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Abstract

Despite having being discovered nearly 80 years lagaobosPan paniscusare still
one of the least well understood of the great apegely remaining in the shadow of
their better known cousins, the chimpanzeRan( troglodytes This is especially
evident in the domain of communication, with bonobocal behaviour still a
neglected field of study, especially compared &t tf chimpanzees. In this thesis, |
address this issue by exploring the natural vooatraunication of bonobos and its
underlying cognition, focusing on the role that &ligations play during two key
contexts, food discovery and sex. In the contextfamfd-discovery, I combine
observational and experimental techniques to examimether bonobos produce and
understand vocalisations that convey meaningfubrmétion about the quality of
food encountered by the caller. Results indicatd tionobos produce an array of
vocalisations when finding food, and combine déferfood-associated calls together
into sequences in a way that relates to perceiwed fguality. In a subsequent
playback study, it was demonstrated that receigszsable to extract meaning about
perceived food quality by attending to these calld integrating information across
call sequences. In the context of sexual interastid examine the acoustic structure
of female copulation calls, as well as patternsali usage, to explore how these
signals are used by individuals. My results shoat faBmales emit copulation calls in
similar ways with both male and female partnergigesting that these signals have
become partly divorced from a function in reprodutt to assume a greater social
role. Overall, my results highlight the relevandestudying primate vocalisations to
investigate the underlying cognition and suggesit thocalisations are important
behavioural tools for bonobos to navigate theiiaand physical worlds.



Chapter one: Vocal communication in primates and dter animals

Summary

In this chapter, | review a number of more gentrabretical points relating to animal
vocal communication, focusing particularly on thenshuman primates. First, |
examine the notion that, due to the intimate linktween cognition and
communication, vocalisations provide a good oppotyu to investigate the
psychological processes underlying the behaviourookhuman animals. From here,
I introduce the question of language origins aadink to the vocal communication of
our closest relatives, the non-human primates. ilgi there are clear distinctions
between human and non-human primate communicaignowing body of evidence
indicates that foundations of language lie rootethiw the primate lineage. Here, |
introduce three key topics which are consideredbéo precursors to language:
functionally referential communication, call comaiions and audience effects.
Finally, I examine two key topics which shall fotime essential focus of this thesis:
the contexts of food discovery and sex. Food disgpand sex represent two of the
most important biological challenges that any ahimast face, and thus provide
ideal arenas for investigating the interaction et cognition and communication in
animals. Whilst there is still much left to be leed about bonobo behaviour, | argue
that vocalisations provide a useful window for istigating the cognitive mechanisms

underlying the behaviour of this ape species.



Vocal communication as a window into cognition

The task of exploring animal minds represents g-standing challenge of biological
science. In the absence of language, non-human admnimack the necessary
communicative and cognitive skills required to em#dise their mental processes in
the way that humans can. One approach to investiganhderlying social cognition is
to study how animals communicate with one anothhrs follows the logic that in
any social animal, communication and cognition iatenately linked (Seyfarth &
Cheney, 2003a). Therefore, by studying how anirmatamunicate with one another,
one may gain a useful window through which theinasi and social awareness can be
explored. This approach has proved especiallyfiiuit the study of non-human
primates, with studies of their vocal communicatrewealing intricate information
about how primates see the world and navigate sogiial landscapes (e.g. Cheney &
Seyfarth, 1990; Seyfarth et al., 2010).

Signallers and receivers

Before moving further into the question of vocahmrounication and cognition, it is
important to establish the conceptual frameworkighallers and receivers. There are
some important differences in the communicatorgsobf signallers and receivers
and, as a consequence, it has often proved bagiptoach, or at least acknowledge,
them separately (Seyfarth & Cheney, 2003a). Fromewaplutionary perspective,
natural selection favours signallers whose caflsi@mce recipient behaviour in a way
that provides the signaller with benefits. Likewisatural selection favours receivers
who are able to acquire information from the sitgrathat is of use to them (e.g.
Dawkins & Krebs, 1978; Seyfarth & Cheney, 2003ah Inany contexts,
communication is co-operative and the signaller aadeiver overlap in their
evolutionary interests. An example of this is thheduction and comprehension of
predator-specific alarm calls in a group of condpm=c(e.g. Zuberbihler, 2009). In
the alarm context, calling is costly to the sigealhs it may attract the attention of
predators, to both themselves and their kin gr@uybérbihler et al., 1997). However,
for alarm calling to evolve, the benefits of cajlimust be greater than the costs

incurred. This includes decreasing the risk of pteah of kin, either by alerting them



to the danger, or signalling to the predator théias been detected (Sherman, 1977,
Zuberbuhler et al., 1999). In high-risk contextgplation favours signal systems

which are both simple to produce as well as to de¢&eyfarth & Cheney, 2003a).

Whilst communication is an essentially social pheanon and the evolutionary
strategies of signallers and receivers often cayesethere are also cases where
signallers and receivers compete in their evolaigrinterests (Marler, 1961). For
instance, some predators are able to exploit trenadnd social calls of their prey as a
means to aid their successful hunting strategieshé Tungara frogRhysalaemus
pustulocus),males give ‘chuck’ and ‘whine’ calls, which haveotved to both
maximise the information communicated to conspegifto attract females and repel
rivals) whilst simultaneously minimising the infoation transmitted to
‘eavesdropping’ predators (Ryan et al., 1982). ¥thihe frequency range of the
chuck call falls within the hearing frequenciescohspecifics (Capranica, 1978), their
principal predators, bats, have also evolved sspasitive hearing, enabling them to
easily identify these prey calls. In their evolutwy arms race with bats, Tungara
frogs have also evolved the strategy of addingaitmustically noisy whine calls to
their chuck calls, a vocalisation which appearshave been favoured by natural
selection because it makes the frogs more diffitultocate by bats (Ryan et al.,
1982).

In addition to fundamental differences in their leNvi@nary interests, the cognitive
mechanisms underlying call perception and prodaoctay also differ for signallers
and receivers within the same species. In generghal production in animals
appears to be closely related to their underlyirgjivational states (e.g. Bickerton,
1990; Marler et al., 1992). In this way, it is tlybi that individuals may have little
cognitive control over call production, with callimargely being a reflexive response
to a particular stimulus (e.g. Rendall et al., 2008vertheless, even if signallers are
influenced by their underlying motivational statesjidence of audience effects,
flexible vocal production and tactical vocal sigimg in some species suggest that
signallers may also be able to control call producin some cases (e.g. Zuberbuhler,
2005, 2008). For instance, subordinate tufted daipsdCebus apella nigrityshave
been shown to give false alarm calls which usuqgul flitom conspecifics, a behaviour

which is indicative of tactical deception (Wheel2009). False alarm calls have also



been demonstrated in a number of birds that klegptsitise other foraging species by
stealing their food when they run for cover (Murd®86). For example, the fork-
tailed drongo Dicrurus adsimilis)produces false alarm calls when co-foraging with
pied babblers Turdoides bicolour (Ridley & Raihani, 2007). Recent research has
indicated that the drongo is able to mimic theralaalls of the different species it
kleptoparasites (e.g pied babblers and meerl&tscata suricatqa as a strategy to
ensure that their deception continues to be etfe¢tlower,in pres3. Whether or not
such acts reflect a hard-wired behavioural strategyindicate any level of

intentionality in the signaller requires furthevastigation.

Compared to vocal production, the cognitive mectrasi underlying call
comprehension appear to be considerably more coan(@kyfarth & Cheney, 2003a).
Rather than simply passively responding to ‘arogisstimuli, results from a growing
body of literature have revealed that receiver aasps can be flexible and dynamic
(Seyfarth & Cheney, 2003a; Seyfarth et al., 20H)). attending to vocalisations,
receivers may be able to form mental representtamout the meaning of the call in
reference to the external world. This is partidyléine case for calls which are tightly
linked to their eliciting stimulus (Marler, 1977Although tapping into internal
representations is challenging, the developmergxpkerimental techniques, such as
playback studies, has demonstrated that the infiwmaxtracted by listeners can be
studied scientifically (Seyfarth et al., 2010). Fastance, such studies have revealed
that receivers can respond differently to acouliyicamilar calls as well as respond

similarly to acoustically different calls (Seyfahal., 2010).

Primate communication: Vocalisations and gestures

Primate vocalisations have often been disregarddakang cognitively uninteresting,
(e.g. Tomasello, 2008). This follows the prevailingew that most primate
vocalisations are genetically hardwired, involuptaexpressions of emotions
(Lancaster, 1975; Lieberman, 1968; 1998), whick fexibility, are based on almost
no learning and are broadcast indiscriminately eouth an intended audience
(Tomasello, 2008). This is normally contrasted wviita more flexible and ‘language-
like’ gestural signals. Gestures in primates, esfigdthose of apes, have been shown



to exhibit three characteristics considered to Isseetial features of human
communication: learning, flexibility and attenti¢@all & Tomasello, 2007; Genty et
al., 2009). For example, many ape gestures are imsaedrange of different social
contexts, may be learned from others or even imekrand can be used intentionally
towards specific recipients, with signallers takingp account their attentional state
(e.g. Call & Tomasello, 2007). In this sense, & béen been suggested that gestures,
rather than vocalisations, provide the evolutionfayndations of language (Arbib et
al., 2008; Corballis, 2003).

Whilst the communicative complexity of ape gesturesindeed impressive and
arguments for language origins are persuasivepwigg body of research indicates
that the assumption of vocal communication beingndo/ely uninteresting is rather
inaccurate. Studies of vocal communication from slgmaller’'s and particularly the
receiver’s perspective have indicated considergi#gter levels of sophistication than
have been previously assumed (e.g. Seyfarth e2Gl0). Nevertheless, the debate is
ongoing and this is partly because it is still @aclwhat psychological mechanisms

underlie vocal communication.

The role that arousal appears to play in vocal pectdn is often used as a basis for
the argument against underlying cognitive sophasibn. For example, Owren and
Rendall (2001) argue that vocalisations are esafntnotivational signals that have
evolved to induce ‘nervous system-induced respongesthe receiver. They
particularly argue this hypothesis for calls witlokitionary-urgent functions, such as
alarm or distress (Rendall et al., 2009). For eXantpey argue that primate screams
exhibit acoustic properties, such as sharp onsetslaage fluctuations in frequency
and amplitude, which are likely to have strong &feon a receiver's nervous system.
However, whilst such vocalisations may indeed daré@ousing or aversive acoustic
properties, empirical studies have also demonstrdatat listeners can extract
considerable information from these calls and atesimply passive recipients, swept
away in a wave of emotions. For example, primateauos have been shown to
convey information to receivers about differentaymf aggression (Gouzoules et al.,
1984; Slocombe & Zuberblhler, 2007), the sociak rof the caller (Slocombe &
Zuberbuhler, 2005a; Slocombe et al., 2010a) and tadler's identity

(Hammerschmidt & Fischer, 1998). Furthermore, ptemacreams can also be



modified by the presence of some audiences (Sloec&nEuberbihler, 2007). The
range of information transmitted by primate screaimsfurther highlighted by

evidence from playback experiments, showing thdividuals respond differently to

the same screams, depending on its acoustic vaganhccompanying context
(Fischer, 2004; Gouzoules et al., 1984; Palomb#l.etl997; Slocombe et al., 2009).
Thus, whilst arousal clearly plays a key role innaal vocal communication (e.g.
Bickerton, 1990), arousal does not, by itself, axplanimal vocal complexity, from

neither the signallers’ nor the receivers’ persipest(Seyfarth et al., 2010).

Referential communication

Referential communication is said to be a key nules in the evolution of semantic
communication, one of the core properties of hufaaguage. The term ‘reference’ is
borrowed from linguistics (O’'Grady’ et al., 1997hdhis used to describe signals
which come to refer to an object or event in théemal world. Kripke (1977)
distinguished two main forms of reference: thatspeaker’ reference and ‘semantic’
reference. Semantic reference is defined as ‘winatspeaker's words meant, on a
given occasion’ and speaker reference being ‘Wiaspeaker actually meant, on that
particular occasion’ (Kripke, 1977, following Gric&969). Kripke (1977) illustrates
the differences between semantic and speaker nefer@ the following imaginary
scenario: at the end of a burglary, one burglas $ayhis accomplice: “The cops are
around the corner”. In terms of semantic referettoese words mean that the police
were around the corner. However, in terms of speaderence, the speaker may well
have actually meant: ‘We can’t wait around anymm#ecting more goods, we need
to go!". One major difference between these twanrof reference is the level of
communicative intention instilled in the signalgBals with semantic reference do not
require communicative intention and can serve tovide context-independent,
unambiguous facts or information about somethinthe external world. In contrast
to semantic reference, speaker reference is cedépdndent and potentially
ambiguous, requiring the signaller to instil theemmunicative intentions into the
receiver, on a particular occasion (Grice, 196 591 XKripke, 1977). The intentional

act of communicating in order to change the mestttes of the receiver is thought to



be one of the major dividing factors between humaad animal communication,

above all, in the vocal domain (Tomasello, 1999)&0romasello & Rakoczy, 2003).

The notion of intentional signalling also formsiategral part of reference within the
domain of gestural communication (Tomasello, 208&ferential gestures fall within
the concept of ‘speaker reference’ (Kripke, 1977 eepresent a common feature of
human communication (McNeill, 1992). Referentiabtgees are used as a means to
either refer the attention of the receiver to afecdbor place in their environment
(deictically), or refer their imagination to somigidp that typically is not in their
immediate environment, by a behaviour simulating aation, relation, or object
(Kendon, 2004; Tomasello, 2008). One of the firsvelopmental milestones in
human communication is considered to be the emeegeh the ‘point’ in human
infants (Tomasello et al., 2007). From a cognitparspective, the developmental
onset of referential gestures is significant asdtcates that children are motivated to
establish common-ground with others, share the@ughts and intentions, as well as
attribute mental states (Liszkowski, 2005, Liszkkmest al., 2006; Tomasello et al.,
2005, 2007).

Among non-human primates, referential gestures Haaen identified in captive

chimpanzeesRan troglodytep during their interactions with human experimester
(Leavens et al., 2004), as well as in individudislbfour species of great apes that
have been language-trained or raised in human aments (Gardner & Gardner,
1969; Miles, 1990; Patterson, 1978; Savage-Rumbé&uigbéwin, 1994). Evidence for

referential gestures in wild chimpanzees has begnodstrated by Pika and Mitani
(2006) in their work on the ‘directed scratch’. Tidérected scratch’ is used by the

groomee to direct the attention of their groomeih®site they desire to be groomed.

Within the vocal domain, observational and expentakstudies of numerous primate
species have revealed that certain calls can fumets referential labels for external
objects or events in the environment (e.g. Hau3688; Seyfarth et al., 1980;
Slocombe & Zuberbuhler, 2005b; Zuberbihler, 200Qbeatbuhler et al., 1999b).
However, in contrast to the notion of referenceaas‘intentional act’ in human

communication and ape referential gestures, reti@atevocalisations do not, for the

most part, appear to be produced intentionallyg aseans to inform the receiver, and



may be by-products of other processes (Seyfarthh&n@y, 2003a). In this sense,
referential vocal communication in animals représesm form of Kripke's (1977)

‘semantic reference’.

In order to account for the differences betweerrezftial communication in non-
human animals and the notion of ‘reference’ in tmeman, linguistic sense,
Macedonia and Evans (1993) developed the term tiomally referential
communication’. Functionally referential signale @efined as signals that refer to an
object or event in the external world, to the ektdwat the production of the signal
elicits the same adaptive response in the receisef they had actually experienced
the original eliciting stimuli themselves (Evan£9Y; Macedonia & Evans, 1993).
The term ‘functional’ deals with the fact that atlgh animals may produce calls
which appear to function to refer to objects orrgsein the external world, the
psychological processes which underlie call pradacin animals are still poorly
understood. Functionally referential vocalisatidrase aroused considerable interest
and debate owing to their implications for the ewioin of symbolic communication
and language (e.g. Scarantino, 2010), as wellratéoindication that some aspects of
animal communication may be conceptually-driven @y & Seyfarth, 1990;
Zuberbuhler et al., 1999b).

In order to be classified as referential, Macedamd Evans (1993) provided three
production and perception criteria that must be alestrated. First, the signal must
possess a discrete acoustic structure. Secondsighal must elicit the appropriate
receiver response, independent of context. Thelet must be production specificity,
that is to say, a tight relationship between sigmralduction and eliciting stimuli. In
this sense, signal X may functionally refer to Yemh(1) X is reliably elicited by Y
(production criterion) and (2) the production ofrdiably results in responses in the
receiver specifically adapted for dealing with Ye{peption criterion) (Evans 1997,
Marler et al., 1992; Seyfarth et al., 1980).

Following this definition, functionally referentiabcalisations have been identified in
numerous primate species (e.g. Zuberbuhler, 20089)2 although they have also
been demonstrated in other animal and bird spesigs$ as chickensG@llus gallus

Evans & Evans, 1999; Evans & Marler, 1994), ray&®vus crovaxBugnyar et al.,



2001), chickadeesPpecile atricapillus, Templeton et al., 2005) and meerkats
(Suricatta suricattaManser et al., 2001). Many functionally referahtiocalisations
have been described in the alarm context (see Buhkar, 2003, 2009) although they
have also been reported in other contexts, suéboalsdiscovery (e.g. Bugnyar et al.,
2001; Di Bitetti, 2003; Evans & Evans, 1999; Kitama& Caine, 2009) and in social
situations (Gouzoules et al., 1984; Gouzoules.etl8B8; Slocombe & Zuberbihler,
2005a). For example, the food-associated callsoafiestic chickens fulfil the three
criteria for functional reference (Evans & Evan999, 2007). Chicken food calls are
produced specifically within the feeding contextavd an acoustically distinct
structure, and playback experiments have demoasdtrétiat they elicit specific

feeding behaviours in receivers in the absenceharastimuli.

The seminal example of functionally referential ecoomication is the alarm-calling
system of vervet monkeySercopithecus aethiopSeyfarth et al., 1980; Struhsaker,
1967). Vervet monkeys produce acoustically distioalls to their three principal
predators: raptors, large mammalian carnivoressamadkes (Struhsaker, 1967). Upon
sounding these calls, vervets quickly make the iegaaction that appropriately
counters the hunting tactics of the predator (egeivers of calls to eagles run out of
trees, receivers of calls to leopards run up teeesreceivers of snake calls stand up
tall). A playback study demonstrated that recigeat alarm-calls receive enough
information from the calls to respond with the agprate predator avoidance
behaviour, in the absence of the actual predateyfégh et al., 1980). Since this
discovery, referential alarm call systems have bdentified in a number of primate
species (e.g. Diana monkey€ercopithecus dianaZuberbuhler et al., 1999b,
Zuberbuhler, 2000; Campbell's monkey3ercopithecus campbelliZuberbuhler,
2001; ring-tailed lemurd,emur catta Macedonia, 1990; Pereira & Macedonia, 1991)
as well as in other mammals, including ground sglgrSpermophilius richardsonii
(Hare, 1998; Sloan et al., 2005; Warkentin et aD01), marmots,Marmota

flaviventris(Blumstein, 1995) and meerkats (Manser et al.1200

One guestion relating to the production of funcaibnreferential signals is whether
receivers are attending to the meaning of thearajlist its acoustic properties. This
question was investigated by Zuberbihler and ogliea (1999b) with Diana

monkeys. Diana monkeys produce acoustically distterm calls to their two main
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predators, eagles and leopards (ZuberbUhler €1397). In the experiment, subjects
heard sequences of typical calls of leopardanthera pardus or eagles
(Stephanoaetus coronajusollowed by the alarm calls of male Diana monkeys
responding to either of these predators. In eaiah, subjects heard two calls, a
‘prime’ followed by a ‘probe’, which were separatled five minutes of silence. The
two calls either shared the same acoustic and semf@atures (e.g. eagle shriek
followed by eagle shriek) or only shared semardatdres (i.e. monkey alarm call to
an eagle followed by eagle shriek). Results inéiddhat the semantic features, rather
than the acoustic features of the ‘prime’ stimuibne, explained the receivers’
responses to the probe stimuli, suggesting thafvers attended to the call’'s meaning

rather than its acoustic properties alone (Zubdduigt al., 1999b).

Among the apes, functionally referential vocalisat have thus far only been
demonstrated in chimpanzees. The work of Slocombe aolleagues has

demonstrated the presence of referentially speeticalisations in the contexts of
food discovery (Slocombe & Zuberbuhler 2005b, 20@8) well as during agonistic
interactions (Slocombe & Zuberbuhler, 2005a, 20@Yring agonistic encounters,
victims and aggressors produce screams which ayastcally distinct from one

another, with victim screams also coding informatoncerning the level of intensity
of the attack. Subsequent playback studies haveustnated that listeners not only
acquire information about the level of attack (8lmbe et al., 2009) but also about

the social role that the screamer has taken (Slbeaghal., 2010a).

Call combinations

Beyond the individual call unit, more recent stsdmiave highlighted the role that call
combinations play in primate vocalisations. Theselies have revealed that several
primate species are able to modify the structureatifsequences in a way that alters
the information conveyed to receivers (e.g. Canijgbehonkeys, Cercopithecus
campbelli,Ouattara et al., 2009a, b; putty-nosed monk&escopithecus nictitans
Arnold & Zuberblhler 2006a, b, 2008; gibbolfylobates lar Clarke et al., 2006).
For instance, male putty-nosed monkeys produceatvanistically distinct alarm call

types (‘pyows’ and ‘hacks’) mainly in response ¢émpards and eagles respectively

11



(Arnold & Zuberbuhler, 2006a). As well as producitigese calls singly or in
homogeneous call sequences, males also regularpine these two calls together
into ‘pyow-hack’ sequences. Subsequent playbaclermxgents have demonstrated
that hearing pyow-hack sequences triggers groupememt in the receivers,
indicating that combining the two calls togethearmes the information conveyed to
receivers. In Campbell’s monkeys, Ouattara andceaglies (2009a) have shown that
males regularly combine different call types intoleast nine context-specific call
sequences. In the alarm calling context alone, snalere shown to produce four
different stereo-typed call sequences to crowneglesaand three to leopards,

depending on how the caller learned about the poedgresence.

Whilst changing the composition of call sequenceay mepresent one means to alter
what information is conveyed, other primates app&arhave evolved more
probabilistic calling systems, where modifying ttegative quantities of a call type
changes the semantic content of the longer sequénceexample, in two species of
Colobus monkey Golobus polykomosand C. guerezgy individuals produce two
different alarm call types in response to both &dp and eagles (Schel et al., 2009).
However, although both call types are producedoith Ipredator contexts, changes in
call numerosity and the structure of call phrasesiteen shown to relate to a range of
information about the event, such as predator tggsponse-urgency, or the caller’s
imminent behaviour (Schel et al., 2009). Subsequeayback experiments have
confirmed that changes in the probabilistic strrestaf Colobus alarm calls provide

meaningful information to listeners (Schel et 2010)

Currently, evidence for the use of call combinagiam apes is relatively weak. In a
study of gibbon song, Clarke and colleagues (2@0&)pared predator-induced and
normal songs, and found that predator-induced soogtined the same repertoire as
normal songs, but that there were reliable diffeesnin the way call notes were
combined together within songs. Although relevatdylpacks still need to be
conducted, observations of the responses of neighfgpindividuals have indicated
that these call sequences may be meaningful to deethey often responded with
their own matching song type (Clarke et al., 200@)wild chimpanzees, Crockford
and Boesch (2005) demonstrated the prolific usecaf combinations across a

multitude of different contexts. In this analydise authors investigated the types of
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combinations, the contexts they were produced mal their possible functions in
comparison to single calls. They found that alntaf of all calls were produced in
combination with others, documenting a total ofd@erent call combination types.
Furthermore, the contexts eliciting call combinasidiffered in five different ways
relative to those eliciting the component callsr Egample, some calls appeared to
have an additive function, enabling more than omecep of information to be
conveyed simultaneously. In another manner, comgimialls together appeared to
create a new meaning beyond that of its componalig. dVhilst more research is
needed, this study highlighted the considerablemni@l for vocal complexity in the
use of call combinations in apes. Ultimately, plkagk experiments are required to

demonstrate that the way calls are combined togetheeaningful to receivers.

Vocal communication and audience effects

Recent advances in our understanding of audierfeetgfin animal communication
have started to challenge the notion that vocabisatare hard-wired, motivational
responses that lack production flexibility (e.g.nfasello, 2008). The term ‘audience
effect’ refers to the manner in which signallerigmut is modified by the presence of
other individuals in the audience (Zuberbihler,@08udience effects are interesting
because they indicate that, at some level, siggaiee sensitive to the presence of
others. Furthermore, they can also indicate tlgatadiers may be capable of directing
their vocalisations at others, potentially alterthg behaviour of receivers in strategic
ways. In the domestic chicken, the production afdf@associated calls by males is
strongly influenced by the presence and compositiotheir audience. In a series of
studies, it was demonstrated that males prefetnpieoduce food-associated calls in
the presence of females, but not males, even sm@&in the absence of food (Evans
& Marler, 1994; Marler et al., 1986). The produatiof food-associated calls was
interpreted as a strategic courtship display, pteduspecifically to attract potential
mates, one of the first examples of tactical deoaptdocumented in animal

communication (Hauser, 1997).

Audience effects have been demonstrated in a rahgeimals and birds, including
primate species. Male Thomas languisegbytis thomasishow an exceptional level
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of audience awareness by continuing to producematzalls to a model tiger until
every single individual in the entire group hasliegpwith at least one alarm call
(Wich & de Vries, 2006). In chimpanzees, victims agfonistic attacks exaggerate
recruitment screams when potential allies are ie #udience (Slocombe &
Zuberbuhler, 2007). This result suggested that pahmees may be strategically
modifying their vocal production to maximise chasa# eliciting support. Whether
such calls are actually intentional is a mattercohsiderable debate and certainly

requires further empirical attention.

Food-associated calls

Numerous bird and mammal species produce distowdlisations upon the discovery
of food. Typically, these calls attract other graupmbers to the food source and thus
appear to play a role in social recruitment (Wi#don & Boughman, 1998). The
production of food-associated calls is especialbymmon in social species that
aggregate together at common nesting and feedieg) imong bird species, socially
flocking house sparrowsPésser domesticisand ravens Gorvus corax produce
food-associated calls that attract conspecificsthi food source (Elgar, 1986b;
Heinrich & Marzluff, 1991). Socially foraging cliffwallows Hirundo pyrrhonota
produce an acoustically distinct ‘squeak’ call that only used when food is
discovered and serves to recruit conspecifics édfidlbbd source (Brown et al., 1991).
In Carolina chickadees6ecile carolinensjs individuals vary the acoustic structure
of their food-associated calls depending on whetheonspecific has joined them to
feed. Subsequent playbacks revealed that their-ésedciated calls attract more
foragers than other types of calls given by indmald joining the caller (Mahurin &
Freeberg, 2009).

The production of food-associated calls is partidylwidespread in primates. Food-
associated calls have been described in numeragespof capuchins (e.g. white-
faced capuchinsCebus capucinysBoinski & Campbell, 1996; tufted capuchins,
Cebus apella nigritusDi Bitetti 2003), macaques (e.g. Toque macaqiscaca

sinica Dittus, 1984; rhesus macaquédacaca mulatta,Hauser et al., 1993a, b),

tamarins (e.g. golden-lion tamarihsgontopithecus rosalidBenz et al., 1992), as well
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as spider monkeysAfeles geoffroyi Chapman & Lefebvre, 1990), marmosets
(Callithrix geoffroyi Kitzmann & Caine, 2009) and chimpanzees (Slocor&be
Zuberbuhler, 2005b).

In terms of function, the production of a signahtthattracts potential foraging
competitors to the caller’s feeding site seems sdmaé paradoxical. However, for a
signal to evolve, especially one apparently so gest in the animal kingdom, the
benefits to call production must ultimately outweithe costs. Indeed, results from
studies on a range of different species have itelicéhat there may be various
benefits to attracting foraging conspecifics. Immte of direct foraging benefits,
recruiting conspecifics to the feeding source matyesto decrease risks of predation,
either by dilution or increased vigilance (Caineakf 1995; Elgar 1986b; Newman &
Caraco 1989). This appears to be especially impbiftar socially foraging birds,
which are particularly vulnerable to predation. rAtting conspecifics may also
benefit the forager in terms of manipulation of t#e®d patch. For example, in
colonially nesting cliff swallowsHirundo pyrrhonota) that feed on insect swarms,
attracting more foragers may increase the chandbeoinsects’ movements being
tracked (Brown et al., 1991). As a consequencesitealler may accrue the benefit
of being able to exploit the same insect swarmldager than if they were foraging
alone. In other species, callers may receive foadienefits by recruiting foragers
who can assist in the cooperative defence of ressufHeinrich & Marzluff, 1991,
Marzluff & Heinrich, 1991; Wilkinson & Boughman, 28).

In addition to foraging benefits, signallers magaige other social and reproductive
rewards by attracting conspecifics to the food seuAs described, male chickens
call more in the presence of females, somethingighbto be part of a courtship
display to attract potential mates (Evans & Marl&94; Marler et al.,, 1986).
Likewise, in bonobosHan paniscus the production of food-associated calls by
males has been shown to attract females to thedoorte, who subsequently engage
in copulations with them (van Krunkelsven et aB98). Reproductive benefits may
also work at the level of maintaining an assocratoth long-term mating partners.
For instance, Pinyon jay§&ymnorhinus cyanocephalere sensitive to the presence
of an audience and call more when their long-teratenis present compared to non-
mates (Dahlin et al., 2005).
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As well as gaining direct reproductive benefitgnsillers may also receive indirect
benefits, through kin selection, by alerting kinacfood patch (Hauser & Marler,
1993a; Judd & Sherman, 1996). In brown capuchsb(s apelly for example,
individuals call more for larger audiences contagnkin compared to non-kin (Pollick
et al., 2005). However, audience effects are noiays solely restricted to the
presence of kin members or mating partners. In wifted capuchins, individuals
vary the latency to call as a function of the pnoixy of other group members (Di
Bitetti, 2005).In a recent study of wild male chimpanzees (Slocembal., 2010Db),
males were shown to be sensitive to the composdfaheir audience, calling more
and recommencing calling upon the arrival of theng-term allies. It was suggested
that the enhanced production of food-calls in thesence of long-term allies may
strengthen affiliative ties with coalition partners

Whilst attracting conspecifics appears to be thenrfunction of food-associated calls,
there may be other factors underlying call productiFor example, it was shown that
rhesus macaques are less likely to receive aggrefgim higher-ranked individuals
if they announce their food discovery, rather themaining silent (Hauser & Marler,
1993b). It was concluded that these calls may tbeeannounce food ownership as a
means to reduce threats of punishment from higlreked individuals (Hauser, 1992;
Hauser & Marler 1993b). In white-faced capuchihg, production of food-associated
calls regulates spacing between foragers, therauyedsing foraging competition
(Boinksi & Campbell, 1996). In addition, a subsegfustudy of the same species,
involving naturalistic observations and food plaeatn experiments (Gros-Louis,
2004a), revealed that callers were less likelydaapproached or receive aggression
than non-callers, suggesting that calls may alsges® announce ownership and thus

to decrease aggression from other individuals.

Informational content of food-associated calls
Beyond their functional significance, food-assamiatcalls represent promising

candidates for investigating the information corestyn animal signals. As shown
previously, research across a variety of speciegdwealed that food-associated calls
provide different kinds of information about theotbencountered by the caller. This
may be in terms of food presence (Kitzmann & CaR{#)9), quality (Benz et al.,
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1992; Elowson et al., 1991; Gros-Louis, 2004b; RatisSnowdon, 2000), divisibility
(Hauser et al., 1993a) and quantity (Caine etlab5). In some studies, hearing food
calls attracts conspecifics to the food or playbackrce, indicating that these calls
are meaningful to them. Tufted capuchins approactpeaker more rapidly and
directly when food-associated calls are played amegh to when played a control
stimulus (Di Bitetti, 2005). Cotton-top tamarir8aguinus oedipQisthat are not given
food themselves, vocalise in response to food cdltbeir feeding mate, irrespective
of whether the food or mate is itself visible (Rous Snowdon, 2000). Furthermore,
in marmosets, playing back food calls elicits aoréase in foraging and feeding,
indicating that these calls provide information abimod presence itself (Kitzmann &
Caine, 2009).

In several monkey species, individuals have beenvsho vary the rates of food-
associated vocalisations in a way that providesrinétion about the quality and
guantity of food (e.g. golden lion tamarins, Benale, 1992; Benz, 1993; cotton-top
tamarins, Roush & Snowdon, 2000; Elowson et al9119vhite-faced capuchins,
Gros-Louis, 2004a, b and red-bellied tamarBesguinus labiatysCaine et al., 1995).

Variation at the level of the calls’ acoustic masflgy may also code information

regarding the food encountered by the signallers Tihs so far been demonstrated in
the food calls of rhesus macaques (Hauser & Mad&93a) and chimpanzees
(Slocombe & Zuberbiihler, 2006). Systematic analiisis revealed that chimpanzee
‘rough grunts’ provide semantic information abol tsignaller’s preference for the

food (Slocombe & Zuberbuhler, 2006). In a natutaliplayback experiment, a focal

chimpanzee was shown to use information providethen food-associated ‘rough

grunts’ of other group members to successfully to¢he food item associated with

their calls (Slocombe & Zuberbuhler, 2005b).

Copulation calls

Another promising topic for investigating animalcab complexity is the study of
vocalisations produced during mating events. Nuoeetamrds and mammals produce

vocalisations in association with this context. $ome species, females emit
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vocalisations known as ‘oestrous calls’. Oestroabscmay be produced across a
female’s phase of sexual receptivity, in a rangeaftexts, rather than being tied to
the copulation event specifically (e.g. woolly sgid monkeys, Brachyteles
arachnoids, Milton, 1985; lion-tailed macaque$facaca silenus Lindburg 1990;
gelada baboons,Theropithecus gelada Moos-Heilen & Sossinka 1990; see
Montgomerie & Thornhill, 1989, for other mammalsdabirds). For example, in a
study of pig-tailed macaqueBlécaca nemestrinaonly 19% of female oestrous calls
were produced during copulations, and although 28éte produced within 30
seconds of the copulation, 55% were produced ierotlontexts (Gouzoules et al.,
1998).

In contrast to oestrous calls, some species prodigtmct vocalisations, known as
‘copulation calls’, which are restricted purelyttee mating event itself (e.g. African
elephantsl.oxodonta africanaPoole et al., 1988; lionRanthera lep Schaller, 1972;

elephant sealsMirounga angustirostris Cox & LeBouef, 1977). Copulation calls
may occur at onset, during and immediately aftgsuation, although they most
typically occur during the latter stage of the dagion (Gouzoules et al., 1998;
Hamilton & Arrowood 1978; Hohmann & Herzog 1985;Cdnnell & Cowlishaw

1994). In some species, copulation calls are predilny the male, that may call alone
or be accompanied by the female (e.g. rhesus masgiflacaca mulatta Hauser,

1993; little brown batMyotis lucifugus Barclay et al., 1979), although in most

species, it is more commonly the female that calls.

Female copulation calls are especially prevalentoragat Old-World primates
(Pradhan et al., 2006, see table 1.1), particulbotyspecies with multi-male and
multi-female groups, where females are promiscueng advertise receptivity with
pronounced sexual swellings (Dixson, 1998). AltHougenerally loud and
conspicuous, there is considerable variation inabeustic structure of copulation
calls across species. For example, in bab&apip sp.) and macaquév/iacacasp.)
species, copulation calls tend to be low-pitchedndtlike’ vocalisations, whereas in
chimpanzees Ran troglodytes and talapoin monkeysM(opithecus talapoip
copulation calls tend to be high-pitched series@tams and squeaks (e.g. Dixson,
1998).
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Table 1.1 Review of primate species in which copulationschave been described.

Species

Common name

Calling s

ex Reference

1. Miopithecus talapoin
2. Cheirogaleus medius
3. Tarsius bancanus

4. Cercopithecus mona
5. Cercopithecus solatus
6 Cebus apella

7. Chirpotes spp

8. Macaca sylvanus

9. Macaca fascicularis
10.Macaca nemestrina
11.Macaca mulatta
12.Macaca tonkeana
13.Macaca radiata
14.Macaca silenus
15.Macaca cyclopsis
16.Macaca thibetana
17.Colobus badius
18.Cercocebus atys
19.Cercocebus albigena
20.Cercocebus torquatus
21.Cercocebus galeritus
22.Cercocebus sanjei
23.Papio cynocephalus
24.Papio hamadryas ursinus
25.Papio anubis
26.Papio papio
27.Hylobates hoolock
28.Gorilla g. berengei
29.Pan troglodytes
30.Pan paniscus

Talapoin monkey
Fat-tailed dwarf lemur
Bornean tarsier

Mona monkey
Sun-tailed monkey
Brown capuchin
Bearded saki

Barbary macaque
Long-tailed macaque
Pig-tailed macaque
Rhesus macaque
Tonkean macaque
Bonnet macaque
Lion-tailed macaque
Formosoan macaque
Tibetan macaque
Red Colobus

Sooty mangabey
Grey-cheeked mangabe
Collared mangabey
Tana river mangabey
Sanje mangabey
Yellow baboon
Chacma baboon
Olive baboon

Guinea baboon
Gibbon

Gorilla

Chimpanzee

Bonobo

Both
Female
Female
Female
Unsure
Female
Female
Female
Both
Female
Male
Female
Both
Female
Both
Both
Female
Female
y Female
Female
Female
Female
Female
Both
Female
Female
Both
Both
Female

Female

Gautier (1974)

van Schaik et &9¢)

van Schaik et al. (1999)

Glenn et al. (2004)

Gautier (1988)

van Schaik et al. (1999)
van Schaik et al. (1999)
Paul (1989)

Deputte & Goustard (1980)
Gouzoules et al.(1998)
Hauser (1993)
Aujard et al. (1998)
Hohmann (1989)
Hohmann & Herzog (1985)
Hsu et al. (2002)

Zhao (1993)

van Schaik et al. (1999)
Gouzoules et al. (1998)

Chalmers (1968)

van Schaik et al. (1999)
Dixson (1983)
Mwende & Dixson (unpub.)

Semple (2001)

Hall & DeVore (1965)

Hall & DeVore (1965)
Maestripieri et al. (2005)

Hamilton & Arrowood (1978)
Byrne & Whiten (1990)

Hauser (1990)

Thompson-Handler et al. (19¢

34).
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Functionally, copulation calls may promote the @l reproductive success via a
number of different mechanisms (table 1.2). Prialtyp copulation calls appear to
advertise the reproductive state or sexual recépif the female caller (Aich et al.,
1990; Engelhardt et al., 2004; Gust et al.,, 19%M@d8e & McComb, 2000). For
example, in long-tailed macaquédacaca fasciculariy playback experiments have
indicated that in addition to sexual swellings aplderomones, copulation calls
represent useful cues for males to assess fenmaledigctive status (Engelhardt et al.,
2004). Hohmann & Herzog (1985) proposed that femalse copulation calls to
advertise receptivity to other females, as a meéamshibit breeding synchrony. This
followed from evidence that in their study grouplomng-tailed macaques, only one
female came into oestrous and copulated at anytioree However, most studies of
other species have indicated that multiple femal@s be sexually receptive and
produce copulation calls simultaneously (Pradharalet 2006). Thus, for most
primates, it is more likely that copulation caltdvartise receptivity to potential mates
(Semple, 1998). By attracting the attention of po& mating partners, a female may
accrue both direct and indirect benefits of mateiad In this way, copulation calls
may incite male-male competition, either directha physical competition between
males (Cox & LeBoeuf, 1977), or indirectly, througjrerm competition (Harcourt et
al., 1981; O’Connell & Cowlishaw, 1994). By pronmadisperm competition, a female
may achieve reproductive benefits by increasingptiobability of being fertilised by
the best sperm or the most compatible genotyped@€ll & Cowlishaw, 1994).
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Table 1.2 Current hypotheses concerning the functional istgmce of primate

copulation calls (adapted from Maestripieri & Ron2§05 and Pradhan et al., 2006).

Hypothesis | Theme Functional significance R¢

1 Non-adaptive Non-adaptive by-product of sexual stimulation 1

2 Non-adaptive behaviour, under phylogenetic inertia 2

3 Self-stimulation of female ovulation 3-4

4 Stimulates ovulation/ orgasm Facilitates synchronised male & female orgasm

5 Strengthening pair bond 1

6 Female-directed Advertise to other females to inhibit breeding $yony 5-6

7 advertisement of reproductiyeAdvertise to other females to promote breeding byorty | 4

8 state /receptivity Advertises male presence to reduce female harassmen 7

9 Incites male-male competition (direct) 8

10 Honest advertisement of female reproductive status | 9

11 Male-directed advertisementHonest advertisement of receptivity by low-rank &es 10

12 sperm competition, parentaincites sperm competition for sons to inherit ‘beperm | 7

13 investment & protection from ncites sperm competition to promote paternity utziety | 7

infanticide & protection from infanticide

14 Promotes paternity certainty to promote mate goagrdi | 11
protection from infanticide

15 Promotes paternity certainty to promote parepfl
investment

! Hamilton & Arrowood, 19782

Henzi, 19967 Cheng, 1992* Semple, 1998’ Viljoen,

1977;® Hohmann & Herzog, 198%0’Connell & Cowlishaw, 1994% Cox & LeBoeuf,
1977;° Aich et al., 19907° Gouzoules et al., 1998 Todt et al., 1995

Producing copulation calls to promote sperm comipatiand polyandrous mating

may also serve as a behavioural counter-strategyitamise risks of infanticide

(Pradhan et al., 2006). This may be achieved bgthrbmoting paternity uncertainty

amongst potentially infanticidal males, or by entiag mate guarding in the consort

male (O’Connell & Cowlishaw 1994). Promoting mategling in the consort male is

consistent with the common fi

nding that femalesracee likely to call with dominant

males, the most likely perpetrators as well asmfes against infanticides by other

males (e.g. Tuomi et al., 1997). Risk of infantecid a significant threat for females
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of many species and appears to be an especialtyardl selective force in the
evolution of female behavioural strategies in ptesgSteenbeeck et al., 1999; Sterck
et al., 2005; van Schaik, 2000). In chimpanzeesafes are vulnerable to infanticide
by both males (e.g. Goodall, 1986; Muller et aDp?2) and females (Pusey et al.,
2008; Townsend et al., 2007). Therefore, by confysaternity through copulation
calling, a female may increase her chances of mgisiipport from a male, especially

during agonistic and infanticidal encounters.

Informational content of copulation calls
Research on several primate species has indichtadcopulation calls have the

potential to convey a considerable amount of inftron to listeners. Furthermore,
there is evidence that this information can inficeetheir subsequent mating decisions
and social behaviour. In Barbary macaguesdaca sylvanys female copulation
calls have been shown to convey reliable infornmasibout caller identity (Deputte &
Goustard, 1980). The encoding of caller identity Ao been demonstrated in yellow
baboon copulation callsPapio cynocephalys where it was also subsequently
confirmed by playback experiments (Semple, 2001y. derting males to her
presence, a female may attract potential mateg;hwiiay serve to incite male-male
competition and promote indirect mate choice (bg. increasing the quality or
guantity of partners). This could be an especialigful strategy for species where
more than one female is cycling simultaneouslyr(@ihn et al., 1996). In addition to
female identity, Semple and colleagues (2002) sdathat the acoustic structure of
yellow baboon copulation calls co-varied with tla@k of their male partner, as well
as the size of her sexual swelling (an approxiroageto her fertility status, e.g. Nunn,
1999). Similar effects of identity and partner ramkve also been demonstrated in
chimpanzees, although more precise hormonal asalgsealed that copulation calls

were not a reliable indicator of ovulation (TowndeB009; Townsend et al., 2008).

Likewise, although the acoustic structure of Baybaracaque copulation has been
shown to provide cues to sexual swelling size (Sem% McComb, 2000),

accompanying hormonal analyses using faecal antk wsamples (Deschner et al.,
2003; 2004; Heistermann et al., 2008) have revethlatithese calls do not reliably

indicate the point of ovulation (Pfefferle et akD08a). However, the acoustic
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structure of copulation calls was shown to co-uaity the occurrence of ejaculation
(Pfefferle et al., 2008a). This was confirmed imylack experiments, which

demonstrated that male subjects discriminated kyeoy from non-ejaculatory

matings and adjusted their subsequent decisionsppsoach the female to mate
(Pfefferle et al., 2008b). By providing informaticabout the success of the last
copulation as well as the rank of the male partpetential mates may be able to
acquire useful information that influences and potes a more successful mating
strategy (Semple et al., 2002).

Like their close relatives, the chimpanzees, bonfenaales also produce copulation
calls (Kano, 1992; Thompson-Handler et al., 1984)bonobos, copulation calls
consist of a single or succession of high-frequesgpyeaks and screams that usually
begin during the copulation (Kano, 1992; Thompsamdier et al., 1984). Bonobo
copulation calls are described as distinctive aadspicuously loud, two features
which suggest that these calls are advertising mali@s sexual receptivity to
bystanders other than just the male in question.addition to the standard
reproductive context of male copulation, bonobo dkgs also produce vocalisations
with female partners (Hohmann & Fruth, 2000; Kah892; Thompson-Handler et
al., 1984). The production of copulation calls rgly social contexts is not well
explained by current hypotheses, which solely foous their reproductive
significance. Whilst bonobos therefore represeninggresting species for studying
copulation calling, there are unfortunately no sgacexploring the reproductive and
behavioural patterns associated with these cailsthe possible variations in acoustic
structure. This provides a key motivation for twbtbe studies presented in this

thesis.

In conclusion, a growing body of evidence from aduth of studies highlights the
considerable complexity possible within animal Josgstems, especially among
primates. In particular, the presence of functipnedferential communication, call
combinations and audience effects indicates saphistl levels of underlying
cognition. Thus, although primate vocal communaratis certainly different to
human language, evidence of rudimentary forms ofasgicity, as well as other
capacities, such as syntax and audience sensitivity highlight the evolutionary

foundations of human communication within the prieneneage.
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Chapter two: Introduction to the study species - te bonobo

Summary
In this chapter, | introduce my study species,itbrobo Pan paniscus This chapter

provides a backdrop to my research on their voealbiour, the main topic of my
thesis. For many, bonobos represent one of thewsdkunderstood of the great apes,
thus | provide a comprehensive review about whatuisently known about their
ecology, social system and behaviour. | examing foeio-sexual behaviour in some
detail, as this represents one of the definingufeat of bonobo social behaviour and
also forms the foundation for the scientific raate for my studies of bonobo
copulation calls. 1 explore what is currently knowabout bonobo vocal
communication, from both a gestural and vocal pegtye. | also examine what has
been learned about the representational and coneativa skills of bonobos based on
studies of language-trained individuals. To conelud argue that although
considerable progress has been made investigatimpblo ecology and social
behaviour, current knowledge is still very limitedncerning their natural use of

communicative signals, particularly in the vocairdon.
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Morphology, demographics and socio-ecology

Bonobos Pan paniscusare a species of great ape, endemic to the etpldtrests

of the Democratic Republic of Congo. Bonobos ang pathe genud?an which is
composed of the bonobo and three genetically distnbspecies of chimpanzee: the
central Pan troglodytes troglodytgseasternRan t. schweinfurthjiand westernRan

t. verug chimpanzees (Becquet et al., 2007; Groves, 208011;1969). Chimpanzees
and bonobos represent our closest living relatigbsying approximately 99.4% of
their genetic makeup with humans (Wildman et &@03). Whilst more attention has
been typically focused on the cognitive and commainie capacities of the
chimpanzee, an understanding of bB#mn species is needed in order to construct a

balanced model of human evolution (e.g. de Wa&7}19

Bonobos are morphologically similar to chimpanzeed to the untrained eye, it is
often difficult to tell them apart. Although of silar height to some subspecies of
chimpanzee (73-80cm), bonobos are considerably msleraler (Wrangham, 1985)
and tend to have blacker hair and faces, as wgaks coloured lips (de Waal, 1997).
Like chimpanzees, sexual dimorphism is low in bammbwith captive males
weighing an average of 43.0 kg and females 37.@Ragish, 1994). Due to their
superficial morphological similarities, bonobos weonsidered to be a sub-species of
chimpanzee for many years. However, following mextensive anatomical analyses
by Coolidge in 1933, bonobos were eventually grnke status of being a distinct
species in their own right. Subsequent morpholadgibghavioural and genetic
analyses have confirmed this view, with curreninestions of the split between
bonobos and chimpanzees occurring more recentty Wwes previously assumed, at
around 0.9 million years ago (Won & Hey, 2005). &dcgenetic analyses, using
micro-satellite techniques, have again stronglypsuied the genetic subdivision of
bonobos from other species of chimpanzee, as vegehighlighting clear genetic
differences between the three chimpanzee subsp@=egquet et al., 2007).

Bonobos occupy the Cuvette Centrale region of eontlbR Congo, an area bordered
by four rivers: the Congo, Lualuba, Kasai and SamkRivers (Audenaerde, 1984,
Thompson-Handler et al., 1995, see fig. 2.1). Bnésa, occupying approximately 800

000 knf, is classified as primary and secondary lowlarmpital forest and is
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composed of four principal types of vegetationnfaiest, dry forest, swamp forest
and disturbed forest (Hashimoto et al., 1998). ddijh bonobos are principally
thought to inhabit these dense tropical forest tAédi recent studies in the Lukuru
region, in the Southern part of their range areaehrevealed that bonobos also
occupy forest mosaics and savannah lands (Myersapbon, 2002). In these areas,
Myers-Thompson reported numerous behavioural diffees, such as an increase in
bipedalism (Myers-Thompson, 2002). Such studieslight the behavioural and
ecological flexibility that bonobos, like chimpameze possess (Boesch et al., 2002).

CENTRAL AFRICAN REPUBLIC

A TANZANIA

Figure 2.1 Map illustrating the bonobo range within the DRn@o, Africa (created

by Christopher Auger for Bonobo Conservation Itike©, with permission).

Aside from these drier forest mosaic habitats e South, the dense forest habitat of
bonobos is known to be highly abundant in fruit dedbaceous food resources, as
well as having relatively low seasonality (Kano,929 Kano & Mulawa, 1984,

Malenky et al., 1994; White & Wrangham, 1988). Steatures appear to have had
considerable impact on their social structure, esnhe to discuss. The principal diet
of wild bonobos consists of ripe fruits, leaveswiers and terrestrial herbaceous
vegetation. In addition, bonobos have been obsdn/ednsume a range of other food
types, including animal proteins, honey and musm®de.g. Badrian & Malenky

1984; Bermejo et al., 1995; Kano & Mulawa, 1984)stkeam of more recent studies

26



has revealed that hunting and the consumption leérgprimate species and small
mammals is also fairly common, particularly in thegion of Lui Kotale, in the
Salonga Forest, DR Cony¢Fruth & Hohmann, 2002; Hohmann & Fruth 1993;
Surbeck & Hohmann, 2008; Surbeck et al., 2009).n(phainzees are known to be
active hunters, especially in some communities. (B@esch, 1999; Gilby, 2006;
Pruetz & Bertolani, 2007; Stanford et al. 1994)eTimding that hunting in bonobos
is frequent in some populations but not in otherg.(as well as in Salonga, hunting
has been observed regularly in the region of Waredye, 1992; but infrequently in
the Lomako forest, Badrian & Badrian, 1984) suppdinie argument put forward by
Stanford (1998), that some of the reported diffeesnin the diet and behaviour of
bonobos compared to chimpanzees may be an artéfeet fewer number of bonobo
study populations.

Social structure

In a similar way to chimpanzees, bonobos live ssibn-fusion societies, within
‘communities’ of up to fifty males, females and ithdependent offspring. They
inhabit loose home ranges of approximately 15-5@F.Khheir social structure is
characterised by male philopatry and female mignafFuruichi et al., 1998; Gerloff
et al., 1999; Kano, 1992), a pattern observedrmrerity of other primates (Sterck et
al., 1997; Sterck & Korstjens, 2000; Moore, 198H).bonobos,females typically
emigrate from their natal groups as they approaeRua maturity. Before
immigration, young nulliparous females go throughvandering stage’, where they
have weak bonding attachments with other group neesndnd opportunistically join
any party and community (Kano, 199After spending several years wandering
between other non-natal groups, females eventusdigle and integrate into a
community, typically composed of individuals untel&to them (Gerloff et al., 1999;
Hashimoto et al., 1996; Hohmann et al., 1999).dnti@ast, whilst males have been
known to occasionally disperse (Gerloff et al., 998t see Furuichi, 1989), they
generally remain within their natal groups, stayprgximate to their mothers, with

whom they form strong and enduring relationshipsiehi, 1989).

L All field sites for studies of wild bonobos areskd within the DR Congo, so | will henceforth omit
adding the country name when field sites are maeatio
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For species displaying male philopatry, inclusiiteefss theory predicts that males,
who are the most closely related to one anothewyldiform the strongest affiliations
and cooperate (Hamilton, 1963). This is indeedphgern observed in chimpanzees
(Goodall, 1986; Wrangham, 1986). Chimpanzee makesighly sociable; they form
strong affiliations with one another, develop albas and travel in male-biased
parties (Goodall, 1986, Mitani et al., 2000; Reysp/2005; Watts, 2002). Female
chimpanzees, on the other hand, who emigrate fhain hatal groups at adolescence
(Bygott, 1979), do not generally affiliate with oaaother and except during oestrus,
tend to avoid travelling in mixed parties with mglen order to reduce aggression and
increase foraging efficiency (Williams et al., 200 general, most wild female
chimpanzees remain semi-solitary for most of thieres, keeping with their
dependent offspring within overlapping core arédalgerin, 1979; Wrangham, 1979;
although see Langergraber et al., 2009; Lehmanmé&sBh, 2009).

Compared to chimpanzees and other male philopgpecies, bonobos show some
truly striking differences. Females are highly gregus and form strong affiliations
with other group members, despite being only dittamlated to them (Badrian &
Badrian, 1984; Furuichi, 1987, 1989, 2009; Hohmatnal., 1999; Kano, 1982;
Kitamura, 1983; Kuroda, 1980; White, 1988, 1989; /& Burgman, 1990). In
contrast to close female-female associations, male- relationships are generally
weak (Hohmann et al., 1999; Kano, 1992; Palagil.et2@04; Parish, 1994; White,
1996; although see Furuichi & Ihobe, 1994). Howeweale bonobos do form close
associations and alliances with females (FuruigBB9, 1997; Hohmann & Fruth,
2003a). In particular, adult males maintain esplyc@ose and enduring relationships
with their mothers, something which has been shtwvpositively influence their
dominance rank (Furuichi, 1989, 1997).

Dominance styles

For most of the year, female bonobos aggregate¢hegand forage in large, mixed
parties (Kuroda, 1984), sharing food as well agpsupmg each other in food defence
against males (Hohmann & Fruth, 1993; Hohmann et1899. The tendency for

bonobo females to aggregate and form affiliatiorts wne another, in the absence of
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genetic ties, is thought to underlie their gengradhhanced dominance status,
compared to female chimpanzees (e.g. Furuichi, Ra0 raised status of females is
further facilitated by the virtual absence of altes among males (de Waal, 1997,
Paoli et al., 2006a; Parish, 1994; White, 1996)val as the apparent lack of interest
of males in high status positions (Paoli et alQ&%). Unlike other great ape species,
the bonobo social system is described as femaketiand egalitarian (de Waal,
1995). Furthermore, although individuals may somef dominate others
aggressively (Hohmann & Fruth, 2003a), aggresssomelatively low in bonobos,
especially compared to chimpanzees, and their ictafare often settled in non-
agonistic ways (de Waal, 1987, 1995; Furuichi &J18p1994).

Whilst females regularly exhibit enhanced status arfemale typically occupies the
alpha position in a group, patterns of female damoe are dynamic and flexible

(Paoli & Palagi, 2008; Stevens et al., 2008; Veckaeet al., 2000a). In captivity,

linear hierarchies have been demonstrated for akwd#fferent groups (e.g. Franz,

1999; Paoli et al.,, 2006a; Stevens et al., 20088,72 Vervaecke et al., 2000a).
However, the steepness and linearity of dominameetthies have also been shown
to vary considerably amongst populations (e.g. &ts\et al., 2007). In general, rather
than being absolutely dominant over males, femalmidance appears to depend
upon both context and the formation of alliancaepeeially with high-ranked females

(Paoli et al., 2006a; Vervaecke et al., 2000a, hit®& Wood, 2007).

The flexible nature of female dominance appearbecaspecially true in the wild.
Individually, females in wild communities are mastmmonly shown to be equal to
males in terms of social status (Hohmann & Fru®Q3&; Furuichi, 1989; White,
1996). However, they acquire considerable powehiwithe context of foraging and
following the formation of alliances (White & Woo&@007). In the feeding context,
individuals can displace males to secure prioritgeas to the best feeding patches,
something which also extends to meat eating folhgnhunting (Hohmann & Fruth,
2008; White & Wood, 2007). Female dominance isrofteported to be much more
pronounced in captivity than in the wild (Stevernisak, 2007, 2008). It has been
suggested that raised levels of female dominancaptive settings may be attributed
to more frequent occurrence of competitive inteoast over food, the context in
which female dominance is at its strongest (Fuliufpérsonal communication).
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The formation of alliances strongly facilitates #rhanced status of female bonobos
in both the wild and in captivity (Vervaecke et, &000b; White & Wood, 2007). By
joining together in coalitions, female bonobos @k to dominate males and execute
considerable power within their groups (Hohmann é&tk, 2003a; Parish, 1996;
Vervaecke et al., 2000b; White & Wood, 2007). Aligh female-female coalitions
are particularly common, females may also join toge with males in order to
dominate other males (e.g. Hohmann & Fruth, 2002ayaecke et al., 2000b). The
formation of coalitions is exhibited in a variety @ontexts, from securing feeding
priority, instigating group travel and to providepport during conflicts (Furuichi,
1997; Parish, 1996; Vervaecke et al., 2000a; WRiteNood, 2007). Forming
alliances with established females appears esperiglortant for newly immigrating
females joining the group. This is demonstratedheyr overt efforts to affiliate with
high-ranked females, especially during the peribthtegration (Idani, 1991). Upon
arrival, newly immigrating females focus their hffiive behaviours toward this
female and in the case of party fission, will gatlgrremain proximate to her,
presumably so as not to lose this potential altiaiil, 1991). Against the possibility
that these targeted females are in fact relativdsrale immigrants (i.e. previously
immigrating sisters), genetic analyses have carsiist supported the assertion that
affiliative relations amongst females are not bagpdn kinship (e.g. Gerloff et al,
1999; Hashimoto et al. 1996; Hohmann et al., 1999).

Influences on bonobo sociality

Feeding ecology is also thought to play a pivotd rin the increased sociality of
female bonobos, as well as for the reduced levielggression within and between
groups (Furuichi, 2009; White, 1996, 1998; WhiteVRood, 2007). As mentioned
earlier, the equatorial forests of the Congo Baaie characterised by a high
abundance of large, dense food patches, with lascs®lity (e.g. White, 1988; White
& Wood, 2007). As a result of a year-round abunéaoicfood, bonobos experience
considerable reductions in both foraging competitind travel time between patches
as compared to chimpanzees (Furuichi, 2009; Furugthal., 1998; White &
Wrangham, 1988). The current opinion is that thte ecological factors may
promote the formation of female aggregations witlsirge, mixed foraging parties,

30



which are generally more stable than for chimpaszEaruichi, 1997, 2009; Nishida
& Haraiwa-Hasegawa, 1987; White, 1998; White & laany, 1992; White &
Wrangham, 1988). For example, a study of the sehdeeding ecology of wild
bonobos in the Lomako forest revealed that, althotltere was some seasonal
variation in fruit abundance, there was no periédood shortage in which large

foraging parties and female sociality were notitdagWhite, 1998).

Whilst evidence is lacking concerning the ecololgfeatures of the forests in which
bonobos first evolved, the current hypothesis ddxed feeding competition and
ecological predictability appears to fit most catently with patterns in their social
behaviour. For example, bonobos are more socialgrdant (Hare et al., 2007), they
value future food pay-offs less than chimpanzeesé@R et al., 2007), are willing to
share food (Hare & Kwetuenda, 2010, although segglaet al., 2010) and have
enhanced female sociality (e.g. Wrangham, 1993yeNbkeless, although providing a
useful evolutionary framework, the socio-ecologiapproach does not fully explain
why comparative shifts towards more pro-socialgrag of sociality have not been
observed in other chimpanzee communities livinfpnests that are also characterised
by super-abundance. For example, the Budongo fddgsinda, is also known to have
highly abundant food resources (Reynolds, 2005yeNbeless, females chimpanzees
living in communities within this forest remain salty isolated and both male-led

and female-led infanticides are not infrequent.(€agvnsend et al., 2007).

Whilst testing these socio-ecological hypothesdgeaa remains challenging, patterns
in the current socio-ecological behaviour of borlappears to have considerable
explanatory power when examining their behaviowatl ranging strategies. For
example, the notion put forward by van Hooff and Viachaik (1994), that male
ranging patterns are influenced by female distitsutand patterns of oestrous,
appears to be consistent with male bonobos. VanffHoul van Schaik (1994)
suggested that for species with females living angé or loose aggregations,
monopolisation of females by males would be imgadesir meaningless. In bonobos,
males range more independently and although thaymaxed-sex parties, they often
remain at the periphery and are not able to momep&males (Furuichi et al., 1998;
White, 1988). In comparison to males, bonobo female more gregarious and tend

to join mixed-sex parties more readily (Furuich®8Z; Kano, 1982; White, 1988;
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White & Wrangham, 1988). Cohesive female rangimgtsgies appear to favour the
more flexible, and often solitary, ranging straésgin males (White & Lanjouw,
1992). For example, long term observations of na@ld female ranging patterns in
the Lomako forest have revealed that during pamyel, males frequently travel
alone, in front of the main female-biased party ({#/h1998). Upon discovery of
feeding sites, males may compete amongst themselvgain priority access before
the females arrive. Consequently, the male whoshasessfully retained his position
at the feeding site is able to both copulate watmdles arriving at the feeding site, as

well as gain improved foraging opportunities.

Reproductive factors relating to female physiol@gy behaviour may also promote
the enhanced status of females in bonobo sociaty.ekample, bonobo females
exhibit an especially prolonged period of oestromisipared to other primates, both in
terms of extended swelling cycles (Dahl, 1986; kimy 1987) as well as in the
duration of the peak swelling phase (Blount, 198&hl, 1986; Furuichi, 1987;
Thompson-Handler et al., 1984). A consequence 0$ throlonged perineal
tumescence appears to be extended female atttpgfwiruichi & Hashimoto, 2004)
and a presumably heightened sexuality (Wranghanm93)19With prolonged
attractivity, females may experience extended nwteice, which consequently
promotes an elevation of their social status (Whaing, 1993). In this way, prolonged
oestrous is thought to underlie the formation ofrenstable and mixed foraging
parties (Furuichi, 2009). In addition, the factttfemales conceal ovulation and mate
promiscuously (Paoli et al., 2006b) may also actdaman apparent lack of interest
that male bonobos have in high status positionsndfes are not able to dominate
females during oestrous periods, there may beddaptive benefits for males to be

aggressive and compete for the high-ranked pogitrangham, 1999).

Females also appear to gain additional social palreugh the formation of strong
and enduring bonds with their adult sons (Furui@d®89; 1997; Furuichi & Ihobe,
1994; Hohmann et al., 1999). For example, resubts flong-term studies of the wild
bonobos at Wamba revealed a close link betweerddhanant males and females
within each group, with alpha females often beihg mothers of the alpha males
(Furuichi, 1989). For both mothers and sons, tlkesm to be a number of social and

reproductive benefits to remaining affiliated (Fahi, 1989). For example, mothers
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and sons may receive benefits of gaining coalitipnaupport. In terms of

reproductive benefits, a recent study of wild ba®bin the Salonga forest
demonstrated that the presence of the mother s®ede&er son’s mating success
(Surbeck et al., 2010). Behavioural observatiomkcated that mothers achieved this
either by intervening into the matings of other @salor by increasing their son’s
access to oestrous females by themselves remagmoxgmate to them (Surbeck et
al., 2010). Such a strategy not only promotes ihectdreproductive success of the
son, but also provides indirect reproductive begetd the mother, via her son’s

mating success.

Cognition and social tolerance

From a cognitive perspective, most of what is knoabout bonobos is based on
comparisons with chimpanzees (Hare, 2009). Generainobos and chimpanzees
have been shown to perform comparably in a rangmghitive tasks, especially for
those dealing with the physical world (Herrmanalet2010). They show competency
in tasks concerning spatial memory, object permemespatial transposition and
discriminating quantities, as well as problems lygcal causality (Herrmann et al.,
2010). In the domain of tool use, experimentalstésive shown that chimpanzees are
more competent tool-users than bonobos (Herrmannalgt 2010), although
observations in captivity have indicated their iéibs are actually comparable (Gruber
et al., 2010). However, in contrast to chimpanzees) have been shown to be
sophisticated tool users in a number of communitiethe wild (e.g. Whiten et al.,
1999), there have only been reports of very limitedl use in wild bonobos
(Hohmann & Fruth, 2003b; Ingmanson, 1996). Curkentlis still unclear whether
the relative absence of tool use in wild bonobaglights a fundamental difference
between the twdPan species, or rather inadequate sampling of diffetmmobo
communities occupying a range of ecological habitgt.g. Hohmann & Fruth,
2003b).

Whilst bonobos and chimpanzees appear to demamst@nparable abilities in

regards to social learning (Herrmann et al., 20fligre appear to be some striking
differences in other aspects of their social cognitin experimental tasks, bonobos
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have been shown to be more socially tolerant coetpsr chimpanzees, something
which appears to facilitate their greater perforogam co-operative tasks (Hare et al.,
2007). Hare and Kwetuenda (2010) also found thatobos are surprisingly

motivated to share food with one another, evermatcbst of losing food themselves
(although see Jaeggi et al.,, 2010). Bonobos has@ laen shown to have greater
capacities in some social and theory of mind rdlagesks, something that is thought
to relate to evidence of more cautious/nervous &mpents compared to

chimpanzees (Herrmann et al., 2010). Unlike chirapang, that have been shown to
become increasingly less tolerant as they grow adaolthood, bonobos appear to
retain juvenile levels of social tolerance as al(Wobber et al., 2010). This is also
reflected in their tendency to engage in partidylaigh levels of play, a behavioural

trait which tends to be maintained into adulthoPdlégi & Paoli, 2007). Enhanced
levels of social tolerance as well as increase@l$ewof play are also thought to

contribute to their apparently dampened levels girassion, with social tolerance
promoting cooperation, food sharing and a more gfedco-existence between group
members (de Waal, 1995; Hare & Kwetuenda, 2010).

Sexual behaviour

Enhanced social tolerance and reduced levels akagign are thought to relate to the
frequent performance of socio-sexual behaviourddyobos (e.g. de Waal, 1987).
Bonobos exhibit an exceptionally rich and heightersecio-sexuality, with sex
frequently divorced from biological reproductionlie used socially (de Waal, 1987,
1989, 1995; Furuichi, 1989; Hashimoto, 1997; Hohmé&nFruth, 2000; Idani, 1991,
Kano, 1989; Thompson-Handler et al., 1984; Whi@9a). Sex is freely incorporated
into the daily lives of bonobos, with individualsefuently engaging in sexual
interactions in all age and sex combinations. Boni@males remain sexually active
across their sexual cycles and, unlike most otmengtes, often engage in sexual
interactions in which they face their partner vententrally (e.g. Kano, 1992; Paoli et
al., 2006b; Thompson-Handler et al., 1984). Soeiual behaviour appears to serve
as a kind of ‘social grease’ that alleviates temsiod facilitates peaceful co-existence
and affiliation between group members, who gengtaltk close genetic ties (Fruth
& Hohmann, 2006).
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Whilst other species of apes and monkeys also enigalgomosexual genital contacts
(e.g. chimpanzee®an troglodytesAnestis, 2004; gorillag;orilla gorilla, Fischer &
Nadler, 1978; orangutanBpngo pygmaeusan Schaik et al., 2003; capuchi@gbus
capucinus Manson et al., 1997), bonobos are the only pensaecies that performs
socio-sexual behaviours habitually, both in thedwanhd in captivity. (e.g. Blount,
1990; de Waal, 1987; Kano, 1980, 1989, 1992; Kurd®80; Mori, 1983; Parish,
1994; Thompson-Handler et al., 1984). Sexual ictevas between females are
known as ‘genital contacts’, whereby two individi@mbrace one another ventro-
ventrally, whilst swinging their hips laterally, é@ng their vulvae in contact
(Hohmann & Fruth, 2000; Kuroda, 1980; see fig 2I2)e majority of genital contacts
occur within the feeding context, although they also performed during periods of
social tension/conflict, inter-group interactiomsdaduring play (de Waal, 1987; Fruth
& Hohmann, 2006; Hohmann & Fruth, 2000).

Figure 2.2. Photograph showing a homosexual genital contatdsn two female

bonobos, taken at Lola Ya Bonobo Sanctuary, D Rg8¢photograph by Z. Clay).

There appear to be numerous social and communrechtictions to genital contacts
in female bonobos (de Waal, 1987; Hohmann & Fr@®00; Wrangham, 1993).
Regulation of social tension is one of the most wamly ascribed functions (e.g. de
Waal, 1987; Hohmann & Fruth, 2000; Kano, 1989).sTfallows Hanby's (1977)
more general prediction that socio-sexual behasiounon-human primates are used
to regulate social stress (see also Vasey, 1985poth the wild and in captivity,

studies have shown that rates of genital contactease significantly during periods
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of social instability and tension, occurring mostrenonly during feeding, but also
after conflict and during inter-group encountere (/aal, 1987; Furuichi, 1989;
Hohmann & Fruth, 2000; Kano, 1989; Parish, 1994n&tm et al., 1997).

One obvious, but nevertheless, difficult questimanaerns why a behaviour that
appears to alleviate social stress, has becomdyfiemtrenched in the behavioural
repertoire of bonobos but not so in other primaRsest of the answer may lie in the
fact that bonobo societies are composed of aggoagaof closely affiliated females

and males who, aside from mothers and sons, ardymowelated to one another

(Gerloff et al.,, 1999; Hohmann et al., 1999). Thésese genetic ties presumably
enhance the potential for social stress betweenpgnembers and consequently, a
need to employ additional mechanisms to alleviatéde Waal, 1987). Thus, in

addition to grooming, the classic behavioural meadra for reducing stress in social
animals, bonobos appear to use socio-sexual ini@nacas another avenue to
lubricate their social relations and facilitate ithpeaceful co-existence with other
group members (Fruth & Hohmann, 2006).

Whilst the stress-regulation hypothesis appearst mossistent with observational
evidence, results from a recent hormonal study hadiated that the relationship
between socio-sexual behaviours and stress regulatay not be as direct as has
been previously assumed. Hohmann and colleagu@9) 2€sted the stress regulation
hypothesis by examining levels of salivary cortisel hormonal marker of stress,
during tense social situations. In this captivedgiuates of female genital contacts
and accompanying cortisol levels were comparedbfaseline data and matched
samples in contexts where food access was restri¢thilst they found a temporal
relationship between genital contacts and cortisekls, particularly during the
anticipation of food, the authors found no cledatrenship between higher genital
contact rates and a greater decline in cortisal¢éevrhus, although the authors did
not discount the physiological link between genttatacts and stress reduction, their
results suggested that the causal relationship nmybe as strong as has been
previously assumed. This study did however suffe@mftechnical limitations, both in
small sample size and collection techniques, inhgahat further work is needed.
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It has also been suggested that genital contacyshela to increase social tolerance
between individuals, which serves to facilitate dogharing and access to preferred
food patches. For example, studies in both the \{ldroda, 1980, 1984) and in
captivity (Manson et al., 1997; Parish, 1994) hdemonstrated that females are more
likely to co-feed in desirable food patches andhdaod from other individuals after
engaging in genital contacts with them. In foodrsttaand social tolerance studies,
Hare and colleagues reported that bonobo subjeetpidntly engaged in sexual
behaviours during testing (Hare et al., 2007; Hatewvetuenda, 2010).

Bonobos habitually engage in homosexual genitaltamts following conflict,

something that suggests that genital contacts nay @ role in reconciliation (de
Waal, 1987, 1995; Hohmann & Fruth, 2000). For examm a captive group, de
Waal (1995) found an overall increase in socio-aékehaviours following agonistic
interactions. In a study of wild bonobos in Lomd&gest, Hohmann and Fruth (2000)
compared rates of genital contacts before and afieflict, and found a threefold-
increase in genital contacts after conflicts thaiorpto them. Nevertheless, whilst
genital contacts may facilitate reconciliation, th&st majority of genital contacts
actually occur independently of agonistic encoun{etohmann & Fruth, 2000; Kano,
1980), suggesting that reconciliation is unlikety ie a primary function of this

behaviour.

Sexual interactions also appear to be importaestablishing and maintaining social
relations between females (Furuichi, 1989; Hohmé&nRruth, 2000; Kano, 1980;
Kuroda, 1980, 1984; Parish, 1994; White & Lanjou¥92). In particular, the
performance of genital contacts appears to be itapbfor the integration of newly
immigrating females. During the immigration periagmigrating females frequently
engage in sexual interactions with other group mes)bparticularly focusing their
sexual behaviours onto a particularly establishemiale within the group (ldani,
1991). The performance of genital contacts in toatext may not only serve to
facilitate affiliation between unknown group mengyerbut also to alleviate
presumably high levels of social stress provokedhieyarrival of a new, nulliparous
female into the group. However, whilst genital @m$ may bring affiliative benefits
to subordinates, this hypothesis does still notarpvhy established, high-ranking

females also participate in this behaviour. Moreknexploring the rank-related social
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benefits of genital contacts is required to furthemderstand inter-individual

motivation.

Rank-related asymmetries in the performance oftgeoontacts have also indicated
that genital contacts may be a means for indivelt@lcommunicate social relations
and express social status (de Waal, 1995; Hohmaniarugh, 2000; Wrangham,
1993). Genital contacts most frequently occur betwpartners of different social
status: they are initiated mostly by subordinatesp frequently target dominant
females (Hohmann & Fruth, 2000; Parish, 1994, 19%&ithermore, during the
performance of the genital contact, the highemstaiemale typically takes the
‘mounter’ position on top of the other female (bbas: de Waal, 1987; Hohmann &
Fruth, 2000, although see Paoli et al., 2006b; pttailed macaquesiMacaca

arctoides Goldfoot et al., 1980). For high-ranking femalasg¢epting and performing

genital contacts may serve as a low-cost meandvtertise their superior status.

Reproductive behaviour versus socio-sexual behaviou

Due to their heightened levels of socio-sexualiynobos have acquired the
reputation of being extremely sexually active inmgarison to chimpanzees.
However, in terms of viable reproductive eventsalgses of their copulation rates
and oestrous cycles indicate that bonobos do nttakl have offspring more
frequently than chimpanzees, nor do they copulateenfrequently during oestrous
(Furuichi & Hashimoto, 2002, 2004; Takahata, 199®)ese differences in copulatory
rates can be accounted for by the fact that, afthdemale bonobos copulate more
across the swelling cycle than chimpanzees, they @pulate more during the non-
swelling phase (e.g. Dahl, 1986; Furuichi, 1987pmpson-Handler et al., 1984). In
contrast, chimpanzees exhibit a sharper increaseopulations during the peri-
ovulation period (Wrangham, 2002). Furuichi and Hie®to (2002) suggest that the
relatively lower copulation rate of bonobos durithg oestrous period may reflect
differences in their oestrous cycles during intethb intervals compared to
chimpanzees. Bonobo females spend a greater piapart time in oestrous during
inter-birth intervals in comparison to chimpanz€gsruichi & Hashimoto, 2002;
Paoli et al., 2006b). They also have longer swgllaycles and periods of peak
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swelling (Blount, 1990; Dahl, 1986; Furuichi, 1987/ emale bonobos may be
therefore less eager to copulate during oestrousdsethan chimpanzees, as their
time window available for conception is less linditéFuruichi & Hashimoto, 2002,
2004).

Bonobo communication

Although there has been considerable progress derstanding the evolutionary
roots and patterns of bonobo ecology and behaviauch less is known about how
bonobos communicate with one another. Whilst thealmer of studies is relatively
low, especially compared to chimpanzees, the nestian outlines what is currently

known about gestural and vocal communication inobos.

Gestural communication
Compared to facial expressions and vocalisatiomsciware considerably more fixed

and under less volitional control, gestures araigho to be used more flexibly and
therefore have potential for communicative comgiefe.g. Arbib et al., 2008). They
may be used intentionally, with meaning emergingmfra dynamic interaction
between context and signal (Pollick et al., 20@)rthermore, combined use of
gestures with vocalisations and facial expressi@ssthe potential to further enhance

the level of communicative complexity (Pollick & d¢aal, 2007).

Bonobos have been shown to use a considerable afrggstures to communicate
with others in flexible and dynamic ways (Pollickde Waal, 2007; Pika et al., 2005).
Whilst numerous gestures have been documentedidiestof wild populations (e.g.

Badrian & Badrian, 1984; Ingmanson, 1996; Kano,98uroda, 1980), the most

extensive studies of bonobo gestural communicaimre been conducted in captive
settings (Pika et al., 2005; Pollick & de Waal, 20Gavage & Bakeman, 1978;
Savage-Rumbaugh et al., 1977).

De Waal (1988) provided the first ethogram desnghthe gestural as well as vocal
repertoire of bonobos, based on a captive grougdtat San Diego Zoo. De Waal

described 15 distinct gestures, many of which wialeed to specific contexts. The

39



majority of these gestures were classed as imperatieaning that they were used to
get another individual to change its behaviour. (oehelp attain a goal; Bates, 1976).
For example, the arm-waving gesture (stretch argh hnto air and wave, with
concave back) is used by males as a sexual ioitiagignal to females (de Waal,
1988).

More recent studies, using a tighter definitiontbé term ‘gesture’, have since
extended the repertoire and have highlighted thasiderable flexibility and
communicative complexity of bonobo gestures (Pikale 2005; Pollick & de Waal,
2007). For example, Pika and colleagues (2005) meoated a total of 20 different
distinct gesture types which occurred in threeetddht modalities, across a range of
contexts. A study on gestural communication dupfay revealed that bonobos use
gestures to communicate intention (Pika & Zubereijt2008). In this study, juvenile
bonobos interacted in a social game with humangoages. During this interaction,
the caregiver unexpectedly paused the game andast faund that bonobos used
gestures to communicate their intention to contiand remain engaged with their

play-partner.

Vocal communicatiarA graded vocal system
As with gestures, de Waal (1988) was the first xtemsively describe the vocal

system of bonobos, comparing it to the vocal syst@mviously reported for
chimpanzees (Marler & Tenaza, 1977; van Hooff, }9T8 Waal described the
bonobo vocal system as highly graded, with sintiksito the graded vocal system of
chimpanzees. The graded nature of an animal voséém refers to the scaling of
acoustic similarity between call types. A gradedalosystem lies at one end of a
continuum, with discretely organised call typedhat other. For example, capuchin
monkeys Cebus capucinyshave a discrete system of vocal communication with
acoustically distinct call types, such as a ‘like’ greeting signal (Boinksi &
Campbell, 1995). Graded vocal systems have beerided in numerous primates,
including chimpanzees (Marler, 1976; Marler & Temai977; van Hooff, 1973),
baboons Papio cynocephalus ursinuBischer et al., 2001) and red colobus monkeys
(Procolobus badiusMarler, 1970). Though considerably more diffictdt describe
systematically, the acoustic variation presentradgd signals has the potential for
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considerable communicative complexity. This is esly so if a tight relationship
exists between context production and signal geafiharler, 1977), and if receivers

are able to perceive graded signals categorichiyiger, 1998).

Compared to chimpanzees, bonobos produce vocahsathat are generally much
higher in pitch (de Waal, 1988; Mitani & Gros-loui995). A number of anatomical
and social differences, related to the presenceofenous characteristics, are thought
to explain the raised pitch of bonobo vocalisatioks well as being smaller in body
size, bonobos show juvenilised features in theanicmorphology (Cramer, 1977)
and in regions surrounding the basicranium (Laitn@&arHeimbuch, 1984). Size
differences, particularly in the area of the cramiware likely to give rise to related
variations in laryngeal mechanisms and vocal ttaogth (Mitani & Gros-Louis,
1995). In addition to anatomy, social differencearty cohesion may also influence
the evolution of vocal pitch in bonobos comparedchimpanzees. For example,
bonobos typically travel in more stable and cohegiroups compared to chimpanzees
(e.g. Nishida & Hiraiwa- Hasegawa, 1987). Consiugthat higher frequency sounds
attenuate more rapidly than lower frequency soufWley & Richards, 1978),
enhanced levels of social dispersion in chimpariaesgging parties may have acted
on the selection of low-pitched vocalisations inngbanzees due to their more
efficient long-distance transmission (Mitani & G+bsuis 1995). Likewise, in another
species of great ape, the oranguf@ongo pygmaeussolitary males range over large
distances and emit low-pitched loud calls for comioation with other orangutans.
The emission of low-pitched vocalisations is reedifor effective sound transmission
over long-distances, thus enabling males to betiitirie to both females and other
males (Delgado, 2007; Setia & van Schaik, 2007).

Vocal Repertoire
The bonobo repertoire, as described by de WaalB)1@8composed of 12 main vocal

types. These include three hoots, (‘high hoot'ntest hoot’, ‘low hoot’), three peeps
(‘food peep’, ‘alarm peep’, ‘peep-yelp’), two barksvieew bark’, ‘whistle bark’) as

well as grunts, pant laughs, pout moans and scréseestable 2.1). It is likely, and
was suggested by de Waal, that much greater \@ri&xists within each of these
broader call categories than was actually docunderthough bonobo vocalisations
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are generally higher in pitch than chimpanzeestéii& Gros-Louis 1995), there are
numerous parallels in both the acoustic form andecdual usage (table 2.1). This is
perhaps unsurprising considering the very recewplogenetic divergence of bonobos
from chimpanzees (Won & Hey, 2005). For exampleat paughs, pout moans, low
hoots, and wieew barks showed considerable ovamldoth their acoustic structure
as well as their contextual usage with those ofmglainzees (although the bonobo
wieew bark is known as a ‘woaow bark’ in chimparsze&an Hooff, 1973). In terms
of long-distance communication, the bonobo highthmal shows most contextual
similarity with the chimpanzee ‘pant hoot’. Bonobdike chimpanzees, use these
vocalisations during long-distance communicationwieen unseen individuals, as
well as in response to food discovery and othezveeit events or disturbances (de
Waal, 1988; Marler & Tenaza, 1977; van Hooff, 1973{ructurally, however, there
are numerous differences (fig. 2.3). In chimpanzéles pant hoot is a composite
vocalisation, composed of four distinct phases:ititvduction, build-up, climax and
downward phase. The homologous call in bonobodhiite hoot, is a ‘whooping’ call
that has either a staccato (brief and sharp) aatéegprm (longer and less sharp).
Generally, bonobo high hoot sequences contain @l regquence of legato hoots,
which may increase in speed and crescendo but dpossess the phrase-like form of
a pant-hoot sequence. In another difference, banabien produce these calls in
choruses, where the high hoots of different indiaid are tightly synchronised with

those of other group members (Hohmann & Fruth, 1994
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Figure 2.3 Time-frequency spectrograms illustrating a bondtigh hoot and a
chimpanzee pant hoot (high hoot given by adult nbaleobo, MN, on arrival to the
feeding site at Lola Ya Bonobo Sanctuary, DR Comgamt hoot given by an adult

male chimpanzee, NK, upon arrival at a feeding iine®@udongo Forest, Uganda).

Despite numerous parallels between the vocal repest of bonobos and
chimpanzees, several vocalisations described ibdn@bo repertoire have not been
described for chimpanzees (de Waal, 1988). Thededa the staccato hoots, contest
hoots, food peeps and alarm peeps. For exampléstwhimpanzees tend to produce
their most impressive displays in the visual domamnobo males appear to
intimidate their rivals using contest hoots duragpnistic confrontations. Typically,
contest hoot displays involve rapid vocal dialodngtween two hooting individuals
(typically males), which represents an agonisticalobehaviour not observed in
chimpanzees (de Waal, 1988).
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The vocal repertoire proposed by de Waal (1988) nwasvaluated by Bermejo and
Omedes (1999) in a study of wild bonobos in LilunB&R Congo. As with de Waal's
study, this study was purely descriptive and alfiouthe authors provided
spectrographic examples, no quantitative analy$esaustic structure or call usage
were performed. The repertoire described in thislysiargely confirmed de Waal's
findings, although the authors added three morealvagits to the repertoire: whistle,
hiccup and croak (table 2.1). Furthermore, the @stlalso stressed the graded nature
of the vocal units as well as the role that comiminal vocal sequences appear to play
in bonobo vocal communication. Overall, 19 diffarevocal sequences were
identified, although the authors emphasised thayars was only preliminary and
that further investigation may reveal more. Thealasequences were shown to be
used in a range of contexts, and within a giverabiglur there was a broad array of
sequences each with considerable variation. Fompka one sequence, labelled as
the ‘soft mixed series’, contained a variable numla@prox. 10-57 units) of peeps,
peep-yelps and barks (fig. 2.4). This sequence abaerved in a range of contexts,
including feeding on trees, feeding on the grouhdjng agonistic interactions and
during displays.

Whilst both lacking quantitative analyses of acmustructure and call usage, these
two studies together provide a promising and dadaitlescription of the vocal
repertoire of bonobos in both wild and captive isgfl. In particular, both studies
highlight the graded nature of the bonobo vocaérgre, something which creates
significant possibilities for subtle but relevantriation within these signals.
Furthermore, the flexible use of heterogeneous lveequences highlights a further

potential for the calls to be combined in differartys to provide different meanings.
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Table 2.1Bonobo vocal repertoire (adapted from Bermejo &&des, 1999 and de

Waal, 1988) compared to the chimpanzee vocal reperfadapted from Marler &
Tenaza, 1977 and van Hooff, 1973).

Call type Context and use Homologous chimpanz
vocalisation

Low hoot Environmental changes/disturbances Lowt hoo

High hoot Staccatcandlegatotypes: for inter-party Legato hoot akin to

communication, response to discovery (e.g. food)| chimpanzee pant hoot.

Staccato hoot distinct to
bonobos

Wieew bark | Alarm/hostility, response to disturbace Woaow bark

Contest hoot

Conspicuous warning of charge, vocal

contest/agonistic confrontation

Unlike chimpanzee
vocalisation (most similar

to pre-display hoot)

Greeting Submissive greeting, up hierarchy Pant grunt
grunt
Pant laugh Play/wrestling Pant laugh
Pout moan Appeasement Pout moan
Whistle bark | Offensive agonistic signal, agoniséicruitment Bared-teeth bark
Food peep Feeding (various call variardeft barks, whistles,Rough grunts
peeps, grunts, peep yelps
Alarm peep Unknown/surprising objects & disturbance Hoo call
Peep-yelp Food, victim aggression, appeasement dBaeth yelp/squeak
Scream Agonistic interactions, stressful situations Scream
(peep scream, rasp scream, bark scream, full scream
sex scream)
Whistle Feeding, social excitement, inter-party Bark-screams and hoots
communication
Hiccup Grooming, feeding, play, inter-party comnuation | Unclear
Croak Play, spontaneous Laughter
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Figure 2.4. Time-frequency spectrogram illustrating a mixeataloseries composed

of peeps, peep-yelps, yelps and grunts, producddrgle KS, feeding on papaya.

Vocal production
Hohmann and Fruth (1994) examined the use and &caitsucture of high hoot

vocalisations during long-distance communicatiorivieen wild bonobos in the
Lomako forest. Although spectrographic analyse®akd high acoustic variability,
results indicated a high degree of behavioural lsyordsation between signallers,
with individuals producing high hoots in distindtesnating sequences with other
group members that were out of sight, but in clogeimity. Furthermore, acoustic
analysis revealed that individuals adjusted theicttral characteristics of their
vocalisations, by shifting the frequency of thetlgpots to correspond with those of
group members. This surprising degree of vocalibbiey and synchronisation with
vocal partners suggested that bonobos might be tabontrol and modify their
vocalisations in response to certain social sitmgti Unfortunately, this study was
somewhat limited owing to problems with individudentification and habituation.
Nevertheless, results indicate that long-distarmranounication in wild bonobos is a

promising area that requires further attention.

Using data collected from bonobos from the Eyengmraunity in Wamba, Mitani

and Gros-Louis (1995) compared the acoustic streaitibonobo screams with those
of wild chimpanzees, recorded in the Mahale MourstaiTanzania. As previously
mentioned, bonobos were shown to produce consijetagher pitched scream
vocalisations in comparison to chimpanzees. Fomgka the mean frequency of
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chimpanzee screams was 1275 Hz compared to 284f®rHzonobos. In addition,
acoustic differences between males and females repated for both bonobos as

well as chimpanzees.

In the feeding context, results from a study oftie@pindividuals indicated that
bonobos may be able to strategically control thedpction of food-associated calls,
as a means to decrease feeding competition andopeaeproductive strategies (van
Krunkelsven et al., 1996). In this study, conductédPlanckendael Zoo, Belgium,
high-preference food items of two differing quaest were first hidden in the
enclosure and then individuals were subsequenthased to forage, either alone or
with others. Whilst neither the quantity of foodyrrihe sex or identity of the subject
were shown to influence call production, indivicughlled significantly more when
feeding alone than when others were present (98#teimon-social condition versus
44% in the social condition). Although the dominarstatus of the signaller was not
measured, the authors concluded that the bonobues airde to strategically suppress
vocalisations in the presence of potential food petmors. However, analyses of
male behaviour revealed that the production of fassbciated calls by males often
resulted in the approach of females, who frequettjyulated with them. This result,
although somewhat contradictory to the main fingdiegggested that whilst males
might experience a cost in attracting feeding cditgrs, there might be a sex-
specific trade-off, where males call to exchangedfdor sex. Corresponding data
were unfortunately lacking for females, althoughvds suggested that females may
accrue benefits by calling to attract coalitiontpars, who will ultimately enhance
their status and enable them to monopolise feeduay males. A replication of this
study, testing the hypothesis of strategic produmctind inhibition, would be helpful

in addressing these intriguing but mixed results.

Studies of language-trained bonobos
Sue Savage-Rumbaugh’s long-term research on tgeiditic capabilities of a group

of language-trained apes has indicated that bonaobight possess some of the
cognitive capacities required for human languagavég§e-Rumbaugh & Lewin,
1994). In particular, Savage-Rumbaugh’s work on lomeobo, a male named Kanzi,

has highlighted his remarkable capacity in a ramge communicative and
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representational tasks. Raised from birth in a hunmeavironment, Kanzi has
successfully learned an artificial language basedegigrams, learning the referents
of 256 symbols (Savage-Rumbaugh & Lewin, 1994)hédigh his grasp of human
language is still a matter of considerable debaée (Shanker et al., 1999), Kanzi
shows undeniably impressive levels of linguistionpetence, particularly in the
domain of understanding human speech. Kanzi has dleewn to differentiate and
attach communicative intent to hundreds of speecnds, as well as to link them to
events and referents in the external world (Sawrg®baugh, 1986; Savage-
Rumbaugh et al., 1986; Sevcik & Savage-RumbaugB4)19or example, when
Kanzi hears the word ‘ball’, he is able to not ordyrieve a ball, but can also select a
picture of a ball, select an arbitrary symbol poesly learned to be associated with
ball, as well as respond to simple sentences irclwthe word ‘ball’ is embedded
(Savage-Rumbaugh, 1987).

In addition to Kanzi, his younger sister, Panbaajidias also shown capabilities in
acquiring an artificial language system and com@meing spoken language. For
example, 483 unique sentences spoken by care-gisePanbanisha (then aged 3
years) were extracted from records of daily inteoms. Subsequent tests of
Panbanisha’s comprehension of these sentences le@vebat she responded
appropriately to 93% of the sentences spoken to dhespite the majority being
context-independent. It was suggested that, likezKkaPanbanisha is able to extract
information from spoken sentences by attendindpédr tsyntactic structure (Brakke &
Savage-Rumbaugh, 1995). Whilst such studies inglicainsiderable linguistic
capacity, it may be desirable to replicate thesadifigs in more controlled

environments by experimenters blind to the hypathes

In terms of vocal production, Kanzi's capability onsiderably more limited,
although nevertheless impressive. Two studies tigasg Kanzi's vocal production
have indicated high levels of flexibility and vocebntrol (Hopkins & Savage-
Rumbaugh, 1991; Taglialatela et al., 2003). Fomgla, Kanzi has been shown to
use four structurally unique vocalisations not Heamong non-language-trained
subjects (Hopkins & Savage-Rumbaugh, 1991). Thaoasitconcluded that Kanzi
acquired a greater capacity for vocal learning texibility as a consequence of his

unique rearing experience. Furthermore, when conating with humans about
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food, Kanzi has been shown to modify the specipge#y ‘food peep’ vocalisation
into four unique variants, which he uses to laber fspecific contexts (Taglialatela et

al., 2003). These include the terms ‘banana’, ‘grajice’ and ‘yes’.

Although such results are striking and impressilmguage-trained studies still
severely lack ecological relevance and externatiigl owing to the unique training,
unnatural environment and human-orientated uplbrmghat Kanzi and the other
bonobos have received. Nevertheless, with furthgsiecal work, these findings may
indicate that bonobos are able to flexibly produsferential labels and modify their

vocal signals to communicate with a specified aucke

Summary and outlook

In these two introductory chapters, | reviewed sarheéhe main themes that have
been investigated in the field of primate vocal cmmication and introduced the
behaviour and socio-ecology of my study speciasptinobo. Throughout this thesis,
| take a cognitive perspective to vocal communagtiand thereby explore how this
approach has been used in previous research ohaaoanunication in primates and
other animals. Against the assumption that vodabisa are purely hard-wired and
cognitively uninteresting, a growing body of resdahas highlighted the considerable
complexity and flexibility present in the commurtioca systems of primates and
other animals. This was demonstrated in my revieivshe current evidence for
functionally referential communication, call comaiions and audience effects in

animal vocal communication systems.

Using the framework established in previous stydiesm to conduct a systematic
investigation of the vocal behaviour of one of olasest living relatives, the bonobo.
Due to their close phylogenetic relatedness to phimees, late discovery and their
remote and isolated habitat, bonobos have long He#inin the shadow of

chimpanzees. That is not to say that all aspectbooibbo behaviour have been
neglected, as my review of the rich literature @ning their socio-ecology and
behaviour has demonstrated. In this thesis, | aitake a focused look at patterns in
bonobo vocal communication, in order to examine tiviesome of the features and
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vocal complexity demonstrated in other primates als® present in their vocal
communication system. In the first two empiricalapters that follow, | combine
observational and experimental techniques to examihether bonobos are able to
both produce and understand vocalisations thategomeaningful information about
an object or event in the external world. To de thiexplore vocal communication
from both the caller's (chapter four) and the reees perspective (chapter five),
during food discovery. In the next two empiricabpkers, | investigate some of the
more social aspects of bonobo vocal behaviour, exagh how females use
vocalisations during their sexual interactions witales and other females. In chapter
six, | conduct acoustic and behavioural analysesexplore how females use
copulation calls in the traditional context of theterosexual copulation in comparison
to the social context of homosexual genital costalcbuild on these findings in my
next chapter (chapter seven), conducting finerescanalyses of the social use of
vocalisations during female-female sexual intecarsi Overall, | use insights from
studies of bonobo behaviour and socio-ecology tolozg the role social life has

played in shaping the vocal communication of tipiscses.

50



Chapter three: General methods

Study sites

In total, | collected data from four study sitesor Ffmy studies of bonobo food-
associated calls (chapters four and five), | cedldaata at three facilities: San Diego
Zoo, USA; San Diego Wild Animal Park, USA; and Twyss Zoo, UK. For my
studies of copulation calls (chapters six and sgMerollected data at one study site:
Lola Ya Bonobo Sanctuary, DR Congo. This chaptewrigies an overview of these
facilities, the study groups, details of feedingl amrichment routines. Although the
set-up at different facilities required some methlodical adjustments, my main
protocols for collecting and recording vocalisaioemained essentially the same,
which are described here. Specific methodologiesits for each study are provided

in subsequent chapters.

San Diego Zoo and San Diego Wild Animal Park

Study period
At these two captive facilities in San Diego, USAonducted an empirical study on

bonobo food-associated calls. | received full ethapproval from the San Diego Zoo
Research and Welfare Committee to conduct resedrcbllected data for three
months from January until April 2008. During thimé, | was assisted by another
observer (TG), who independently collected datthatgroup that | was not working
with on a given day. San Diego Zoo (henceforth Zama) San Diego Wild Animal
Park (henceforth Park) provide some of the besbppities for collecting outdoor
vocal recordings of large groups of bonobos inigapt(N =16 individuals in total).
The close spatial proximity of the two facilities iSan Diego and the similar
management programme meant that it was possibteltect data during the same
study period, resulting in a larger data set ofjextte with comparable management

routines.
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San Diego Zoo, USA

Group composition and facility set-up
The Zoo group was composed of eight individuals,ctvhincluded three adult

females, two adult males, one sub-adult female, jonenile male and one juvenile
female (age range: 4-29 years; age-classes desdrib&ano, 1992, see table 3.1)

The facility consisted of an outdoor enclosure (8§0connected to heated indoor
rooms (one larger room, 136pand four smaller rooms, each 55ywia a hydraulic

door and a wire tunnel. During the daytime, theugravas housed in the outdoor
enclosure and at night, all individuals slept ire theated indoor rooms. Group
composition was managed to simulate a fission-fusocial system, so in the
mornings, one or two individuals typically remainedhe indoor sleeping rooms for
several hours, before being switched with otherividdals into the outdoor

enclosures. The keepers managed individual movesnent that individuals were
unable to pass independently between enclosuresmigdiihe day. The outdoor
enclosure consisted of multi-layered artificial mde and grass areas, with a flowing
water feature in the centre, an artificial termiteund and numerous climbing

structures, that were connected with rope swings.

Diet and enrichment
Individuals were fed together, three to four tinpges day, in both their indoor and

outdoor enclosures. Food was scattered by a caeee;ginsuring that all individuals

received food, something which resulted in minimampetition. The diet consisted
of 9% ape biscuits and cereals, 35% vegetables, #&#n leaf vegetables, and 29%
fruits. Individuals were fed a selection of approately 25 different types of food per
week and each feed was typically composed of aumaxbf two or more food types.

Water was freely available via water feeders inrtbatdoor and indoor enclosures.
The artificial termite mound in the outdoor encleswas filled each day with honey
and human baby food. Previously, the bonobos had bained how to use dipping
sticks, which were provided for them when the téemmnound was filled. The

bonobos were also given separate supplementamghement feeds (such as ice lollies,

popcorn and seeds), several times per week. Initidor rooms, the bonobos were

2 Additionally, any bonobo known to parent offspriwgs classed as an adult
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provided with additional enrichment materials, sual clothing, boxes and
newspaper. Music and television were also provitedthe bonobos, with devices

placed next to their indoor enclosures.

San Diego Wild Animal Park, USA

Group composition and facility set-up
The Park group consisted of eight individuals, whiccluded three adult females,

three adult males, one sub-adult female and onenjles female (age range 3-34
years, table 3.1). The group spent all observdiioa together as a group. During the
daytime, the group was housed in a large outdociosuare (approximately 3,006
which was interconnected to heated, indoor houfginiities (one larger room, 47m
and three smaller rooms, each #rithe outdoor enclosure consisted of a large open
grass ‘island’ with trees and climbing structurestrounded by a moat border. The
outdoor enclosure at the Park provided particulgdgd opportunities for collecting
high-quality recordings of vocalisations, becauseavall as having an open-air moat,

the facility was closed to visitors.

Diet and enrichment
The diet consisted of 17% ape biscuits and cer@8P4 vegetables, 24% green leaf

vegetables and 39% fruits. Similarly to the zodalividuals were fed a selection of
approximately 25 different types of food per weekd aindividual feeds were
composed of two or more food types. Individualsewgiven separate supplementary
enrichment feeds (such as ice lollies, popcorn seetls), several times per week.
Clothes, boxes and newspaper were provided todhelms in both their indoor and

outdoor enclosures.
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Table 3.1 Group composition of the two bonobo study groapSan Diego Zoo and
San Diego Wild Animal Park, USA.

Study Identity | Name Sex | Date of birth
group code
San Diego | LN Lana F 03.04.79
Z00 YN Yenge M 25.12.82
LL Lolita F 20.07.89
IK Ikela F 20.07.89
JU Junior M 14.01.95
MB Mchumba | F 15.08.04
MK Makasi M 22.04.00
KS Kesi F 20.12.00
San Diego | LT Loretta F 22.01.74
Wwild LO Lori F 04.11.87
Animal AK Akili M 07.02.80
Park LR Lenore F 03.02.82
EN Erin M 23.12.91
JJ Jumaniji M 05.05.96
KL Kalli F 14.03.05
MD Mhude F 15.04.01

Twycross Zoo, UK

Study period
At Twycross Zoo, UK, | conducted a naturalistic yilack study on bonobo food-

associated calls (chapter four). | conducted tBearch over four months, from April
until July 2009. | received full ethical approva tonduct my research from the
Twycross Zoo Research Committee and worked in camge with the ethical

guidelines set out by the British and Irish Assbora of Zoos and Aquariums
(BIAZA).

Group composition and facility set-up
During the study period, the bonobo group was peenHly separated into two

subgroups (subgroups A and B). The two subgroupsumed separate indoor
facilities but shared the same outdoor enclosueetwo separate doors. Subgroup A
consisted of five individuals, which included twdudt males, two adult females and

one juvenile female (age range: 6-29 years). SulpgB consisted of six individuals,

54



which included one adult male, three adult femalmse juvenile male and one

juvenile female (age range 4-32 years, see taB)e 3.

The two subgroups were housed within one largedborhouse’, that was subdivided
to have identical facilities on each side (seergbL1 in chapter five). Each subgroup
was housed in one of two separated heated indos (&2nT), with additional

sleeping areas (2Zmdivided into three connected wire cages). A soldll

partitioned the two subgroup indoor rooms, whichamethat no visual contact and
only very minimal vocal contact was possible. Bdttilities were separately
connected to an outdoor enclosure (588wia hydraulic doors. There was no visual
contact between indoor and outdoor enclosurespuwtin vocalizations produced
outside could be heard indoors. In the morningfgsaup A had access to the
outdoor enclosure as well as their indoor encladarthe afternoons, subgroup A was
brought inside and subgroup B was then providedesscdo both the outdoor

enclosure and their indoor enclosure.

The outdoor enclosure consisted of an open grassidnwith one large and two small
climbing structures, which included a protectiveelsdr. The top area of the grass
mound was flat, but all edges were steep slopeghwiescended as far as a concrete
moat that encircled the perimeter of the enclosttéhe farthest end from the indoor
facility was a water pool and flowing water featuseirrounding the enclosure was a

wall (1.8m from observer position) made of reinfglass.

Diet and enrichment
The diet consisted of approximately 57% fruits, 388getables, and 8% biscuits and

cereals. Both subgroups were fed a range of fant$ vegetables (12-14 different
types, twice per day) in scatter feeds in theiroordand outdoor enclosures. Water
was freely available at dispensers and from thdamrtwater pool. The bonobos were
provided with regular enrichment feeds (such agdsegrapes, raisin or frozen juice),
as well as edible branches. Once per week, thebosnwere provided supplements,

including yogurt, egg, cheese and bread.
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A diverse array of enrichment materials were presion a daily basis. These ranged
from cardboard/paper, shoes, clothing, rubber tulpé®en lined with seeds and
honey), balls and plastic containers, in which@mment foods could be extracted.

Table 3.2 Composition of the two bonobo subgroups at Twgsrboo, UK.

Group Identity| Name Sex | Date of
code birth

subgroup A KT Kakowet | M 07.06.1980
BY Banya F 16.02.1990
KK Keke M 02.01.1994
MR Maringa F 05.05.1998
BK Bokela F 14.10.2003

subgroup B DT Diatou F 21.10.1977
JS Jasongo M 02.08.1980
KH Kichele F 19.04.1989
CK Cheka F 18.03.1996
LU Luo M 01.12.2002
GM Gemena F 07.11.2001

Lola Ya Bonobo Sanctuary, DR Congo

Study period
| conducted my research on copulation calls at @a@onobo Sanctuary, DR Congo

over two periods, for a total of seven months.llexted data between September and
November in 2008, and between August and Novembe&00D9. | received ethical
approval from the Scientific Coordinator and SafenmCommittee of ‘Les Amis des
Bonobos du Congo’ (www.friendsofbonobos.org) faraapects of this study. For one
month in September 2008, | was assisted by anaihszrver (T.G.), who collected
independent focal data on the same group. In 2068@|ected data from the bonobos
in enclosure one, henceforth ‘group 1a’. In 200@pllected data from bonobos in
both enclosure one and two, henceforth ‘group hid’ ‘group 2’, respectively. During
this second period, the group composition in encl®4d had changed considerably.
This was largely due to the transferral of indivatbubetween groups during the period
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between study sessions. In addition, ten indivsllaft the sanctuary to be released

into the wild and six others had died.

Group composition and facility set-up
Lola Ya Bonobo Sanctug is situated in the Bas-Congo region of DR Corfgf® km

from Kinshasa. The tropical climate features ailepgainy season, which spans from
October through May, with a relatively short drasen between June and September.
Founded in 1996, Lola Ya Bonobo Sanctuary is thigelst bonobo facility in the
world (75 acres/30 ha) providing sanctuary for agpnately 60-65 bonobos at any
one time. Most individuals arrive as wild-caughfiamt or juvenile orphans, typically
victims of the bush-meat and pet trades. Individusphbend their first few years
rehabilitating within a nursery ‘cohort group’, wkeeach bonobo is assigned a
subsitute human mother. Following the nursery phas#ividuals are then fully
integrated into large, mixed social groups. Owingtlhe apparent tolerance and
willingness of bonobos to integrate with new gromembers (Z. Clay, personal
observation), bonobos at Lola Ya Bonobo Sanctuaey managed in a fluid and
flexible manner, with individuals being regularhamnsferred between groups, in order

to equilibrate group dynamics.

During the daylight hours, individuals roamed fgeelutdoors in one of three
naturalistic forest enclosures (ranging from 5-Hj, lwhich comprised of primary
natural rainforest, lake, swamp, streams and opass@reas (fig. 3.1). As a result of
living in these forest microcosms, the bonobos alalYa Bonobo were able to
exhibit a full range of naturally occuring behaviewbserved in wild bonobos (Andre
et al., 2008). At night, individuals slept togettirside dormitories (approx 73m

divided into open sub-rooms). Each enclosure hadwin separate dormitory facilty

connected to it.

During the period of study, group 1a was compodezandividuals, which included

seven adult females, two sub-adult females, thdedt anales, two sub-adult males,
four juvenile males and four infants (age classededined by Kano, 1992). Group 1b
was composed of 20 individuals, which included adult females, one sub-adult
female, two adult males, four sub-adult males,ghuenile males and four infants.
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Group 2 was composed of 19 individuals, which ideld four adult females, one
juvenile female, three adult males, four sub-achdtes, four juvenile males and three

infants. Further information is provided in tabl8.3

Figure 3.1.Photograph illustrating the study site at LolaB@nobo Sanctuary, D R
Congo. Photograph by Z. Clay.

Diet and enrichment
In addition to foraging themselves for wild fruiteaves and herbaceous vegetation,

the bonobos were provisioned with a wide varietys@dsonal fruits and vegetables
(typically 2-4 types of fruits and 6-9 types of etgpbles per day) by caregivers, 3-4
times per day. The food was provided in a sca#ted fwith each individual receiving
approximately 6kg per day. Typically, fruits wereoyided in the mornings and
vegetables in the afternoons. Sojamilk, supplententgth honey, maize and
nutrients, was provided once per day to each iddali The bonobos were also
provided with daily supplement feeds comprisingseésonal fruits and nuts. Water
was freely available in lakes, ponds and streamthinvitheir enclosures. The
consumption of vertebrates/invertebrates and thetifg of small mammals was

never observed during the period of study.
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Table 3.3.Composition of the three study groups at Lola Yad@bo Sanctuary, DR

Congo. Individuals arrived as wild juveniles/infenso age ranges are estimations,

based on veterinary assessment. Dependent infaetsndicated in super-script.

Methods to assess dominance rank are indicatedhseguent sections of general

methods.
Females Males
ID Name Age Rank ID Code| Name Age | Rank
Code (years) (years)
Group la
MM Mimi 26 High MN Manono 14 High
OP'* | Opald "™ 13 High TT Tatango | 14 High
sw? | Semendwa® ™ @® |12 High KW Kikwit 11 High
BD™ | BandundiiVe"9° ™ | 11 High BN Beni 10 High
KL*' | Kaling" Maaka () 11 Low MA Matadi 7 Low
IS Isiro 11 Low MX Mixa 10 Low
SL Salonga 11 Low KD Kindu 7 Low
NO Nioki 10 Low KG Kasongo 6 Low
LK Lukaya 8 Low IB llebo 7 Low
Group 1b
MYt | Maya Brsenee m 16 High MN Manono | 15 High
OP | Opald ™" 14 High KW Kikwit 12 Low
BD* | Bandundio"®° | 12 High MA Matadi 8 Low
KS Kisantu 11 Low MD Mbandaka 8 Low
SL™ | salongakma® 12 Low BO Boende 9 Low
NO Nioki 11 Low DL Dilolo 8 Low
LI Likasi 8 Low LZ Kasongo 7 Low
KG Luozi 6 Low
VG Vanga 5 Low
Group 2
TL™ | Tchilombd V™™ [ 24 High MK Makali 25 High
sw? | SemendwaF" @ 13 High KZ Keza 19 High
KL*' | Kaling" Maaka 12 Low B Tembo 12 Low
IS Isiro 12 Low LM Lomami 10 Low
MU Muanda 6 Low FZ Fizi 9 High
AP Api 9 Low
BL Bili 8 Low
MB Mabali 8 Low
IB llebo 8 Low
YL Yolo 6 Low
BY Boyoma 5 Low
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General protocols for data collection

Recording vocalisations
At all facilities, | collected audio recordings bbnobo vocalisations using similar

methodology and equipment. Although the focus of obwgervations differed, the
methodological protocol remained largely the samAe.the first three facilities
described (San Diego Zoo, San Diego Wild AnimalkPand Twycross Zoo), |
recorded food-associated vocalisations of bonobosgl feeding events, which | then
used either in further acoustic analysis (chapmiar)f or to construct playback stimuli
(chapter five). At Lola Ya Bonobo Sanctuary, | neted copulation calls from all
sexually mature females or those approaching sexwadlrity (with visible sexual

swellings) during their sexual interactions withlesaand females.

In all facilities, | recorded vocalisations frondestance of 2-15m using &8\NHEISER

MKH816T directional microphone and AANTz PMDG660 solid-state recorder
(sampling rate = 44.1 kHz, 16 bits accuracy). Ideorto identify the vocaliser or
describe behavioural details, | provided additiorexbal comments, which were later
transcribed. Audio recordings were recorded as WH¥s, which | digitally

transferred onto a TOSHIBA EQUIUM laptop computieronducted file editing and
quantitative acoustic analyses using PRAAT Soundlyis Software version 4.3.37
(www.praat.org), including a pitch analysis scnptitten by M. Owren (personal
communication). All additional sampling methods gueovided in subsequent

chapters.

Food preference tests (chapters four and five)
An important aspect of my studies on food-assodia#tling behaviour (chapters four

and five) was conducting tests of food prefereridsing results from these food
preference tests, | was able to explore the relship between food-associated calls
and the perceived quality of different food typ@hilst exact methods needed to be

adjusted for each facility, the essential protaud analyses remained the same.

Following the protocol designed by Slocombe and ezhbhler (2006), all food

preference tests consisted of a series of pair-g&s. In each test, an individual was
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provided with two different types of foods and thfaist food choice was recorded. In
order to determine the more preferred food withgiven pair of foods, | repeated the
pair-wise food test a minimum of two times, on t®&parate occasions. To calculate a
preference score for each individual, | countedribmber of times each food type
was chosen over the other food types. | then coede¢hese ‘first choice’ scores into
percentages (high-preference foods = 67-100%, negneference = 34-66%, low-
preference = 0-33%). Generally, vegetables comglgteanked as low preference
foods in all study groups. Sweet and exotic fraitsh as mangoes, bananas and kiwis
ranked as highly preferred foods.

At San Diego Zoo, subjects chose between two feedd of similar size and shape
that were presented to them on a tray by a carediach individual was presented
with the same array on at least two separate amtssiwith item location

counterbalanced. At San Diego Wild Animal Park,dqueferences were established
during regular lunchtime feeds, whereby subjectewdividually provided with two

different food items at least twice on two sepamteasions. At Twycross Zoo, equal
sized piles of two foods were placed next to eatteroon the ground and the first

choice was recorded for each individual, repeatedss four days, once per day.

Assessing social dominance (chapters six and seven)

Dominance data
An important aspect of my studies of copulatioriscal bonobos was assessing the

dominance status of female callers and their pesin&lthough pant-grunting has
been shown to be a reliable indicator of dominamtations in chimpanzees (Noé et
al., 1980), bonobos do not use pant-grunting adiabte indicator of subordination
(Furuichi & Ihobe, 1994; Stevens et al., 2005). réfiere, | created dominance
hierarchies based upon the outcome of agonistcantions between individuals (e.g.
Stevens et al., 2007). | used ‘fleeing upon aggrasas a behavioural marker for
dominance, following previous work showing this be a reliable measure of
dominance in bonobos (e.g. Stevens et al., 200B2/;2/ervaecke et al., 2000a). |
excluded any instances of agonistic interactionswimch there was no fleeing

behaviour (i.e. no reaction to the attempted aggae¥ | collected all-occurrence
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data on agonistic interactions during focal sangplperiods as well as collecting

additional data on an ad-libitum basis (Altmann/40

Dominance analysis
| used the Matman matrix analysis program (by Ns)deersion 1.1) in order to

examine dominance relationships and to investitjadarity amongst the individuals

in the three groups separately. | calculated thaifstance of the adjusted linearity
index h’ to investigate the linearity of the donmica relationships. This measure is
corrected for the number of unknown relationshigsing Matman, | was able to test
whether the adjusted linearity index differed siigaintly from the expected value for

random dominance relations (de Vries, 1998; desveieal., 2006).

If there was significant linearity in a set of dorance relations, the dominance matrix
was reorganized into a linear rank order. This rantker was consistent with the
“1&SI” method, which involves minimizing the numberf inconsistencies (I) and
therefore the overall strength of the inconsistesqiSI) (de Vries, 1998). | also
calculated the directional consistency index (D@jich provides a measure for
assessing how frequently a behavior occurred imdee frequent direction relative to
the total number of times it occurred (van HoofiAensing, 1987). DCI is calculated
using the equation DCI = (H - L)/(H + L), where Blthe total number of times the
behaviour occurred in the direction of the highegtiency, and L is the number of
times in the less frequent direction. This inderges from 0 (completely equal

exchange) to 1 (complete undirectionality).

Demonstrating significantly linear dominance hieraes influenced subsequent
analyses of individual dominance ranks. If a linb@rarchy was demonstrated, |
went on to investigate cardinal rank scores foheadividual within the hierarchy.

To calculate cardinal dominance rank scores, lutaied David’'s Scores. David's
scores (DS) are a type of cardinal rank measuraechwhse dyadic dominance
proportions to provide a dominance score for amgindividual (David, 1987). DS are
based upon the individual's proportions of wins dogkes in agonistic encounters,
taking into account the relative strengths of eafctheir opponents (David, 1987; de
Vries, 1998; de Vries et al., 2006). DS has beeswshto be a more appropriate
measure to calculate dominance ranks of individubén the index derived by
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Clutton-Brock et al. (1979), because it takes tiative strength of the opponents into
account. Thus, in DS, an individual's dominancersas calculated by weighting
each dyadic success measure by the un-weightedatstof the individual’s overall
success: w + w | - I, where w is the number of wins of individual i oyew;is the
number of wins of their opponent j overand | being their respective losses. The
overall DS is based upon the summation of individisadyadic interactions with
each of their opponents (each termed individualljerefore the overall wand }
scores are based upon also a summation of theroatod each of their opponents’
interactions with all of their own opponentBurther explanation of this method,

accompanied by worked examples, is provided by riles\ét al. (2006).

In order to control for differences in the numbeéireractions, as well as group size,
| calculated the normalized DS based upon the dydaininance index, corrected for
chance (de Vries et al., 2006; Stevens et al., RODAe dyadic dominance index
calculates the degree in which individual i domé@saindividual j, relative to the total
number of interactions between individuals i ant@his is calculated with P=s; /nj,
where s represents the proportions of wins of inddial i over individual j, and n
being the total number of dominance interactionsveen individuals i and j. To
correct for chance, | used the assumption thanhthel possible outcomes of s and n
are equally likely, leaving the normalized dyadiondnance index corrected for
chance to be: P= (5, + 0.5)/( + 1) (de Vries et al., 2006). Replacing the normal
proportions of winning and losing a conflict withet dyadic dominance index scores
enabled me to assess dominance scores indepenfdgmup size or variation in
number of dyadic interactions. Thus, using thisedion for chances of winning, |
calculated DS = w + w | - |, , where w is the sum of i'sjyalues and | the sum of
I's Dji values. Similarly, wand b represent the summed w and | values of those
individuals with which individual i interacted (déries et al., 2006; Stevens et al.,
2007). Thus, the DS is based upon the summatecwalti interactions for which

individual i and each of their opponents (indivitpavere involved.

Finally, | normalized the DS (becoming NDS) based rmy calculations for the
dyadic dominance index (DDI), corrected for chaoseng: NDS - DDI = [DS + (N
(N - 1)/2)/N] where N is a group of N individualgrom this, | then plotted a

regression line of these values organised in rad&rqx-axis) against their respective
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NDS - DDI values (y-axis) (using formulae createy b. Stevens, personal
communication). | then performed an ordinary lesagtares linear regression on these
NDS - DDI values to calculate the absolute valu¢hefregression line slope, which
gives the measure of the steepness of the domirtaaicchy.

It was especially important to gain accurate caldstores for female dominance as
this formed a key aspect of my analyses of theuémfte of dyadic dominance
relationships on female-female copulation callsafitbr seven). Fortunately, | found
that female-based hierarchies were shown to beyhigiear, which meant | was able
to go on to calculate accurate cardinal rank scéoedemales (see appendix I).
However, due to finding a large number of unknowlationships between males, |
found that matrices that both combined males anthlies together, as well as male-
only matrices, did not yield significantly lineaieharchies. Thus, in order to retain the
accurate dominance scores that could be calcufaredemales, | refrained from
combing the hierarchies and developed an altemaiay to analyse male dominance
that did not require cardinal rank scores, as llexplain.

For both females and males, | divided the individuato either high or low rank

classes. For females, | created these classes bagshd regression line which plotted
their cardinal rank scores (appendix I). | divided female hierarchy into high- and
low-ranked classes at the place where there wasldaest divide in dominance
scores (appendix I: fig.1). These rank classesctftl intuitions about the social
relations of the females during observations. Fstance, the high-ranked females
occupied the central positions in the groups, hadrify access to food, elicited

submissive behaviour in males and rarely behavbthssively. Results are shown in

appendix .

Amongst males, the absence of significant lineasiisg most likely due to the high-
number of unknown relationships, something atteblé to a large number of sub-
adult males in the groups that had not yet orgdrisemselves into stable hierarchies
(discussed in appendix I). Whilst an absence oddliity meant it was therefore
inappropriate to assign individual dominance scoogsplace the individuals on a
linear hierarchy, it was clear during observatitiret there were several high-ranking

males in each group, who consistently elicited sgbion from others. In order to
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account for this dominance distinction, | thereftoek a more simplistic approach of
assigning males to a ‘high’ and ‘low’ rank categobased upon the number of
agonistic interactions in which the male dominatieeir partner (other male fled). |

assigned ‘high-rank’ status to any male who doneitiaat least 50% of the other
males in the group. The results of dominance aralgse indicated in appendix | (see

appendix I: table 1).
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Chapter four: Food-associated calling sequences bonobos

Summary

When encountering food, chimpanzees and some qilerates produce specific
food-associated vocalisations, whose acoustic tstreicco-varies with the caller’s
food preference. In chimpanzees, individuals predihe acoustically graded ‘rough
grunt’ in response to food, and there is evideheag \tariation in the acoustic structure
of this call type is meaningful to receivers. Imymarison to chimpanzees, there has
been no empirical investigation of the acousticitire of food-associated calls in
bonobos. In the current study, | addressed thigxptoring the vocal behaviour of
two groups of captive bonobos in response to fétebults indicated that bonobos
produce five acoustically distinct calls types dgrinteractions with food, with only
one call type, the ‘grunt’, being acoustically demito the chimpanzee ‘rough grunt’.
Furthermore, rather than given singly, | found tingfividuals frequently mixed these
different call types together into longer, hetemgmus call sequences. | established
the food preference hierarchies for ten differemtividuals, housed at two different
facilities. | found that the composition of callgseences produced by these individuals
was not random, but related to the type of foobantered by the caller. Significant
variation in call composition was explained by takiinto account the caller's
individual food preferences, suggesting that borfoled-associated calling sequences

may convey meaningful information to other groupmbers.

Results from this study have been published in:

Clay, Z., & Zuberbuhler, K. (2009). Food-associatadling sequences in bonobos,
Pan paniscusAnimal Behavioury7 (6), 1387- 1396.
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Introduction

Upon the discovery of food, numerous mammals amdisbiproduce specific
vocalisations that frequently attract other groupmbers to the food source (e.g.
Chapman & Lefebvre, 1990; Dittus, 1984, Elgar, 1886 Hauser & Marler, 1993a,
b; Henrich & Marzluff, 1991; Roush and Snowdon, @0But see Gros-Louis, 2004b).
Since food is often patchily distributed and seaflgrdispersed, calls indicating food
discovery can provide listeners with a useful metanaccess foraging patches more
effectively. A number of suggestions have beenfpward to explain the potential
fitness benefits of these calls. For example, fassibciated calls may serve to
decrease predation risk by increasing group sigsulting in increased vigilance
(Elgar, 1986b) or dilution (Newman & Caraco, 198%jlliam & Caraco, 1984,
Ruxton, 1995). In rhesus macaquédataca mulatta) food-associated calls have
been suggested to announce ownership, in ordezdiease risk of punishment from
dominant conspecifics (Hauser & Marler, 1993b).white-faced capuchingCgbus
capucinu}, food-associated calls are thought to announceeoship as a means to
decrease foraging competition from other conspeifGros-Louis, 2004b). In some
primates, food-associated calls may provide a nundfeother social benefits,
including attracting mates (Marler et al., 1986lipk®s & Williams, 1971; van
Krunkelsven et al., 1996) or coalition partnersi(@aet al., 1995; Slocombe et al.,
2010b; van Krunkelsven et al., 1996).

The proximate mechanisms and cognitive sophistinainderlying the production of
food-associated calls have been subject to coraibierdebate. In particular, it
remains elusive as to whether these calls are gimmdlexible and hardwired
responses primarily driven by the arousal statehef signaller, or serve as more
communicative acts that inform others about feedwents (e.g. Marler et al., 1992).
Whatever governs call production, various primated abird studies have
demonstrated that receivers can interpret foodesasal calls in terms of the event
experienced by the caller, at least by having thtgention referred to the event (e.g.
toque macaquedylacaca sinica Dittus, 1984; cotton-topped tamarinSaguinus
oedipus Roush and Snowdon, 2000; tufted capuch@ehus apellaDi Bitetti, 2005).

In some primates, call production has been shovetassociated with food quantity

or divisibility (e.g. chimpanzee®an troglodytesHauser & Wrangham, 1987; spider
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monkeys,Ateles geoffroyiChapman & Lefebvre, 1990; rhesus macaques, H&user
Marler, 1993a). In other species, features of twustic signal itself appear to convey
information about food quality, mainly in terms dhanges in call rates (domestic
chickens,Gallus domesticysMarler et al., 1986; Gyger & Marler, 1988; cottmp
tamarins, Elowson et al, 1991; Roush & Snowdon,020@d-bellied tamarins,
Saguinus labiatysCaine et al., 1995; white-faced capuchins, BaidsliCampbell,
1996; Gros-Louis, 2004a,b), but also in terms @nges in call structure (e.g. golden
lion tamarinsLeontopithecus rosalidBenz, 1993; Benz et al., 1992).

One of the more complex systems of primate food@ated calls so far described is
in rhesus macaques. These primates have been dbopnoduce five acoustically
distinct calls and production varies with the pered food quality, although some
call types are also produced in non-food conteidtsuger & Marler, 1993a, b). In a
habituation-dishabituation experiment, listenersesfeund to distinguish these food-
associated calls on the basis of their functioetdrents rather than acoustic structure
(Hauser, 1998), supporting the argument that sualis cconvey meaningful

information about external objects to receivers.

In comparison to monkeys, relatively less is knoabbout how apes communicate
about food. Chimpanzees, in contrast to rhesus m@kave been shown to produce
one main graded call type in response to food;rthegh grunt’ (Goodall, 1965, 1968,
1986; Marler & Tenaza, 1977). In a comparative gtuaf wild and captive
chimpanzees, Slocombe & Zuberbuhler (2006) fourad the acoustic structure of
this grunt vocalisation co-varied with perceiveddayuality. Furthermore, a playback
experiment demonstrated that a receiver’s foragiregegy was influenced by hearing
different acoustic variants of this call, suggesgtihese calls can provide meaningful

information to receivers (Slocombe & ZuberbUhl€Q2b).

As outlined in chapter two, relatively little is éwn about how bonobos communicate
about food as compared to chimpanzees. Prelimwlasgrvations in wild and captive
settings have suggested that bonobos produce a odogll types when encountering
food (Bermejo & Omedes, 1999; de Waal, 1988). Fasrtiore, individuals have been
shown to regularly combine calls together into kmngocal sequences that frequently

attract other group members (Bermejo & Omedes, 1889Waal, 1988; Z. Clay,
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personal observation). The variable use of vocaliseces suggests the potential for

calls to be combined in different ways to providiéedent meanings.

In the current study, | systematically examinedftieal-associated vocal behaviour of
two groups of bonobos housed in San Diego, USA. mha aims were to describe
their food calling behaviour and to examine whetpatterns were related to the
callers’ food preferences, and as such, providereetial information to listening

conspecifics.

Methods

Study sites
| collected data from two groups of captive bonoabSan Diego Zoo and San Diego

Wild Animal Park (bothN = 8 individuals), between January and April 2008tiker
information describing the group composition, diet facility set-up is provided in

chapter three.

Food preferences
| determined the food preferences of ten adultviddials, five from each group. |

excluded the juveniles and sub-aduls={ 2 juveniles andN = 1 sub-adults at both
the Zoo and the Park) as their extremely low rafef®od-associated call production
prevented their inclusion as study subjects. Usiegmethods described in chapter
three, | conducted pair-wise comparison tests i@ite different food types at the

Zoo and eleven at the Park. These foods are immdigattable 4.1.

Recording vocal behaviour
As outlined in chapter three, | recorded vocal@aigiven by individuals interacting

with one type of food. | conducted my observatiansl collected recordings during
routine feeds provided by the caregiver. | excludgatls produced by individuals
interacting with more than one type of food, or whealler identity was uncertain. |
recorded vocalisations from a range of locatiomsughout the enclosures, from a
distance of 2-15m. To control for hunger levelsyeity and other environmental and
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social factors, | only conducted subsequent anslgse calls produced during first
main feeds. | recorded a minimum of 30 secondsadfassociated calling behaviour
for a given focal animal in order to conduct acmusinalyses of sequence

composition.

Call selection
| recorded a total of 448 calling sequences from tdn most vocally active adult

individuals (Zoo females: LN, IK, LL; Zoo males: YNU,; Park females: LT, LR;
Park males: EN, JJ, AK). The youngest individu#sS,( MK, MB, MD) rarely
vocalised during feeding events and so | was unabieclude them in analysis. The
beginning of a call sequence was defined as thet @iwhich an individual made
physical contact with a food item. To maximise thmlity of the data set, | excluded
any recordings that suffered from extensive baadkgtonoise or other interference. |
then randomly selected, for each individual, thcadling sequences from the high,
medium and low preference classiis<(90). Within each preference class, calls were
selected randomly with regard to food type. Becaaspiences varied considerably in
the number of calls produced (approx range 1- 418 par uninterrupted sequence), |
only conducted acoustic analyses on the calls withe first three calls of a sequence
of at least three callN(= 270 calls).

Acoustic analyses
| carried out quantitative analyses of the acoustinucture of the different

vocalisations, usingHAAT 4.3.17 Sound Analysis Program (www.Praat.org).epxc
for one call type, the ‘grunts’, the other food@dated call types lay on a graded
continuum and thus could be analysed using the saieetion of acoustic parameters
(fig. 4.1). However, the grunts showed a fundanibntiifferent acoustic structure
compared to the other vocalisations, which requieedlifferent set of acoustic
parameters. Grunts were typically unvoiced, mudkieq low-pitched and exhibited
strong formant bands (fig. 4.2). For grunts, | uslee following settings: analysis
window length 0.025s, dynamic range 30dB, and spgam window length 0.005s.
For all other calls, | used the following settinggtch range: 500-2500Hz, optimised
for voice analysis; spectrogram view range: 0-20Ktdzdetermine the number of

harmonics) and 0-5kHz (window length 0.01s, dynamsinge 70dB) to measure
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fundamental frequency. | performed pitch analysemgia script written by M.
Owren (personal communication), and | verified tpenerated values using a
harmonic cursor. All further spectral measuremevdse taken from the fundamental
frequency (k). | conducted my acoustic analyses based on fleviag parameters
(fig 4.1):

(1) mean fundamental frequency (Hz): averagadfoss the entire call

(2) transition onsetAHz): frequency of maximum energy at call onset, usin
frequency of maximum energy at call middle

(3) transition offset AHz): frequency of maximum energy at call middle asn
frequency of maximum energy at call offset

(4) overall transition AHz): frequency of maximum energy at call end minus
frequency of maximum energy at call beginning

(5) maximum fundamental frequency (Hz): maximuegfrency of i

(6) minimum fundamental frequency (Hz): minimumdguency of

(7) peak time: location in the temporal domain vehemaximum acoustic energy
occurs, expressed as a proportion of the call aurat

(8) number of harmonics: number of harmonic bansible

(9) call duration (s)

Frequency (kHZ)
Fd
I
o

Time (s)

Figure 4.1. Example of some of theemporal and structural parameters measured on
food-associated calls: call durati¢gs) = c-a;_fundamental frequendy (Hz) = d;N

harmonics N = 1 in this call)= e; transition onsefAHz) = frequency of maximum

energy at call onset (a) - frequency of max enatggall middle (b); transition offset
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(A Hz) = frequency of maximum energy at call middd € frequency of maximum

energy at call offset; overall transitiganHz) = frequency of maximum energy at call

end (c) — frequency of maximum energy at call of@getDepicted is a time-frequency
spectrogram of a peep vocalisation made by adulale LR.

As grunts were mainly unvoiced, they did not possas i produced by oscillations

of the vocal folds. Thus, to calculate thg fér grunts, | counted the number of
oscillations visible in the spectrogram producedther filtering mechanisms within

the vocal tract, divided by the duration of thd ¢&g. 4.2).
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Figure 4.2 Time-frequency spectrogram illustrating a gruotalisation produced by

LT, an adult female, whilst feeding on apples.

Before continuing, | first screened the data fotliets in any of the acoustic
parameters by producing standardised Z scoregedteel calls with a Z score greater
than 3.29 (+/-) in one or more parameters, as revemded by Tabachnick & Fidell
(2001). | then screened for multi-colinearity ankgslarity amongst parameters by
regressing all parameters and removing any parametgh a variance inflation
factor greater than 10.0. Variance inflation fastareasure the degree to which the
variance of one parameter is inflated by the emcsteof linear and higher order
correlation amongst other parameters in the motety are therefore a sensitive

measure of co-linearity and highlight potentialleons of instability in a model.

Following these checks, | conducted a DiscriminBahction Analysis (DFA) to

assess whether each of the uncorrelated acoustmbles, when combined in one
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model, could discriminate between the four gradadtgpes. Discriminant Function
Analysis can be sensitive to unbalanced datasetshars to account for this, each of
the 10 individuals equally contributed five randgraélected calls for each of the four
vocalisations I = 200 calls, excluding grunts). Therefore, 50calere entered for
each vocalisation. In the DFA, | used the leave-aueclassification procedure in
order to cross-validate the discriminant functidinat were generated. In this cross-
validation procedure, each call is classified bg fhnctions derived from all calls
other than that one. Since the acoustic data fod-Bssociated calls were two-
factorial (caller identity; call type), it has beargued that conventional DFA does not
allow for an entirely valid estimation of the owviérsignificance of discriminability
(Mundry & Sommer, 2007). Therefore, to control faller identity and repeated
contributions, | conducted an additional permutdbescriminant Function Analysis
(pDFA), using a macro written by R. Mundry and @n#ner (Mundry & Sommer,
2007). The pDFA estimated the significance of thmhber of correctly classified calls

(cross-validated).

After checking that the data fulfilled the paraneassumptions, | also ran one-way,
related samples analysis of variance tests (ANOMUA&®xamine whether each of the
individual acoustic parameters varied statisticaljth each call type. In this

parameter-based analysis, | was able to includetgiin the analyses of call duration
and mean fundamental frequency. Each individdat (LO) contributed a mean value
per call type per parameter, which was derived fEooalls per call type categori (

= 250 raw calls). | conducted post-hoc, pairwiseparisons, with a Sidak correction,
to examine whether any of the acoustic parameteutd adiscriminate between the

call types.

In addition to the statistical analyses, | wan@detst whether human observers could
reliably discriminate call types. To do this, | gad out inter-observer reliability tests
for the classification of call types using two r&igbservers. After completing a
training set of pre-classified calls (randomly sete 10%, of original call set), the
naive observers independently classified 10% ofotinginal call setl = 30 calls).
The test set comprised of an equal selection df eathe 5 call types, all randomly

selected. With their scores, | calculated Cohenapp@ coefficients to determine
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whether the levels of observer agreement reachedstandard accepted level
(Cohen'sc = 0.80).

Structure of call sequences
The focus of the second major analysis concernedstitucture and composition of

call sequences. In total, | analysBd= 236 raw call sequences produced by 10
individuals. Each individual contributed at leasiotcall sequences per food type
(range of 2-5 call sequences for high, medium amddreference food classes). | then
calculated the means of the raw call sequencethfee randomly selected different
food types for each of the three preference categjoBecause call number and
sequence length were variable, | measured the segummposition in the first 30
seconds. | measured (i) the absolute number of eatkype (first 30s per sequence)
and (ii) the relative proportion of different cappes (first 30s per sequence), (iii) the
inter-call interval (first three calls only) and/)ithe call rate N calls within first 30s
per sequence). Due to my considerable experienitete calls, | was able to assign
the call types in this analysis by visual and audgpection. This was validated by
results indicating statistically significant calfpe categorisation in the acoustic
analysis as well as reliable classification in lirdbserver reliability tests (see results

section).

In order to examine whether sequence compositiatedvaas a function of food

preference, | calculated the mean number and velgioportion of each call type

produced in sequences to high, medium and low mefe foods. The absolute
number provided information as to the distributadreach call type across preference
classes, whereas the proportions data providedrnmafiton as to the relative

contributions each call type made to the overafjusace. One overall mean per
combination of individual and food preference catggwas entered. For each
individual, the overall mean was calculated frone ttneans of three randomly
selected food types for each of the three foodepesice levels. For both analyses, |
used a matched pairs design using Friedman and¥ditcsigned ranks tests (exact,

two-tailed) and a Sidak’s correction to minimise tisk of family-wise errors.
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To analyse the inter-call intervals, the data wetewn to fulfil parametric
assumptions and thus | was able to conduct unieaABblOVAs, with food preference
entered as the fixed factor (high, medium, low) aadler identity as the random
factor. Data were analysed from all ten individualsth inter-call intervals taken
from three randomly selected food types for eacthefthree preference categoribis (
= 90 sequences). | calculated the median of tis¢ tiree inter-call intervals within

each sequence.

To analyse call rate within the sequence, | catedlahe mean number of calls
produced within the first 30 seconds of a sequeReeh individual contributed a
mean call rate per preference class, taken fronmigens of three randomly selected
food types. As the call rate data were not normdiktributed, | conducted non-

parametric Friedman and Wilcoxon signed ranks f@estact, two-tailed).

| conducted all statistical tests using SPSS verdid.0 except for the permuted
Discriminant Function Analysis, which was conductading R 2.8.1. (R core
development team) using a script written by R. Myn& C. Sommer (personal
communication). All tests were two-tailed and alpbeels were set at 0.05, unless

stated as being corrected.

Results

Food preferences
I conducted pair-wise choice tests for all possddenbinations of twelve food types

at the Zoo and eleven food types at the Park. \Whitaind some consistency of food
preferences across individuals, particularly far thost preferred foods, | also found
some minor individual differences (table 4.1). Siveeits, such as figs, raisins and
bananas rated highly, whereas vegetables ratedvapreference. As described in
chapter three, | used results from the food prefsdests to assign the foods into
three preference classes for each individual, basdtie preference scores: high (67-
100% first choices), medium: (34-66% first choicdsyv: (0-33% first choices).
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Table 4.1.Results of food preference tests conducted aS#émeDiego Zoo and Wild
Animal Park. Italicised font indicates high prefece foods, bold font indicates
medium preference food and normal font represemis greference foods. Dashes
indicate foods that were not provided.

Zoo individuals Park individuals

LN LL IK YN JU LT LR EN AK JJ
Food Individual’s food preference (%)

Fig - - - - - 100 100 100 100 100
Raisin | 100 100 100 95 91 90 90 90 90 90
Grape |91 91 91 95 91 70 75 80 75 80
Banana| /77 77 73 82 91 - - - - -
Popcorn| 73 73 55 60 60 - - - - -
Apple |55 64 59 59 55 60 60 6570 70
Orange |65 55 66 64 64 50 50 50 45 50
Biscuit |46 36 32 32 36 65 65 65 60 60
Celery | - - - - - 25 40 40 40 40
Melon |27 34 14 36 41 - - - - -
Lettuce | 18 18 14 18 18 25 30 25 30 30
Yam 9 18 18 18 9 8 20 10 10 10
Pepper | 9 31 9 27 18 10 O 0 0 0

76



Acoustic analyses
My preliminary observations suggested that bonoposduced five perceptually

distinct call types in response to food: barks pse@eep-yelps, yelps and grunts (fig.
4.3).
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Figure 4.3 Examples of time-frequency spectrograms illustrafice different types
of food-associated calls, produced by EN, an achalte bonobo: (a) = bark, (b) =

peep, (c) = peep-yelp, (d) = yelp, (e) = grunt.

After checks for multi-colinearity and singularity, was able to enter seven
uncorrelated acoustic parameters, out of the algime, for further analysed (=
200 calls, excluding grunts): call duration, peeket mean fundamental frequency,
number of harmonics, transition onset, transitiffsed, and overall transition. Using
these uncorrelated variables, | conducted a Discant Function Analysis (DFA),
derived from all seven acoustic variables, in ortteassess how well each of the
acoustic variables could discriminate between the §iraded call types (bark, peep,
peep-yelp and yelp). Of the three functions usedtha DFA, two functions

significantly discriminated between the call typgsee fig. 4.4). The functions
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explained a significant amount of the variationttve acoustic structure of the call
types (Wilks’ lambda = .089 = 468.718, df = 21P < .001). In a cross-validated
analysis, the functions successfully classified §8%2/200) of the calls according to
call type, a level of accuracy that was signifibamtigher than expected by chance
(binomial test (0.25)P < .001). The success rate of classification of tygles was
highest for barks and peeps, followed by yelps dnein peep-yelps (correct
classification for barks = 96%, peeps = 94%, yel[80%, peep-yelps = 74%). | then
used a permutated DFA (pDFA; Mundry & Sommer, 20Q3@) estimate the
significance of the number of correctly classifieals (cross-validatedN = 1000
permutations). Results from the pDFA indicated ghhli significant level of

discrimination when caller identity was controlted (P = .001).
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Figure 4.4. Distribution of discriminant scores along the taamonical discriminant
functions established to discriminate different dlom food-associated calls (Eigen
values for Function 1 = 3.275; Function 2 = 1.33lack circles represent group
centroids. The four graded call types from the ingal classification overlay the

discriminant function scores.

To examine whether each of the uncorrelated aaopsatiameters varied statistically

between call types, | conducted one-way relatedpesnanalysis of variance tests
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with call type as the fixed factor and identity th& random factorl was able to
include grunts in the analyses of mean fundamérgquency and call duration. Both
mean fundamental frequency and call duration vastadistically among call types
(mean k. F (4, 36) = 329.409P < 0.001; call durationF (4, 36) = 10.300P <
0.001). | also found that the five remaining acmuparameters varied consistently
amongst the four non-grunt call types ljarmonicsF (3, 27) = 30.071P < 0.001;
peak time:F (3, 27) = 6.299P = 0.033; transition onseE (3, 27) = 33.080P <
0.001; transition offsetF (3, 27) = 10.894P < 0.001). One acoustic parameter,
overall transition, failed to reach significanée(B, 27) = 2.908P = 0.053). Post-hoc
pairwise comparisons (with the Sidak-correctionyesded that mean fundamental
frequency significantly discriminated among alllagpes except for the two highest
pitched call types, the barks and peeps. Barks wigraficantly longer in duration
and had more harmonic bands visible than othertgpéls. Peeps were the shortest
call type and showed significantly fewer harmorittan other call types. Barks had a
pointed acoustic shape with steep upward (tramsdimset) and downward (transition
offset) strokes in acoustic energy. Their steepargvstroke distinguished them from
peeps, peep-yelps and yelps and their downwardkestrdistinguished them
significantly from peeps and yelps. Yelps showedistinctive overall downward
stroke form, which discriminated them significarfilgm the acoustically flat peeps in
both the onset and offset transition, and from upe/ard curving peep-yelps in the
onset transition. Barks also had a significanttgrigeak time than peeps or yelps. In
contrast to the other graded call types, gruntsveldoa markedly different structure;
they had a distinctly noisy structure, were lowédclp and were mostly unvoiced.
Formants were visible but the harmonic bands aedfundamental frequency were
not (table 4.3 and fig. 4.5).
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Figure 4.5. Mean values (with error bars) for seven acoustiameters showing the
similarities and differences between the differetd-associated call types produced

by bonobos at San Diego Zoo and Wild Animal Paaks fundamental frequenci

(Hz); b = _call duration(s); ¢ =_number of harmonicdg = peak timge = transition

onset(AHz); f = transition offse{AHz); g = _overall transitiofA Hz). The last five

parameters are missing for grunts because the laadru of the k required to
calculate these parameters was not possible (gwens typically unvoiced and did

not possess a distinguishablg. F
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Table 4.2. Results of post-hoc Sidak-corrected comparisons tést differences
between sample means of acoustic parameters ofdogeassociated call types.P*
<0.05; ** P <0.01; *** P <0.001

Acoustic parameter Calltype Bark Peep Peep-yelplp Yé&runt
Call duration Bark * * o
Peep
Peep-yelp
Yelp
Grunt
Mean fundamental frequengy Bark rkx *kk *kk
Peep *kk **k% **k%
Peep-yelp Hkk Fokk
Yelp Fkk
Grunt
Peak time Bark * *x
Peep
Peep-yelp
Yelp
Number harmonics Bark TRk kk *
Peep *k *%
Peep-yelp
Yelp
Transition onset Bark Rk ok ok
Peep *
Peep-yelp *
Yelp
Transition offset Bark xx *x
Peep *x
Peep-yelp
Yelp

In addition, | conducted an inter-observer religpitest with two naive observers to
verify whether the original call classification waiable across human raters. Results
indicated that the observers independently atta®®d and 93% agreement with my
original classification. Inter-observer reliabiligcores showed very high levels of
agreement (for Observer 1 and 2 respectively: Ceher 0.96, = 0.92) indicating

that human observers could correctly classify aaith a high degree of accuracy.

Structure of call sequences
To describe the different call sequences, | fimhpared the absolute number of each

call type per sequence. Each individual contribudadoverall mean per preference
class (calculated from the means of three foodstype.N = 9 for 10 individuals).
Results from non-parametric Friedman tests revehlgthe absolute frequency of all
five call types varied significantly among prefererclasses (barkg:= 15.077,P <
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Number of call

0.001; peepsy® = 16.632,P < 0.001; peep-yelps?” = 8.6, P = 0.012; yelpsy” =
15.436,P < 0.001; gruntsy® = 7.913,P = 0.017; for all df = 2). Using a Sidak
corrected alpha level of 0.0169, post-hoc Wilcosigned-ranks tests revealed that
significantly more barks and peeps occurred in eeges associated with high than
low preference foods (bark&:= -2.521,N = 10,P = 0.008; peep« = -2.803,N = 10,

P = 0.002) or medium preference foods (baiks: -2.521:N = 10,P = 0.008; peeps:
Z =-2.803:N = 10,P = 0.002). Significantly more peep-yelps occurnegequences
associated with medium than low preference foads ¢2.803,N = 10,P = 0.002)
and significantly more yelps occurred in sequerassociated with low and medium
compared to high preference foods (baths -2.805,N = 10,P = 0.002). Finally, |
found trends of increased grunt production in sagee associated with low and
medium compared to high preference foods (highota Z = -2.201,N = 10;P =
0.031; high to mediunk =-2.023 N = 10;P = 0.063). Results are shown in fig. 4.6.
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Figure 4.6. Box plots showing the number of times each offthe call types was

produced within bonobo food-associated call segeenchick black lines represent
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medians; box edges represent the upper and lowaatilga; whiskers represent the
adjacent values, which are the most extreme valyiag within hinges and the
normal distribution of the sample. Outliers are kedrwith circles and extreme cases
with asterisks.

To gain more information about the overall compositof the call sequences, |
conducted Friedman’s test to examine the relatorgributions of different call types
within the call sequences. When looking at thetnedacontributions of different call
types, | found that the proportion of barké$15.44, df = 2P < 0.001), peepst=
17.90, df = 2P < 0.001), and yelpg{= 14.00, df = 2P < 0.001) varied significantly
amongst preference classes. Proportions of gruséstanded to be associated with
preference classeg’E 5.48, df = 2P = 0.061), but no significant differences were
found for peep-yelps. Using a Sidak corrected alpheael of 0.0169, post-hoc
Wilcoxon signed-ranks tests analysis revealed fogmitly higher proportions of both
peeps and barks associated with high rather tharpteference foods (peeps:= -
2.805,N = 10,P =0.002; barksZ = -2.521,N = 10,P = 0.008) or medium preference
foods (peepsZ = -2.803,N = 10,P = 0.002; barksZ = -2.521,N = 10,P = 0.008).
Significantly higher proportions of yelps occurréd sequences associated with
medium than high preference foods<-2.808,N = 10,P = 0.002) and low compared
to high preference foodZ € -2.66,N = 10,P = 0.004). Finally, there was a trend of
higher proportions of grunts occurring in sequeraesociated with low and medium
compared to high preference foods«-2.666,N = 10,P = 0.046;Z = -2.808;N = 10,

P = 0.043, respectively). Figure 4.7. summarisesdkalts.
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Proportion of call sequence
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Figure 4.7. Box plots showing the relative proportions of five call types present in

bonobo food-associated calling sequences. Grapieiaalres as described in fig.4.6.

Whilst | found no significant effect of food pre&ce class on inter-call intervat (
92, 60) = 3.024P = .073), there was a significant effect of cateré~riedman’s test:
v? = 7.2, df = 2;P = 0.03). Post-hoc analyses, using Wilcoxon sigreetks tests
(Sidak correction) revealed a trend for more cal®e produced in association with
high than medium or low preference foods (highmedium:Z = -2.293,N = 10,P =
0.02; high vs. lowZ = -2.090,N = 10,P = 0.037), but there was no difference in
number of calls produced in association with fooflsnedium preference compared

to low preference.
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Discussion

This study demonstrated that captive bonobos at lwaations produced five
acoustically distinct call types when interactindhwfood: barks, peeps, peep-yelps,
yelps and grunts. Although analyses revealed statisrelationships between call
types and levels of perceived food quality, themswveonsiderable overlap in the
production of different call types across differémbdd preference classes, indicating
that the link between call type and food qualitypidy probabilistic in bonobos. One
consequence is that different food-associated oadig not themselves allow listeners
to make strong predictions about the type of foacbentered by the caller. However,
rather than producing calls singly, bonobos redyllaombined different call types
together into longer, heterogeneous sequencesy#sakvealed that the production
and distribution of different call types within aggience was not random, but related
statistically to the preference score of the fo@hrks were produced almost
exclusively in association with highly preferredofts, and peeps were given in
significantly greater proportions to high compateanedium or low-preference food.
Peep-yelps, the intermediary call type, were preduindiscriminately of food
preference, although they generally occurred mostequences for medium to low
preference. Significantly higher proportions of pglwere produced in calling
sequences associated with medium and low preferéom#s compared to high
preference foods. Whilst the trend was similargamts and yelps, these effects were
not significant. Furthermore, although statistidelcrimination between medium and
low preference foods was not possible, | observenlds of increased production of
yelps and grunts with decreasing food preferendee §eneral lack of strong
distinctions between medium and low preference $andy be due to an insensitivity
of the acoustic parameters chosen, or due to ftttetliat bonobos genuinely only

make strong vocal distinctions between high andmgh preference foods.

The five food-associated calls produced by the bosan San Diego lay on a graded
pitch continuum, with barks at the high end, folemby peeps, peep-yelps, yelps and
finally grunts. The grunts | observed were the lemsnmon but most acoustically
distinct call type, with their more noisy acoussitucture and lack of energy in the
fundamental frequency band and harmonics. Barkse wengest in duration,

characterised by a distinctive pointed shape andenous visible harmonic bands.
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Whilst peeps were also high pitched, they were taally shorter than barks, with
only few harmonic bands and had a flat frequencyaur. However, whilst tempting
to use the term ‘simplified structure’ here, thesloumber of visible harmonic bands
actually suggests some complex filtering mechanianthe vocal tract may be
occurring (e.g. Stevens & Weismer, 2001). Althougtips and peep-yelps were
acoustically similar, peeps were noticeably sharteturation while yelps possessed a
marked downward stroke frequency contour, in cahtta the arched contour of the

lower-pitched peep-yelps.

Analysis of the inter-call interval indicated thimiod preference did not affect the
speed by which calls were produced per se. Howseguyences produced in response
to high preference foods contained significantlyrencalls, suggesting that, although
rate does not increase, calls were produced irelosgguences. In a study on rhesus
macaques, call rates were explained as an effediffefences in the callers’ hunger
levels (Hauser and Marler, 1993a). However, hungegls were unlikely to play a
role in this study as the bonobos were fed the sgunaatity of food at the same time

of day when recordings of the calls were collected.

Food-associated calls in chimpanzees and bonobos
A principal motivation of this study was to compdo®d-associated calls produced

by bonobos with those of their closest relativdse thimpanzees. Chimpanzees
produce one main type of call in response to fdbd,highly graded ‘rough grunt’
(e.g. Goodall, 1986), which possesses an acoustictere that relates to perceived
food quality (Slocombe & Zuberblhler, 2006). In tberrent study, | found that
bonobos also produced grunts that were acousticaiylar to those produced by
chimpanzees. However, in contrast to chimpanzeesplm grunts were the most
infrequent of food-associated calls uttered andewmainly associated with lower
preference foods. Furthermore, in contrast to chimpes, bonobos appear to
communicate information about perceived food qudly producing a range of call

types, which are combined together in probabilistiys within call sequences.

The evolution of this species difference is somevditiicult to understand and we
currently lack empirical data relating to the diyemce of the vocal system of the two
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Pan species. Some of the acoustic variability betwé#sm two species may be
accounted for by anatomical and social factors. dxample, bonobos are smaller in
size than chimpanzees and display a number of meagecharacteristics in their
cranio-facial morphology (Cramer, 1977) and regisasrounding the basicranium
(Laitman & Heimbuch, 1984). Consequently, bonobasstikely possess smaller
vocal tracts than chimpanzees, which may accounthi® raised pitch of their food-

associated calls. However, this feature does raatilseexplain why bonobos produce
a suite of other food-associated vocalisationdutiteon to the more chimpanzee-like
grunt. In terms of social factors, Mitani and Gtamiis (1995) suggested that the
greater degree of group dispersion in chimpanzeeypared to bonobos (Nishida &
Hiraiwa-Hasegawa, 1987) may favour the productiofi lower-frequency

vocalisations that attenuate less and are trareimmbore efficiently than high-

frequency vocalisations (Wiley & Richards, 1978)hi\st more research into such
questions is needed, results from this study suglyaschimpanzee and bonobo vocal

behaviour in the food context has diverged rel&givapidly.

In some ways, the vocal behaviour observed in bosoim this study shows
similarities with patterns previously describedlesus macaques (Hauser & Marler,
1993a). Rhesus macaques also produce five cal$ typeesponse to foods, some of
which are associated with highly preferred or faaels (warble, harmonic arches and
chirps). Coos and grunts are produced in both foodl non-food contexts, and only
grunts differ between these contexts. In this studfpund that the production of
peep-yelps occurred indiscriminately across prefsgeclasses, similar to the rhesus
monkeys’ coo calls. Peep-yelps were also produoed range of other non-food
contexts, and thus more systematic work examingaystic morphology is required

before making more precise comparisons.

The function and meaning of bonobo food-associeadd
These results suggest that bonobos are able to ooioate meaningfully about an

important type of external event, the discoveryaufd. The mechanisms underlying
call production, for example, whether the resultaofieliberate attempt to inform
others or a mere reflection of changes in arodaadely remain obscure. The signal
characteristics of the different food-associatetiscare in line with arousal-based
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explanations of call production (Marler, 1977; Marlet al., 1992; Rendall et al.,
2009). For example, the two highest pitched calksy barks and peeps, are reliably
given during contact with highly preferred foodsgantext which likely provokes a
high degree of arousal in the signaller. In chingess, rough grunts given to highly
preferred food items were also shown to possesssticofeatures, such as higher
peak frequencies and first formant frequenciesclviwould suggest a greater degree
of ‘arousal’ within the signaller (Owren et al.,20) Slocombe & Zuberbthler, 2006).
In this way, it is likely that, to some extent, bdbonobo and chimpanzee food-
associated vocalisations may provide listeners witheans of assessing the caller's
emotional response to the value of the food patevertheless, results from a host of
studies indicate that calls with ‘arousing’ feagjreuch as may be the case for food
discovery, may still provide information to recaisgSeyfarth et al., 2010). Thus,
rather than only relying on motivational explanaipwhich depend upon the elusive
concept of ‘arousal’, that is difficult to quantifgnd measure experimentally, it
appears more useful to adopt the information-bas@oroach, which provides a
frame-work in which the informational content ofiraal signals can be studied

scientifically .

Another important observation is that some of th#scdescribed, particularly the

peeps and peep-yelps, appear to also be produceshifood contexts, such as during
mother-infant interactions, grooming, alarm, traaetl also after agonistic encounters
(Bermejo & Omedes, 1999; de Waal, 1988). De Wa@88) suggested that bonobos
frequently respond to and ‘comment’ on new andr@ging objects using peep —like
vocalisations. Of course, it is always possiblet ttieere is subtle but consistent
context-specific acoustic variation within the cglpes, a topic for future research.
Alternatively, it is possible that bonobos use éheslls in a range of contexts,
suggesting that their communicative significancbrizader than referring a listener’s
attention to the fact that food has been discoveBedobos are known to forage more
closely together in stable mixed parties than donphnzees (e.g. Furuichi, 2009;
White & Wrangham, 1988) and it has been suggestet food-associated

vocalisations may be used to maintain communicati@tween foraging party

members who may lack visual contact (Bermejo & Oesed 999).

88



The function of food-associated calls presents sdme of an evolutionary
conundrum. From the signaller's perspective, sughalsiour is costly if it leads to
loss of food to competitors (Elgar, 1986b). Howewllers could minimise these
costs if they took into account, for example, fopdtch size, divisibility, or

composition of the nearby audience (Hauser etl8B3a, b; Hauser & Wrangham,
1987; Zuberbthler, 2008).

Despite the costs of attracting foraging competitdhere appear to be numerous
social benefits to producing these calls. In rellidgetamarins, it has been suggested
that food calls are not solely a function of ardusahe presence of highly desirable
food patches, but serve to attract allies, everthat cost of increasing feeding
competition (Caine et al., 1995). In chimpanzeak] males were found to call more
in the presence of close allies and also recomnderedling upon their arrival
(Slocombe et al., 2010b). This result suggests ¢chahpanzee food-associated calls
may be part of a flexible social strategy to sttbeg ally relationships, something
particularly important for the male chimpanzee abstructure. In a previous study on
bonobo food-call production, males who called oftatiracted females who
subsequently mated with them, and it was suggekstdy calling, bonobos may also
receive benefits from producing food calls by atiregy mates as well as potential
allies (van Krunkelsven et al., 1996). Further wamkestigating the influence of
social and ecological variables, as well as thkuémice of audience, is required to

explore the adaptive significance of food-assodiatdls in bonobos.

Whilst there are clearly many avenues still operexplore, this study has made
progress by showing that bonobos alter the prodmotif different types of vocal
signals as a function of perceived quality of fodeurthermore, although the
referential specificity of some of the individualllctypes appears to be relatively low,
the fact that the probabilistic arrangement of diféerent call types into sequences
varies reliably between food preference classegesig that receivers may be able to
make inferences about the nature of an ongoingrfgesl/ent by paying attention to
the structure of the sequence. In the next chgdpbapter five), | describe a playback
experiment which was conducted in order to inveséigvhether the sequence patterns
described here convey meaning to receivers andeinfe their foraging decisions. If

food-associated call sequences do provide infoonatd receivers about the food
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being eaten, it should be expected that receivérsnodify their foraging behaviour
based on what they had heard and navigate moretieéfiy to the food associated

with the call.
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Chapter five: Bonobos extract meaning from food-asxiated -call
sequences

Summary

Studies on language-trained bonobos have revedled temarkable abilities in
representational and communication tasks. In ceptcarresponding research into the
natural communication of bonobos has largely besgietted. | addressed this issue
by conducting the first playback study on bonoba@alobehaviour. In the study
outlined in the previous chapter, | demonstratedt thonobos produce five
acoustically distinct call types when finding foadhich they regularly mix together
into longer call sequences. Call types were shawinet relatively poor indicators of
perceived food quality, while context-specificityasvshown to be greater at the call
sequence level. Here, | investigated whether recgiextract meaning about the
quality of food encountered by the caller by in&grg information across call
sequences. | first trained four captive individutdsfind two types of foods, Kiwi
(preferred) and apples (less preferred) at twoerbfit locations. | then conducted
naturalistic playback experiments, during whiclrddacasted sequences of four calls,
originally produced by a familiar individual resgbng to either kiwis or apples. All
sequences contained the same number of calls bedvia the composition of call
types. Following playbacks, subjects devoted sigaiftly more search effort to the
field indicated by the call sequence. The resuitlicate that bonobos are able to
extract meaning about quality of the food encowateny the caller by integrating

information from across call sequences.

Results from this study have been submitted fotipation as:

Clay, Z., & Zuberbuhler, K. Bonobos extract mearfirogn call sequenceSubmitted
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Introduction

A growing body of research has demonstrated thatvtitalisations of non-human
primates can convey a considerably rich amounbfoirmation that is meaningful to
receivers (e.g. Seyfarth et al., 2010). For insafield experiments have shown that
various species produce acoustically distinct alaatts, which can inform listeners
about specific types of dangers (e.g. Fichtel & papr, 2002; Kirchhof &
Hammerschmidt, 2006; Seyfarth et al., 1980; Zubedytet al., 1999). In some
monkey species, there is evidence that signallersbine strings of acoustically
variable calls in ways that alters the signal’'s me@ (e.g. Arnold & Zuberbuhler,
2006b, 2008; Ouattara et al., 2009a, b). For examplale Campbell’'s monkeys
(Cercopithecus campbéllproduce acoustically distinct alarm call types@sponse
to eagles and leopards (Zuberbihler, 2001). Duesg dangerous situations, these
monkeys also add a pair of ‘boom’ calls before abiger alarm calls. In a playback
experiment, it was shown that Diana monke@s Diang, a sympatric species that
form mixed-species associations with Campbell’'s kegs, cease to respond when a
‘boom-boom’ series is added (Zuberbuhler, 2002)sEhresults indicate that Diana
monkeys understand semantic changes brought alyoatdombinatory rule in the
alarm calling system of Campbell’s monkgyaberbihler, 2002). Subsequent work
has also revealed that male Campbell's monkeysugea@n array of six different
types of loud calls in a range of contexts, whiodytcombine into numerous context-
specific sequences. Furthermore, callers have keewn to follow a number of
combinatorial principles, such as non-random ttaorsiproperties of call types
(OQuattara et al., 2009a).

Food discovery represents another event type dwimigh some primates produce
context-specific vocalisations. Food-associateds cehn provide listeners with a
useful means to access foraging patches more iggctwhile callers appear to gain
mainly social benefits (e.g. Caine et al.,, 19950c8ibe et al., 2010b). The
production of food-associated calls is not restdcto primates but is found in other
mammals and birds (e.Gallus gallus Evans & Evans, 1999). At the simplest level,
food-associated calls are a basic physiologicglaiese indicating that the caller has
found something desirable, as demonstrated byveseapproaching these calls more
rapidly than other calls (Di Bitetti, 2003; Gros+lie, 2004a) or by triggering foraging
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behaviour (Evans & Evans, 1999; Kitzmann & Caing09. In some species, food-
associated calls appear to provide more detailéarnration about the food item
itself, such as its quality, quantity or divisibyli which can be conveyed by changes
in call rates (Boinski & Campbell, 1996; Elowsonadt 1991; Gros-Louis, 2004a;
Roush & Snowdon, 2000), or acoustic structure (Bet®93; Benz et al., 1992,
Hauser et al., 1993a).

Among the great apes, chimpanzdean(troglodytesare known to produce specific
food-associated calls, known as ‘rough grunts’ (@dlp 1963, 1965, 1986). The
morphology of rough grunts has been shown to cg-waith the caller's food

preference (Slocombe & Zuberbihler, 2006). A ndistra playback experiment
demonstrated that acoustic variation in rough grumftuenced the foraging decisions
of a receiver, suggesting that the acoustic stractii this graded signal conveyed

meaningful information (Slocombe & Zuberblhler, 36D

What exactly governs receiver responses is a maittengoing debate. For instance,
it is not clear whether receivers respond direttilthe calls’ physical features or their
referential nature, that is to say, the causalticglabetween calls and contexts
(Rendall et al., 2009; Seyfarth & Cheney, 2003aSilarly, signalling is often said
to be non-cooperative, with signallers merely podg ‘natural’ information in
response to biologically relevant events, while egpresentational content is largely
generated by the receivers (Stegmann, 2009). Tiredédems are unresolved because
the psychological states experienced by primatesnglucall production and
perception are rarely investigated.

Results from my observational study, describedhapter four, demonstrated that,
like chimpanzees, bonobos vocalize upon encoumgefood, but that there are
important differences between the twan species. Whilst both chimpanzees and
bonobos produce grunts, bonobos give four otheusdmally distinguishable tonal
calls (barks, peeps, peep-yelps, and yelps) whedinfy food. Although there were
some statistical relationships between call types @erceived food quality, different
call types were shown to be produced to a rangdiftérent food types. Whilst

context specificity at the individual call levelettefore appears to be low in bonobos,
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my results indicated that the composition of longell sequences, where different

call types were combined, relates reliably to fgodlity.

Although the hypothesis of meaningful call combimas has already been put
forward for bonobos, it has never been tested flynfBermejo & Omedes, 1999; de
Waal, 1988). | addressed this in the current stuyducting the first playback

experiment on bonobos. Based upon my findings aptdr four, | examined whether
listeners were able to extract meaningful informmatrelating to food quality by

attending to the composition of these heterogeneallssequences. To do this, |
played back different types of food-associated cmbuences to receivers and

analysed their subsequent foraging responses.

Methods

Study site and subjects
| conducted this study at Twycross Zoo, UK, ovaurfanonths, between April and

July 2009. During this time, the group was permégetvided into two subgroups of

N = 5 individuals (subgroup A) and = 6 individuals (subgroup B). The subgroups
shared the same outdoor enclosure but were tenhpsegarated. Subgroup A had
access to the outdoor enclosure in the morningssabdroup B had access in the

afternoons. Full details of the subjects and stitéyare provided in chapter three.

Design
The basic design was to simulate a member of subghofinding food shortly before

the midday switchover, in order to investigate \ileetthis influenced the subsequent

foraging behaviour of subgroup B members.
The study consisted of four main stages: (1) cotwgdood preference tests, (2)

recording of food-associated calling sequences,e€®blishing two feeding areas,

and (4) conducting playback experiments.
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1. Food preference tests
I conducted food preference tests for all individua both subgroups in order to

identify two foods, from eight familiar foods, thatre unanimously classed as high
and low preference (eight foods = kiwi, bananal@pprange, carrot, celery, tomato,
swede). Full details of the procedure are provigledhapter three. Selecting foods
that were unanimously perceived as high and lowlitguan both groups was
necessary in order to ensure that the calls usstiraali from the ‘call producers’ in
subgroup A corresponded with preferred and lestepesl foods of the ‘receivers’ in
subgroup B. It was also necessary to identify taods that regularly elicited food-
associated calls, something that was more chalignigir the lesser preferred foods.
All vegetables (celery, carrot, tomato, swede) iastly ranked low but, as they
only rarely elicited vocalizations, | excluded thénmom further analyses. Results from
the food preference tests indicated that all imtliels ranked kiwi as a highly
preferred food, followed by banana. Apples consityeranked as a medium-to-low
preference food by all individuals whilst still wdgrly eliciting vocalisations (see

appendix Il). | thus selected kiwi and apple asekgerimental foods.

2. Recording calls
From April to May 2009, | recorded food-associatall sequences given by all

individuals feeding in the outdoor enclosure. Thi§illed two goals. First, recording
vocalisations enabled me to build up a sound hbddrcall sequences given to kiwi
and apples by individuals of subgroup A that cobll used for the subsequent
playback experiments. Second, it was necessaryrpare the vocal behaviour of the
bonobos at Twycross with my previous study of tbaedbos at San Diego (chapter
four) in order to verify that both groups sharee same vocal behaviour, enabling the
hypothesis of meaningful call combinations to beted. Further information on the

protocol for recording vocalisations is providecchmapter three.

3. Foraging training
Starting on the 20th April, | established two ouwddoraging patches for the

afternoon subgroup (subgroup B). Each day, betwe inidday release, a caretaker
entered the enclosure and hid finely cut piecemttdangular pieces, total 300g) of

either apple or kiwi in the grass in one of two 30ields, so that they were not
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visible from a distance. The two fields were ornpsk®, equidistant to the door (21m);
the distance between them was 8m. Both areas weed & dimensions (length top =
6.5m; width = 4.0m; length bottom = 8.5m), startimigh a flat descent and finishing
at the concrete border of the enclosure wall (gpesfl). | classified the outer border
as the place where the adjoining corner of therdlupe edge met the area slope, and

the inner edge as the rocky border of an artifip@id located between them.

Daily provisioning of either kiwi or apple piecesasvdone in a random order so that
individuals could not predict which patch was baitend thus had to inspect both
areas. Only one food type was provided during @mitrial and no other food or
enrichment was given. The keeper always visitedh laweas, even if no food was
placed, to prevent individuals from learning noisassociated with scattering food.
There were 16 training days for each food type, Hhdontrol days during which the

keeper entered the enclosure, but no food was gedvi

Indoor enclosure

Subgroup A |Subgroup B

Keeper door to enclosure

>

Grassy mound

Climbing
structures

‘Kiwi’ field ‘Apple’ field

Speaker
Figure 5.1. Schematic layout of the bonobo facility at Twysagoo, including

location of playback equipment and artificial fogites.
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During the training phase, | filmed the individdalsraging behaviour and kept a
daily record of each individual's food encountei® document the amount of
learning experience for each individual, | countiee number of events in which an
individual had either (a) direct experience withirggaor making physical contact with
either food, or (b) indirect experience, in whitie individual saw another individual
feeding without feeding themselves (table 5.1). irttbviduals appeared to quickly
learn the two locations (after two days, the indiials started to run directly to search
the locations upon release), and quickly formedeargpreference for the kiwi field.
Generally, feeding on both fields was peaceful. rFolithe six members of the
afternoon subgroup (GM, LU, CK, KH) completed thaining, gaining direct
experiences in at least two thirds of all traindays (table 5.1).

The other two individuals (JS, DT) failed to pagigate, either due to social exclusion
or lack of motivation. JS was bullied by the fensaile the group to the extent that he
rarely entered the outdoor enclosure with the géthe group. If JS did ever enter, he
only did so after significant delay, at which poaiitthe food had already been eaten.
DT showed very poor food motivation and lack ofeneist in approaching the food

locations or foraging. Occasionally, she would apph the food locations but after

the rest of the group had foraged, and therefazeived very little direct experience

with the feeding locations.

Table 5.1.Direct and indirect experiences by subgroup Buialials during foraging

training phase.

Individual
Experience at GM CK KH LU
food site

Kiwi Apple | Kiwi Apple | Kiwi Apple | Kiwi Apple
Direct 9 9 9 9 13 14 14 14
Indirect 2 3 1 1 1 0 1 0
Total 11 12 10 10 14 14 15 14

97




Frequency (kHZ)

18 4
16 —

147

4a. Creating playback stimuli
Using the library of calls collected from the ‘caltoducer’ subgroup (A), | created

stimuli for the subsequent playback experimenthEstimulus consisted of a four
second series of four equally-spaced calls. | adittuse grunts in this study due to
their very low occurrence and soft amplitude coraedao the other calls. Thus, the
playback stimuli were composed of mixtures of ugowar different call types: barks,

peeps, peep-yelps and yelps (see fig. 5.2).

18 4

14

o

0.2 0. 1

Time (s

Figure 5.2. Spectrographic illustrations of two playback stim@a) a high value

sequence originally given to kiwi (bark/peep/baddp) and (b) a low value sequence,

originally given to apple (yelp/ peep-yelp/yelpkpeyelp).

In order to ensure that the playback stimuli redcthe natural calling behaviour of
the bonobos at Twycross, | compiled the playbackui so that they reflected the
natural range of sequences produced when encoupteigh and lower value foods
(table 5.2). In order to do this, | examined theéura distribution of call types in
sequences by the Twycross individuals, by takingradom selection of four call
sequences foN = 6 individuals (three from each subgroup: subgréu= KK, KT,

BK; subgroup B = KH, DT, CK) given to high and Iqweference foods. Based on
my prior experience with classifying calls, | cléiesl the call types for the first four
elements in the sequences. Calls were classifiedvisyally inspecting the
spectrograms, verified by a harmonic cursor (orestrpointer device for indicating
spectral frequency), and listening to the callspettion of these sequences indicated
that natural call sequences to kiwi contained npaeps and barks but sometimes also

peep-yelps and yelps, while sequences to appldained higher proportions of yelps
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and peep-yelps, though peeps and barks could alpoelsent (see table 5.2).

When selecting sequences for playback stimuli, dséd the choices towards
recordings of the highest quality and ensuredtti@astimuli covered the natural range
of call sequences produced in response to kiwiegopdes (table 5.2). For the stimuli,
| used a balanced contribution of sequences pradbgehree individuals (KK, KT,
BK) from separate feeding events. | was unabled¢tude calls produced by the other
two individuals (MR, BY) due to their low callingates. Where necessary, | used

Adobe Audition to edit unequal inter-call intervatsorder to rule out call rate effects.

Table 5.2. Relative frequency of food-associated call typpsofdortions of call
sequences) within natural call sequences givenighb lnd low-value foods by

bonobos at Twycross Zoo and the corresponding playbtimuli.

Call Food type Call type
Sequence
Bark Peep Peep-yelp  Yelp Grunt
Natural | High 0.24 0.52 0.22 0.03 0.00
Low 0.04 0.28 0.42 0.26 0.02
Playback| High 0.29 0.50 0.18 0.04 0.00
Low 0.05 0.13 0.40 0.43 0.00

If required, undesired ambient sound events weraoved (e.g. other animals
vocalizing, motor vehicles passing, zoo visitompvided they did not overlap with
the stimulus calls. In some cases, it was necedsargduce the amplitude of the
background noise throughout the entire stimulushgisiHann’ band filters. If
necessary, the stimulus amplitude was adjustedhatoall calls fell within the same
amplitude range of 75-80 db. In all cases, ampditadd background noise were only
modified if there was no distortion to the overadll sequence, so that the sequence
continued to sound natural. For some sequence$sol @nducted a number of
transplantations, in which individual calls givenapples were replaced with the same
call types given to kiwi and vice versa. In doirg the types of calls or the sequence
order was not changed (e.g. a peep from a callesmguto kiwi was replaced by a
peep from a call sequence to apple). The purposetav@&nsure that the sequence

composition, not the acoustic properties of indiratdcalls, was indicative of the food
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encountered by a caller. If two recordings from shene individual were comparable
in terms of levels of background noise, | modifitet sequence composition by
transplanting a call produced in one series wittalaof the same type from another

series, using Adobe Audition.

4b. Conducting playback experiments
Finally, | conducted playback experiments in whieli sequences of members of the

morning subgroup were played to individuals in #fiernoon subgroup. Individuals
could be exposed to one of three possible conditi&iwi, apple or control trials.
During control trials, all features of the proceeluemained the same except that no

stimulus was played.

For broadcasting the stimuli, | used a Nagra DSMagkpr/amplifier attached to an
Apple Ipod shuffle, 2Gb. The speaker was positioegdidistant from the two fields
on a large secure tripod, 1.85m off the groundihed sounds could be broadcast
without interference from the 1.8 m glass wall egloig the enclosure (fig. 5.3). The
distance between the speaker and the door entr@ase28m. Although facing the
door, the speaker was not visible from the dooe tluthe presence of climbing

structures on the mound.

In order to allow the bonobos to habituate to tresence of the playback equipment,
| began by setting up the playback equipment daityl0 days before commencing
the experiment. The bonobos quickly habituatecheopgresence of the speaker, and

came to ignore it after several days.

In each trial, the amplitude of the playback stimuds adjusted so that they sounded
natural to experienced observers (myself and tvapé&es). Within this natural range,
the stimulus sequence was arbitrarily reset withBdb range to control for possible
amplitude effects. Prior to the experiment, | cartdd sound checks with the
assistance of a keeper to ensure that the stifayeg outside were audible through

the metal door to the individuals indoors (fig 5.1)
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() (b)

Figure 5.3. Photographs depicting (a) the playback speakettiposd during the
experimental phase, (b) the view of the sloped @muténclosure from the bonobo exit

door (photographs by Z. Clay).

The experimental routine was as follows. Around daj subgroup A (morning
subgroup) was brought inside, as normal, and gaveeed feed indoors. Live radio
broadcasting was played via an inside keeper doprdvent subjects from subgroup
A from hearing the stimuli (i.e. their own calls) the subsequent experiment. This
was effective as no vocal responses were elicitad iny individual during playback
trials (except for one apple trial, which was exidd from analysis). Meanwhile,
individuals from subgroup B (afternoon subgroup)revevaiting to be released
through their own door. Before their release, thkeg manipulations were carried
out. First, a keeper entered the outdoor encloBare a side door to mimic placing
food (none was provisioned). Individuals were faanilwith this routine from the
previous foraging training. They could not seedkient, but could hear the associated
sounds. After the keeper’s return, subjects hehedapening sounds of the door,
which connected subgroup A to the outdoor enclogtomesuggest a re-entry of

subgroup A), although, in reality, no subject waelgased.

A trial was conducted only if, (a) no vocalizatidmsd been produced by the morning
subgroup for at least one minute, (b) individudlsubgroup B were waiting close (<

1-2m) to the door and were not distracted by $@atvities (play, agonistic, sex) for

101



at least one minute; (c) there was no rain or esteesvind outdoors. Communication
between a keeper, who stayed indoors with the basycdnd the experimenter, who
stayed outdoors, was maintained with two-way radibghese conditions were not
met, the trial was either delayed or abandonecbrtitions were met, | broadcasted a
4s playback of a series of four equally spacedsocaftracted from a natural call
sequence to either apple or kiwi (to simulate agsulpp A member finding apple or
kiwi), played from their outdoor enclosure. One uie after playback (a sufficient
time period for the subgroup A to ‘return’ indoqrsiibgroup B was released and their
foraging behaviour was monitored for up to 10 m@&sutising a camcorder with
additional verbal comments. | simultaneously reedrcall vocal responses and
provided a commentary using professional soundrd&@g equipment as previously
described.

To rule out visually-based foraging, no food wasrewrovided on either field during
experimental and control trials. To reduce the iigy of extinction, | interspersed a
number of refresher days between trials, i.e. betw&-4 days during which |
provided either kiwi or apple pieces on the coroesjing fields, provided in a random
order (N = 28 total).

Due to the potential stress provoked, zoo regulatiorohibited separation of group
members. This meant that all individuals remaimetheir subgroups throughout the
study, and so subjects were released simultanean®ythe outdoor enclosure.
Therefore, the behavioural responses were collestel@ individuals interacted as a

group.

Analyses

| extracted systematic data on three dependentablas across the different
conditions: (a) field first visited (kiwi vs. apple(b) time spent actively foraging in
each field (time trespassing, sitting, resting,st@eping were subtracted); (c) total
number of visits per fieldN times entering and exiting the field areas intgted by
at least one bout of foraging). Because data frahividuals were inter-dependent (I
was unable to separate individuals), my principalyses were conducted at the
group level, using the median scores for individu@mbined per trial. The nature of

the data distribution meant that only non-pararoetiatistics were employed.

102



Whilst measuring the central tendency of the gracioss trials reduces the problems
of data interdependency and type-two clusteringrer(Galbraith et al., 2010), the
cost is a substantial reduction in statistical powerthermore, rather than using the
foraging behaviours of receivers as the unit oflyais (upon which my hypothesis is
based), the unit of analysis becomes the trialwhith the responses of a group of
receivers were measured. Given these statistigat@onts, | conducted a second,
more powerful analysis, using Generalized Lineard®s. The Generalized Linear
Model is an extension of General Linear Model, imick there is a flexible
generalization of ordinary least squares regressidms procedure relaxes the
assumptions of normal distribution and the identibhk (Nelder & Wedderburn,
1972) and allows nonlinear relations between depainednd independent variables,
both of which can have categorical or continuous ahstributions (McCullagh &
Nelder, 1989). Interdependency prevented me frotarieig all individuals into one
model, thus | conducted Generalized Linear ModPigigson distribution, log link
function) to analyze each individual's performarsaparately. This second analysis
supplemented my group-level analyses, providingompromise to conduct more

powerful statistical analyses of all the data fralirfour individuals.

To ensure that my behavioural coding was reliaile,naive observers were asked to
blind-code a randomly chosen trial for each of theee different conditions.
Instructions were provided explaining the critensed to code the three dependent
variables and the coders extracted these measwrestlie videos. These measures
were then compared to the original measures, wsi@gonbach’s alpha test of inter-
observer reliability. Scores of 0.86 (Observer a9l 8.97 (Observer 2) across trials

were obtained, indicating high levels of obsengreament.

Results
A total of 28 trials were conducted; three werecdided due to poor weather

(preventing the bonobos from being released), aretd unexpected vocalizations
(see before), and one due to an unexpected comatiamqroblem between keeper
and experimenter. The remaining 23 trials consieféd= 10 apple playback trial$|

= 7 kiwi playback trials andN = 6 control trials, which were completed by four
individuals (GM, CK, KH, LU). The remaining two indduals (DT, JS) were
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excluded from analyses. As previously describeddidiSnot complete the training
phase and due to his social exclusion, he did ntérethe outdoor enclosure to
participate in the study. DT showed no evidencba¥ing learned the food locations
during the training phase. As expected, DT alsonslaolittle interest during the
playback phase and only completed 5 of 23 trialéclwwas not enough for statistical

analyses.

Foraging behaviour
Following release, there was a strong baselineeprte for the highly preferred

‘*kiwi’ field. In the control condition, individualsvere more likely to visit the kiwi
field first and more often, as well as devoting entwraging effort to it compared to
the apple field (fig. 5.4). Despite this baselinash comparisons of the median N
trials with first arrivals to the Kiwi versus Appfeeld (per condition, per individual)
revealed that playbacks of food-associated calld &asignificant effect on the
individuals’ first choice of fields)f = 16.347, df =2P < .001; Pearson chi-square,
two-tailed, fig. 5.4a). Hearing a call sequencgioally given to kiwi resulted in an
increase in first entries to the kiwi field compdut® control or apple call sequences
(medianN trials with first arrival to kiwi site per conditp per individual: control =
3.0 (50% of trials); kiwi playback = 6.0 (86%); a@mplayback = 5.0 (50%), all one-
way y° tests:P > .05). As described previously, the unit of asiywas the median
value for the group response owing to fact thatgtoeip foraged together, with level

of dependency equal across trials.

After hearing apple call sequences, there was rafisignt increase in the number of
first visits to the apple field, compared to cohtwo kiwi trials (medianN trials with
first entries to apple site per individual: contnehls and Kiwi trials = 0.0, apple trials
= 4.0 (40%); both control and kiwi vs. appjé:= 13.235, df =1P < .001, with Sidak
corrected alpha = 0.0169). Hearing food-associatddsequences, in other words,
influenced the bonobos’ foraging decisions agadinesir pre-existing food preference

biases.
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Next, | determined whether hearing playbacks infaesl the number of visits the
group made to the two fields (fig. 5.4). Againpluhd a significant effect of playback
condition on the median number of visits made keygtoup to both the kiwi fieldt

= 6.486, df =2P = .034; two-tailed exact Kruskal-Wallis test) atheé apple field ;(2

= 10.532, df =2P = .002; two-tailed exact Kruskal-Wallis test). Bbec, pair-wise
comparisons using a Sidak correction (correctechaalp 0.0169) revealed that
individuals visited the ‘kiwi’ field more often at hearing kiwi call sequences
compared to control trials (medi@mo = 0.5; mediagwi = 1.0; mediagype =1.0; N
visits to kiwi field, kiwi playback vs. control: Man-Whitney U = 4.5P = .015).
Conversely, | found that individuals visited theplgpfield more often after hearing
playback of ‘apple’ call sequences compared tocttr@rol condition (mediagniol =
0.0; mediapwi = 0.5; mediagpe =1.0; N visits to apple field, ‘apple’ playback vs
control: U = 3,P =.002).

Finally, hearing playbacks of food-associated saljuences had a significant effect
on the foraging time devoted by the group at bbéhkiwi site §* = 6.902, df =2P =
.026; two-tailed exact Kruskal-Wallis test) and #pple site °= 10.876, df =2P =
.002; two-tailed exact Kruskal-Wallis test; fig.46). Pair-wise comparisons (Sidak
corrected alpha = 0.0169) revealed that individisggent more time at the kiwi
location after hearing ‘kiwi’ call sequences congghrto control condition
(mediaRonrol = 2.25s; mediagi = 16.50s; mediappe = 5.75s; kiwi site: Kkiwi
playback vs. control: Mann-Whithey U = ¥ = .022,) or hearing ‘apple’ call
sequences (kiwi playback vs. apple playback: U 5,1 = .058). Likewise,
individuals spent more time in the apple field atbearing playbacks of apple call
sequences compared to control trials (mediay = 0.0s; medianippe = 9.5s;
mediamwi = 1.5; apple field: apple playback vs. control:iviahitney U = 6P =
.015). Although there was a trend for spending ntore foraging for apple after
hearing apple playbacks compared to kiwi playbadke, result did not reach

significance (apple vs. kiwi playbacks: U = 20> .05).
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Median number of visits after playback

Median proportion of first visits

Control Kiwi Apple

Playback condition
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Figure 5.4. Box plots indicating foraging responsed € 4 bonobos) following

playbacks of call sequences given to high valueifkor low value (apple) foods. (a)
Site of first entry expressed as a median proporticthe individual’s median choices
per condition; (b) median number of visits perliri@) median time spent foraging
following playback (s). Boxplots indicate medianbigk black lines), inter-quartile

ranges (box edges), and highest and lowest valgsKers), excluding outliers.

In the above analyses, | reported behaviour atgtioeip level in order to avoid
problems with data interdependency and type-twstehing errors (Galbraith et al.,
2010), albeit at the cost of a substantial reducitostatistical power. In a second set

of analyses, using Generalised Linear Models (Boi$sg, two-tailed), | found that,
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for each of the four individuals, there was a digant effect of playback type and the

number of visits to the two fields (table 5.3, apqi 11l ). Pair-wise comparisons

revealed that individuals visited the ‘kiwi’ fielchore often after hearing kiwi call

sequences compared to the control trials, in ose sanificantly so (CKP = .019;
LU: P =0.13; KH:P =.084). All individuals visited the apple fieldgaificantly more
often after hearing apple call sequences compardidet control condition (GMP <
.001; CK:P =.008; LU:P = .016; KH:P = .001).

Tables 5.3 Mean number of visits (and SDs) by each individodhe two fields after

hearing food-associated call playbacks.

Individual | Kiwi field Apple field

Control Kiwi PB  Apple | Control Kiwi Apple | Likelihood-ratioy”
PB PB PB

GM 1.00 1.57 1.20 | 0.00 0.71 1.70 18.471, df = 5P =.002
(0.00) (0.20) (0.20) | (0.00) (0.18) (0.40)

CK 0.33 1.57 0.90 |0.00 0.43 0.70 16.801, df =5P =.005
(0.21) (0.30) (0.18) | (0.00) (0.20) (0.21)

LU 0.50 1.43 0.70 |0.33 0.86 1.40 8.800, df =5p = .117
(0.22) (0.43) (0.26) | (0.21) (0.26) (0.40)

KH 0.33 1.14 0.60 |0.00 0.57 1.10 13.701, df =5pP =.018
(0.21) (0.34) (0.16) | (0.00) (0.43) (0.23)

(PB = Playback)

Finally, hearing playbacks of food-associated saljuences had a significant effect

on the foraging time devoted by each of the foudliviiduals in the two fields (two-

tailed Generalised Linear Models, Poisson-log; éabl4, appendix Ill). Pair-wise

comparisons revealed that individuals spent maree tat the kiwi location after

hearing kiwi call sequences than apple call seqeeeifall individualsP < .001) or
compared to control trials (GM, KHP < .001; CK, LU:P < .005). Likewise,

individuals spent more time in the apple field attearing playbacks of apple call

sequences, compared to kiwi call sequences (allichahls: P < .001) or compared to

control trials (all individualsP < .001).
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Table 5.4 Mean time spent (s) (and SDs) by each individuahe two fields after

hearing food- associated call playbacks.

Individual | Kiwi field Apple field

Control  Kiwi Apple | Control Kiwi  Apple | Likelihood-ratioy”
PB PB PB PB

GM 6.33 3286 15.60 | 2.17 8.28 24.90 | 328.523, df =5P <.001
(1.33) (15.00) (3.75) | (2.17) (2.91) (7.25)

CK 0.67 17.57 6.2 0.00 1.86 8.80 |259.036,df=5P <001
(0.49) (5.76) (2.56) | (0.00) (0.99) (3.27)

LU 4.00 25.00 5.3 1.33 557 17.20 | 295.858, df = 5P <.001
(1.91) 9.15 (1.97) | (0.99) (2.03) (5.85)

KH 1.33 2357 4.3 0.00 6.86 7.20 | 305.699, df =5P <.001
(0.84) (11.73) (1.71) | (0.00) (5.15) (1.66)

(PB = Playback)

Foraging errors and integration
A key indicator of representationally-based sigmabcessing is that subjects

sometimes make mistakes, particularly with signfigt are ambiguous or only

weakly correlated with specific external eventse@@ann, 2009). In my sample,
some call sequences were better indicators of &nghlow food quality than others in

terms of their call composition. Thus, if subjentade mistakes, the prediction was
that they should be more likely to happen in respoto the more ambiguous
sequences (e.g. visiting the apple field after ingea kiwi sequence). To address this,
| assigned a cumulative value to each sequencechwhias based on its call

composition. Each call within the sequence contebuwith a value that reflected its
association strength with high preference foodl¢®b.2, 5.5). | assigned this using
ordinal scores, where the calls were ordered acuprb their associated strength
with high preference foods (barks = 4, peeps =e&eppyelps = 2, yelps =1). In

addition, | calculated cardinal scores, which wdrased on the frequency of
occurrence within natural call sequences to higiigferred foods. This approach
resulted in the following values: barks = 6.00,gmee 1.86, peep-yelps = 0.52, yelps
=0.12 (see fig. 5.5, tables 5.2, 5.5).
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Table 5.5.Composition of different call stimuli and resuliibbehavioural responses
in receivers. Receiver foraging effort represensamtime spent foraging at per
individual. Cells marked in bold represent ‘respoesrors’ where individuals exerted
more foraging effort in the incongruent field. CVOumulative value (ordinal); CVC:

Cumulative value (cardinal); Kiwi bias: Relativabitowards the kiwi field.

Signaller behaviour Receiver foraging effort (s)
Food Sequence CVvO CvC Kiwi field  Apple field Kiwids
Kiwi BBPB 15 19.86 21.0 2.5 9.4
Kiwi BBPB 15 19.86 6.5 2.5 3.6
Kiwi BBPPY 13 14.38 28.3 5.0 6.7
Apple PYBBPY | 12 13.05 20.0 12.0 2.7
Kiwi PPPYP 11 6.10 79.0 18.8 5.2
Kiwi PYPPP 11 6.10 20.8 1.8 12.6
Kiwi P PY PYP 10 4.76 1.3 2.5 15
Kiwi PPPYY 9 4.35 16.5 6.5 3.5
Apple PYPPYPY |9 3.43 14.8 3.3 55
Apple | YPYPYP | 8 3.02 0.0 15.8 1.0
Apple |YPYPY 7 2.61 9.3 2.0 5.7
Apple PYPYYPY| 7 1.69 5.8 20.8 1.3
Apple YPYY 6 2.20 6.5 14.3 15
Apple YYYP 6 2.20 3.8 40.8 1.1
Apple PYPYYY | 6 1.28 9.5 9.0 2.1
Apple PYYPYY | 6 1.28 6.5 17.3 1.4
Apple PYYYY 5 0.87 2.5 10.3 1.2

There was a significant positive correlation betveebjects’ foraging effort in the
kiwi field and the overall cumulative food values assessed by the composition of
the sequence (time spent: cardinal scale, Speasmiao’N = 17 = 0.585,P = .014,
fig. 5.5; ordinal scaleN = 17, ¢ = 0.575,P = .016). Inspection at the level of
individual trials indicated an almost perfect sepian of sequences given to apples

and kiwis by the cumulative sequence value gengrayethe constituent calls. One
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exception was a call sequence given to apples (FB¢HBY), which interestingly also

triggered almost twice as much searching in thefg) kiwi compared to the apple
field. Also interesting were two responses to kseguences, which only triggered
weak searching in the kiwi field. However, in bathses, search effort in the apple
field was also unusually low, suggesting that sctigjevere generally unmotivated to
forage (table 5.5). In sum, the foraging effort wastrong reflection of the cumulative

‘good food’ score conveyed by the entire sequence.

307

Mean time spent in the kiwi patchl s

T
=) 75 10 125 15

Stimuli score

Figure 5.5. Scatter plot showing the relationship betweenivecdoraging effort and

the cumulative value of the stimuli sequence.

Discussion

Language-trained bonobos have long been known foeir t remarkable
representational and communication skills (Savagedbaugh et al., 1986, 1990;
Savage-Rumbaugh & Lewin, 1994), but the natural roamcation system of
bonobos has received little attention. This stddgusing on the vocal behaviour of
bonobos in the feeding context, provides progreghkis end, and shows that bonobos
can increase their foraging success by attendireptb other’s call sequences. This
study followed on from my previous study (chapteuar), which demonstrated that

bonobo food-associated calls varied reliably wabd quality. My key finding here
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was that call receivers were able to direct theiading effort to specific locations,
according to the call sequence presented to themisiMhere was an unsurprising
baseline preference to the high-preference fooel gikaybacks of high-preference
food call sequences resulted in an even greateuatnad foraging effort at this site,
indicating that the calls were meaningful to theereers. Furthermore, although lack
of interest at the low-preference food site wadeoexpected (as was observed in
baseline trials), there was a striking increaseseaarch effort at the low-preference
food site (apple), which only occurred after hegqrsequences associated with low-
preference food. These results suggest that ingisd incorporated information
extracted from the food-associated call sequerzeptimise their foraging strategy,

in some cases, even against pre-existing foragamgeb.

My results also indicate that, although phylogesadly closely related, bonobos and
chimpanzees communicate about food in considerdiffigrent ways. In contrast to
chimpanzees, who produce one acoustically gradédlypa that co-varies with food
quality (Slocombe & Zuberbuhler, 2006), bonobosutady mix several different call
types together into heterogeneous vocal stringthdRahan at the level of individual
calls, information about food patch quality appearde related to the probabilistic
composition of heterogeneous call sequences. Rattérreceiver behaviour indicate
that, rather than attending to individual call typeeceivers took into account the
relative proportions of different calls within agsence and extracted meaning by

integrating information from across the call units.

In addition, the generation of more foraging errorsstructurally ambiguous call
sequences (which were less strongly indicativeigi for low preference foods) also
supports the hypothesis that semantic informatiotraeted from the stimuli
sequences influenced the foraging decisions of¢beivers. This is consistent with
the argument that, in contrast to ‘natural inform@t which does not allow for
errors, the generation of misrepresentations armiseis a defining feature of what is

considered as ‘semantic information’ in animal signStegmann, 2009).

Despite a growing body of evidence indicating tmaimerous monkey species
produce sequences of acoustically variable callsposed in context-specific ways,

evidence for meaningful signal combinations in apas so far been poor (although
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see Clarke et al., 2006). A recent study of gogkatural sequences failed to find any
evidence of syntactic organisation or correspondsegnantic content (Genty &
Byrne, 2010). Results from the current study prewiake first empirical evidence that
call combinations play a semantic role in bonobacwnication in the foraging
context. However, it is important to note thatd diot find any evidence for syntactic
rules nor that the sequencing structure was issgtfantically relevant. Thus, although
call combinations may represent a means of comrating information in bonobos,
the manner in which bonobos use call combinatidrsirgly contrasts with the way
linguistic units are structured hierarchically agjgences in human language. Results
from this study therefore highlight some importditerences in the linguistic notion
of syntax and the manner in which non-human prisjatach as bonobos, combine
calls together (Szamado et al., 2009).

One of the key questions in the animal communioalierature concerns whether
signals given in response to external events, saghn this study, should be
conceptualised as ‘referential’ or rather a meesloait of a caller’'s motivational state
(Owren et al., 2010; Rendall et al., 2009; Seyf&tiCheney, 2003b). Great apes,
especially chimpanzees and bonobos, are oftenidedais exceedingly ‘emotional’,
suggesting that arousal-based explanations mayobe im line with the nature of the
phenomenon described here (e.g. Rendall et al9)26@rthermore, the vocalisations
most closely related with high-preference foods. fparks and peeps) are those which
also possess the acoustic properties thought tocencrousal-based responses in
listeners (Rendall et al., 2009; Owren et al., 20IResults here indicated that
sequences containing a greater amount of calls mdsumably high emotional
valence lead receivers to search at the high-vidod site. Under arousal-based
explanations, receivers may have therefore takemtbbabilistic composition of call
sequence as an indicator of the receiver's emdti@sponse to the food. A further
study, comparing receiver responses to identichl semuences, taken from high-
arousal and low-arousal contexts, could providehtrr information to address this

question.

Although the arousal state of the signaller islliki play an integral role in call
production in contexts such as food discovery (Oweé al., 2010; Rendall et al.,

2009; Seyfarth & Cheney, 2003b), gaining meaningfahsurements of internal state
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have proved very challenging and, as so, it hangftoved more empirically fruitful
to focus on the relation between receiver respamskeexternal variables that can be
manipulated and measured experimentally (ZuberbliB0®3; Seyfarth et al., 2010).
Furthermore, even calls with high motivational @onit are still able to inform
receivers about the external world. This has besnahstrated by a number of studies
showing that, regardless of the caller's motivadiostate during call production, calls
can provide listeners with representational infdioma about external objects and
events (Manser et al, 2001; Manser et al., 200¢2fad & Cheney, 2003a; Seyfarth
et al., 2010). For example, recent work on thenalaall responses of meerkats
(Suricata suricatq has demonstrated that both emotional and refateanformation
are coded into the same signal and develop onreliffeontogenetic time scales
(Hollen & Manser, 2007). In future work, meaningfofogress will be made by
focusing more specifically on the motivational exgece of the caller and how this

influences signal production.

One important, but unanswered question, concerasuttimate function of food-

associated call production in bonobos. In whiteethcapuchinsGebus capucings

food-associated calls are thought to function tooamce food ownership and a
willingness to defend, thereby resulting in redgciaraging competition from others
(Gros-Louis, 2004b). In red-bellied tamarirfSaguinus labiatusand chimpanzees,
food-associated calls may provide social benefjtatftracting allies, even at the cost
of increasing feeding competition (Caine et al93;9Slocombe et al., 2010b). It has
also been suggested that bonobos may receive soaaleproductive benefits from
producing food-associated calls (van Krunkelsvenakt 1996). Further work

investigating the interplay and influence of soaad ecological variables on the
production of bonobo food-associated calls is neglito explore the adaptive

significance of these calls in this species.
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Chapter six: Copulation calls in female bonobos

Summary

During mating events, females of many primate sgseproduce distinct vocalisations
known as ‘copulation calls’. In the current stutlynvestigated copulation calling in
bonobos, a species in which females produce thesalisations during sexual
interactions with both male and female partneexdmined the acoustic structure of
copulation calls as well as patterns in call praiducto explore how these signals are
used by individuals. Acoustic analyses revealed, ththough there was striking
variation at the level of the individual caller,pegation calls produced with male and
female partners shared the same acoustic morph@odycould not be statistically
discriminated. Nevertheless, there were subtleetffces in call delivery, which
discriminated both partner sex and the dominano& @& male, but not female,
partners. Effects of partner sex and partner raakewnuch stronger at the level of
call usage. Females were significantly more likedycall with male than female
partners and, regardless of partner sex, werefisignily more likely to call with
high-ranked partners compared to low-ranked pastrroustic analyses revealed no
relationship between acoustic structure and the efza female’s sexual swelling.
However, female call rates increased with malengast as their sexual swelling sizes
increased, while the opposite was found when thaitner was female. Overall, my
results paint a complex picture of copulation call®onobos and suggest that these
calls have become partly divorced from their orgjifunction in reproduction to take

on a greater social significance.

Results from this chapter have been submittedubligation as:

Clay, Z., Pika, S., Gruber, T., & Zuberbihler, Kenkale bonobos use copulation calls
as social signal®iology Letters, In press.

Clay, Z., & Zuberbuhler, K. Informational content copulation calls in bonobos.
Submitted.
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Introduction

Numerous mammals and birds produce loud and acailgtidistinct vocalisations
during mating events, generally referred to as Utaijpon calls’ (e.g. Maestripieri &
Roney, 2005). Copulation calls are a particularigespread vocal behaviour amongst
female primates, especially in Old World species which the females are
promiscuous, live in multi-male and multi-femaleogps, and advertise receptivity
with pronounced sexual swellings (Dixson, 1998)bwad array of hypotheses has
been put forward to explain the prevalence andmonsus nature of copulation calls
(Pradhan et al., 2006), although it is more likéilgt copulation calls have multiple
beneficial effects (e.g. Nikitopoulos et al., 200B3¥sentially, all hypotheses converge
on the uniting theme that copulation calls are a#ytselected signals that promote
the caller’'s reproductive success (e.g. MaestiigieRoney, 2005). Primarily, this is
thought to be achieved by advertising female regigpto potential mates (Aich et
al., 1990; Gust et al., 1990; Hauser, 1990; O’'CnfaeCowlishaw, 1996; Semple,
1998, 2001), which promotes mate choice benefitmtiying male-male competition,
either directly (Cox & Le Bouef, 1977), or indirggtvia sperm competition (Henzi,
1996; O’Connell & Cowlishaw, 1994).

Copulation calls may also represent a sexual cowsttategy against threats from
infanticide (Pradhan et al., 2006). Risk of infaie is a significant problem for
many female animals (Muller et al., 2007; Sterckk&rstjens, 2000; van Schaik,
2000) and appears to be an especially powerfulcthete force in primates (e.qg.
Thomas langursPresbytis thomasiSterck et al., 2005; chacma babooRspio
ursinus O’Connell & Cowlishaw, 1994; chimpanze®&san troglodytesTownsend et
al., 2008). Copulation calls may reduce infanticrdek, either by promoting mate
guarding and support from the consort male, or pseading the likelihood of
paternity amongst several males, who might othewexperience infanticidal
motivations (O’Connell & Cowlishaw, 1994). In chiameees, females are vulnerable
to infanticide by both males (e.g. Goodall, 1986uller et al., 2007) and other
females (Pusey et al., 2008; Townsend et al., 2007 recent study of chimpanzee
copulation calls, females called most with highkesh males, regardless of their
fertile state, possibly as a means to confuse pi#geand enlist their future support

against reproductive competitors (Townsend et28l08). At the same time, calling
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was shown to be inhibited in the presence of hagiked females, who are also the
most likely perpetrators of female-led infanticigeg. Pusey et al., 2008), suggesting
that the calls may be part of a behavioural stsateged to maximise reproductive

success whilst minimising social competition.

One way of exploring the adaptive significance amanmunicative potential of
copulation calls is to examine the relationshipugein context and acoustic structure.
In yellow baboonsKapio cynocephalysthe acoustic structure of female copulation
calls has been shown to code a range of informaitiafuding caller identity, the rank
of the mating partner and the size of the sexuallsw (Semple, 2001; Semple et al.,
2002). In chimpanzees, the acoustic structure plladion calls is also a reliable
indicator of female identity and to some extenttiper rank (Townsend et al., 2008).
In Barbary macaquesviacaca sylvanys copulation calls co-vary acoustically with
the occurrence of ejaculation (Pfefferle et alQ&4), something which was shown to
be meaningful to listeners (Pfefferle et al., 2008Broviding information about
identity, receptivity and ejaculatory mating mayable a female to influence the
behavioural decisions made by potential mates amhqte sperm competition in her
favour (Pfefferle et al., 2008b; Semple & McComb0@).

Bonobo females also produce copulation calls dunraging events (Kano, 1992;
Thompson-Handler et al., 1984). This follows thedictions by Dixson (1998),
because bonobos live in multi-male and multi-femgieups, with the presence of
promiscuous females that exhibit pronounced sexwatllings (Furuichi, 1989;
Furuichi et al.,1998; Kano 1992). Although empificiata are lacking, bonobos
represent an intriguing species to study copulatadls as it is likely that their distinct
social behaviour and enhanced levels of socio-$igxumay have influenced the
evolution of this vocal behaviour. For example, dom females are highly gregarious
and form strong affiliations and bonds with one theo (e.g. Furuichi, 1989, 2009;
Hohmann et al., 1999; Kano, 1992), despite the tfaat females are the emigrating
sex and so are only distantly related to other gmembers (e.g. Gerloff et al., 1999;
Hohmann et al.,, 1999). By developing enduring Hseaual affiliations and
coalitions, bonobo females are able to dominatdt adales, defend resources and
avoid infanticide (e.g. Parish, 1994; White & Wo@007; Wrangham, 1993).
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One mechanism thought to facilitate affiliationstvibeen unrelated females is the
performance of homosexual interactions, known a&nitgl contacts’ (Hohmann &
Fruth, 2000; Kuroda, 1980). During genital contadesnales embrace each other
ventro-ventrally, whilst swinging their hips latdyaand keeping their vulvae in
contact. Observations in both the wild and captineive suggested that female
genital contact behaviour acts like a ‘social gegawhich enables distantly related
individuals to affiliate and coexist peacefully eFruth & Hohmann, 2006). For
example, genital contacts appear to reduce soeraidn, as well as providing a
means for females to assess each other’s soctak stad to reconcile conflict (de
Waal, 1987; Fruth & Hohmann, 2006; Hohmann & Fri000; Paoli et al., 2006b;
Thompson-Handler et al., 1984). Genital contactseap to have a particular social
relevance for newly immigrating females when tryitgy integrate and develop
affiliations with other unrelated group members (G et al., 1999; Idani, 1991).
During female genital contacts, female bonobos ¢$omes produce distinct
vocalisations, which are thought to acousticallgerable the copulation calls they
produce with males (Hohmann & Fruth, 2000; Kan®2 9rhompson-Handler et al.,
1984). The apparent production of copulation callging homosexual genital
contacts is not well explained by current hypotsesé primate copulation calls,

which all focus only on their reproductive signérce (e.g. Pradhan et al., 2006).

In the current study, | explored how female bonohes copulation calls during
sexual interactions with males and other femalegpproached this question in two
ways. First, | conducted acoustic analyses comg@adopulation calls produced
during interactions with male and female partneysinvestigate what kind of
information was conveyed by these signals. | exulowhether homo- and
heterosexual copulation calls could be statisgcdlscriminated. | also focused on
several variables that have been investigated quelyj, namely caller identity,
swelling status and partner rank, thus enablingesaomparisons with studies of
other primate species, whose copulation calls asuraed to be reproductive in
function (e.g. yellow baboons, Semple et al., 208l mpanzees, Townsend et al.,
2008). In the second part of my analysis, | focusedimilar variables to investigate

the behavioural patterns in copulation calls.
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Methods

Study site and subjects
| conducted my research at Lola Ya Bonobo Sanciukigshasa (DR Congo)

between September and November 2008 and betweemsAagd November 2009. |
conducted observations on three social groups.0BB2I| observed individuals in
enclosure 1, henceforth ‘group 1& € 9 femalesN = 9 males), and in 2009, |
collected data on two separate groups housed intwize different enclosures;
henceforth known as ‘group 1N(= 7 femalesN = 9 males) and ‘group 2N(= 5
females,N = 11 males). Full details about the study sitéjetts and period of data
collection are provided in chapter three. To maganihe sample size available for
analysis, | pooled the data set from across theetigroups. The majority of dyads in
the second year had not encountered each otherebefal therefore represented
independent data points. However, | combined dataafy dyads that met again in

the second yeaN(= 9 female-female dyad$\,= 19 male-female dyads).

Observational data collection
| collected observational data on femalds< 14) engaging in sexual interactions

with both male and female partners. Data collecimuolved all-occurrence and all-
day focal sampling (Altmann, 1974), balanced aciodsviduals (approx. 50 hours
per individual). | collected data 6-7 days per wegkically starting at around 7.30-
8am and continuing throughout the day, until 4-5peross the entire study period, |
collected approximately 1,093 hours of data. Olmteyis were made when the
bonobos were in the visible, non-forested areah®fenclosure along the enclosure
perimeter, approximately 15% of the total areahéligh this was a relatively small
area, the bonobos spent the majority of their tiheze (50-60% of daytime activity;
Z.Clay, unpublished data), mainly because food prvasisioned there. During hot or
rainy periods, the bonobos typically withdrew itibe forest, out of sight. During this
time, | abandoned data collection, but resumech#mindividuals returned to visible

observation areas.
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Recording sexual interactions
Sexual interactions with males were defined as kedioms, which involved both

visible intromission and pelvic thrusts, and cotddte place either in the ventro-
ventral position or the dorso-ventral position. &Exinteractions between females
were defined as genital contacts, which involvedeatro-ventral embrace, with
lateral hip swinging and physical contact of gdn#aellings (Hohmann & Fruth,
2000; Kuroda, 1980). Genital contacts typicallykgdace in the horizontal plane but
could also take place vertically (such as hanginomfa tree). | excluded cases of both
genital stimulation by body parts other than theiigés (e.g. hands or feet) and sexual
interactions involving infants as neither of thebehaviours reliably elicited

copulation calls.

Recording copulation calls
Using the protocol described in chapter three, dorged vocalisations given by

females during their sexual interactions with battales and females. Bonobo
copulation calls typically consist of a single acsession of high-frequency screams
that usually begin during the copulation (HohmannF&uth, 2000; Kano, 1992;
Thompson-Handler et al., 1984, see fig 6.1). Tarmbiior context and the possibility
of vocalisations being elicited by alternative silm| only considered calls that
occurred during the sexual interaction itself.dawled calls from all femalesl(= 14)
across the entire period of data collection (tahlE) because bonobo females are
sexually active right across their fertile cyclas,well as during non-cycling periods

such as pregnancy and lactation (Heistermann,et396; Paoli et al., 2006).
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Figure 6.1Time-frequency spectrograms illustrating copulaticalls produced by
four female bonobos (SW, IS, KS, LK) during theixgal interactions with female
and male partners.

Reproductive states
In order to investigate whether the physical vddads sexual swelling size influenced

call production, | collected daily records of fematexual swelling sizes using
Furuichi’'s (1987) 4-point scale based on degreevidhkling. Additionally, | kept
daily records of the reproductive states of thedes as confirmed by veterinary
assessment, to assess whether this influencedatmputalling (table 6.1).
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Table 6.1.Reproductive status of females included in thislgt{with age in years).
Definitions: Pregnant = Preg (confirmed by testbidh); Lactating = Lac; Cycling =
Cyc; Parous (already borne viable offspring) = Rdon-cycling (no evidence of
sexual swelling cycle) = non-cyc; Primiparous (fisegnancy) = Pri; Nulliparous

(not yet preg / borne viable offspring) = Nft.= with dependent infant.

Female Reproductive status  Age
(years)
Group la
MM Preg, par 26
oP' Lac, par 13
swH Preg, par 12
BD*™! Lac 11
KL* Lac 11
SL Preg, pri 11
IS Cyc, null 11
NO Cyc, null 10
LK Cyc, null 8
Group 1b
MY Preg, par 16
oP' Non-cyc, par 14
BD*™! Lac 12
KS Cyc, par 11
sL™ Lac, par 12
NO Preg, pri 11
LI Cyc, null 8
Group 2
TL™ Cyc, par 24
swH Preg, par 14
KL** Lac 12
IS Cyc, null 12
MU Null 6
Dominance

| investigated whether social dominance influenceulation call production and the
acoustic structure of the calls. To do this, | tedadominance hierarchies and
dominance classes based upon the outcome of agotgeractions between

individuals (e.g. Stevens et al., 2005a, 2007)sddu‘fleeing from aggression’ as a
behavioural marker of dominance, following previa@tgdies indicating this to be a
suitable dominance measure in bonobos (e.g. Vekeaetal. 2000a; Stevens et al.,

2007). | used the Matman analysis program (Noldessign 1.1) to explore
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dominance relations and test for the linearity ofnthance hierarchies. Extensive

details about my procedure and results are providetapter three and appendix I.

Part one: Acoustic analyses
For my acoustic analyses, | took a balanced andoransample of copulation calls

produced by seven females (SW, BD, KS, SL, NO, UK) during their sexual
interactions with males and females. | was unabladiude the other femalell & 7)
owing to inadequate contributions to the data Egtept for one female, who only
contributedN = 7 male-female copulation calls (LI), | analys¢e 8 calling episodes
(henceforth copulation calls) for each of the sef@males during their interactions

with both male and female partners.

Bonobo copulation calls constitute a single callaosequence of several call units
within a longer calling utterance (Kano, 1992; Thmon-Handler et al., 1984; see fig
6.1). Hence, the term ‘copulation call’ in subseguanalyses refers to the overall
‘call episode’, which is composed of one or morall‘cunits’. | carried out

guantitative analyses of the acoustic structureawfh of the call episodes and call

units within the copulation call usingrRAT 4.3.17 (www.Praat.ojg Following

visual inspection of call structure and propertiessed the following analysis
settings: pitch: range 1500-4500Hz, optimised faice analysis; spectrogram:
analysis window length 0.025 s, dynamic range 7Qsji&ctrogram view range: 0—
20kHz (to determine the number of harmonics). lfqrened pitch analysis using a
script written by M. Owren (personal communicaticar)d verified the generated

values using a harmonic cursor.

For each copulation call, I measured 22 acoustitabies overall (spectral and
temporal, see fig.6.2). At the level of callingspie, | measured: (1) episode duration
(s): length of total episode from the start of finst call to the end of the last call; (2)
number of calls; (3) call rate: number of calls ger(4) percentage of calls that
showed noisy or non-linear properties (see fig §.28) mean inter-call interval (s):
time between subsequent calls, taken from poimatifoffset of first call to onset of
next call. For individual calls, | measured 18 at@u parameters, taking spectral

measurements from the fundamental frequengy. (Fhis analysis included two
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temporal parameters: (6) call duration (s) andp@gk time: location in the temporal
domain where maximum acoustic energy occurs, egpdeas a proportion of the call
duration. | analysed 15 spectral parameters: (8hban of harmonics: number of
harmonic bands visible in the spectrogram lyingvatihe fundamental frequency; (9)
mean fundamental frequency (Hz): averagea€ross the entire call; (10) minimum
fundamental frequency (Hz): minimum frequency of d€ross entire call; (11)
maximum fundamental frequency (Hz): maximum frequyeof R across entire call;
(12) mean amplitude (dB): the mean acoustic enafgyhe call unit; (13) peak
position : temporal position of the maydivided by the call duration; (14) percent of
call that was voiced; (15) jitter: measure of thictp stability or short-term
perturbation in the f{perceived as voice roughness); (16) shimmer: measfiusound
pressure level perturbation caused by vibratoriatians from one vocal fold cycle to
the next (perceived as voice hoarseness); (17) freakiency at call onset (Hz):
frequency of maximum energy, as indicated usingectsal slice (fig. 6.2C); (18)
peak frequency at call middle; (19) peak frequeaicgall offset (Hz); (20) transition
onset AHz): frequency of maximum energy at call onset mirfrequency of
maximum energy at call middle; (21) transition efffAHz): frequency of maximum
energy at call middle minus frequency of maximurergg at call offset; (22) overall
transition AHz); frequency of maximum energy at call end miritequency of
maximum energy at call beginning. Figure 6.2 (cea&f)l illustrates the various
acoustic parameters.
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Figure 6.2.(A). Example of a time-frequency spectrogram of a femiabnobo
copulation call illustrating how some of the acaugtarameters were measured.

Copulation call duratior duration of (a) (from start of first call unid end of final

call unit). Inter-call interval= duration of (b) between each call unit. Call tuni

duration= ¢ (g — e). Fundamental frequen() upon which all spectral variables

were measured, Hz = d. Transition onQdtiz) = Frequency of maximum energy at
call onset (e) minus at call middle (f).Transitiaffset (AHz) = frequency of
maximum energy at call middle (f) at call end (@verall transition(AHz) =

frequency of maximum energy at call end (g) minusadl beginning (e). Number of

harmonics= h (e.g.N = 5). (B). Time-frequency spectrogram of a copulation cait un
illustrating non-linear propertie$C). Example of spectral slice of a copulation call

showing how peak frequency was calculated. Peakiémecy (Hz) = (i)
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Analysing acoustic differences
My main aims were to investigate the extent to Whoopulation calls contained

information about the type of sexual interactioanfhle-female genital contact or
female-male copulation) and the identities of thdividuals involved (caller and
partner). In order to account for analysing muétipélls within a given call event, and
thus to avoid pseudo-replication, | calculated mszores per copulation call episode.
These were based upon acoustic analyses of eatieohdividual calls. Before
continuing, | first screened the data for outlieysproducing standardised Z scores. |
rejected any calls with a Z score greater than 3r2®%ne or more parameters
(Tabachnick & Fidell, 2001). Next, | regressedplameters to check for multi-co-
linearity and singularity, removing any parametefth a variance inflation factor

greater than 10.

Female identity
| used the Discriminant Function Analysis (DFA) pedure to test whether the

acoustic variables, when combined into one modelldc generate discriminant
functions that could correctly classify caller itign(N = 7 females). Following the
screening procedure, | was able to enter 17 ofotthginal 22 acoustic variables
(parameters excluded: maximunrg. fansition offset; peak frequency of call onset;
peak frequency of call offset) into the DFA filr= 111 calls, with eight calls per
female per context (except for one female, LI, wdndy contributed seven male-
female calls). | conducted two separate DFAs testigate the degree to which caller
identity was encoded in copulation calls producedhomo- versus heterosexual
interactions l = 56 female-female interactiors,= 55 female-male interactions). For
both analyses, | used the leave-one-out classditgirocedure in order to cross-
validate the discriminant functions that were gatest. In this procedure, each call is

classified by the functions derived from all caltber than that one.

Sexual interaction type
Next, | investigated whether copulation calls proetl during sexual interactions with

males could be discriminated from those produceithi ¥@male partners. For this, |
used the DFA procedure, taking interaction typelénfi@emale/female-female) as my
test factor N = 111 calls). Since the data were two-factoriadifridual identity;

interaction type) and comprised of eight calls pembination of the two factors,

Mundry and Sommer (2007) argue that a conventiDf& does not allow for a valid
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estimation of the overall significance of discrimmlity. Thus, in order to estimate
the significance of the number of correctly classifcalls (cross-validated), whilst
controlling for female identity, | conducted a petated DFA (pDFA) with female
identity entered as a control factor.

To investigate the finer acoustic structure, | amtdd one-way analysis of variance
tests (ANOVAs) on each of the non-correlated acousarameters to investigate
whether different features of the call's acoustitcure varied statistically with the

type of sexual interaction. In these analysesracteon type was entered as a fixed
factor and female identity as the random factaeluding female identity as a random
factor addressed the problem of pseudo-replicatlmn,controlling for multiple

contributions from the same individuals.

Swelling size
| also investigated whether the acoustic structofe copulation calls varied

statistically with the size of a female’s sexualefiimg (an approximate indicator of
fertility; e.g. Dixson, 1983; Nunn, 1999). The awas to conduct a within-subjects
analysis comparing a female’s call production aghhand low swelling states.
Unfortunately, the majority of calls available fanalysis were produced by females
during their mid or maximum swelling states, witbry few calls produced at low
swelling sizes (see behavioural analyses). Althdhghimbalance prevented me from
conducting a powerful analysis, | was able to cahdwme analyses on the limited
data set available. This constituted a comparigaheo copulation calls produced by
four cycling females (LI, 1S, KS, LK) when their sling size was low (sizes zero or
one) compared to high (sizes two to three). Eaamafe contributed a minimum of
one copulation call during high swelling stages8(&alls) and low swelling (1-8 calls)
size stages during interactions with males and Hkengpartners (female-female
interactionsN = 36 calls in totalN = 12 low-swelling calls antl = 24 high-swelling
calls; male-female interactions: = 34 calls in totalN = 11 low-swelling calls anil

= 23 high-swelling calls). | conducted two sepaiaDd-As for interactions with male
and female partners to test whether the discrintinfamctions derived from
combining the acoustic variables together couldrdisnate calls produced during
low and high swelling states. Although sample sizese low, the permutated DFA

(pDFA) could control for imbalanced data samplead demale identity was
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controlled for by entering it as a control factbrlso conducted Wilcoxon related-
samples tests on the factor of swelling size fahegcoustic parameter to investigate

whether there were any differences in acousticsira.

Partner rank
| investigated whether information about the domoearank of the partner (high or

low) varied statistically with the acoustic strugwf the copulation calls. For male
partners, | conducted analyses Mn= 54 copulation calls for five females (other
females were excluded owing to inadequate sampldsecause they were in non-
cycling states). In this analysis, each femalerdomted an equal number of calls with
high- and low-ranked male partners (IS, KL, SW =chlls, LK= 10 calls, KS = 8
calls). | conducted a pDFA on the 17 non-correlapedameters, controlling for
female identity. In addition, | conducted finer-lxh analyses using one-way
ANOVAs on each acoustic parameter for the factomafle rank, controlling for
female identity (entered as a random factor). FEondle partners, calling was very
rare with low-ranked partners and so inadequatepkarsize prevented me from
conducting a pDFA. However, | was able to examimeheof the 17 acoustic
parameters individually to investigate whether aticustructure provided cues to
female rank. | conducted Wilcoxon related-sampleslyses for five females, based
on their mean values for each of the acoustic peranms. These values were based on
a total of N = 55 calls. Each female contributed a minimum oé eall for low-
ranked female partners (range 1-5) and seven foallsigh ranked partners (range 3-
7).

Part two: Behavioural analyses
In this analysis, | investigated whether some @f étbove mentioned variables also

influenced behavioural patterns in the performaméesexual interactions and
copulation call production. First, | investigatethether the type of sexual interaction
(female-female or male-female) and the rank ofglagner (high or low) influenced
rates of sexual activity and copulation call praeuc (percent of sexual interactions
with calls). To do this, | conducted a two-way raf@el measures ANOVA for both
rate of sexual activity and production of copulaticalls, entering two factors: the
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type of sexual interaction and partner dominano&.rawas able to enter 11 females

in this analysis, with the remaining three excluded to inadequate sample sizes.

In addition, | investigated whether a female’s s#xswelling size influenced her
sexual activity and call production, controllingr foumber of observation days per
swelling size. | investigated this for both homasaxand heterosexual interactions
and included all females exhibiting visible swaldlioycle N = 9 females), excluding
females who lacked swelling cycles due to pregnasrchactation. | conducted two-
way repeated measures ANOVAs for rate of sexualigctand copulation call
production (percentage of sexual interactions wilh) on the factors of swelling size

(size zero to three) and sexual interaction type.

General statistical analyses
| conducted all statistical analyses using SPSSimerl7.0, except for the permutated

Discriminant Function Analyses, which | computedhgsR (version 2.5.11, R Core
Development Team). Unless otherwise mentioned,tedts were two-tailed and
significance levels were set at 0.05. For small sample sizes, | calculated epact

values, as recommended by Mundry and Fischer (1998)

Results

Part one: Acoustic analyses

Female identity
I conducted acoustic analyses Mn= 111 copulation call episodell € 7 females),

where each female contributed a balanced contobuti female-female and male-
female copulation calld\(= 8 calls per interaction type, except for one d&m(LI)
who only contributedN = 7 male-female copulation calls). Results fromcdminant
function analyses (DFASs) indicated that caller titgrwas reliably conveyed via the
acoustic structure of calls produced with both nmeatel female partners, with both

models deriving seven significant discriminant fumes (male-female interactions:
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Function 2

Wilks lambda: 0.006x* = 213.224, df = 1029 < .001, female-female interactions:
Wilks lambda = 0.020x? = 168.248, df = 102P < .001; see fig.6.3). A cross-
validated analysis revealed that copulation calsdpced with male and female
partners could be significantly discriminated oa thasis of caller identity, with cues
to identity coded most strongly in copulation callgh male partners compared to
with female partners (cross-validated correct di@ssion: male-female = 50.9%:

binomial test ( 0.14) p < .001; female-female =58%- binomial test (0.14) p = .001).
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Figure 6.3 Distribution of the discriminant scores for cogida calls produced by

seven female bonobos during (a) female-female gletaintacts and (b) female-male
copulations. The discriminant scores lie along thacriminant functions established
to discriminate female identity in both mating cexis. Group centroids per female

are indicated with black squares (two letter coeeipdividual).

Sexual interaction type
Next, | analysed whether copulation calls produdadng male-female copulations

could be distinguished from those produced duriemgdie-female genital contacts.
When controlling for female identity, results from permutated DFA (pDFA),
revealed thatcalls produced during interactions with males coualat be reliably

discriminated from those produced during interactiavith females(cross-validated
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Mean copulation call episode duration /s

classification afteN = 1000 permutations = 7.8R,> .05). | also conducted one-way
ANOVAs on each acoustic parameter to see if thezeevany subtler differences at
the finer scale (entering interaction type as tst factor and female identity as the
control factor). As indicated by the DFAs, | foundnsiderable acoustic overlap for
homo- and heterosexual copulation calls, with natigical differences for the
majority of acoustic parameters (15/17 variabldéisPa> .05). However, there were
some acoustic differences in call delivery, witgnsiicantly longer copulation call
episodes (call episode duration: (F (1, 6) = 6.992 .043) and longer inter-call
intervals (F (1, 6) = 4.074/ = .090) for heterosexual copulation calls compaced
homosexual copulation calls (fig. 6.4.). Overdtiege results suggest that although
homo- and heterosexual copulation calls share d@heesacoustic morphology, there
are some subtle differences at the level of cdiVeley.
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Figure 6.4. Line graphs showing the (a) mean copulation gaitade and (b) mean
inter-call interval as a function of sexual intdrae type for seven female bonobos

engaging in sexual interactions with males and fema

Swelling size
Results from pDFA tests on the acoustic structurecalls during homo- and

heterosexual interactions revealed that calls predwuring low and high swelling
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phases could not be statistically discriminatednfrone another (cross-validated
classification afteN = 1000 permutations: female-female = 12.36; .05; female-
male = 15.0P > .05). Further fine scaled comparisons at thelle¥ each acoustic
variable included in this analysis again revealedsignificant differences (Wilcoxon
related-samples tests, af:> .05). Thus, although low sample size prevemnsngt
conclusions, results from this analysis indicatat tithe acoustic structure of

copulation calls does not appear to co-vary withdaller's swelling size.

Partner rank
For male partners, | conducted a pDFA to investigathether information about the

dominance rank of the partner (high or low) co-edrivith the acoustic structure of
copulation calls. When controlling for female idénta pDFA failed to classify calls
given to high- and low-ranked males with a sigmifit level of accuracy (cross-
validated classification afteN = 1000 permutations = 19.8P%, > .05). However,
results from one-way ANOVA tests revealed seveigtificant differences in how
the calls were delivered. During copulations witghhranked males, copulation call
episodes were longer (Sidak corrections for mdtgdbmparisons, F (1, 4) = 36.302,
P = .001) with faster call rates (F (1, 4) = 17.188x .094) and shorter inter-call
intervals (F (1, 4) = 4.54/® = .095) than calls produced with low-ranking male
partners (fig. 6.5). Thus, as with the previouslyses on mating type, although the
basic acoustic structure of copulation calls wasshown to differ with partner rank,

there appear to be some subtle but striking diffege in call delivery.

For female partners, very low call production withv-ranked partners meant there
was insufficient data to conduct a pDFA. Howevesults from Wilcoxon signed-
ranks testsN =5 females) revealed no statistical differencesafoy of the acoustic

parameters for the factor of female partner ratikdats:P > .05).
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Figure 6.5 Line graphs showing (a) mean copulation call éggsand (b) mean
number of call units as a function of male partremk for five female bonobos
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Part two: Behavioural analyses

Overall, 1 observedN = 1100 female-male copulations aNd= 674 female-female

genital contacts. However, although the overall bemof heterosexual copulations
appeared higher than homosexual genital contdasditference was not significant
(within-subjects t-test: t = 1.378, df =13 > .05).

Sexual interaction type and partner rank
| investigated whether the type of sexual intemactffemale-female or male-female)

and the dominance rank of the partner (high or lawluenced copulation call

production. Results from a two-way repeated measidOVA on the factors of

interaction type and partner rankl & 11 females, three being excluded due to

insufficient data) revealed a main effect of sexosdraction on call production, with
females significantly more likely to produce copida calls during interactions with
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males than with other femaleX {a with males= 32.88 % + 4.28 versu$ cai with females=
16.43 % + 2.37: F (1, 10) = 14.622 = .003). There was a general significant main
effect of partner rank, with females more likelycal with high-ranked partners than
low-ranked partners, regardless of whether thaitnpa was male or femal& {4 with
high-rank males= 99.86% + 24.90; an¥ cail with high-rank females 28.22% + 16.33; versi&eai

with low-rank males= 9.17% + 11.4; ani cail with low-rank females= 2.96% + 4.10: F (1, 10) =
54.734,P < .001). Finally, although there was a similarkraffect for calling with
both male and female partners, there was a signifimteraction between interaction
type and partner rank ( F (1, 10) = 7.5P2; .021), revealing a steeper decline in call

production with low-ranked male partners comparét female partners (fig. 6.6).
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Figure 6.6. Boxplot indicating the percentage of sexual inteams with male and

female partners accompanied by copulation calls fasction of partner rank. Thick
black lines represent medians, box edges repragentquartiles, whiskers represent
highest and lowest values within the normal disiiitm, circles represent outliers and

asterisks indicate extreme cases.
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Swelling size
Controlling for number of observation days per dinglsize, results from a two-way

repeated measures ANOVA on the factors swelling @ize zero to three) and sexual
interaction type (female-female or male-female)esded that swelling size had a
significant effect on rates of sexual activity (8 @4) = 21.362P < .001), with
females engaging in more sexual interactions as steelling sizes increased (pair-
wise comparisons of swelling sizes with Bonferrgorrections: zero vs on® =
.075; zero vs. twoP = .005; zero vs. thre® = .002; one vs thre® = .013; one vs.
two and two vs. three B > .05). There was no significant effect of sexa&traction
type on rates of sexual activity (F (1, 8) = 1.1P0> .05), but a trend showing that
sexual interactions with females increased morepdyeduring maximum tumescence

than compared to the increase of sexual interastioth males (fig 6.7).
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Figure 6.7. Line-graphs showing the effect of a female’s s¢xwvelling size on rates

of sexual interactions with males or other females.

Finally, 1 examined whether changes in sexual smglkize influenced copulation
call behaviour. Results from a two-way ANOVA withet factors of swelling size
(size one to three, with size zero excluded duenswifficient contributions) and
sexual interaction type (female-female or male-fienan the proportion of sexual
interactions accompanied by calN € 6 females) revealed that although females

were more likely to call with male partners, femawelling size itself did not
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significantly increase the overall likelihood ofllcaroduction (F (2, 10) = .34 >
.05). However, although the interaction was nottigieally significant, call
production increased with increasing swelling diaeheterosexual copulations and
decreased as swelling size increased for homosextigmhctions. It is likely that a

larger sample size would have brought this effietct significance (fig. 6.8).
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Figure 6.8. Line-graph indicating the proportion of sexual enatctions with

copulation calls as a function of female swellinges

Discussion

In this study, | investigated patterns of call protion and the acoustic structure of the
copulation calls produced by female bonobos dusegual interactions with males
and other females. Results highlight the socialiBgance of copulation calls in this
species and suggest that, similar to other sexaeta\bour, calling has become partly
detached from its original reproductive function limnobos. Acoustic analyses
revealed that although copulation calls were irdiigily distinctive, calls produced

with male and female partners shared the same ticousrphology and could not be
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reliably distinguished from one another. Howevkeré were subtle differences at the
level of call delivery that discriminated partnexsas well as the dominance rank of
male partners, but not female partners. Effectsptotner rank and sex were much
stronger in terms of copulation call usage, witmd¢es more likely to call with male
than female partners, and more likely to call withh-ranked partners, regardless of
partner sex. In terms of reproductive state, | tbuo evidence of any acoustic cues
being related to the size of the caller's sexuatlbmg, an approximate indication of
reproductive state (Dixson, 1983; Nunn, 1999).eimis of call usage, sexual swelling
size increased sexual activity in general, but esponding increases in call
production only occurred during interactions witlales, while they decreased with
female partners. In sum, my results suggest thalstiMhese calls appear to have
retained some of their reproductive features, ctpr calls are also used within
broader social contexts. This pattern deviates fobiner reports in the literature and
therfore represents an intriguing challenge toenirtheories, which focus only on the
reproductive significance of copulation calls (eMaestripieri & Roney, 2005;
Pradhan et al., 2006).

Although it is difficult to accurately assess thdaptive significance of bonobo
copulation calls and to speculate what their amakstate may have been, it is likely
that these calls evolved as reproductive signalewdvyer, at some point in
evolutionary time, these calls appear to have gbneugh a transition into more
general social signals, although still retaininghecof their reproductive features. For
example, acoustic analyses indicated that althdagtales produced these calls in
both contexts, a greater amount of informationaded into the more ‘reproductive’
(presumably ancestral) form of the call (i.e. thesere greater cues to partner rank
and caller identity in heterosexual copulation sathan homosexual ones).
Furthermore, there was a positive relationship betwcall production and sexual

swelling size in heterosexual interactions butfoohomosexual interactions.

In terms of acoustic structure, there could be momebenefits for a female to signal
her identity, in both types of sexual interactioRsom a reproductive perspective,
alerting males to her location and sexual receptigould maximize the benefits
received from indirect mate choice, either by ingtmale-male competition, or by

increasing the quality and/or number of partner&C@nell & Cowlishaw, 1994;
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Semple, 1998, 2001, Semple & McComb, 2000). Sustrategy may be especially
important for a species, such as the bonobo, irchvfemales regularly overlap in
their oestrous cycles and breed non-seasonally Aémann et al., 1996). Consistent
with this explanation is evidence of individuallystinctive copulation calls in
numerous other primate species that share singfaoductive ecologies (e.g. female
promiscuity, overlapping cycles and non-seasonateding). These include
chimpanzeesPan troglodytes(Townsend et al. 2008); yellow baboprBapio
cynocephalus(Semple, 2001); chacma baboorBapio ursinus, (Hamilton &
Arrowood, 1978); sooty mangabeySercocebus atygGust et al., 1990); and long-

tailed macaquedfacaca fascicularigDeputte & Goustard, 1980).

In chimpanzees, males have been shown to prefengnatth older females (Muller
et al., 2006), probably because they require fayeles before conception (Deschner
& Boesch, 2007). Although data are lacking for Hoo®y studies of both wild and
captive populations have highlighted significamvells of intra-sexual competition that
occur between females, particularly in the contefximating (Hohmann & Fruth,
2003a, Surbeck et al., 2010; Verveacke & van EBa@000). Thus, in a competitive
reproductive climate, providing cues to individudentity may represent a useful

means to advertise a female’s presence and rettgptipotential consort males.

The finding that information about female identityas acoustically conveyed in
copulation calls during female-female interactiamsllenges the notion of females
coding identity for purely reproductive reasons. e one hand, providing cues to
identity during female-female genital contacts mapresent a functionless by-
product of a call that presumably evolved as aadyctive signal. Nevertheless,
advertising individual identity in socio-sexualerdctions may also provide benefits.
If there are no costs to producing copulation calleemale may attract both potential
reproductive and social partners by advertisingskeaual receptivity. In chimpanzees,
wild females remain relatively isolated from mabasd only associate significantly
with them during their period of oestrous (e.g.b@ilet al., 2009; Wrangham &
Smuts, 1980). For such females, copulation cally megpresent a kind of social
‘golden pass’, advertising their presence and dexgaptivity to individuals that they
may not commonly associate with. Such a scenarip ag0 be relevant for female

bonobos, who emigrate from their natal groups amdtgpically unrelated to other
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group members (Gerloff et al., 1999). This may Bpeeially relevant during the
period of immigration, when newly arriving femalesust integrate with unrelated

group members of both sexes (Hohmann et al., 1688j, 1991).

Although acoustic analyses indicated that coputatialls produced in homo- and
heterosexual interactions share the same acoustighwlogy, differences at the level
of call delivery (call duration and inter-call im&l) suggest that listeners may still be
able to derive some cues to the type of sexuataoten taking place. In Barbary
macaques, males have been shown to discrimindsepeatiuced in conjunction with

ejaculatory versus non-ejaculatory matings (Pfedfeat al., 2008b). The authors
concluded that this could promote sperm competitietween potential male mates,
which may derive reproductive benefits for the feanzaller. Sperm competition is
likely to play a role in the evolution of copulatiocalls in bonobos, a highly
promiscuous species, and therfore this questiontaiogr requires further

investigation. Ultimately, playback experiments aeguired to determine whether
other bonobos can distinguish copulation calls peed during homo- versus

heterosexual interactions.

The rank effect observed for call production aral,atlesser extent, for acoustic
structure, replicates patterns described in a nurabether primates. For example,
cues to partner rank have been demonstrated ircdhe of yellow baboons and

chimpanzees (Semple et al., 2002; Townsend, 2089)well as other species,
showing that females call more with high-ranked paned to low-ranked partners
(e.g. Arlet et al., 2007; Nikitopoulos et al., 20@da & Masataka, 1992; Semple et
al., 2002; Zhao, 1993). Previously, rank effectsrevexplained as reproductive
strategies, such as to promote mate guarding icdhsort male (e.g. Pradhan et al.,
2006). However, the fact that | found comparableat$ in call production during

homosexual interactions is incompatible with purelgroductive explanations. In this
manner, results from my study highlight the so@spect of copulation calling in

bonobos, something that has not received muchtittein other studies.

The social use of a reproductive signal is, howeegensistent with a broader trend
seen in this primate, that is, the transition ofus¢ behaviour from having a pure

reproductive to a more social function (e.g. de Wi&&87, 1995; Hohmann & Fruth,
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2000; Kuroda, 1980; Paoli et al. 2006b). In bonglsex also serves as a social tool,
for example by facilitating the formation of femadggregations and intra-sexual
bonds, allowing females to co-exist peacefully,shhénables them to form coalitions
and exert social power (e.g. Fruth & Hohmann, 2@Ga6uichi, 1989; Kano, 1992). In

this way, copulation calls may help females to atise their sexual interactions,

especially with high-ranked partners, a behavidwat tmay be part of a broader
strategy to form associations with socially impottgroup members. The social role
of copulation calls during genital contacts will eeplored in more detail in chapter

seven.

In bonobos, the hypothesis that copulation calks part of a strategy to reduce
infanticide risk from males does not appear to yppt bonobos have never been
observed committing infanticide (see Hohmann & Ryu2003a). Of course, it is
plausible that the absence of evidence for infaidic merely reflects the
comparatively small amount of observation hoursvidd bonobos (Stanford, 1998).
However, behavioural and hormonal studies in thiel wnd captivity indicate that
male bonobos are considerably less aggressive tttean chimpanzee counterparts
(e.g. Sannen et al.,, 2003; Vervaecke et al., 2000@) most of their inter-sexual
aggression attempts quickly countered by femalerssf and/or female coalitionary
attacks against them (e.g. Hohmann & Fruth, 2008a)ong females however,
significant levels of intra-sexual aggression, igatarly in the context of mating,
suggest that other females may represent repregumbimpetitors. For example, there
have been numerous cases of females mishandlingictahg and aggressing other
females’ infants in both the wild and captivity (loann & Fruth, 2003a; Vervaecke
& van Elsacker, 2000; Vervaecke et al., 2003; ayCpersonal observations). In this
way, copulation calls may represent one potentethanism to cement the support of

high-ranked allies against the threats of femateafie competition.

In terms of proximate explanations, the findingsddferences in call production in
relation to partner rank and partner sex may be&batable to more physical
mechanisms, such as stimulation and arousal (seel8et al., 2002). For example, a
female’s ano-genital region may be more stimulatadng the penile intromission
and thrusting of heterosexual copulations thannguhiomosexual genital rubbing.

This also may be the case for mating with largeidshchigh-ranked males compared
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to low-ranked males. However, if the level of stlation influences calling, and the
stimulation resulting from copulations with malassassumed to be greater than the
external rubbing of genitalia, greater differencesall morphology should have been
expected, which is not what was found. These mie#elcts suggest that although
physical factors may proximately account for sonfighe structure of copulation
calls, there may be other, psychological mechanisnderlying the production of

these calls in bonobos.

In sum, my results paint a complex picture of cafiah calls in bonobos and suggest
that a rich amount of information about the nawiréheir socio-sexual interactions is
conveyed by these calls. Whilst results show thate calls have not entirely lost
their reproductive functions, they also highlighe tsocial manner in which copulation
calls are used by bonobos, something that has eert thoroughly addressed in the
current literature. Previous studies in both thiehaind captivity have highlighted the

role socio-sexual interactions play in bonobo dodi@ (e.g. de Waal, 1987;

Hohmann & Fruth, 2000; Paoli et al., 2006b) andutaion calls may represent an
additional avenue for females to advertise thegspnce and socio-sexual activity
within the group. The transition of copulation eaftom a reproductive into a social
behaviour in bonobos highlights the role that dodie can play in shaping

communication systems in animals.
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Chapter seven: Female bonobos use copulation cadls social signals

Summary

Bonobo females form close affiliations with unrethfemales, which enables them to
form coalitions to dominate males. In addition torencommon social behaviours,
such as grooming, the performance of genital costappears to be another
mechanism that facilitates their social affiliaorDuring genital contacts, females
sometimes produce ‘copulation calls’, which shdre same acoustic structure as
those given whilst mating with males (chapter sk@re, | focused on female genital
contacts and investigated the social rules undeglyiopulation calls. | found that
low-ranked females frequently engaged in sexuarauwtions with both low- and
high-ranked partners, while such interactions betwigh-ranked females were rare.
One interpretation of these results is that gent@ahtacts are a more relevant
affiliative mechanism for low-ranked females, whasxeial position is less stable,
compared to high-ranked females. In terms of cadddpction, | found pronounced
effects of dominance relations and social intentith most calls given by low-
ranked females when solicitdny high-ranked partners. The presence of the alpha
female as a bystander also enhanced the likelibbadlling. Two measures relating
to physical stimulation, spatial position and gaindontact length, had no effect on
call production. My results indicate that bonobmé#&tes use these calls flexibly by
considering their own and their partner’s sociaipons as well as the composition of
the audience. Bonobo copulation calling is an eXampan animal vocalisation that
has become ritualised away from a purely reprodadtinction to acquire a broader

social significance.

Results from this chapter have been submittedubligation as:

Clay, Z., & Zuberbihler, K. Copulation calls as isbcues in bonobo$an paniscus
Submitted.

141



Introduction

In most old-world primate societies, the prevailsarial structure is that of female
philopatry, whereby females remain in their natabugps whilst males emigrate
(Pusey & Packer, 1987). One apparent consequenéenaies remaining together
within their matrilines is the formation of stromdfiliative bonds between females
(e.g. Silk et al., 2006; Sterck et al., 1997). Aligh female migration does occur in a
number of primate species (e.g. Moore, 1984; Pw&eacker, 1986; Sterck &
Korstjens, 2000), developing intra-sexual affileus in the absence of genetic ties is
more challenging, leaving relationships betweerelated females typically weak. In
addition, female migration is frequently related despotic systems and risk of
infanticide (Sterck et al., 2005; Wrangham, 19&0§onsequence being that females
tend to remain within small family units and spelegs time socialising (e.qg.

chimpanzeesan troglodytesWrangham & Smuts, 1980).

Bonobos are a species that exhibits female migrativith females typically
emigrating as they approach sexual maturity to jgw communities (Gerloff et al.,
1999; Wrangham & Smuts, 1980). However, despitegeinrelated to each other
(Gerloff et al., 1999; Hashimoto et al., 1998; Hamn et al., 1999), female bonobos
aggregate and form enduring affiliations with otfemales (Furuichi, 1989, 2009;
Hohmann et al., 1999; Kano, 1992; White & Wood, 200'he tendency for female
bonobos to aggregate in large, mixed groups hassad considerable interest,
particularly as the resulting female coalitions egpto have enabled females to
accrue numerous benefits related to resource defantanticide avoidance and
dominance over males (e.g. Furuichi, 2009; Hohm&riruth, 2003a; Parish, 1994,
1996; White & Wood, 2007; Wrangham, 1993).

There appear to be a number of behavioural meananiwhich facilitate the

development of affiliations between immigrating fdes and group members. These
include grooming, pronounced levels of adult playd sharing and to some extent,
peering (Palagi & Paoli, 2007; Paoli et al., 2006a; Stevenal, 2005b; Vervaecke et

3 Peering is a ritualized behaviour in which thevaaipproaches to stare directly at the
receiver’s face from a very close distance, sometimto several centimetres
(Furuichi, 1989; Kano, 1992; Stevens et al., 2005b)
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al, 2000a). In addition, the habitual performanéegenital contacts is thought to
represent another behavioural mechanism that alltemsales to develop their
affiliations and co-exist peacefully (e.g. de Wak87; Kano, 1992; Kuroda, 1980;
Thompson-Handler et al., 1984). Although homose)gealital contacts have been
observed in all great ape specig€3ofilla gorilla, Fischer & Nadler, 1978Pan
troglodytes Anestis & Firos, 2004Pongo pygmaeusan Schaik et al., 2003), female
bonobos make particularly strong and habitual ds#he&m, both in the wild and in
captivity (de Waal, 1987; Hohmann & Fruth, 2000plPat al., 2006b, Thompson-
Handler et al., 1984). Female genital contacts iockuing face-to-face embraces
when the two females mutually swing their hipsrallg, whilst keeping their vulvae
in contact (Hohmann & Fruth, 2000; Kuroda, 19803.described in chapters two and
six, genital contacts are thought to have a nundjesocial functions, such as
reducing social tension, enhancing social toleraand food sharing, reconciling
conflicts and providing a means for females to sssend express their social
relationships (e.g. de Waal, 1987; Fruth & Hohm&®96; Furuichi, 1989; Hohmann
& Fruth, 2000; Paoli et al., 2006b; Parish, 1994hid & Wood, 2007). The
performance of genital contacts appears to be gorant part of the integration
strategy of newly immigrating females, with thesenéles frequently engaging in
genital contacts with new group members, especwitl high-ranking, established
females (Idani, 1991).

Whilst genital contact behaviours appear to havesicierable social relevance for
female bonobos, assessing what psychological mesesnderlie these behaviours
remains challenging. One approach to this probkehoe iexamine the communicative
signals produced in association with these sontaractions, an approach which has
proved fruitful in other studies of animal sociabgoition (Seyfarth & Cheney,
2003a). As demonstrated in chapter six, female bosioproduce specific
vocalisations, known as ‘copulation calls’, duritigeir sexual interactions with
females as well as with males (Kano, 1992; Thomgdandler et al., 1984). In
addition to sharing the same acoustic morphologgults indicated considerable
overlap in their use with male and female partnerdicating that copulation calls
have acquired a greater social dimension in tresisg.
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Following these broader comparative analyses, iimeod the current study was to
conduct a more detailed exploration of female ggibntact behaviour and the social
use of copulation calls in this homosexual contegiplored the influence of several
social variables on genital contact performance ealtl production, including the

dyadic dominance relationship of the caller and peartner, the direction of

solicitation and the presence of an audience. titiad, | also investigated whether
genital contacts and associated call productiorewdtuenced by the more physical
features of the interaction, such as the spatialtipo of the partners (top versus
bottom) and the genital contact length. In additiormy main data set, which was
composed of naturalistic observations, | condu@adadditional focused study of
genital contact behaviour in a controlled environtmehere | manipulated dyad and

audience composition.

If genital contacts are representative of a migrastrategy for females to integrate
and affiliate with other group members, | expeclew-ranked females (most
representative of wild, immigrating females) to bere sexually active than high-
ranked females, who are already established in gitoeip. Furthermore, if the
vocalisations accompanying genital contacts relate the expression and
acknowledgment of social status, as has been siegigfes’ the genital contact event
itself (Hohmann & Fruth, 2000), callers should bgexted to be sensitive to rank
relations. Specifically, if low-ranked females ar®re motivated to advertise their
sexual interactions using copulation calls, thepuith be expected to call more
compared to high-ranked females. In terms of spatisition, | tested the hypothesis,
suggested by Hohmann and Fruth (2000), that higkec females are more likely to
take the top position during their interactionshnibw-ranked females as a means to
express their social status (Hohmann & Fruth, 2@0tbpugh see Paoli et al., 2006b).
From a more arousal-based perspective, | examineether, in terms of genital
stimulation, call production is also influenced $pyatial position and genital contact

length.
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Methods

Study site
| conducted this study at Lola ya Bonobo Sanctudmjshasa (DR Congo), between

September and November 2008 and between Augudtianeimber 2009. All details
about the study site and dietary information arevigled in my general methods
chapter (chapter three). The genital contacts astems upon which these analyses
are based represent the same data set previoeslyrushapter six and have therefore
been already described in detail. To summariselléacted data from sexually mature
females or females approaching sexual matufity=4) from three social groups
over two periods. In 2008, | collected data on niemales from a group of 22
individuals housed in enclosure 1 (henceforth ‘gréa’). In 2009, | collected data on
seven females from a group of 20 individuals housezhclosure 1 and collected data
on five females from a group of 19 individuals hedisn enclosure 2 (henceforth
'group 1b’ and ‘group 2’). All details of group cqusition are provided in chapter
three. To maximise sample size, | pooled the detdrem across the three groups,
resulting inN = 58 female-female dyads. The majority of dyadshi& second year
had not encountered each other before so representiependent data points.
However, | combined data for any dyads that meh edlcer again in the second year
(N = 9 dyads), thus reducing the total N of dyads frto 58.

Data collection
As methods for data collection have been presentethapters three and six, | will

only give a brief overview here. All observationapgprox. 1,093 hours) were
conducted at the largest two enclosures. Dataatale involved all-occurence and
all-day focal sampling (Altmann, 1974), balancetbas individuals (approx. 50 focal

hours per individual).

Recording genital contacts and copulation calls
| considered a genital contact between two femtese a ventro-ventral embrace

with physical contact of genital swellings and tatehip swinging (Hohmann &
Fruth, 2000; Kuroda, 1980). | excluded cases oftgestimulation by any body part

other than the genitals. For each genital contaente | recorded the following
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information: partner identities, their spatial gmsis (top or bottom), call production,
associated behaviours; identities of audience mesnbethin 15m and the
behavioural context. Contexts included feeding, anel post-feeding (15 minutes
before and after feeding), social disturbancesuggralarm or tension), food stealing
(i.,e. a female initiates a genital contact with thieo, then during or immediately
afterwards, takes their target's food), travel,ivair (i.e. meeting of separated
individuals or arrival at new, non-feeding, locabip play, agonism, post-agonism

(reconciliation) and rest.

Additionally, | recorded the identities of the iatbr and the target of the interaction.
There was a diverse range of signals that femaded to initate a genital contact,
ranging from a single gestural behaviour to a neaporate sequence of a multitude
of different behaviours. In order to assign thenidg of the initiator, | developed an
inititation ethogram, based upon directed gestoealaviours (table 7.1). The initiator
identity was only marked if at least one of theshdviours was observed and done in

a way directed specifically at the taget individual
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Table 7.1.Ethogram describing the initiation behaviours \ihfesulted in a genital

contact interaction between the initiating femaid &er target female.

Initiation behaviour directed at targ

eDescription/details

Exaggerated forward roll

Lying/sliding onto stomach in front of target, theailing
180° onto back. Normally accompanied by leg/arm

waving

Squat leg presentation with/withou
thrust

[Standing in front of target with squatted legs whil
thrusting hips. May involve thrusting legs by usargns
to hold body. Can be without thrust

Back slide

Sliding onto back in front of targetarCbe accompanied
by any combination of the following: legs straigim,

legs shaking, arms up and open, arms shaking

Bipedal stance with open arms

Arms may be straigktaving. Bipedal stance can be
whilst standing or walking to target with open aymvih
or without contact. May lead into walking or leaglithe

target to a location using bipedal dorsal embrace.

Bipedal dorsal embrace

Approach and embrace aétiamtpy involve squat thrus

5t

Dorso-ventral presentation

Presenting swellingdarentrally. May involve

looking/head-turn to target. May involve crouching

Contact on target

Tapping, poking, stroking of ¢éngith leg/foot/

hand/arm

Directed shake

Directed shake of the leg/foot/aamdtowards the
target

Extend

Leg/foot/arm/hand extend toward target, aitlcontact

Dominance
| investigated the influence of the

production.

social domireo€ caller and her partner on call

Investigating the dyadic dominance trefship required accurate

assessment of individual cardinal ranks. In ordercalculate dominance ranks, |

created dominance hierarchies for

the three sgomlps, based upon the outcome of

agonistic interactions between females (e.g. Steet¢ral., 2007). | used the Matman

analysis programme (Noldus, version 1.1) to exantiominance relationships and

the linearity of hierarchies. Following this, | thealculated cardinal rank scores for
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individual females based upon normalised David’'er8s, corrected for chance. All
details of these analyses have been previouslepred in chapter three, with results

shown in appendix .

Statistical analyses
Parametric analyses were conducted wherever pes&ibt non-parametric statistics

were used where necessary. Non-parametric statisce required for much of the
data owing to low sample sizes and unbalanced ishai¥ contributions. For
proportions data where the resulting value was leigu@ or 1, | re-scaled the values
using the following substitutions: where x = 1, th@ue was replaced with x = 1 —
(1/4N); where x = 0, the value was replaced with £/4N). Following this, | then
applied the arcsine transformation uniformly acrtb&sdata set. These steps improved
the homogeneity of variance distribution, renderihg data suitable for parametric
analyses. All tests were two-tailed and unless rotise mentioned, significance
levels were set ati= 0.05. For small sample sizes, | used exact {@dtsndry &
Fischer, 1998). All statistical analyses were cateld using SPSS v. 17.0.

Part one: Patterns of genital contact performance
| first examined the behavioural patterns in germitatact performance. In addition to

examining rates of performance and context of ushgeplored the effects of three
main factors: the social rank; spatial positionp(tes. bottom position); and the

direction of initiation (which individuals initiagéis target).

To explore social rank, | used a goodness of Bt te compare rates of genital
contacts against the expected frequencies for tdyeel types: two low-ranked
females; two high-ranked females; and a high- ailbw-ranked female (henceforth
referred to as ‘asymmetric dyads’). Expected fregies were calculated using
expected proportions for each dyad class, basedeototal number of dyads possible
for each dyad type (two low-ranked femallis= 17 dyads; two high-ranked females:

N = 9 dyads; asymmetric dyad$é= 32 dyads).

In terms of spatial position, | examined whethghhranked females were more likely

to take the ‘top’ position than low-rank femalesligwing Hohmann & Fruth, 2000).
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In addition, to investigate whether there were rasikmmetries in the direction of
initiation, 1 compared the rates of initiation bigh and low-ranked females during
their interactions with one another (asymmetric d$ya To examine whether the
initiation effect occurred more generally than just dyads with large rank
differences, | used the cardinal rank scores (Dav#tores) to compare frequencies
of initiations for the higher and lower ranked féesawithin dyads composed of
females from the same absolute rank class (i.ehidjiger and lower-ranked of two
females who both belonged to the low-ranked or Inggtked class). Non-parametric

statistics were employed to investigate these laobehavioural patterns.

Part two: Patterns of calling behaviour

Social dominance
To investigate whether partner rank influenced gaibduction, | conducted a

repeated-measures analysis of variance test (ANOG3OW)paring the proportion of
genital contacts with calls for interactions witight versus low-ranked partners.
Owing to insufficient sample size for high-rankesimfales, | was unable to include
caller rank as a factor in this analysis (thereen@nly N = 20 interactions involving

three high-high dyads, with two of the six highkad individuals never engaging in
genital contacts with other high-ranked femaled)us in order to investigate the
effect of caller rank on call production, | condetta Spearman’s correlation to
compare each female’s cardinal rank score in hspewive group (normalised
David’'s Scores, corrected for chance) against tloggytion of genital contacts in
which she called. Because David's Scores are aalibsvalue for a given time
period, | only entered data for each female oncaybid pseudo-replication) with her
accompanying David’'s Score (taken from her firgtadentry yearN = 14 females).

Supplementary analyses of rank scores for bothsyfearall females are indicated in

appendix V.

Spatial position
To investigate whether spatial position influencsdl production, | analysed the

proportion of genital contacts accompanied by i©glivhen the female took the top
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versus the bottom position (Wilcoxon signed-rargst)t | excluded any ambiguous

cases where the females were in a more equal mhaposition.

[ nitiation
To investigate whether the direction of initiatiorfluenced call production (which

female initiated the interaction), | conducted atway ANOVA on the factors of
direction of initiation (initiate vs. target) andamner rank (high vs. low) on the
proportion of genital contacts accompanied by céldssigned initiator identity using
the behavioural ethogram described previously.

Audience effects
| also examined whether the presence of bystandétenced call production. In

order to control for the effects of dyadic dominamank, | analysed interactions
between low- and high-ranked females, which alpoesented the dyad type in which
calling was most likely. Taking the perspectivetloé low-ranked caller, | randomly
selected a balanced number of genital contactsixdow-ranked femaled\(= 20 for
five females: LK, LI, IS, NO, KL, antN =18 for one female, KS), i.& = 118 events
in total. The two other low-ranked females (MU &ld were excluded from analysis
owing to inadequate sample sizes. | compared tdeace composition for silent and
vocal genital contacts using the following variablsize of group present; number of
females present; number of males present. | algestigated the influence of the
social position of the audience. For this, | anaedlythe proportion of genital contacts
accompanied by calls in which the following audienmembers were present
compared to absent: dominant females (one or migeranked females present,
excluding alpha-female); subordinate females (onemore low-ranked female/s
present but high-ranked females and alpha femaerd)y the alpha female; and the
alpha male. In order to assess the value of thieaalpmale as a bystander, it was

necessary to exclude all interactions which invdlttee alpha female.

In addition to these separate analyses, | examwlgidh audience variable most
strongly predicted call production if all variablegre combined in one model. To do
this, | conducted the Generalized Linear Model ysial (binomial-logit) on the

dependent variable of calling (call versus no oalth the above-mentioned predictor
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variables. | was able to enter data for all lowkethfemalesN = 8) in this analysis
and accounted for female identity by entering iaasovariate in the model. In order
to analyse the effect of alpha female presencecluded all cases in which the alpha
female was involved, which resultedN= 206 interactions available for analysis.

Part three: Experimental study with controlled gpocomposition
In order to further investigate the variables diéscd in the main analysis, | conducted

an additional, focused study of female genital aonperformance and accompanying
vocal behaviour in a controlled environment, whdyad and audience composition
were controlled. To investigate the hypothesis tt@tulation calls during genital

contacts are a female-directed behaviour used poesg social status, | recorded
genital contacts and associated calls for femasglslyn the presence of female-only

audiences.

| conducted this study inside the dormitory fagildonnected to Enclosure 1 over a
30-day period. The dormitory facility for Enclosutevas a 15froom, divided into 9
sub-rooms. Rooms were separated by metal bar ipastt but everything was
visible/audible to the other individuals (see fig.l). There were wire tunnels
connecting adjacent rooms as well as three turioazit the dormitory from different

places.

______ -~ Bonobo 1 .l Bonobo2

Bonobo 3

Figure 7.1. Layout of indoor dormitory for the focal study génital contacts with
controlled audience composition. Dotted lines repn¢ passing tunnels.
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In each trial, | recorded the genital contact béravand copulation calls that
occurred between a focal dyad. Every female in grbln was involved, as both an
audience member and as part of the focal dijad 7 females: three high-ranked: OP,
BD, MY; and four low-ranked: KS, NO, SL, LI). Fifemales were present within the
dormitory facility in each trial: three females agdience members, each housed in
separate rooms, and two females as the focal dyadsed in one room. Although
separated, all females were visible to one anabkeainly wire bars divided the caged
rooms. In order to encourage sexual interactiobgghn a trial by letting two females
join one another in one room. Motheis £ 4 females) were accompanied by their
dependent offspring. Upon meeting, the two femalesild typically approach one
another and commence genital contact behaviouthiouti any other intervention.
However, if necessary, | waited several minuted unwas clear that no contact was
being made and then provided banana slices in daezncourage behavioural
interactions between the females. In all trialge¢orded the interactions using a
camcorder and made verbal commentaries. | also @adie recordings using sound
equipment as previously described. During a trtae female dyad frequently
performed a whole sequence of sexual interactimes several minutes. In order to
control for context across trials, | only countexpulation call behaviour during the
first genital contact interaction. Sex with offspgi occasionally occurred, but was
excluded from analysis. After completing a triather as a part of a focal dyad or as a
bystander, a female was allowed to exit the domyigmd join the outdoor enclosure.
Participation was voluntary and subjects could sefto participate at any time, at
which point they could exit the building. No femal@as ever forced to move rooms
against their will or remain somewhere where thegnsed uncomfortable. However,
in general, the females appeared to enjoy partiogan this study. Transferring
between rooms was a normal part of their daily ireutand individuals were

cooperative in moving rooms.

In total, | conducted 90 trials balanced acrosssallen females in group 1b, with
every possible dyad meeting at least once (19/2tislynet at least twice) on separate
days (mean: 4 trials per dyad). As with my mainadsgt, | analysed genital contact
performance and call production as a function cdddgomposition (social rank),

spatial position, direction of initiation and audte composition. For trials in which a
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genital contact interaction occurred, | analysesl fictor of audience at three levels:
(1) only low-ranked females present (i.e. visibl€)) one or more high-ranked
females present without the alpha female; (3) alehaale present. Due to the low-

sample sizes, | conducted non-parametric statigtrosighout

Genital contact length
In order to further address the effect of physist@nulation on call production, |

examined whether the length of the genital contatienced call production. Using
the close-range video-footage in this indoor st{dyslow-frame settings on VLC
media player), | compared the length of genitaltacis (s) for interactions in which
the focal female produced a copulation call or reet silent. Due to a rank bias in
caller identity (all callers in this study were laanking), | was only able to examine
data from low-ranked females. This resulted in lart@ed sample dfl = 6 call and\

= 6 no-call events for 3 females (KS, LI, NO), wihgiven genital contact event
entered only once (the other low-ranked female, ®Bs excluded owing to
inadequate sample size). Due to the low numbemwubjests available, | conducted
separate Wilcoxon signed-ranks tests (exact, twedja for each individual to

compare genital contact length for vocal versuensigjenital contacts.

Results

Rates of genital contacts
Overall, | observed\ = 674 genital contacts between females; with efemale N =

14) engaging in at least one sexual interactioh wito or more partners. Of the 674
genital contacts observed, 67% occurred withinféleeling context, followed by 11%

in the pre-feed period and 7% during rest phasesitéd contacts also occurred
during socio-sexual play (5%), arrival (4%), noreaigtic social disturbances (2%) as
well as a range of other contexts (all < 2% or Igvgeich as during agonism, post-

agonism (reconciliation), food stealing, post-fegdand travel (see appendix V).
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Controlled for group size and observation time, highest rates of genital contacts
occurred in group 2, followed by group la and Hlgénital contacts per female per
hour: group 2 = 0.12; group 1a = 0.09; group 1hG36) Heightened performance of
genital contacts has been shown to be associatadpesiods of social instability and
tension (de Waal, 1987; Hohmann & Fruth, 2000), etimg which may account for
the raised levels of sexual activity in group 2 pamed to the other groups. Group 2
experienced the greatest amounts of disturbancés swcial structure compared to
the other groups. For instance, there were 19 dsatgthe composition of group 2
(10 losses and 9 gains) one month before datactioblecommenced (owing to the
departure of eight bonobos into a wild release mogne and the subsequent
reshuffling of remaining individuals). During theudy period, group 1b was
comparatively less affected, undergoing only etdanges (2 losses and 6 gains). In
addition, social tension may have also been enldancegroup 2 owing to a
particularly strong male presence (11 males congptoreb females), as well as the
presence of three dominant males that frequenthvgked social instability and
tension (KZ, MK, FZ). Likewise, the presence of @rdnant and aggressive male
(TT) in group la frequently resulted in social disances and tension. In contrast,
lower levels of social tension in group 1b may diswe been attributable to a higher
proportion of more established females in the grand the absence of aggressive
males (owing to the death of TT, the more placithbeale, MN, assumed the top

male position).

Part One: Patterns of genital contact performance

Social rank:
The majority of genital contacts occurred between low-ranked females (58%| =

390) followed by asymmetric dyads (39%,= 264). Interactions between two high-
ranked females were rare, occurring just 20 tin3és)( When taking into account the
total number of dyads possible for each dyad type {(ow-ranked femaled\ = 17
dyads; two high-ranked female: = 9 dyads; asymmetric dyads: = 32 dyads),
genital contacts between two low-ranked femalesiwed more often than expected

by chance, and interactions for asymmetric dyadk dyads with two high-ranked
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females occurred less frequently than expectedhlaypae (goodness of fit tesd, =
283.464, df = 2 P < .001; fig. 7.2).

450

400 -

350

300 A

250 A

M Observed
O Expected

200 A

150 -

Frequency of genital contacts

100 -

50

Low-low Low-high High-high
Dyadic rank relationship

Figure 7.2 Frequency of genital contacts between: (1) twe-lanked females; (2)

asymmetric dyads of a low- with a high-ranked feanéB) two-high ranked females.

Spatial position:
There was no significant difference between theigiaosition (top or bottom) taken

by low-ranked femalesN = 8) compared to high-ranked femalé$ £ 6) (Mann-
Whitney U = 14,P > .05, table 7.2). In an analysis of the spat@difoon of high-
ranked femalesN = 6) within asymmetric dyads, there was signiftcaariation in
their individual preferences for spatial positi@nth no overall trend for them to take
the top position)¢ = 56.022, df = 5P < .001, fig 7.3)
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Table 7.2.Proportion of genital contacts in which the indival took the top position

Rank| Female| Proportion
LK 0.66
IS 0.69
KS 0.12
LI 0.92
SL 0.15
KL 0.25
£ |MU |0.00
- NO 0.66
OP 0.33
BD 0.73
SW 0.26
TL 0.93
S |MM  |0.91
T My 0.36
% 06 | B On bottom
g' @On top
% 0.4 Female N
& oP 23
@ BD 49
MM 11
02 SW 112
MY 13
TL 28
’ oP | BD | MM | SwW | MY | TL

Female identity

Figure 7.3. Proportion of genital contacts when the high-rahtemale took the top
position during interactions with low-ranked fenwml&ample sizes are indicated in

the text box (range: 3-5 partners per female)
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[nitiation
Of the 390 genital contacts that occurred betvasymmetric dyads (high-with low),

high-ranked females were significantly more likety initiate to the low-ranked
females than vice-versXqgn-rank female initiatd SD = 6.5 + 2.86 VSXjow-rank female initiated
SD = 1.75 + 2.86; Wilcoxon signed-ranks test, exaci-tailed: Z = -3.006, N = 3R

= .002). However, there were no statistical déferes in the direction of initiation
for dyads composed of either two low-ranked femaes$wo high-ranked females
(two low-ranked femalesSXhigher-rank femate initiatd SD = 9.29 + 8.93 VSXjower-rank female
iniiatest SD = 13.65 + 14.64; Wilcoxon signed-ranks tesgcetwo-tailed: Z = -.911,
N = 17,P > .05; two high-ranked femal@&igner-rank female initiad SD = 1.44 + 3.97 vs.
Xiower-rank female initiated SD = 0.78 + 1.71; Wilcoxon signed-ranks, exaa-tailed: Z =
-.535, N =9,P > .05).

Part two: Patterns of calling behaviour
Of theN = 674 genital contacts recordédi= 124 were accompanied by a copulation

call (group la: 12.7%\ = 424; group 1b: 17.9% = 151; group 2: 43.4%\ = 99).
As with genital contact performance, rates of oglliwere highest in group 2,
followed by group 1a and 1Ib(genital contacts with calls per female per houougr
2 = 0.05; groups 1a and 1b = 0.01).

Social dominance
| investigated whether the dominance rank of théngainfluenced call production. A

repeated measures ANOVA revealed that females sigreficantly more likely to
call with high-ranked partners compared to low-ehlpartners (mean proportion of
genital contacts with callShigh-rank femaist SD = 0. 38 + 0.18 VXjow-rank femaidd.04 +
0.06:F (1, 11)= 31.897 P <.001).
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Low rank High rank
Partner rank

Figure 7.4 Line graph showing the influence of partner ramk copulation call
production during female genital contacts. Highkeh females (BD, SW, MY, TL)
are indicated with flatter graph symbols. Low-ramkéemales (all others) are

indicated with triangular symbols.

In terms of caller rank, there was a significangatesze correlation between female
rank and call production (Spearmans rhe ¥ 0.662N = 14,P = .010) indicating that
females with lower rank scores were more likelycatl than higher ranked females
(fig 7.5, appendix V).

0.407

0.30

0.207] o

0.10 o

o R? Linear = 0.405

Proportion of genital contacts with calls

0.007 0o

T T T T T T T
0.00 1.00 2.00 3.00 4.00 5.00 6.00

Female dominance rank (Davids score)
Figure 7.5. Scatter-plot showing the relationship betweennaale’s dominance rank

and copulation call production during female gdratatacts.
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Spatial position
| found no significant relationship between calbguction and spatial position within

the dyad N of calls in top positionX +SD = 5.25 + 4.43 vs. bottom positioh+ SD
=4.41 + 4.94: Wilcoxon signed-ranks test- 20.591, df= 12,P > .05).

[nitiation

Results from a two-way analysis of variance rewtalat the direction of initiation
(initiate vs. target) as well as partner rank (highlow) had a significant effect on a
female’s likelihood to call (proportion of genitabntacts with calls) (Initiation: &,

8) = 6.064,P = .039; Partner rank: @&, 8) = 27.293,P = .001). Although the
interaction between partner rank and initiatiort faded to reach significance ((E,

8) = 4.619,P = .064), results indicated that the effect ofiaibn was strongest for
high-ranked partners, with females calling more nvhieey were targeted by a high-
ranked female compared to when they initiated niberaction (fig 7.5).

== Low _rankpartner
0.601 — High_rankpartner

0.40

0.20

Mean proportion of genital contacts with call
\

T T
Initiator Targetted

Role in interaction
Figure 7.6. Line-graph (with standard error bars) showing effect of initiation on

call production during female genital contadts< 9 females).with high-ranked and
low-ranked partners
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Audience effects
| investigated whether the presence of bystanddhsenced call production. Group

size had no significant effect on call productipai(ed t-test: t = 2.050, df= B,> .05),

in terms of both number of females or malesired t-tests: foN females, t = 0.819, df
=5,P > .05; forN males, t = 2.341, df = B > .05). However, there was a strong effect
of alpha female presence, with females signifigantbre likely to call when the alpha
female was present rather than absent (paired bteproportion of events with calls
when the alpha female was present vs. absent:9314df = 5P = .005). However, the
effect appeared to be restricted to alpha femadegmrce alone, as neither the presence of
other dominant females nor the presence of subatelifemales had a significant effect
on call production (paired t-tests: dominant fenaesence, t = -0.46, df = B,> .05;
subordinate female presence, t= 2.140, df £ 5..05). The presence of the alpha male
also had no significant effect on call productipaifed t-test, t = 0.617, df = B,> .05,
table 7.4).

Table 7.4.Influence of audience on calling during femaleiggrcontacts (GCs). The top
half indicates mean number of bystanders (+ SDs)véxal vs. silent GCs (N = 6
females). The bottom half indicates proportion d@sGwith calls in which the given

audience member was present vs. absent. Astadgtates significant effect.

Audience variable Vocal GCs Silent GCs
Group size 8.51 (2.23) 6.52 (0.59)
N females 2.95 (1.01) 2.60 (0.55)
N males 5.55 (1.43) 3.91 (0.55)

Proportion GCs with| Proportion GCs with
calls when present | calls when absent

*Alpha female 0.54 (0.14) 0.22 (0.08)
Alpha male 0.34 (0.26) 0.27 (0.16)
Dominant females 0.35(0.19) 0.36 (0.33)
Subordinate females 0.35 (0.18) 0.20 (0.19)
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Figure 7.7. Boxplot indicating the proportion of genital conta@ccompanied by
copulation calls N = 6 females) in which the alpha female was presenthe

audience versus absent.

Results from a Generalized Linear Model (binomagil) with calling (call versus no
call) as the binomial dependent variable revedhed alpha female presence was the
only audience-related variable that contributednificantly to the model (alpha
female presence: Walf = 4.579, df = 1P = .032). Although the effect of female
identity was also just significant (Wakf = 4.161, df = 1P = .041), all audience-

related variables, except for alpha female presemere non-significant (alP > .05).

Part three: Experimental study with controlled gpocomposition
I conducted 90 trials in which a pair of femalesl the chance to interact in the

presence of different audiences. Every female metyeother female at least twice
and interactions between females of the same dereift rank class were
approximately balanced according to the numberyaidd possible (43 trials for 12
low-high rank dyads, 37 trials for six low-low dygadlO trials for three high-high
dyads). Overall, patterns in these experimentalijyuced genital contacts mirrored the
natural behaviours observed outdoors, althoughctsffevere enhanced. Rates of
genital contacts were very high (64.4% of trial8/9®) and in 16 of all possible 21

dyads, genital contacts occurred in at least ora. tPatterns in genital contact
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performance differed according to dyad composi{iBishers exact test on rates of
genital contact performance for dyads of two lowked females vs. two high-ranked
females vs. asymmetric dyadB: = .001, two-tailed). Upon meeting one another,
genital contact performance for dyads composedwaf kw-ranked females or
asymmetric dyads was significantly higher than eiga by chance (67% of trials
between two-low ranked females, binomial test: )((@5= .047; 74% of trials for
asymmetric dyads: binomial test (0.B)= .002). In contrast, sexual activity between
two high-ranked females was very rare, occurringust 10% of trials, a number
significantly lower than expected by chance (birartest (0.5)P = 0.021).

Of the 58 trials with sex, 29 (50.0%) were acconpauby copulation calls. IN = 26

of these, only one individual produced a call andNi = 3 both females called
simultaneously. To reduce ambiguity, | excludedesagf co-calling and thus based
my analyses on a total ™ = 55 trials, of which 26 trials were accompanied by
calling (52.7%). Again, there were strong rank ef€or both caller and partner. Call
production was solely restricted to the four lowkiag females and in 20 of the 26
cases with calling, callers interacted with highked partners (call production with
high- vs. low-ranked partnerg*= 6.48, df = 1P = .014).

In terms of other factors, spatial position had inftuence on call productionN(
instances when caller on top vs. bottgth= 1.46, df = 2P > .05), but there was a
significant effect of initiation (call when initiatversus when being targetegd: =
3.85, df = 1P = .050). For analyses of audience effects, smaatipte sizes meant that
data from all interactions were entered togeth¢r=(55 genital contact events).
Although there was no effect concerning the presesfcsubordinate femalexi(=
0.53, df =1P > .05) nor the presence of dominant femayés-(0.01, df = 1P > .05),
females were significantly more likely to call whére alpha female was present in
the audiencex? = 5.106, df = 1P=.024, with theN = 20 interactions involving alpha

female excluded from analysis).

Genital contact length
| also analysed whether the length of the genibaitact event itself influenced call

production. | compared the length of genital contateractions folN = 6 silent and
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vocal interactions foN = 3 females (LI, KS, NO; totall = 36 interactions). Results
indicated no relationship between genital contambgth and call production

(Wilcoxon signed-ranks tests: &> .05).

Table 7.5. Mean length of silent vs. vocal genital contad®C§), with standard

deviations in parentheses.

Female| Vocal GC length (s) Silent GC length ()
KS 12.3 (4.03) 13.0 (2.52)

NO 11.5 (5.54) 13.8 (3.54)

LI 11.17 (4.57) 16.3 (5.88)
Discussion

Results from this study highlight the social relesg of genital contacts and
associated call production for female bonobos. lramked females were the most
motivated to engage in genital contacts, both witter low-ranked females and high-
ranked partners. In contrast, genital contacts éetvhigh-ranked females were very
rare. These results suggest that genital contaaisba a more important affiliative
mechanism for low-ranking females, whose socialtjpsis less stable, compared to
high-ranked females, who already have more eshaaligpositions with each other
and within the group. These rank effects were algoored in call production. During
genital contacts, copulation call production waasbd towards low-ranked females
and was related to a number of variables, suchoaslsdominance, direction of
initiation and audience composition. Overall, mgulés suggest that females possess
considerable social awareness of their own, as agetheir partner's social position
during genital contacts, which is consequently egped in their accompanying vocal
signals. Whilst primate copulation calls are triadially assumed to be tightly linked
to reproductive contexts (Maestripieri & Roney, 80@radhan et al., 2006), results

from this study highlight the social use of copuatcalls in this species.

Although the majority of copulation calls were puoed by low-ranked females

during their interactions with high-ranked partnettse same low-ranked females
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rarely called with low-ranked partners. This patterdicated that, rather than only
their own rank, females were sensitive to the dyattiminance relationship of the
interaction they were engaging in. In terms ofiatibn behaviours, low-ranked
females were sensitive to the direction of initati calling more when invitetb

engage in a genital contact by their high-rankednea rather than the other way
around. Beyond the dyad composition itself, theezenalso female-driven audience
effects, with the presence of the alpha female ha &audience enhancing call
production. Although arousal is likely to play deran this vocal behaviour, | actually
found no significant effects for two measures oygtal stimulation (spatial position

and genital contact length), indicating that arbasane does explain call production.

Results from the additional experimental study, igtee social variables of audience
and dyad composition were controlled, reliably iegikd these effects. In this study, |
found enhanced levels of genital contact perforraaar call production in a context
where males were absent. Genital contacts wer@),agdremely rare between high-
ranked females and all copulation calls were predusy low-ranked females. Alpha
female presence also enhanced call production.eTtessilts complemented the main
results, indicating that copulation calls duringnig@ contacts may be a female-driven

affair that does not require male presence.

As discussed in chapter six, the production of tatmn calls in social contexts is not
well explained by current theories of primate capioh calls, and is inconsistent with
previous conclusions that focus only on their repiative significance (Pradhan et al.,
2006). For instance, the effect of female partr@@krmirrors what has previously
been observed in chimpanzees (Townsend et al.,)2@688well as in a number of
other primates (see Maestripieri & Roney, 2005;dRaam et al., 2006). Previously,
authors have concluded that females call more higgh-ranked partners as a means
to potentially reduce threats of infanticide (Pgadhan et al., 2006) or to encourage
sperm competition between high-ranked males, thaicdlly travel together (e.g.
Townsend et al., 2008). The comparable rank effeatore difficult to explain in this
purely social setting. On the one hand, copulatmalls during homosexual
interactions may have retained the same featuref®rabeterosexual copulations,

maintained through phylogenetic inertia. Howeveis ialso possible that these calls
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are used to advertise associations with sociallpomant, high-ranking group

members.

Whilst my results indicate that physical stimulatidid not drive call production, | do

not of course discount the effect that the callar@usal state may have on this calling
behaviour (e.g. Rendall et al., 2009). As with jwas studies, | found that genital

contacts occurred frequently during food discoveryy. Hohmann & Fruth, 2000;

Kano, 1992; Paoli et al., 2006b; Parish, 1994), #ma it is likely that associated

arousal influences vocal behaviour. Furthermoreiadly driven arousal effects may

also influence call production. Such an approacliccproximately explain the effects

of both dyadic dominance rank and alpha femalegmes For example, low-ranked
females may perceive close contacts with high-rdnkemales as somehow more
‘dangerous’ or ‘risky’, and the consequential irage in arousal levels (‘fear’ or

‘excitement’) is reflected in an increase in caltbguction. Such an interpretation

would be compatible with the hypothesis put forwasd Wrangham (1993), who

suggested that genital contacts represent a médesting the willingness of another

individual to interact fairly, by exposing a vulabte part of their body. Furthermore,
although quite rare, female-directed aggressioattar females and their offspring

does sometimes occur and when it does, is typidadilgcted down the hierarchy

(Paoli & Palagi, 2008; Vervaecke et al., 2003).

Although it is difficult to ascribe a functional pbanation without further empirical
testing, my results do point to a number of po$tds. From a social perspective,
rank-related asymmetries in call production mirmgatterns in genital contact
performance itself (Hohmann & Fruth, 2000) and ssgghat homosexual copulation
calls may provide an additional means for fematesXpress the social dynamics of
their relationships. Ultimately, playback experirteeare required to assess whether

these calls are meaningful to receivers.

In particular, these calls appear to be especralgvant for low-ranked females and
may provide a means to express and acknowledge gbelal position, as well as
potentially advertising their association with higinked females. Greater call
production by low-ranked females is consistent witle suggestion that newly

immigrating females use homosexual interactiongatilitate their integration and
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affiliation with unknown and unrelated females reit new groups (Furuichi, 1989;
Idani, 1991). In wild populations, young immigrafiémales invest highly in
developing a strong bond with older and more dontifemales and frequently
engage in genital contacts with them (ldani, 199jhough the females in the
current study coexisted together in artificiallyrfeed groups, the females that called
most were those that were most representativeeofnimigrating females described
in wild studies. Currently, data on wild bonobo ulgtion calls is lacking and
requires investigation. Conducting further workrank related asymmetries between
established and immigrating females would shed ntapo light on the question of
how homosexual copulation calls may be used withénframework of female social

assessment and integration.

From another perspective, my results also suggasicbpulation calls during genital
contacts may signal the acknowledgement of sotaalis by female bonobos. Unlike
chimpanzees, bonobos appear to lack a formal \8gaal of submission (Furuichi &

Ihobe, 1994). In chimpanzees, individuals use plaat grunt’ vocalisation as a formal
vocal signal of greeting and sub-ordinance (e.ggdBy 1979). There is some
evidence that chimpanzees take the potential sffecttheir audience into account,
although this was only shown in male-female inteoas (Laporte & Zuberbuhler,

2010). Although not used as habitually and ritd@idly as the chimpanzee pant
grunt, similar patterns of rank-related asymmetmebcate that calls during female
genital contacts may enable low-ranked femalesxforess their perceived social
position in relation to that of their female partni@ bonobo society, a female’s social
status in the group crucially depends on developind maintaining alliances with
other group members, especially other females (€ano, 1992; Parish, 1994).
Gaining affiliation and proximity with high-rankedemales can be especially
beneficial in terms of enhanced status, accessdad &nd agonistic support (Fruth &
Hohmann, 2006).

Another effect | observed in this study was thesgesity of callers to the presence of
the alpha female. The alpha female occupies anrapoposition in bonobo society
(e.g. Furuichi, 1989) and these results highlighe tawareness other females
apparently have of the significance of her positiorthis manner, one more adaptive

interpretation is that being solicited by a highkimg partner for sex is judged as a
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social success, and something that females wisttknowledge publicly to socially
relevant others. Females who have been chosen High&r-ranking partner may
become more attractive to others, which would arplehy females are particularly
keen to call when the alpha female is present.pridiction here is that females who
have been sexually successful (and have advettigetb others) will be more highly
preferred partners in future interactions compdoedexually successful individuals
who have not advertised their success vocallyhénwild, it would be interesting to
monitor the development of affiliative relationstWween females in relation to

copulation calling, particularly from new immigrant

In sum, the way in which bonobo copulation callshbecome partly detached from
their reproductive function to be used additionallgs social signals, both
complements and develops existing theories thatsf@golely on the reproductive
significance of primate copulation calls by hightigng their social relevance. More
generally, the social use of a reproductive sigealesents an intriguing deviation
from the typically tight relationship that existettveen animal vocal signals and
evolutionarily important biological functions (e.glarm calls, Zuberbuhler, 2003).
Although more work is required, results from therent study indicate that female
bonobos possess considerable levels of awareness thleir social worlds, which is
expressed via their vocal signals. In this ways #tudy further emphasises the central
role of vocal communication in the study of soaalnition (Seyfarth & Cheney,
2003a).
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Chapter eight: General discussion

Summary

In this chapter, | discuss and reflect upon my eirgdi findings described in previous
chapters in order to address the original resegrobstions and to examine the
contributions that my work has made to the studigafobo vocal communication. In
particular, | discuss the question of whether basoban produce vocalisations and
vocal sequences that convey information to receiMealso discuss some of the social
roles and functions of vocalisations in bonobosngisnsights from the studies of
copulation calls. More generally, | reflect on theader implications of my work,
especially in relevance to the evolution of primateal communication. Finally, |
consider the limitations of my work, how these cbhke addressed, and what future
studies could be conducted in order to advance wuderstanding of vocal

communication in this species.
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Objectives

Compared to a relatively rich understanding of ¢dbexmunication and cognition of
one of our closest living relatives, the chimpaisz¢e.g. Lonsdorf et al., 2010),
current understanding of our other close relatilie, bonobo is strikingly limited in
this area. Current estimations have indicated dh#tast 20 times more research has
been conducted on chimpanzees compared to bondétarg, (2009). Part of the
reason for this disparity no doubt stems from thdewdispersal of chimpanzees
across Africa, enabling more opportunities for sgado be conducted. In contrast,
bonobos live in a more limited and remote rangingaawhich lies within the DR
Congo, a country that has been riddled with wariasthbility. In captivity, bonobos
are also much scarcer, with the number of captorebos representing the equivalent
of just 11% of the number of captive chimpanzeate(hational Species Information
System, 2010; www.isis.org). In terms of what iown about bonobos, the most
significant progress has been made in understarttiigig socio-ecology and social
behaviour (Furuichi & Thompson, 2008), whereas asde into their natural
communication, particularly in the vocal domainshaceived little attention. The
relative absence of research on their vocalisatiormeed the key motivation for this
thesis. Using the premise that vocalisations pevad window into underlying
cognition, | focused on two of the most importardldgical problems faced by all
animals: food discovery and sex. | used these areasder to examine whether
bonobos are able to communicate meaningful infaonatbout their worlds, both in

terms of their interactions with external objeeis well as with social others.

Food-associated calls

Previous research on food-associated calls indnlmammal species has indicated
that these vocalisations represent promising ssgtalstudy vocal complexity and

vocal function in non-human animals. In a numbespécies, food-associated calls
have been shown to convey an array of informatmrcerning the presence of food,
as well as its quantity, divisibility and qualite.¢. Benz et al., 1992; Caine et al.,
1995; Di Bitetti, 2003; Gros-Louis, 2004a; Roush &nowdon, 2000). In

chimpanzees, the acoustic structure of food-assaktizalls has been shown to relate

169



statistically to food quality (Slocombe & Zuberbéhl 2006) in a way that is

meaningful to listeners (Slocombe & ZuberbiihleQ3).

In the first two empirical chapters (chapters faad five), | studied food-associated
vocalisations in order to examine whether bonoldi® chimpanzees, produce
vocalisations that relate reliably to external égeand, if so, what information these
vocalisations convey to receivers. In chapter fostudied food-associated calls from
the perspective of the signaller, and in chaptee,fifrom the perspective of the
receiver. In terms of signal production, my ressliggest that, although bonobos and
chimpanzees are very closely related (divergingndilfion years ago: Won & Hey,
2005), there appears to have been considerablegdivee in how the twBan species
vocalise about food. Unlike chimpanzees, who predute main food-associated call,
the ‘rough grunt’ (Goodall, 1986), bonobos werewghdo produce a range of distinct
vocalisations in response to foods of different ligea. Using acoustic analysis
techniques, | statistically discriminated five dist call types (barks, peeps, peep-
yelps, yelps and grunts). Results indicated thdividuals frequently combine these
calls together into longer, mixed sequences. Wtiikste were statistical relationships
between call types and food quality, context-spatyfwas shown to be greater at the
level of call sequences, with the probabilistic pasition of food-associated call
sequences relating reliably to food quality. Iniidd to highlighting some important
differences between bonobos and chimpanzees,ttidy also indicated that bonobo
food-associated call sequences may be able todwawiformation relating to the

quality of the food encountered by the signaller.

In chapter five, | described a playback study, Wwhigas conducted in order to
investigate the receivers’ responses to food-agseticall sequences. Following on
from chapter four, the main aim was to test theotiypsis that bonobo food-
associated call sequences convey meaningful infiwmaabout food quality to
receivers. After training four subjects to leara thcations of a high and a low quality
food, | conducted playback experiments, where sbjeeard a familiar individual
producing food-associated calls in response to ainthese foods in their outdoor
enclosure. The stimuli were composed of heterogeneall sequences, so that the
receivers had to attend to the whole sequencedier @0 extract information about the

food eliciting the calls. Upon release, individualere more likely to visit and exert
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more foraging effort at the site associated withhll sequence heard, indicating that
bonobos are able to extract information about fqodlity by integrating across call
sequences. These results highlight the meaningfalthat call combinations appear
to play in bonobo communication, something that haen suggested previously
(Bermejo & Omedes, 1999; de Waal, 1988), but haseméefore been formally

demonstrated.

Overall, these studies on food-associated callesent a relevant contribution to the
study of vocal communication in bonobos, providitegailed and systematic work on
their natural vocal behaviour, which goes beyond #tope of what has been
conducted so far. Moreover, the experimental stpdgsented in chapter five
represents the first playback experiment ever coedu with bonobos. The
encouraging results from this study highlight thetemtial for using the playback

paradigm in future studies of bonobos.

Copulation calls

In the second section of my research (chaptersastk seven), | examined how
females use vocalisations during their sexual auitons. Females of many primate
species produce distinct vocalisations, known agputation calls’, during mating
events with males (Pradhan et al., 2006). Howeweraddition to producing
copulation calls with male partners, female bonoélge produce them during their
sexual interactions with other females. Previousliss have considered copulation
calls as sexually-selected signals, which prombge daller's reproductive success
(Pradhan et al., 2006). Whilst there is evideng®stting this general hypothesis for
a number of species (e.g. yellow babodPapio cynocephalysSemple, 1998, 2001;
Barbary macaquesMacaca sylvanuspPfefferle et al., 2008a; chimpanzedzan
troglodytes Hauser, 1990), the fact that bonobos also prothese calls with female
partners, where there is no reproductive advantesg@pt well accounted for by
current ideas. My research aimed to examine thgeus&copulation calls in female
bonobos, focusing on both homosexual and heterase@ncounters. Although
retaining some of their reproductive features, raguits highlight the apparently
social significance of these calls in bonobos. 3t@al use of a reproductive signal is
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not well explained by current theories, and thus/gles a new perspective for future

debates regarding the evolutionary significancprimhate copulation calls.

In terms of acoustic structure, females were shtmyproduce individually distinctive
copulation calls, but produced acoustically simdapulation calls with both male and
female partners. Furthermore, although females wieosvn to call more with males,
there was an overriding effect of partner rankwahg that females called more with
high-ranked partners, irrespective of partner geaustic and behavioural analyses
indicated that, although swelling size did not teelstatistically to call structure, call
production varied as a function of swelling sizepending on the sex of the partner.
At the level of call delivery, | found differenceés relation to partner sex and rank,
suggesting that sequence structure may be ablenteeg some information about the
sex of the mating partner. Overall, whilst copwaticalls still appear to convey
information that is relevant in a reproductive e} these calls appear to have

adopted a more social role in bonobos.

In the following chapter (chapter seven), | furttexplored the social usage of
copulation calls, examining how these calls aredudaring homosexual genital
contacts between females. The main part of thiglystinvolved naturalistic
observations, although | supplemented this with aremfocused study of call
production, when the composition of the dyad anel dludience were controlled.
Beyond partner rank, results highlighted the refeeaof the dyadic dominance rank
relationship itself, with the majority of calls bg produced by low-ranked females
during their interactions with high-ranked partndralso found that calling females
were sensitive to both the direction of solicitatiof the interaction as well as the
presence of the alpha female in the audience. Henveeither the spatial position nor
the genital contact length were shown to influena# production, suggesting that
arousal-based explanations do not solely accounthie vocal behaviour. Beyond
physical stimulation alone, results indicated tlalling was mediated by an
underlying social awareness, both in terms of #ikecs own social position and that
of their partner, as well as the presence of spegibup members. The social manner
in which copulation calls were shown to be useddyales highlights the impact that

social life has had on the evolution of vocal comination in this species.
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Insights into bonobo vocal communication

Broader studies concerning the bonobo vocal reppert@ve been conducted both in
captivity (de Waal, 1988) and in the wild (Berm&dmedes, 1999), although both
studies were only descriptive and lacked empirdzth or spectrographic analyses.
Nevertheless, these studies have made some impedatributions to the field of
bonobo vocal communication and provided the foundat for my own studies.
During feeding, as well as in other contexts, Bgonaed Omedes (1999) showed that
bonobos regularly combine vocalisations togethex iange of different contexts. The
authors identified 19 different vocal sequence#joaigh unfortunately, they never
addressed the relevance of these call sequencescathp Likewise, de Waal (1988)
commented on the notable range of different voaatias produced by bonobos,
especially during feeding, and suggested that thegsd vocal commentaries may be
meaningful to others. Following these suggestiong, work has provided further

empirical support of the notion for meaningful cambinations in bonobos.

In a study of wild bonobos in Lomako, DR Congo, H@mn and Fruth (1994)
showed that, during long-distance vocal commurocatindividuals were sensitive to
the vocalisations of conspecifics. In their stuidgividuals were found to respond to
the vocalisations of distant conspecifics in mdr@nt50% of occurrences, suggesting
that these vocalisations may have conveyed sonoeniation to them. In addition,
the study indicated that individuals used their al@ations with some flexibility,
synchronising their own hoot vocalisations with gdaahey heard. Although long-
distance communication was not studied in thisisheay results have empirically
demonstrated that in another context, that of fdisdovery, bonobo vocalisations are
meaningful to receivers. Furthermore, in my anaysiecopulation calls, | found that
patterns in acoustic structure and call productiotvaried statistically with a number
of variables, particularly social ones. Thus, alifio playback experiments on
copulation calls are required, it is likely thatisthacoustic information is also

meaningful to receivers.
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Vocalisations as a window into cognition

One of the underlying themes threading through thésis is the notion that the
vocalisations of non-human animals provide a windete their cognition (Seyfarth
& Cheney, 1990, 2003a). Following the assumptiomat thcognition and
communication are tightly linked, researchers hmetle considerable progress in

examining the cognitive abilities of animals, espkygthose of non-human primates.

Studies of the vocalisations of monkey and ape ispetiave demonstrated
sophisticated levels of underlying cognition (eSgyfarth & Cheney, 2003a, 2008).
For example, long-term behavioural research on wdéthoons Papio hamadryas
ursinug has revealed that these primates possess camdsielesocial knowledge,
which impacts on their vocal communication (Seyfa& Cheney, 2008). Using
playback experiments, baboons have been shown ¢ogmese each other’s'
dominance ranks (Cheney et al.,, 1995a), distingkishrelationships (Cheney &
Seyfarth, 1999) as well as recognise how thesegkationships impact on their social
interactions (Cheney et al., 1995a; Wittig et aD07). For instance, after a fight,
dominant baboons often approach subordinates aitdaespecific type of soft grunt
(Cheney et al., 1995b). Playback experiments hamodstrated that after hearing
these grunts, subordinates are more likely to ambrothe dominant and regain
proximity, indicating that these grunts functiom feconciliation (Cheney & Seyfarth,
1997). Furthermore, grunts of close relatives @& Hggressor appear to promote
reconciliation between the original aggressor &edvictim. In a playback experiment,
victims who heard the reconciliatory grunts of theggressor's close relative looked
longer at the speaker compared to the control aede wess likely to behave
submissively to either the aggressor or their gngntelative in the hour after
aggression (Wittig et al., 2007). These resultscetéd that baboons are able to
recognise kin-based relationships in other groumb®s and may use vocalisations
of one kin member as a proxy for another. Subsdqplayback experiments using
threat-grunts and screams have also shown thatohabcan discriminate within-
family conflicts from between-family conflicts, demstrating that their knowledge of
kin and rank-based relationships extends to an retadeling of the hierarchical
organisation of their social groups (Bergman et24103).
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So far, the communication-cognition approach hanlargely neglected in studies of
bonobos. Results from the investigations of bonatimal communication described in

this thesis provide progress to this end, revedlrag bonobos are able to both use
and understand vocalisations in complex ways. Eumbre, the way the bonobos use

vocalisations reveals a considerable underlyingemess of their social worlds.

Results from my studies of food-associated calldicate considerable acoustic
variation, both at the level of the call units aatdthe level of call sequences.
Furthermore, whilst finding statistical relationgfibetween call type and food quality,
it is likely that, in such a graded vocal systenthed of bonobos, there may also be
more subtle variation within the signals themselNesa number of primate species,
acoustic analyses have revealed a number of acaussiants in what have appeared
to be unitary call types (e.g. Gouzoules et al§4iPwren et al., 1997; Seyfarth &

Cheney, 1984; Snowdon & Pola, 1978). In subseqgpkyback experiments, these
call variants have been shown to be meaningfuligteriers (e.g. Fischer, 1998;
Fischer et al.,, 2001; Gouzoules et al., 1984). Emample, vervet monkeys

(Cercopithecus aethiopshave been shown to produce and understand fdattysu

different grunt variants in response to four diier social situations (Cheney &

Seyfarth, 1982; Seyfarth & Cheney, 1984). Thestude responding to a dominant
versus a subordinate, as well as responding to@amah moving into an open area or
in response to another group. Although further atiouanalyses and playback
experiments are needed, it is likely that bonobos a&so able to produce and

comprehend subtle differences in acoustically singhll variants.

Whether or not bonobos only perceive vocalisatimeesed on their acoustic properties,
or rather on their semantic features, is open tthén investigation. Nevertheless,
results from my playback study indicated that, dtesponsiderable variation in call
units and sequence structure, receivers reactétetplayback stimuli as if they had
conveyed meaningful information about two discresigegories (high or low quality
food). In this manner, these results are consistéhtthe hypothesis that listeners can
acquire information from vocalisations and form a¢nepresentations about the
eliciting stimuli, which they can incorporate intbeir behavioural responses (e.g.
Seyfarth & Cheney, 2003a). The notion that recsijadge signals with different

acoustic properties to be semantically similar dlas been demonstrated in a number
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of primates, in a range of contexts (see Cheneye&faé®th, 1988; Fischer, 1998;
Hauser, 1998; Rendall et al., 1996). Diana monK&gscopithecus diajanormally
respond to the growls of leopards by producingopaded alarm call. However, if they
first hear a monkey's alarm call in response tpded and then hear the leopard growl
from the same place, they do not respond to tledaior. In contrast, if they first hear
a monkey's alarm call in response to an eagle ttaem hear the leopard growl, they
respond strongly to the leopard (Zuberbihler et1&99). Thus, despite clear acoustic
differences between leopard growls and alarm aaliesponse to leopards, receivers

treat them as semantically similar.

Whilst the Diana monkey alarm calls system is cosepoof discrete vocal units
(Zuberbuhler et al., 1997), results from my studggest that bonobos may be able to
derive categorical information from within a gradedcal system. How bonobos
perceive vocalisations still remains to be expiiciaddressed and, thus far, the
assumption of semantic categorisation can onlyrerred from the behavioural
responses of listeners. Although further studiesraguired to assess how bonobos
perceive their vocalisations, research on rhesusaquees Macaca mulatt® another
primate with a graded vocal system, has demondtthtd individuals categorise calls

based on their meaning, rather than their acossticture alone (Hauser, 1998).

Studies with language-trained bonobos

Despite relatively few prior studies of the natutcammunication of bonobos, there
has been considerable attention devoted to how Hdmendeal with spoken human
language and artificial language systems (SavagebRugh & Lewin, 1994). Studies
of language-trained bonobos have highlighted theifities in this communicative
domain, revealing sophisticated underlying cogniti&anzi, the most famous of
these language-trained bonobos, is able to us&igrden based upon hundreds of
artificial symbols, indicating his ability in masiieg arbitrary signal-referent
relationships (Savage-Rumbaugh et al., 1986; SaRagebaugh & Lewin, 1994).
Kanzi also exhibits striking competence comprehegdiuman language and it has
also been suggested that he can participate mdaltynig discourse interactions with
humans (Benson et al., 2002a; Taglialatela et2803) as well as process human
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symbolic lexico-grammar (Benson et al., 2002b). the realm of vocal
communication, two studies have suggested that iKisnable to modify species-
typical vocalisations in context-specific ways (lialgtela et al., 2003) and that he
can produce vocalisations unheard in non-languagi@ed subjects (Hopkins &
Savage-Rumbaugh, 1991). The authors concludeddtieato his extensive training
with human language, Kanzi has acquired greatealvitexibility and is capable of
vocal learning. However, results from my studiesweell as those done previously,
highlight the considerable range of individual afon present in bonobo
vocalisations, as well as the array of subtly défe vocalisations within their vocal
repertoire (Bermejo & Omedes, 1999; de Waal, 1988}his way, these previous
studies (Hopkins & Savage-Rumbaugh, 1991; Tagetaet al., 2003) may have
been rather tapping into the individually distinetivocalisations that Kanzi produces,
which may still fall within the range of speciegiyal vocalisations. Whether or not
Kanzi's vocalisations fall within the natural rangfebonobo call types still has to be
investigated. Thus far, failing to address theseids prevents any conclusions that

Kanzi's vocalisations were novel and learned.

Whilst Kanzi's abilities in the domain of vocal piuxtion may have been over-
estimated, it is still possible that his intensilanguage training and human-
enculturated upbringing has resulted in some clamyéis vocal repertoire. Data
from other non-human primate species have indicttat learning may play some
role in shaping vocal production and that individuzan learn to produce certain calls
in specific contexts (Crockford et al., 2004; Fischkt al., 1998; Marshall et al., 1999;
Mitani et al., 1992; Seyfarth & Cheney, 1986). lexample, Wich and colleagues
showed that a captive orangutan was capable ofirngpy human whistle upon
command, something which it appeared to have asduspontaneously, without
training (Wich et al., 2008).

Nevertheless, although such results from other ggenspecies indicate some degree
of scope for vocal learning, the manner in whicmiappears to understand and use
communicative signals still appears much more é&ohithan patterns observed in
language-learning children. In particular, Kanzisheequired years of intense
linguistic training in order to acquire his commeative skills with human and

artificial languages. In contrast, human childrea able to develop language with
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even the minimum of input and may even createoinfiscratch (e.g. Senghas et al.,
2004). Furthermore, although many of the studiesgoon Kanzi's communicative
abilities in 'commenting' on aspects of his wofBteenfield and Savage-Rumbaugh
(1991) revealed that his communicative ‘commewtsiadly account for just 4% of his
communications. Thus, in contrast to human languksgeners, who use their
language to communicate a multitude of informaterd intentions to others, the
majority of Kanzi's communications are imperativeeaning he wants something

done, rather than wanting to communicate per séd{@GtMeadow, 1996).

Bonobo vocalisations as a social tool?

Results from my studies of copulation calls sugtjest bonobos possess considerable
knowledge of their social relationships. Evidendeandience effects also indicates
that females may be sensitive to the social contipasof their audience, particularly
concerning the presence of the alpha female. Acdiegffects also suggest that
bonobos may have some degree of control over oadlystion and also an awareness
of the impact their signal has upon listeners. @diih more data are certainly
required, results from my studies of copulationlscdlighlight the possibility that
females can use these calls strategically, as asreaadvertise their affiliations and

proximity to high-ranked partners.

Previously, partner rank effects in copulation sahave been explained as
reproductive strategies, such as for promoting rgateding by the consort male (e.g.
Semple, 1998, 2001). However, evidence of strong edfects with female partners
in my research suggests that a more social, rétlaer reproductive explanation may
be appropriate for this effect. One interpretai®that gaining alliance and affiliation
with high-ranked group members represents an irapbrtrategy in many social
animals, and therefore, it may be advantageousrt@lie bonobos to announce this
using copulation calls. Furthermore, evidence dfience effects in this context
suggests that females may be especially motivatextivertise their activities when

the most relevant female group member, the alpinalfs is present.
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Advertising socio-sexual encounters with high-rahkgoup members, regardless of
their sex, may be advantageous in terms of adiregtan affiliative interaction with a
potential ally. Female bonobos are known to formorsg affiliations with other
females (Kuroda, 1980; Parish, 1996), although thksp form them with males
(Furuichi, 1989, 1997; Hohmann et al., 1999; Hohmé&nFruth, 2003a). Both intra-
sexual and inter-sexual alliances are thought tatribute to the raised status of
females in bonobo groups (e.g. Vervaecke et alOOBp Inter-sexual bonds are
especially strong between mothers and sons, alththey also extend beyond this
kin relationship (Furuichi, 1989). In an analysfdtte social and genetic associations
in a community of wild bonobos, Hohmann and collezggfound that, in addition to
associations among females, inter-sexual assocgatiere also strong and actually
more stable over time (Hohmann et al., 1999). Fales) bonding with females may
increase their reproductive success and rank atiqoige.g. Furuichi, 1989; Surbeck
et al., 2010). For females, inter-sexual bonds aeye benefits related to reduced
food competition and gaining alliance-based suppbrter-sexual alliances are
common when a female attacks another resident kdamann & Fruth, 2003a;
Vervaecke & van Elsacker, 2000) although they mksp de formed in defence
against male intruders (Hohmann et al., 1999).his tvay, developing enduring
bonds with males, as well as other females, mayestr protect females against
infanticide, a common pattern found in other priesafWrangham, 1979, 1986; van
Schaik, 2000; van Schaik & Kappeler, 1997). Althougfanticide has not been
directly observed in bonobos, female harassmenthar females and their offspring
has been observed in both the wild and in captiifphmann & Fruth, 2003a;
Vervaecke & van Elsacker, 2000; Vervaecke et 8032.

Hypotheses pertaining to strategic call productom of interest, as they suggest that
females may have some control over call producéind use their vocal signals to
manoeuvre their social landscapes. The notionghatates use their social expertise
in strategic ways has been developed in the thebriachiavellian intelligence’
(Byrne & Whiten, 1988). The Machiavellian intelligge hypothesis proposes that
primate intelligence is primarily an adaptation deal with the complexities of
primate social life. Although numerous studies hinicated other primates are able

to employ social and communicative behaviours egjiatlly (see Byrne & Whiten,
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1988, 1990; Hauser, 1997; Whiten & Byrne, 1988)remtata are certainly required

in order to convincingly demonstrate strategic aak in bonobos.

Wider contributions

In addition to addressing the contributions thatsth studies have made to our
understanding of bonobo communication and cognjiiiois also important to reflect
upon what contributions my work has made to prinoglp and comparative
psychology more generally. In particular, how do magults complement and contrast
with previous theories, and what new light do tségd on vocal communication in

non-human primates?

Referential communication
My studies of food-associated calls have revediatl hlonobos can both produce and

comprehend vocalisations that convey informationuakan event in their external
world. The possibility of semantic vocal communicatin animals has generated a
considerable research interest and has also stedutalively debate (e.g. Rendall et
al., 2009; Scarantino, 2010; Seyfarth et al., 20I®e centre of controversy rests
upon the notion of functionally referential signalsd their relevance to theories of
the evolution of language. Functionally referentills are defined as those
possessing a specific acoustic structure, whichsalectively produced in a specific
context and elicit specific responses in lister(&wgans, 1997; Macedonia & Evans,
1993). As discussed in chapter one, referentids delve been demonstrated in a
number of different animal taxa, in a range of aliéint contexts (reviewed in
Zuberbuhler, 2003), including food discovery (eébj.Bitetti, 2003; Evans & Evans,
1999; Kitzmann & Caine, 2009; Slocombe & Zuberbiihl2006). Although
functionally referential calls are qualitativelyffdrent from language (i.e. words) in
the sense that animal signallers appear to lackahe flexibility and communicative
intention (Seyfarth & Cheney, 2003a), they nevdetde function to provide relevant
information about objects or events in the exteimatld (Marler et al., 1992). The
ability to communicate information about externainsili is thought to mark a key
milestone in the evolution of semantic communigatamnd represents an important

precursor to language (Zuberbtihler, 2005). Froragaitive perspective, functionally
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referential communication also suggests that speas of animal communication
may be conceptually-driven (e.g. Cheney & Seyfat90; Zuberblhler et al., 1999).

Although my results suggest that bonobos can coentalls together in meaningful,
context-specific ways, their food-associated cgllgsystem does not meet the strict
criteria required to be classed as functionallgmreftial (Macedonia & Evans, 1993).
For instance, call types were not restricted to fod type, but were rather produced
in response to a range of different food typestifasmore, a whole range of different
structured sequences of different lengths coul@dientially produced in response to
the same food type suggesting that the relatiowdst stimulus and signal is only
probabilistic in bonobos. Although more empiricabriw is required, my recent pilot
observations have also indicated that some of thesaisations (such as peeps), may
also be produced in non-food contexts (Z. Clayspeal observations), something

also suggested by Bermejo and Omedes (1999).

The finding that bonobo food-associated calls dbfalfil the original requirements
for functional reference (Macedonia & Evans, 1998fds to a growing body of
evidence that is challenging the strict notion miduction specificity, indicating that
the original definition may be too narrow to enc@sp the apparently broader use of
animal signals which convey information. In partasywhilst some studies conclude
that alarm calls to different predator types @erial or terrestrial) are highly specific
(Macedonia, 1990; Seyfarth et al., 1980; ZuberbUB@00, 2001), evidence from
other species has shown that calls types producegdcific predator types may also
be given in a range of other circumstances. Thidudes responding to various
different disturbances, such as falling trees aod-predatory animals (Arnold &
Zuberbuhler, 2006a; Wheeler, 2010), but also ipaase to social disturbances, such
as agonistic encounters with other conspecific gsqdigweed et al, 2005; Fichtel &
Kappeler, 2002; Fichtel & van Schaik, 2006), asIwad in eliciting hunting
(Crockford & Boesch, 2003) and during habitual daehoruses (Marler, 1972).
Rather than conveying highly specific informatiom fieceivers, these calls may
function more to direct the attention of the reeeito a particular stimulus from
which they can draw their own inferences (Arnoldéberbuhler, in prep).
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Particularly for calls with low referential specitiy, context may also play a more
important role in deriving call meaning than hasrbepreviously acknowledged
(Smith, 1965). In some recent work, playback expernits with putty-nosed monkeys
(Cercopithecus nictitanshave indicated that individuals extract meanimgnf
conspecific alarm calls by integrating additionahtextual information about what
was likely to have elicited the call (Arnold & Zuibéhler, in prep). For example,
male putty-nosed monkeys produce loud calls, knasvfpyows’, which are regularly
used in the alarm context in response to terrégiredators (i.e. leopards), but are
also used in response to a range of other distadsa(Arnold & Zuberbuhler, 2006a;
Arnold et al., in prep). In the absence of contektinformation, subjects in a
playback experiment spent much longer looking tolwdhe source of the pyows than
when contextual cues were present (Arnold et mlprep). This result indicated that
contextual information enables these monkeys terdehe whether these calls are
functioning as alarm calls or not. Likewise, in mkayback experiment, it is likely
that the bonobos integrated information from thd saquence with their prior
contextual knowledge of the foraging task. For epl@mindividuals may have already
been expecting to enter their enclosure in orddintb either a high quality or a low
quality food in locations known to them. Therefot®y combining their prior
expectations about the feeding event with the médron extracted from the call,
receivers were able to make informed foraging deass

Call combinations
One of the main differences between human langaageanimal communication is

said to be the presence of syntax and complex geditah organisation in human
language but an absence of it in animal commumgasystems (Chomsky, 1981;
Pinker, 1994; Hauser et al., 2002). Syntax is aelyjugomplex system, involving a
great number of processes (see Bickerton, 2008 feview). To briefly summarise, it
is said to ‘consist of a process of progressiverging words into larger units, upon
which are superimposed algorithms that determieerd¢fierence of items (in various
types of structural configuration) that might othiese be ambiguous or misleading’
(Bickerton, 2009: pl11). Although the communicatisystems of some birds and

mammals exhibit higher-order structure, the hidrigal organisation of syntax goes
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far beyond the capacities shown in non-human anbm@munication (e.g. Bickerton,
2009; Hilliard & White, 2009).

Whilst complex syntax appears to be absent in nonadm communication systems,
its precursor, combinatorial signalling, has beleove to play an important role in a
number of species. For example, structured songfs dbmbine stereotyped sound
elements have been demonstrated in passerine &rdsell as in whales and in
gibbons (Aitchison, 2000; Catchpole & Slater, 20Q8&rke et al., 2006; Geissmann,
2002; Suzuki et al., 2006). For example, the nigjdle Luscinia megarhynchss
considered one of the most impressive of signallemsng the songbirds, possessing
up to 200 song types, with each song typically cosed of 1000 different elements
(Kipper et al.,, 2004). However, unlike human lamgeiawhere the number of
sentences far exceeds the number of available wtrdsnumber of combinatorial
signals in nightingale song is still much smalleart the elements that make up the

signals.

In some cases, hierarchical organisation has besmuistrated, although in general,
animal and bird song structures appear to lack ftegibility of syntactical
constructions in language. Furthermore, the relatigp between acoustic structure
and communicative function in birds and animalsticares to remain elusive. For
instance, in most cases, signals tend to lose ttwmmunicative function if the
structure of the sequence is artificially alteredy( Vallet et al., 1998; Holland et al.,
2000). In this sense, the songs of birds and sdher animals may be combinatorial,
but unlike human language, they are not semanficalinpositional, in the sense that
the elements that make up their utterance carrgifipeneaning (Szamado et al.,
2009).

Call combinations are also a common feature ofvtieal communication systems of
non-human primates, and in some cases, may evgragamantic role (e.g. Arnold
& Zuberbuhler, 2006a, b). In Campbell’s monkeg®icopithecus campbéllimales

produce an array of context-specific call combimad, some of which demonstrate
syntactic-like properties. For example, Zuberbih{@001) showed that these
monkeys produce acoustically distinct alarm cablsthteir two principal predators,

leopards and eagles. However, for non-imminent edenfsuch as a branch fall in the
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vicinity), the callers add a pair of ‘boom’ call$ the beginning of the sequence.
Playback experiments demonstrated that by addiegoiom-boom prefix, listeners

respond to the call sequence as if its meaningchadged to indicate the presence of
only non-imminent danger (Zuberbuhler, 2002). Sitits discovery, a long-term

observational study of Campbell’s monkeys has redethat males produce up to six
different loud call types, which may be combinetbimighly context-specific call

sequences that discriminate between different tygfedangers and disturbances.
(Quattara et al.,, 2009a, b). The authors have falsod evidence of some other
systematic structuring ‘rules’, including non-rangéransition properties of call types,
adding specific calls to a sequence to transforto & different one, and recombining

two sequences together to form a third.

Despite being our closest living relatives, evidefar call combinations in apes has
been quite weak. A notable exception is the compting structures of gibbon song
(Hylobatessp). For example, agile gibbondylobates agili¥ produce individually-
distinctive songs that are organised into complegusnces, composed of several
phases (Oyakawa et al., 2007). Analyses of whatedbd gibbon songHf/lobates
lar) has indicated context-specificity in acoustiaisture of predator-induced versus
typical songs (Clarke et al., 2006). In chimpanz&aockford and Boesch (2003)
analysed context-specific bark variants and dematest that context-specificity
could be achieved through variation in the acousiimal as well as by creating
context-specific call combinations. In another giutie same authors also highlighted
the frequent use of call combinations in chimpaszaea range of different contexts

(Crockford & Boesch, 2005), although context-speitif was not explored in detalil.

Results from my studies contribute novel data ® dpe literature in this domain,
highlighting the role that call combinations playbonobo vocal communication. My
results complement previous work by Crockford amse&h (2003, 2005), although
they go one step further by empirically demonstgatinat call combinations can be
meaningful to receivers. The probabilistic manmemiich bonobos combine calls
also shows similarities with the alarm calling gystof colobus monkeysCélobus

polykomosand C. guereza In the alarm context, Colobus monkeys producae d¢all

types in response to leopards and crowned eagbbel(8t al., 2009). Whilst both call

types can be produced in response to both predatoservational and experimental
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evidence, using playback experiments, has shownctienges in probabilistic call

composition convey information to listeners relgtto a range of information, such as
predator type, response urgency, and the callerfaiment behaviour (Schel et al.,
2010).

In sum, patterns of call combinations in the fegdinntext by bonobos are consistent
with evidence from other apes and monkeys indigatirat, unlike human syntax,
most primate vocal sequences do not follow fullgdictable patterns and tend to
based more on probabilistic combinations (e.g. An& Zuberbihler, 2006b;
Crockford & Boesch, 2003; 2005; Schel et al., 200®wever, although bonobo
vocal signalling does not appear to share the ptiegeof human syntax in terms of
production, results from my playback study indicttat listeners are nevertheless
able to extract differential information by attemglito the different combinations of
call units. This suggests that, despite differeniceshe structures underlying call
production, some of the cognitive processes redquitg the comprehension of
syntactic structures are also present in the nataramunication systems of our close
relatives, the bonobos. In this sense, my workeraies some of the important
differences, but also similarities, between hunaangliage and animal communication
systems (e.g. Owings & Morton, 1997, 1998; Rendalal., 2009; Szamado et al.,
2009).

Social influences on the evolution of vocal commucation

How vocal systems evolve is an extremely complesbi@m. It is likely that a

multitude of variables influence and shape the wiah of vocal communication,

from ecological changes, anatomy, social life, ptieh, brain size, and so on (Fitch,
2010). One hypothesis is that increases in soomptexity consequently lead to the
evolution of vocal complexity (Dunbar, 1998). Tls®c¢ial-complexity hypothesis’, as
it is known, has had a significant impact on thesrof language evolution (e.g.
Dunbar, 1998, 2003; Pinker, 2003). Dunbar has arghat human language first
evolved as a means to service social relationshipg)e point when primate groups
became too large for social grooming to effectivebrve this function (Dunbar,
2003). In addition to its impact on theories of daage evolution, the social-
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complexity hypothesis may provide a useful framédwior explaining more general

variation in the vocal systems of animal species.

So far, the majority of evidence supporting thei@ecomplexity hypothesis has been
either comparative or correlational (e.g. Blumst&irArmitage, 1997; Maestripieri,
1999; Wilkinson, 2003). McComb and Semple (2005)dzcted a phylogenetically-
controlled meta-analysis of non-human primates,ctvhndicated that evolutionary
increases in vocal repertoire were positively exlato increases in social bonding
(using group size and time spent grooming as psyxi&/hilst such correlational
evidence is important, experimental evidence véhdathe hypothesis has been
demonstrated only recently. Freeberg (2006) stuitiednfluence of group size on the
complexity of the ‘chick-a-dee’ call in Carolinaickadees Roecile carolinensijs In
both un-manipulated field settings and in aviatigeere he manipulated group size),
Freeberg found that individuals in larger groupsvegecalls of greater vocal
complexity than those in smaller groups. In suppaofitthe social complexity
hypothesis (Dunbar, 1998), Freeberg’s results atdat that social complexity can

influence communicative complexity in this species.

The social-complexity hypothesis may have relewapiications for the evolution of
vocal communication in bonobos. Bonobos use a sévarray of vocal signals and
regularly combine them into long and complex vosatjuences, something which
may be influenced by patterns in their socio-ecpl@g. Bermejo & Omedes, 1999).
In particular, vocal diversity in bonobos may hdneen influenced by their complex
social systems, pro-social tendencies and coheaivging strategies (e.g. Furuichi,
2009). In their phylogenetic comparisons of vocatl asocial complexity of non-
human primate species, McComb and Semple (2008)tegpthat bonobos exhibited
both the largest vocal repertoire and the largestigsizes. Whilst the repertoire size
they quote I = 38), taken from Bermejo and Omedes (1999), appeahave been
inflated by the addition of vocal sequences, itartheless suggests that the complex

social worlds bonobos live in may require complekal communication.

Compared to chimpanzees, wild bonobos typicallyeran more cohesive groups
centred around closely-bonded female aggregatiodsfarm more stable foraging
parties (Furuichi et al., 1998; Kano, 1992; Nishi&aHiraiwa-Hasegawa, 1987).
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Furthermore, during foraging, chimpanzees tendispaise among several fruiting
trees, whereas bonobos tend to maintain closeriabpptoximity and forage
cohesively (White, 1998). The increased cohesivenasd social tolerance of
bonobos, facilitated by other features of theinsecology, may have resulted in the
evolution of their diverse, close-range vocalisagioln the context of feeding, these
vocalisations may enable individuals to maintaimtaot with each other. Such a
hypothesis shows compatibility with results from rsyudies during the feeding
context, which highlighted the diversity of vocali®ns produced by individuals.
Previous studies have also highlighted the contierssel manner in which bonobos
vocalise during feeding contexts. De Waal (1988)aked that bonobos frequently
‘comment’ and respond to food items, as well agodbjects or events of interest to
them. Furthermore, a study of wild bonobos showett tndividuals often forage
closely together and appear to use food-associedéld to maintain contact with
fellow foragers and to coordinate group movemeBtsrhiejo & Omedes, 1999). For
example, when foraging on the ground, bonobos wkosvn to regularly emit peep-
yelps, soft barks, barks, peeps and grastsvell as combining them into a sequence
known as a ‘soft mixed series’ (Bermejo & Omede®99). Production of the ‘soft
mixed series’ was observed frequently when foradiess visual contact with other
foragers. During group progression, Bermejo and @sealso found that the bonobos
regularly emitted peep-like vocalisations, which peared to facilitate the
maintenance of contact between individuals durtmgrtforaging activities. In this
sense, whilst food-associated vocalisations mayy caformation specific to the
feeding context, they may also play a relevantaomle within this context for
facilitating group cohesion. In bonobos, relaxeediag competition may also reduce
the costs of advertising food and potentially favthe evolution of more diverse

vocalisations.

Socio-ecological features, such as reduced foragiogpetition and a more
predictable ecological environment (Furuichi, 200@9/hite, 1998; White &
Wrangham, 1988) are also thought to have influertkedevolution of bonobo social
cognition and behaviour (Furuichi, 2009). Consisteith the notion of ecological
predictability, experiments have shown that bonolaise future food pay-offs less
than chimpanzees (Rosati et al., 2007), avoid riskging decisions (Heilbronner et

al., 2008), are more willing to co-feed with eather (Hare & Kwetuenda, 2010, but
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see Jaeggi et al., 2010) and are more competentdhiapanzees in performing

cooperative tasks (Hare et al., 2007).

Study limitations and further work

Whilst my work provides new and relevant data comog vocal communication in
bonobos, my studies were not without their own t@tidns. It is important to first

identify these weaknesses before future prograsbeanade.

Studies of food-associated calls
In addition to food quality, it is likely that othéactors, which | did not investigate,

may also influence food-associated call producitiobonobos. In particular, although
factors such as food quantity and divisibility rensa constant during my studies,
time constraints prevented me from examining thempiacally. Future work should

address whether food-associated calls convey irdgbom about other features of the

feeding event and which factors are the most pawarfexplaining call production.

Beyond features of the food item, my study did adtiress the impact of social
variables on food call production. However, bonobos a highly social species and
there is already some evidence that social fagtopsct on vocal production in this
context (van Krunkelsven et al., 1996). Previouskmon a number of species has
demonstrated that food-associated call productianfiuenced by social factors, such
as the presence of allies as well as potentialifigecompetitors (Gros-Louis, 2004b;
Hauser & Marler, 1993b; Pollick et al., 2005; Slodme et al., 2010b). Future work
exploring the social variables that influence gqalbduction and the broader social
function of these calls represents a necessaryngpatant next step.

In particular, studies examining audience effecais e social repercussions of food-
associated call production could provide data pertg to function. To test the

influence of audience, playback studies could bedu® simulate the presence or
arrival of a potential ally or non-ally. In additipmore attention to social factors
relating to caller identity may also explain soneiation in call acoustic structure

and call behaviour. This includes, for examplejigknto account the callers’ age,
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their sex and their social status. In white-faceguchins Cebus capucinygs low-
ranking individuals are more likely to call if aghier-ranked individual approaches
them and are less likely to receive aggressiorhbynt when compared to individuals
who remain silent (Gros-Louis, 2004b). In bonobpi#pt observations that | have
conducted do not indicate clear differences betwibensexes but do suggest that
high-ranked individuals may be more vocal duringdieg compared to low-ranked
individuals. Although this must be demonstrated ieicgdly, my pilot observations
suggest that the social factors underlying calldpotion in bonobos may differ to
those observed in capuchins or other primates wiffering socio-ecologies. If
calling is mediated by rank, and high-ranking indials call more, it is more likely
that calls signal a willingness and ability to defefood resources. Furthermore, by
signalling the presence of food, high-ranking indials may attract potential allies,

whilst their high social status protects them fribma risk of having their food stolen.

My playback experiment on food-associated calls datumber of methodological
limitations which could be addressed in future waitvo significant problems were
the small sample size and the inter-dependencyh@fsubjects’ responses. Small
sample size could be addressed by conductingtinily it a larger facility or at more
than one facility. However, finding facilities withe conditions suitable for playback
experiments is no simple task. In both Europe &edUuSA, most facilities have thick
protective glass surrounding their enclosures, ntald difficult to record and play
vocalisations. In addition to the large grolyp=£11), the open-air enclosure was one
of the main reasons | selected Twycross Zoo. Howévad to deal with the problem
of interdependency, in that | was unable to sepairadividuals under Zoo policy.
However, this limitation also functioned to keep 8ituation as natural and stress-free
as possible for the bonobos. Furthermore, food vattin appears to be generally
quite low in bonobos (B. Hare, personal communicgtiZ. Clay, personal
observation) and thus it is likely that even iflegmn were possible, a subject may not

fully participate in a foraging task in the absen€group members.

One alternative to the problem of data inter-depeong would be to only collect data
from the first individual, taking them as the fosalbject. This strategy has been used
in a number of studies, generating some imporiadirfgs in a range of species (e.g.
Harley et al., 2003; Pepperberg, 2002; Savage-Rugtb& Lewin, 1994; Weir et al.,
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2002). In their study of chimpanzee food-associatdts, Slocombe and Zuberbihler
(2005b) based their conclusions on the behaviosponses of a single subject.
However, even putting aside the statistical flafvbasing conclusions on aof 1,

the single-subject approach was not practical fpremperiment as | found that it was

not always the same individual who arrived first.

Another alternative approach could be to condysiagback experiment using single
subjects, within individual testing rooms. Such a@pproach may be possible in
sanctuaries and captive facilities where individuak used to being kept alone within
test rooms (often their sleeping rooms) and paaidng in tests. For instance, the
subject could be given a food choice task, wheeg #ire able to choose from one of
two cups, having learned that one contains highigufaod and the other low-quality
food. The manipulation would be whether or not thegrd an unseen group member
(behind an occluder) participating in the same &stt responding to finding food in
one of the two cups. If food-associated calls mevinformation about food quality,
subjects may be more likely to choose the cup @stsacwith the call. In order for
this to be realistic, the subject would have toehaxperience in conducting the test

whilst seeing a group member simultaneously ddiegask next door.

Another issue that | was unable to address in rayljalck experiment was the issue of
arousal (Owren et al., 2010; Rendall et al., 2088yfarth & Cheney, 2003b). In

particular, it was difficult to ascertain whetheetindividuals were responding to the
emotional rather than the informational contenttleé calls. Whilst arousal-based
explanations cannot be ruled out, it is relevardadknowledge that even calls of high
emotional valence may also still be able to conkefgrential information (see my

discussion of screams in chapter one, pp. 6-7.p &perimental approach to this
problem would be to first establish food preferente two foods and then de-value
the high quality food (by providing it repeatedIgtii the subjects cease to have high
emotional reactions to it). Playback experimentsld¢alemonstrate whether it was

more the emotional or referential content thatréeeivers were responding to.

Finally, although my study indicated that receiverese able to integrate information
from across sequences, time constraints preventedfrom investigating their

reactions to each of the individual call typessIpossible that some calls, even in the
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absence of others, are sufficient to convey infaionarelating to the food. In order to
further test whether it is the combination of caltgyether, or the presence of
particular calls that conveys information, playbastudies could be conducted
whereby subjects either heard homogeneous strinigsterogeneous ones.

Studies of copulation calls
One of the key issues that still needs to be addtes future studies of copulation

calls concerns whether female bonobos are usirggtballs strategically (i.e. calling
has advantageous consequences to the caller. Rubukecould test whether females
who produce copulation calls are more successfubiming alliances with other
group members, and whether copulation call prodactpredicts who will be

supported during agonistic encounters. One hypisthissthat females producing
copulation calls are more likely to develop bondthwheir sexual partners, remain

proximate to them, and gain support from them caegh&o other females.

My results have highlighted the particular relevaraf these calls to subordinate
females, whose social positions are less stables@Hemales are also the most
representative of immigrating females in the wild.the wild, immigrating females
are known to be highly sexually active, particufddcusing their sexual interactions
on higher-ranked females (Idani, 1991). It wouldilkeresting to study copulation
call behaviour in the wild to test whether copuaticalls are used strategically by
females during the period of immigration and whethalling is related to more

successful integration.

Beyond needing to demonstrate strategic call imzetwere also a number of other
methodological limitations in these studies. Asobef results suffered from low
sample sizes that often prevented powerful stesistomparisons. This problem was
particularly apparent in the indoor study describe@hapter seven (this study only
involved seven subjects, of which only four sulgeebcalised). Unfortunately, this
problem is difficult to remedy. Lola Ya Bonobo Sarary, where | collected my data
for studies of copulation calls, is the largest dimm facility in the world and thus
already represents an optimal location for condigcsuch a study, which requires a
large number of females. The number of bonobosptivty remains low, indicating
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that the problem of sample size would be even mpooblematic. According to the
International Species Information System (www.®ig), there are currently only 175
captive bonobos held worldwide, compared to 1528hphnzees (plus 9 bonobo + 11
chimpanzee new-borns). Among the 18 captive faslitworldwide that house
bonobos, the average number of females is 5.7h&wumiore, this already low figure
does not discriminate adults from infants or julesi indicating the number of
potential study females to be even lower. In thariwork, the best sample sizes are
therefore more likely to be from wild studies, wimaould also additionally bring the

crucial ecological validity required for these sasd

From an acoustic perspective, | was unable to addwhether copulation calls
provide meaningful information to receivers. Plaglbatudies are required in order to
investigate what information about the sexual axtgon is conveyed to receivers. For
example, in my analyses, | found that female cdmnecalls produced with male and
female partners shared the same acoustic morphbloiggliffered in how they were
delivered. Playback experiments, using the violatbexpectancy paradigm (e.g.
Hauser & Carey, 1998), could be used in order terdgne whether listeners are able
to distinguish calling context. This approach coalsb be used to determine whether

calls convey information about caller identity gratftner rank.

In studies of vocal communication such as thesgoiild also be interesting to study
the influence of other physiological variables, m#yrhormones. Faecal and urinary
hormonal analyses could be used to accurately rdaterwhether copulation calls
provide information about timing of ovulation (e.Beschner et al., 2003; 2004,
Nikitopoulos et al., 2005; Townsend et al., 2008)addition to cues to reproductive
state, hormonal analyses could be used to invéstigiaether raised levels of stress or
arousal are correlated with call production. Meagutevels of glucocorticoids, a
biomarker of stress, could be used to compareacallnon-call events (controlling for
context). Hormonal analyses could also be usedchvestigate the hypothesis that
socio-sexual interactions enhance social affilm(e.g. de Waal, 1987; Parish, 1994).
This is important, as the social-bonding hypothésisis the basis of a number of my
arguments for the social significance of copulatgatis. The hormone oxytocin is
released by many socio-sexual stimuli and has beewn to play a role in socially

affiliative interactions between conspecifics (€€ampbell, 2008; Carter et al., 1998).
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If socio-sexual interactions do promote affiliatioa relationship between sexual
activity and corresponding changes in oxytocin lewhould be expected. Levels of
oxytocin could also be examined for call and nolhicéeractions to see if calling is
related to greater social affiliation.

Conclusion

Despite being one of our closest living relativesearch into the natural behaviour of
bonobos has been somewhat neglected, especially edmepared to the considerable
progress that has been made in our understandicigrapanzees, the sister species of
bonobos. In this thesis, | addressed this issuexaynining one of the least studied
aspects of bonobo behaviour, their vocal commuiaical aking the contexts of food
discovery and sex, | explored how bonobos use igatains to communicate about
their physical and social worlds and what theiraldehaviour can reveal about their
underlying cognition. My results have revealed th@tobos are able to communicate
meaningfully about objects and events in their exteworld and appear to have a
sophisticated awareness of their social relatigpgsstwhich is consequently expressed
in their vocal signals. As well as providing nowglta to the field of bonobo vocal
communication, my results contribute to a growirmgly of literature that highlights
the important role that vocalisations play as tdofsprimates to navigate their social
landscapes. Systematic research into bonobo vamameinication is still in its
infancy, and future work should focus more on theteraction between
communication and cognition in this little undemdpbut fascinating species of great

ape.
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Appendices

Appendix |. Results of the analyses of social dominance #®thhee social groups of
bonobos at Lola Ya Bonobo Sanctuary, DR Congo.

For females, my analyses were based Uganl181 cases of one female fleeing from
aggression by another (group Md:= 62; group 1b:N = 92; group 2:N = 27).
Analyses using the Matman matrix analysis programevealed significantly linear
dominance hierarchies in all three groups, headssh doy a clear alpha female
(appendix I: fig. 1, table 2). Landau’s linearitydices h (corrected for unknown
relationships) were high and significant in all gps, and significantly different from
non-linearity where analyses could be conductedujgria: h = 0.98,P < .0037,
group 1b: h = 0.78,P < .008; group 2 consisted of only N=5 females,clhiiolated
the analysis requirements, but see appendix fi@d3ed on these linear hierarchies, |
then assigned a cardinal rank score to each ingavidased on normalised David’s
Scores, corrected for chance. For each group,idefivthe hierarchy into two classes,
high-ranked and low-ranked females, at the placeravkhere was the clearest divide
in dominance scores. This resultedNn= 4 high-ranked females ard = 5 low-
ranked females for group 1M, = 3 high-ranked antll = 4 low-ranked females for

group 1b; andN = 2 high-ranked andl = 3 low-ranked females for group 2.
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Appendix I: figure 1. Results of simple linear regressions showing theal

dominance hierarchies of females in the three styicdbups at Lola Ya Bonobo
Sanctuary (group l1laN = 9; group 1b:N = 7, group 2:N = 5), calculated using
normalized David’s scores based on the dyadic danue@ index, corrected for
chance. Dashed circles indicate the separatiommiirthnce classes, with individuals
in the left hand circle being ‘high’ rank and ingiuals in the right-hand circle being

‘low’ rank.
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For males, analyses were based upon a totisll #2268 agonistic interactions (group
la:N =104, groups 1b and 2: bdth= 82). Analyses revealed significant linearity in
only one of the three groups (Landau’s linearitgein, corrected for unknown
relationships h™: Group 1la = 0.7B € 0.13); Group 1b = 0.51P(> .05); Group 2 =
0.39,P > .05: see appendix I, table 2). The absencegiifgiant linearity amongst
males appeared to be mostly due to a high numbeun&hown relationships,
something attributable to the large number of yaungub-adult males in all groups.
In males, whilst | observed reliable numbers ofrsigisive fleeing in response to a
cluster of older and more established males, tlge lgroup of sub-adult and juvenile
males had not begun to engage in proper dominareeactions with one another.
Thus, although these males showed clear submissgliaviours towards the small
number of more established males, agonistic intiers between them were largely
playful, with absence of victim fleeing behaviolm. sum, the dominance hierarchy
amongst males could effectively be thought of asteeply pyramidal at the top,
collapsing into a wide base of un-ordered malethatottom. To account for this, |
assigned males to high and low rank classes basehether they were dominated
more than 50% of the males in the group (scoresliynissive fleeing). This method
amounted td\N = 4 high-ranked males in group M= 1 high-ranked male in group
1b andN = 3 high-ranked males in group 2b. The remainiadesiwere all classed as
low-ranking (group 1aN = 5; group 1bN = 8; group 2N = 8). See table 1 below.

Appendix [: table 1. Table of males and their dominance classes ¢ighlow = L)

for the three social groups at Lola Ya Bonobo Sazangt DR Congo.

Group 1 Group 1b Group 2
Individual Rank| Individual Rank| Individual Rank
TT H MN H MK H
MN H KW L KZ H
KW H MA L FZ H
BN H MD L B L
Ml L DL L LM L
MA L BO L AP L
KD L KG L BL L
KG L LZ L MB L
IB L VG L IB L
YL L
BY L
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Appendix I: table 2. Results from Matman tests for linearity of domioan

hierarchies calculated for the three bonobo gratpola Ya Bonobo Sanctuary.

Females Males

Group 1la Group 1b| Group 2| Group 1b| Group 1b| Group 2

(N=9) | (N=7) (N=05) (N=9) (N=9) (N=11)
Matrix total | 62 92 27 104 82 82
h 0.98 0.78 0.85 0.76 0.51 0.39
p (1-tailed) | 0.0037 0.008 0.23 .013 0.14 0.19
DCI 0.97 1 0.93 0.98 0.97 0.97
Total N 21 36 10 36 36 55
dyads
% unknown | 9.52 33.3 20 22.2 63.89 67.27
relationships
% 1-way 85.71 66.67 70 75.0 33.3 30.91
relationships
% 2-way 4.76 0 10 2.78 2.78 1.82
relationships
% tied 0 0 0 0 0 0
relationships

Appendix 1l. Results of food preference tests conducted at faggc Zoo, UK.

Scores represent the percentage that the givenwasahosen other food types

Subgroup A (call producers)

KK KT MR BY BK
Food Food Preference| Food Score| Food Score| Food Score| Food Score
rank score rank rank rank rank
Kiwi 1 65.0 1 675 | 1 675 1 700 1 70
Banana | 1 65.0 2 6253 2 625 2 600 2 6(
Orange 2 45.0 3 50.0 3 475 3 475 3 45
Apple 2 45.0 4 40.0| 4 425 4 425 3 45
Subgroup B (call receivers)
DT KH CK LU GM
Food Food Preference| Food Score| Food Score| Food Score| Food Score
rank score rank rank rank rank
Kiwi 1 70.0 1 700 | 1 70.0| 1 70. 1 70
Banana | 2 60.0 2 60.0 2 60.0 2 600 2 6(
Orange 3 50.0 3 475 3 475 3 500 3 47,
Apple 4 40.0 4 425 4 425 4 40.0 4 42
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Appendix Ill. Results of Generalised Linear Models for the (aetiand (b) number

of visits to the apple and kiwi fields fof = 4 subjects in the playback experiment,

conducted at Twycross Zoo, UK.

a Time spent

ID | Likelihood ratioy® | Waldy*: Playback | Wald?®: Site | Waldy” Interaction

GM | 328.523, df =5, 98.405, df = 2, 29.064, df =1 | 114.352, df =1,
P<.001 P<.001 P<.001 P<.001

CK | 259.036,df =5, |31.525,df=2, 31.976, df = 1,| 59.946, df = 1,
P<.001 P <.001 P <.001 P <.001

LU |295.858,df =5, |53.921, df =2, 9.088,df =1, | 134.678, df =1,
P <.001 P <.001 P =.003 P <.001

KH | 305.699, df =5, |81.021, df =2, 8.079,df=1, | 47.834,df=1,
P<.001 P<.001 P =.004 P<.001

b Number of visits

GM | 18.471,df=5 1.319,df=2 0.447, df =1 2.984, df =1
P =.002 P> .05 P> .05 P =.084

CK | 16.801,df=5 2.951,df=2 3.545, df =1 1.619,df=1
P =.005 P > .05 P =.060 P=.203

LU |8.800, df =5, 3.779, df =2, 0.038, df =1 3.346, df =1
P> .05 P> .05 P> .05 P>.05

KH | 13.701, df =5, 1.446,df =2 0.012,df =1pP | 2.669, df = 1,
P =.018 P>.-5 > .05 P> .05

Appendix IV. Frequency of female-female genital contacts ined#iht behavioural

contexts (folN =14 females, totall = 674 genital contacts).

500

450 4

400 A

w
a
o

Frequency of genital contacts
N
3

Context

234




Appendix V. Scatter-plot showing the relationship betweeremdle’s dominance
rank and copulation call production during femalenital contacts. Spearman’s
correlation: ¢=-0.670,N = 21,P = .001.
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