertoire in chimpanzees and found that there are 20 to 30 different
chimpanzee facial expressions and vocalisations figeesalso van Hooff, 1971, van Hooff,
1967, Parr et al.,@7, Marler and Tenaza, 1977, Marler and Hobbett, 1975, Marler, 1969,
Mitani et al., 1999, Mitani et al., 1996, Mitani, 199&he similarity of the repertoire size of
gestures, facial expressions and calls indicates that manual gestures are at |eagkeasaco

communicative system as other modality types. Manual gestures have the potential to convey
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diverse information types to recipients. Additionally, the resemblance in the repertoire size of
gestures to the repertoire size of facial expressions disdizaeflective of complexity in
cognition and social organisation displayed by the chimpanzees. For instance McComb
(McComb and Semple, 2008emonstrated that a large vocal repertoire size is correlated
with both the complexity of the social system aheé complexity of cognitive skills in
primates(see also Aiello and Dunbar, 1993, Dunbar, 1998, Dunbar, 1993, Dunbar, 1996)
Future studies could similarly address the relationship between gestural repertoire size,
complexity of social organisation andgeotion in primates, to illuminate the role of manual

gestures in maintaining social complexity.

Second, this study reveals statistically the variation in the morphological features that
chimpanzees display in their gestural repertoire. Overall, gestaregbe chimpanzee
repertoire varied along a number of combinations of morphological components but only two
combination types had strong influence on differentiation between gesture types.
Additionally, no single feature had a strong differentiating effettveen gesture types and
most distinguishing features were associated with over half of gesture types. These results
suggest that while chimpanzees in our study had gestures which possessed many
morphological attributes, they were nevertheless relatineligtinctive and displayed a lot of
similarity in their morphological components. This is in contrast to findings from vocal
behaviour studies which show that acoustic features of calls are highly unique. For instance,
in a study of chacma baboofsee kscher et al., 2001the values of correlation coefficients
for morphological features were significantly higher (i.e. majority fell between 0.2 and 0.6
range) than those reported here for gestural behaviour, which indicates greater distinctiveness
of calls compared to gestures. This difference in distinctiveness between gestures and calls
may suggest differences in adaptation to the transmission habitat. These gestural signals

appear more graded than discrete, with less salient unique features and delgueer of
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distinctiveness, suggesting that gestures may be adapted to transmission across short
distances and open habitat, where other visual cues may be used in interpreting the signal by
a recipient. More distinctive morphology in calls on the otherdharay allow efficient
decoding of information across larger distances and aerossre obscured visual channel

(see also Marler, 1976, Green and Marler, 1979 for comparison of characteristics of short
distance and long distance calls in relation to festwf habitat) Future detailed analyses of
gestural communication across open and closed habitats in primates may elucidate whether
the differences in distinctiveness of gestures and calls reflect differences in adaptation to the

habitat.

Third, this stuly shows statistically the degree of morphological specificity in the
gestural repertoire. Overall, the morphology of the gesture types was more clumped and
overlapping than distanced greatly from each other. For instance, there were gesture types
whose maophologies could be categorised across more than one gesture type in the
discriminate function analysis classification procedure and therefore producing a
morphological specificity result below 100%. This organisation of signals within the
repertoire systa suggests that chimpanzees have a graded and mixed repertoire; gestures are
not completely discrete but contain morphological types that are intermediate between
prototypical forms. This lower specificity in gestural signal production is in agreement with
the characteristics of other forms of communication in chimpanzees, that is, vocalisations and
facial expressions. The similarity in signal gradation between gestures and other modalities of
communication may be because form of gestures is also stecabtgpd determined by the
affective state of a signaller. The evidence for stereotypic gesture production would be that
small variability in affective states would underlie the gradation of gesture seen; the
automatic expression of highly specific gestsubtypes would be seen in response to highly

specific stimuli. For instance, gradation in the structure of calls was reflected in small
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