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Abstract

Captive animals are frequently subject to impos@dpntrollable stressors to which they
respond through behavioural flexibility, or, faginvhich, exhibit pathology. Chimpanzees
provide an intriguing model to examine how capgwwironments influence the responses of
animals to stress. My study investigates the resg®of a group of chimpanzees to imposed
stressors of captivity at the Johannesburg ZoothSafiica. My study comprised four
components. Firstly, | examined the effects of igpag¢striction on chimpanzee behaviour
with regard to an enclosure enlargement, testimgragexisting models of coping with
spatial crowding and another model, based on thagdiypothesis of abnormal behaviour.
Behavioural observations of the chimpanzees i thdoor and outdoor exhibits before,
during, immediately after and 10 weeks after thelasure reconstruction revealed that the
chimpanzees used tension-reduction and conflictdavnae tactics as a means to cope with
spatial crowding. Moreover, abnormal behaviour appéo provide an outlet for stress under
crowding. Secondly, | assessed the long-term effeicpast spatial environments on the
space use and group spacing of the chimpanzeesydars after the enclosure change.
Through behavioural observations and mapping tbations of individuals, | found that the
chimpanzees exhibit space-use bias and limitedpgspacing, contingent on the dimensions
of the old enclosure that were not explained byofgcsuch as social or thermal conditions
and zoo visitor effects. | propose that the spapiaiterns may be due to spatial learned
helplessness. Thirdly, | examined the effect of 8@oial manipulations, mandated by zoo
management, on the behaviour and socio-dynamitteathimpanzees. The chimpanzees
responded to social change through selective sim¢&ahctions and non-social behavioural
responses suggest that removing an individual esssdtressful than the merging of two
groups. Finally, | investigated the role of shadadhermoregulatory resource for captive
chimpanzees. Individuals used shade frequentlyitgespservations taking place during the
austral winter period, suggesting that shade &laable thermal resource for chimpanzees.
In conclusion, the chimpanzees responded to mgstsed stressors (spatial crowding, social
change and thermal stress) through behaviourabiligy, implying successful coping, but

failed to cope with previous spatial restrictioresulting in limited space-use behaviour.
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Chapter 1. Introduction

Rationale for my study

My research was started at the Johannesburg Zbahataim of investigating how
spatial and social factors influence the behavadwhimpanzees in the context of the zoo
environment. My project was part of the ChimpanzZesearch program started in 1984 by
the Jane Goodall Institute (JGI) with the goalitiorease public awareness about the plight
of chimpanzees and to increase understanding ofpamnzee behavior”, “to assist zoos in
their efforts to improve the habitats and condsidor captive chimpanzees” and “to facilitate
the exchange of information on ways to enrich thesl of captive chimpanzees”

(www.chimpanzoo.org In alignment with the goals of ChimpanZoo, amdier the mandate

of the JGI South Africa, all the studies describethis thesis were ‘natural experiments’ in
the sense that maintenance conditions and husbanoligcols at the Johannesburg Zoo
dictated the conditions and changes that took pkas& consequence, | have used the
opportunities presented by the changes in thea@atd social environment in the
chimpanzee exhibit imposed by management at thenh&@sburg Zoo to examine the
influences of changes in environmental conditi@mg] the associated stressors, on the
behaviour of captive chimpanzees. Below, | proddeckground relevant to the objectives
and aims of my thesis including the captive enviment, the degree of control available to

animals in captivity, imposed stress and animapagases to stress.

The captive environment

Mason (2010) estimates that there are approximathjillion animals maintained in
captive environments, ranging from invertebratesdérson & Wood, 2001) to non-human
primates (for this chapter, and the thesis as deyhbereafter refer to non-human primates
as 'primates’, unless explicitly stated as othewiessel & Brent, 1998). Animals are
maintained in captivity for various reasons, inghgdcompanionship (van Hoek & Cate,
1998; Soulsburgt al., 2009), food (Beattiet al., 1993; Gygaet al., 2007; Keeling, 1995),
conservation (Hogaet al., 1988), education and research (Abou-Israzal ., 2008). The

conditions under which captive animals live depkamdely on the reasons for their captivity



and the costs associated with their maintenandgahge from small, relatively barren cages
(Line et al., 1990) to large, naturalistic, enriched enclos(kéie & Sommer, 2002) with
varying social conditions. Even with all the coritex variation that characterises captivity,
two underlying characteristics are common to ghttiv@ settings: they lack the dynamicity
and controllability of the natural environment.

By its very nature, captivity cannot replicate ttegural environment (Drickamer,
1973), since it lacks the uncertainty (Clarke & Mayx, 1992) and daily challenges (Platt &
Novak, 1997) of the natural environment. Free-rag@nimals encounter an environment
that is variable, complex and dynamic (Platt & NovEO97) while captive animals face a
relatively homogenous environment, subject to Hrmaesconditions day after day. Even
highly enriched environments, which typically resteeboth aesthetic and functional aspects
of the natural environment (Little & Sommer, 200&nnot fully replicate the natural setting
(Almli & Burghardt, 2006) because many aspectdefriatural environment cannot be
reproduced in captivity. For example, it is difficto replicate the natural diet of gorillas
Gorilla sp. (Lukaset al., 1999) or replicate the dynamics of fission-fussacial groups
(Clubb & Mason, 2007) in chimpanz®an troglodytes society (Rowe, 1996; Dunbar &
Barrett, 2000).

Level of self-determination and control by animalgaptivity

An animal determines how it experiences the enwremt through its ability to
choose between alternatives (Buchanan-Smith & Ba2liti1) hereafter referred to as
control. While the natural environment is not cofitible by animalger se, the relative
degree of control afforded free-living animals isa@er than in captivity. Free-living animals
can determine what food they eat (Hiramadsal., 2009), the habitats they occupy
(Mochizuki & Murakami, 2011), the thermal condit®they experience (Barrettal., 2004;
Kosheleff & Anderson, 2009) and the social envireninn which they live (Itani, 1977),
within the broad constraints imposed by territatyalGordon, 1997) and predation risk
(Weltonet al., 2003). Thus, animals have direct control oveirthecess to resources and
through this, ultimately, their success within ttagural environment.

In contrast, caregivers determine the environmehtsiptive animals, with almost all
environmental conditions imposed on them. Theafi@nimals is determined by what (Das
et al., 2010), when (Baker & Easley, 1996) and how (Ben-2001) food is provided by
caregivers. The mode of feeding is determined bggieers as many natural behaviours,

such as hunting, are not ‘desirable’ in captivBgK-Ari, 2001) and are thus not permitted.



Humans determine the seasonal, climatic and thezamalitions which captive animals
experience (Nieuwenhuijsen & de Waal, 1982; Lindbd©98; Little & Sommer, 2002), the
amount of space provided (Lieeal., 1990) and the physical characteristics of thespa
which captive animals live. Animals are known tod@aistinct preferences for the type of
enclosure in which they are housed (Chamove & Rdieh 1989; Pinedt al., 2007), but are
often forced into enclosures simply because ibisvenient for caregivers or part of a daily
routine. Captive animals have no choice over tlogasoonditions in which they live and are
often subject to unnatural groupings or socialasoh (Morgan & Tromborg, 2007). Some
captive environments, such as zoo environmentgsexpnimals to frequent close contact
with people (Mallapuet al., 2005), often with little or no opportunities fanimals to hide
(reviewed in Fernandes al., 2009).

Many aspects of biological functioning (e.g. reprotibn) are also determined by
caregivers. For example, access to mates is predatz through social manipulations
(Price & Stoinski, 2007) or limitations on animaimbers, such that mating is non-random.
Reproductive physiology and sexual receptivity@ten managed through the use of
hormonal implants (Gimenex al., 2009) or sterilization (Faét al., 2000), and even growth
and development of captive animals is under hunoatral (Preston, 1999).

Environmental enrichment (a broad term referring teide range of interventions in
captive environments; hereafter referred to ascbment) is believed to provide animals with
some degree of determination through choice, pmogidehavioural opportunities that are
not necessarily otherwise present (Swaisgood & Béreison, 2005). There are five common
modes of enrichment in captive environments: fegéimrichment, social enrichment,
provision of novel objects or toys, training and/gilcal environmental modification (Hurme
et al., 2003). While enrichment is generally held to bedficial (Almli & Burghardt, 2006),
each enrichment technique offers different degoéesntrol for animals. Some enrichment
protocols, such as providing destructible objectsnipanzees: Brent & Stone, 1998; Videan
et al., 2005; Sprague-Dawley rats: Bedzal., 2003; Orange-winged Amazon parrots
Amazona amazonica: Meehan & Mench, 2002), offer a degree of contgohllowing animals
to manipulate and alter objects as they chooseewattiler protocols, such as training, are
designed to direct and manipulate animals intoragodar form of behaviour (chimpanzees:
Bloomsmithet al., 1994; non-human primates - reviewed in Bloomsreigd., 2007; Giant
pandaAiluropoda melanoleuca: Bloomsmithet al., 2003) effectively eliminating the ability

of the animal to determine what behaviour is exggdgbut see Bayne, 2003).



Animals in captivity cannot determine where, whad &ow they receive enrichment.
Not all enrichment is effective (Van de Weetdl., 1997), suggesting that many enrichment
protocols are not appropriate for particular speoiesettings. Enrichment should be
designed around the biological needs of the orgafideehan & Mench, 2002; Wells, 2009)
but protocols are typically applied in a ‘trial-aador’ fashion (van Hoek & Cate, 1998) or
protocols are transferred from one species to anatithout assessing the relevance of the
enrichment (Wellgt al., 2007). Animals have distinct preferences fortjipes of
enrichment they engage with (Bracke, 2007) butgiaees typically provide enrichment that
they think is appropriate. Species-typical psycbmlal factors may also override any
control-related benefits of enrichment. For exampézause chimpanzees are easily
distracted by multiple objects (Tomonaga, 2002)yating objects one at a time may allow
chimpanzees to engage with each object more ef&dgtiBrent & Stone, 1998). In contrast,
for most other species multiple destructible or ipalatable enrichment objects are provided
(e.g. Rozek & Millam, 2011) as these offer indivatkithe choice of what to engage with and
thereby provides a degree of determination (KeSd#lent, 1998).

Controllability and stress

When an animal perceives a situation or stimuluseftsg uncontrollable, it will be
stressed (Clarkt al., 1997). As a result, many aspects of the captiva@@nment are
perceived as being stressful for animals (revieinddorgan & Tromborg, 2007) and some
suggest that on a continuum of environments in lvai@mals can survive, captivity may
present an extreme environment on account of tresSores” [sic] and stressors present in
captivity (Rowell, 1967; Judge & de Waal, 1993)eSs in captivity can present challenges
to the immune, autonomic nervous system and aaiivaff the hypothalamic-pituitary-
adrenal axis (HPA). Glucocorticoids released byHR& in turn inhibit reproduction, growth
and immune functioning, mobilize energy reservasater behaviour (Romes al., 2009)
as a means of short-term allostatic restoratsens( McEwen & Wingfield, 2003; Clarkt
al., 1997).

If the stressor is acute and the environment psrraitiimals may modify their
behaviour as a means of coping (Clerrkl., 1997). Behavioural variation in nature allows
animals to better cope with change (Koolheteed., 2010) and undoubtedly performs a
similar function in captivity. However, a succesdsksponse is contingent upon animals
possessing the inherent flexibility to respondidea formalised in the adaptive calibration

model of stress response (Del Giudétal., 2011). The ability to utilize such a response has



consequences for captive animal survival and welfieor example, generalist species cope
better with captivity than specialist species &ytare more likely to possess the flexibility to
respond in this fashion (Clubb & Mason, 2007; Ma61.0). Under unnatural conditions,
this response type may also drive the developmiembwel or innovative behaviours
(Kummer & Goodall, 1985).

However, failure to react through behavioural péaist or exposure to chronic stress
and the associated HPA activation can reduce reptiv@ success (Braastad, 1998) and
generate pathology (Clagk al., 1997), particularly for highly intelligent spesisuch as
primates (van Hoek & Cate, 1998; Honess & MarirQ&0Chronic HPA activation can
induce a variety of somatic pathologies includirgimlogical change (Tamashigbal .,

2005), induced cardiac arrhythmia (Sgaf@l., 1999) and immunosuppression (Fetsdl.,
2008). Chronic stress also influences psychologlycagnition through altered reactivity to
noxious stimuli (Armaricet al., 2008), impaired memory acquisition (Zerbib & Labo
1990; Ohl & Fuchs, 1999), altered cognitive funciig (reviewed in Mendl, 1999) and
emotional disturbances, including frustration, aiyidepression and helplessness (Fox,
1984). Given the effects of stress on brain fumgtibis not surprising that many abnormal
behaviours are also associated with chronic sinefisding self-injurious behaviour
(Rommecket al., 2009), coprophagy (Beerdgal., 1999), stereotypic behaviour (Engel
al., 2011) and hair-plucking (reviewed in Reinhard03).

There is considerable debate regarding the sigmfie, mechanisms and functions of
abnormal behaviour. Humans report lower qualitiiffefon account of behavioural
pathology (Jenkinst al., 2011), suggesting that the pathology itself gressing. This is
undoubtedly true of many abnormal stress-relatéaogbagies (such as severe self-injurious
behaviour; Reinhardt & Rossell, 2001). In this mamistress and abnormal behaviour may
act as a positive feedback, reinforcing the origatieessor. Alternatively, such pathology
may reflect underlying neuronal dysfunction (Dantd®91), a compensation for a lack of
environmental stimuli (Wals& al., 1982) and an alternative strategy for coping \hih
increased allostatic load (Rushen, 1993). Howeegiardless of mechanism or function,
abnormal behaviours, and indeed all stress-refadéiblogies, can act as reliable indicators
of stress and wellbeing (Altman, 1999) and undeengjood welfare (Lét al., 2007).

Zoos are multi-functional institutions, serving@neervation, research, recreational
and educational role (Andersenal., 2003). Poor animal welfare in captivity, as ol
above, undermines the functioning of zoos on akleand therefore there is a need for a

better understanding of how animals respond tantip@sed conditions of zoo environments.



Primates are arguably one of the most popular grexpibited in zoos, with thousands of
primates housed worldwide (Wells, 2005). Accordimghe International Species
Information System (ISISvww.isis.org, approximately 4650 apes are housed in captivity,
over a third of which are chimpanzees, but evesetmimbers are likely to be an
underestimation. Chimpanzees are popular animasas and research because of their
similarity to humans (Brent & Stone, 1998) but maspects of chimpanzee biology and
behaviour make chimpanzees intriguing subjectx&onne the effects of the captive
environment on animals.

My study concerns investigating how chimpanzeegares to changes in space and
the social and physical circumstances imposed em it the Johannesburg Zoo. These
changes took place over varying time frames, whaghesent short term (possibly acute) and
long term (possibly chronic) stressors to the clangees. Investigating how chimpanzees
respond to these stressors both contributes tarmerstanding of how an intelligent and
iconic species copes with imposed environmentakstas well as our assessments of the

welfare of captive chimpanzees.

Study species

Description
Chimpanzees are large black primates, rangingdly Eength from approximately

730-960mm (Rowe, 1996), with males weighing betw&&i60kg and females between 34-
46kg (Dunbar & Barrett, 2000). Breeding primarilycars during October and November,
but is known to occur year round (Rowe, 1996). Gianzees signal ovulation through large
pink anogenital swellings (Dunbar & Barrett, 200@ye an oestrus cycle lasting 36 days, a
gestation period of 240 days and a mean birthvateaf 60 months (Rowe, 1996).
Chimpanzees are social, living in complex, multikenanulti-female, fission-fusion troops
comprising between 20 and 100 individuals (Walld&%,9; Wittenberger, 1981; Rowe,
1996; Dunbar & Barrett, 2000). There are 4 recagghsubspecies which can be
discriminated through mitochondrial DNA analysisdivh et al., 1992).

In nature, they have a wide discontinuous distrdouthroughout central and western
equatorial Africa (Vigilant, 2004), occupying a ey of habitats, including woodland
savanna, grassland and tropical rainforests (W& llB@79; Rowe, 1996), up to 3000m in
altitude with home ranges between 3900-7800ha (Rb9@5).



Chimpanzees are highly susceptible to human disé&mvlishaw & Dunbar, 2000)
and exhibit a high genetic overlap with humans @¢éaks, 2001; Sakalt al., 2002).
Because of their exploitation for the pharmaceutmmdustry, the bushmeat trade, ebola virus
outbreaks and the effects of habitat loss (Cowlis&eDunbar, 2000; Dunbar & Barrett,
2000; Walshet al., 2003), chimpanzees are classified as endang€rgidaft, 2004; IUCN,
2011) although some argue for a higher conservatatus (Walslet al., 2003). Free-ranging
population estimates in 2004 were as low as 100di0iduals (Vigilant, 2004).

Behaviour

Chimpanzees are diurnal (Dunbar & Barrett, 200@) slaep in arboreal nests,
constructed from branches at night (Wallace, 19Z8)mpanzees are both arboreal and
terrestrial (Rowe, 1996; Dunbar & Barrett, 2000sKeleff & Anderson, 2009) and
locomotion is through quadrupedal knuckle walkipigedal walking, climbing and limited
brachiation (Rowe, 1996). 80% of their activitydsvoted to foraging (Twehewbal.,

2004).

Chimpanzees have a catholic diet (approximatelyf@é@ types; Rowe, 1996),
comprising fruit (up to 76% of their diet; partieuly figs; Rowe, 1996; Cowlishaw &
Dunbar, 2000; Dunbar & Barrett, 2000; Tweheyal., 2004), leaves (up to 45%), flowers
(up to 18%), seeds (up to 11%) and animal mat@rmto 5%) (Rowe, 1996). Trees are their
primary food source (Twehewbal., 2004) and concomitantly they are important seed
dispersal agents (Cowlishaw & Dunbar, 2000; Durdb&arrett, 2000; Tweheyet al.,

2004). Chimpanzee foraging behaviour is highlyifdexand chimpanzees occasionally raid
crops (Cowlishaw & Dunbar, 2000). Foraging may bggrmed solitarily but chimpanzees
tend to remain in close-knit subgroups (Wallac&QDf between three and 11 familiar
individuals (Wallace, 1979; Dunbar & Barrett, 2000pols are readily manufactured by
reintroduced (Farmer et al., 2006) and free-rangmyulations for foraging (Rowe, 1996;
Morimura, 2003), defence (Wittenberger, 1981) andtimg (Pruetz & Bertolani, 2007).
Chimpanzees are skilled hunters (Vigilant, 200dpveang preference for red colobus
monkeysProcol obus badius (Wittenberger, 1981; Cowlishaw & Dunbar, 2000; ban&
Barrett, 2000) and also consuming various small mahspecies (Wallace, 1979; Dunbar &
Barrett, 2000).

Chimpanzee societies comprise a core group ofsvaadd peripheral, nomadic
females (Wittenberger, 1981; Rowe, 1996; Cowliskaldunbar, 2000). Females generally

leave their natal group around adolescence (Vigi2004), approximately between 9 and 12



years of age (Nishidet al., 2003), and are mobile within and between trodpiténberger,
1981; Rowe, 1996; Cowlishaw & Dunbar, 2000; Willeehal., 2002). Chimpanzees mate
promiscuously (Rowe, 1996) and up to 50% of fensaddéfspring may be sired by males
outside of their home group (Cowlishaw & DunbarQ@)p Distinct sex-specific behaviour
patterns are common both in the wild (Bates & By@@09), and in captivity (Videan &
Fritz, 2007) and are mediated by social statusli(@edl., 2003).

Male chimpanzees apparently form coalitions (Rd@86; Cowlishaw & Dunbar,
2000; Williamset al., 2002) in response to female emigration and teeltiag high male
densities (Cowlishaw & Dunbar, 2000; Connor & Whéad, 2005). Male coalitions
aggressively defend a territory by patrolling itgders and actively hunting down intruders
(Wallace, 1979; Wittenberger, 1981; Vigilant, 20Mitani & Watts, 2005). Bonds are
maintained through allo-grooming, as it has paldiceocial importance in primates (Hemegi
al., 2003), and potentially sharing of meat (Wittergaeey 1981; Rowe, 1996) but more recent
work casts doubt on meat functioning as socialenay (Gilby, 2006; Gilbt al., 2010;
Gomes & Boesch, 2011). Group aggression is rapgalty displaced through grooming,
scratching, yawning, rocking back and forth, mdsdtion, mounting, kissing and hugging
(Wallace, 1979). Cooperative behaviour is also omoon (Hare & Tomasello, 2004) with
the exception of defence against predators, sutdgppards (Wittenberger, 1981).

Natural chimpanzee populations display culture @be% Tomasello, 1998; Vogel,
1999; Vigilant, 2004), whereby different behavioare used to achieve the same goal or
similar behaviours serve different functions (Bde&cTomasello, 1998). These cultural
patterns of behaviour include tool use, gesturioggd preferences and grooming patterns
(Boesch & Tomasello, 1998; Vogel, 1999).

Intelligence and cognition

Social complexity is thought to drive the evolutiohnintelligence (Kummer &
Goodall, 1985) and this is apparent in the chimpanZhimpanzees are capable of complex
learning and imitation (Bjorklund & Bering, 2003hweh is facilitated through social group
interactions (Boesch et al., 1998) as well as, seméd argue, teaching (Caro & Hauser,
1992). Chimpanzees are highly intelligent and clgabunderstanding complex scenarios,
such as single invisible displacement (a subjedtnuentify the position of an object placed
under one of several occluders, such as cups, wiaich been swapped in a random fashion:
Collier-Bakeret al., 2006) and symbolic representation (Dunbar & Barg®00) to the point

of being able to communicate via sign language (&d996).



Chimpanzees are self-aware (de Veer et al., 2@3Rgriencing seemingly parallel
emotions to humans (King & Landau, 2003) includemgpathy (Povinelli et al., 1992).
Chimpanzees exhibit self-restraint, using selfrdigion to control impulsivity (Evans &
Beran, 2007). They exhibit distinct personalitiederson et al., 2005) and perceive the
world in a similar way to humans, from the basicognition of colours (Matsuno et al.,
2004) to the more complex understanding of theoastand intentions of conspecifics and
humans.

The social cognition of chimpanzees is relativegtiwnderstood through extensive
laboratory-based experimentation, and evidence fresranging populations suggests that
chimpanzees utilize complex socio-cognitive skillsler natural conditions as well
(Crockfordet al., 2012). Chimpanzees understand behavioural gbatsliwiduals (Hassin et
al., 2005), including humans, and adjust behavamaordingly (Povinelli et al., 2003).
Chimpanzees understand and manipulate the psydbalstates of others (Hare &
Tomasello, 2004) through inference (MacLean & Haf,2), distraction (Hare et al., 2000)
and deception of conspecifics (Hirata & Matsuzai#)1) and humans (Hare et al., 2006).

Influences of the captive environment on chimpagszee

Given the natural habitat chimpanzees live in,dbmplexity of chimpanzee sociality
and chimpanzee intelligence, many aspects of tdagitive maintenance are assumed or
overlooked completely. My study is not an exhawst@xamination of the environmental
influences on the behaviour of captive chimpanzBRagher my study aims to explore some
of the overlooked aspects of chimpanzee maintenameemeans of highlighting the
necessity to consider all aspects, however subttemplex, of captive chimpanzee
husbandry. Generally, apes are considered to aevedly easy to house in captivity
(Hancocks, 2001), largely because primates possessent behavioural flexibility (Olsson
& Westlund, 2007). The effects of spatial restantand the associated stress on chimpanzees
have been well studied (one of the first investaya into spatial change effects on captive
animals was conducted with chimpanzee subjectsivdahuijsen & de Waal, 1982), but the
possibility of chimpanzees utilizing non-social ogpstrategies in response to spatial change
has received scant attention. Chapter 2 of mysheglores both the non-social and social
responses of captive chimpanzees to long-termadpastriction conditions associated with a
change of enclosure, which took place from Apri02@ February 2005.

Associated with enclosure changes, most studies éeamined the behaviour of

animals immediately following release into new esdrres, with almost no investigations
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examining the long-term effects on behaviour. Nathistory and ancestry are thought to
play a role in determining behaviour (Chaat@l., 1999) and many behaviours are believed
to reflect potential ‘behavioural scars’ relateg#st experience (Swaisgood & Shepherdson,
2005). Despite this, no studies to date have censitithe influence of past experience and
stress on space use and animal spacing patterese Tiemes are explored in Chapter 3;
relating a previous spatial environment to the spg®e and spacing patterns of captive
chimpanzees several years after a change in emeloBue study described in Chapter 3 took
place from March to July 2009.

Social enrichment in captive primates has receliiel attention, largely due to the
inherent risks and constant monitoring requirecs@berghi & Anderson, 1993).
Nonetheless, social manipulations are commonplacaptivity (Visalberghi & Anderson,
1993) and may be a source of stress to captiveadsifiorgan & Tromborg, 2007) but the
role of species-typical social changes has not egplored in captivity. The fission-fusion
nature of chimpanzee society (Rowe, 1996; DunbBa&ett, 2000) lends itself to such
investigation and Chapter 4 examines the effectofspecies-typical social changes on
chimpanzee behaviour. The first, a merging of twaugs following a period of separation,
took place from February to May 2008 and the sectiradremoval of an adult female, took
place from July to November 2008.

Little information exists on the impact of the timal environment on primate
behaviour (Dahl & Smith, 1985). Zoos typically prde unrealistic thermal environments for
primates (Lindburg, 1998) as most primates natyrahabit tropical climes but are housed at
higher latitudes (Coe, 1989). Previous work hagyestgd that shade may be an important
factor in captive ape thermoregulation (Stoireglal., 2001) and Chapter 5 explores shade as
a thermal resource for captive chimpanzees duha@tstral winter/spring (May —
September) period of 2008.

Arrangement of the thesis

This thesis consists of an introductory chaptdraji@er 1), four experimental chapters
investigating the themes described above (Chapté)sand a discussion and conclusion
chapter (Chapter 6). A seventh appendix chaptaritbes a study conducted concurrently to
the other studies described in this thesis andsiigegtes the role of zoo volunteers in data
collection. Each of the experimental chapters igten in a manuscript format, intended for

publication. A separate reference list accompagaes chapter, and thus there is some
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overlap in referencing between chapters. All tabled figures are numbered sequentially per

chapter, while page numbers are numbered througheuhesis.
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Chapter 2. The role of behavioural flexibility and
alternative coping strategies in chimpanzee respoas to

spatial restriction and enclosure change

Abstract

The captive environment is characterised by spasdriction and crowding. Many
animals exhibit heightened aggression in respamseoivding or reduced space, which
potentially compromises their wellbeing. Primatesvhver appear to possess mechanisms to
control aggression under these conditions. Theskniys have lead to the proposal of three
models for animal responses to crowding: the dgimsiensity model, tension-reduction and
conflict-avoidance models. The aim of this studyuainvestigate whether changes in
available space in two groups of captive chimpaszat¢¢he Johannesburg Zoo, South Africa
concurred with any of these three models. In aoidjta forth model, based on the coping
hypothesis of stereotypic behaviour was testedat@ehnral observations of both chimpanzee
groups was conducted throughout the redesign ahséuction of the chimpanzee exhibit,
during which time the chimpanzees were subjecttging degrees of spatial restriction. The
results indicated that the family group utilizedaaflict-avoidance tactic to mediate
aggression during indoor spatial crowding evidenmgthcreased self-directed behaviour
and decreased activity and social interaction. @utslhowever, higher socio-positive
behaviour suggests the family group utilized aitemseduction tactic to prevent aggression.
The orphan group also appeared to utilize a teagduaction tactic during indoor spatial
crowding because socio-positive behaviour was mjghlkeile inactivity and self-directed
behaviours did not change significantly. As witke family group, the orphans appear to have
utilized a tension-reduction tactic in smaller adgdenvironments as well. In both groups,
indoor spatial crowding generated significant iases in abnormal behaviour. Together,
these results provide mixed support for the tensgaluction and conflict-avoidance models,
while offering no clear evidence for the densitteimsity model. The outcomes suggest that
the chimpanzees may have utilized abnormal behaa®an outlet for the stress of spatial
restriction. In addition, the provision of incredsspace does appear to have welfare benefits

and promote more natural behavioural patterns.
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Introduction

Non-human primates have been studied in a varfedgttings, including free-ranging
natural populations, semi-natural populations aqtige groups (Drickamer, 1973). While
the captive environment can never replicate tharabéenvironment (Drickamer, 1973;
Clarkeet al., 1982a), ‘naturalistic’ enclosure designs are wered to be beneficial (Maple
& Finlay, 1989; Ogdemt al., 1990), encouraging natural behaviour, with pézsis
ameliorative effects (Ross al., 2011). However, the captive environment by reatur
influences the behaviour of animals (Drickamer,3)9rcluding primates (Nova#t al.,

1992). Behaviour in captive environments may beratt, both quantitatively (e.g. Caine &
O’Boyle, 1992) and qualitatively (e.g. Rumbaugh88p by specific environmental
elements. Naturalistic captive enclosures mustdsggded to generate environments that
provide both aesthetic and functional featuresefriatural environment (Little & Sommer,
2002). However, many aspects such as space aVityladond the associated costs (Young,
2003), limit the degree to which the captive enwiment can mirror the natural environment.

Adequate space is considered vital for the maimesaand wellbeing of captive
primates (Honess & Marin, 2006b). The spatial dgrnisiwhich animals live can have a
large influence on the behaviour and social stmestof the animals concerned (Judge & de
Waal, 1997). For example, African stripped mit@bdomys pumilio utilize a flexible social
structure, alternating between communal and sglitéing strategies depending on
population density (Schradet al., 2010). Similarly, the spatial restrictions angbplation
densities that captive animals experience areyliteinfluence their behaviour as well. For
this reason, adequate space is considered vitdiéamaintenance and wellbeing of captive
primates (Honess & Marin, 2006b).

Free-ranging primate populations often experiemsg&renmental instability and
associated changes in aggression levels withinpgr@@larke & Mayeaux, 1992). Similarly,
changes to the captive environment are likely i@tethanges in aggression due to their
effect on social organisation (de Waal, 1989). &ggion appears to be one of the primary
drivers of animal spacing, both in nature and wayt(McBride, 1971), but can have
deleterious consequences for the animals invohaadjing from altered social status (Ratb
al., 1986) to impaired reproduction (Arey & Edwardg898). In rats reared under two
differing housing conditions, aggression and maxtavere greater under burrow conditions
than open housing conditions (Blanchetrdl., 1985). Pere David’s deer experienced

increased stress and associated aggression iusguitysical environments and different
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social conditions (L&t al., 2007). The management of aggression within angralps is

thus critical to the maintenance of both group sadreand individual health. Captive
animals in particular are frequently subject taexte conditions of both the social and
physical environment (Judge & de Waal, 1993), pig¢hem at risk of the deleterious effects
of escalating aggression.

Observations of animal responses to spatial réstnieead to the development of a
‘density-intensity’ modelgensu Nieuwenhuijsen & de Waal, 1982), whereby redudiion
available space lead to increased social stresesuadating aggression. Studies such as that
of Calhoun (1962) exemplified this idea and evidesgggests that individuals under
crowding experience heightened social stress (A&rdk Waal, 1997; Cordoni & Palagi,
2007; Tacconi & Palagi, 2009). Subsequently, a remolb other studies have provided
support for this model. Animals are thought to eigrece elevated levels of stress when
housed under crowded conditions é.al., 2007; Morgan & Tromborg, 2007) and the
spatial-density model was also supported by a nuwi&udies in the agricultural setting
(e.g. Blanc & Thériez, 1998; Blamtal., 1999). Studies of captive chimpanzees (Rbsk,
2010), captive bonobd&an paniscus (Sanneret al., 2004), stumptailed macaqudscaca
arctoides (Demaria & Thierry, 1989), pigtail macagudacaca nemestrina (Erwin & Erwin,
1976) and galagdSalago senegalensis braccatus (Nash & Chilton, 1986) all reported higher
levels of aggression in comparatively small envinents. These results suggested that the
relationship between space and aggression wasaléar

Yet, some studies found mixed support for the dgsstensity model. When housed
in their small indoor enclosure and their largetdoor enclosure, captive chimpanzéeas
troglodytes displayed higher levels of aggression indoors tiheitaggression was low in
relation to the differences in size between the éwdosures (Nieuwenhuijsen & de Waal,
1982). A similar study of pigtail macaques foundttlevels of aggression increased with
increasing density, but that there was evidenceitiaas socially regulated (Andersenal.,
1977). Subsequently, de Waal (1989) suggestedhbatlationship between space and
aggression was not as simple as assumed. He attptqatimates place a great deal of value
in their social relationships and may modify theacial interactions to counteract increased
aggression risk (de Waal, 1989). Primates are krtovitave a number of mechanisms, such
as reconciliation and appeasement behaviouranibthe expression of aggression in social
groups (Judget al., 2006). de Waal’s ‘coping model’ suggested thahates might

selectively employ these mechanisms to manage sgjgre(de Waal, 1989).
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The coping model received support in subsequemistigations. Support stems from
studies of macaques (Stumptailed macadd@saca arctoides. Demaria & Thierry, 1989;
Rhesus macaquééacaca mulatta: Novaket al., 1992), green monkeyer copithicus
aethiops (Clarke & Mayeaux, 1992), hamadryas babdeagio hamadryas hamadryas
(Judgeset al., 2006), gorillagorilla gorilla gorilla (Cordoni & Palagi, 2007) and bonobos
(Sanneret al., 2004). However, as with the density-intensity elpchany studies found
results suggesting an alternative to this copirafesgy.

A number of studies found that primates appeawtidaconflict altogether by
minimizing their social interactions, an alternatio the social buffering effect of the coping
model. Rhesus macaques increased their avoidarmmmspecifics and reduced their intense
aggression, favouring milder forms of aggressiau§é & de Waal, 1993) while long-tailed
macaquedlacaca fascicularis reduced activity levels and only increased leeéisild
aggression (Aurekt al., 1995) under short-term crowding. Similarly, chempgees reduced
activity levels and social contact under spatialnating (Aureli & de Waal, 1997) and olive
baboondPapio anubis increased agonistic behaviour but reduced actuwnityer artificial
crowding conditions (Elton & Anderson, 1977).

Based on the findings of the primate spatial restm studies, two possible coping
strategies were suggested as constituents of fhiegcmodel: the tension-reduction and
conflict-avoidance strategies (Videan & Fritz, 2DMany studies have found mixed support
for these strategies. Rhesus macaques engagedidaage behaviour, suggesting a conflict-
avoidance strategy, but also increased huddlinguowding, suggestion tension-reduction
(Judge & de Waal, 1993). Gorillas increased rediaticin behaviour, suggesting a tension-
reduction strategy, but also increased avoidandardar-individual distances in their smaller
indoor enclosures relative to their larger outdeaclosures, in line with a conflict-avoidance
strategy (Cordoni & Palagi, 2007). Male rhesus mjaea conformed to the tension-reduction
strategy, whereas females appeared to display sgigreas a function of social density as
predicted by the density-intensity model (Judgee®/daal, 1997).

Judge & de Waal (1997) also suggested that theegirautilized by the group may be
dependent on the length of time that the individwak exposed to spatial crowding. Short-
term crowding, usually considered to be anythimgnf20 minutes (Andersaat al., 1977) to
a number of hours (Judge & de Waal, 1993; Awtedi., 1995), appears to generate conflict-
avoidance. Longer crowding periods, ranging fronumber of months (Nieuwenhuijsen &
de Waal, 1982) to several years (Judge & de W&A8I7)l instead elicit tension-reduction

behaviour as the animals are afforded more tina&ljost to their environmental conditions
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(Nieuwenhuijsen & de Waal, 1982). However, primatesbehaviourally plastic and may
well engage in several strategies in responsedatiasgrowding (Judge & de Waal, 1993).

The lack of aggression displayed by many primateteucrowding conditions does
not necessarily mean that they are not stressed/é#¢, 1989). Nieuwenhuijsen & de Waal
(1982) reported increased faeces manipulation air¢plucking during winter crowding
periods, behaviour associated with increased stReighardt, 2005). Hamadryas baboons
increased displacement activities (Judgal., 2006), gorillas increased self-directed
scratching behaviour (Cordoni & Palagi, 2007) which reliable measure of anxiety in
primates (Maestripiewst al., 1992), rhesus macaques exhibited self-injuricsliour
(Judge & de Waal, 1993), another behaviour asstiatth increased stress (Reinhardt &
Rossell, 2001), and juvenile olive baboons incréasdf-injurious behaviour and hair-
plucking and ingestion (Elton & Anderson, 1977) endrowding. Even Calhoun’s study of
rats found elevated levels of abnormal behaviodrsatial pathology, including
cannibalism, in crowded populations (Calhoun, 1962)

The function of abnormal behaviours remains soméwhelear. Many appear to be
strongly related to stress alleviation (e.g. regatpn/re-ingestion: Baker & Easley, 1996;
self-injurious behaviour: Tiefenbachetral., 2004) and may be responses to the restricting
captive environment (Walsht al., 1982). This idea was formalized in the ‘coping
hypothesis’, originally coined by Rushen (1993)jahhsuggests that abnormal behaviours
may serve a coping role, by reducing the experigstess of an individual.

Both the coping modetensu de Waal (1989), and the coping hypothesgssu
Rushen (1993) provide a framework of strategiesdming with stress but the mechanisms
of each differ considerably (existing social medbars in the coping model : de Waal, 1989;
non-social mechanisms in the coping hypothesish®us1993). In addition, abnormal and
self-directed behaviours may offer primates anetwthich minimizes the risk of disrupting
the established social relationships, considerdxztoritical to primate social functioning (de
Waal, 1989). Yet, no studies of the crowding effatprimates have considered non-social
abnormal behaviours (with the exception of oneystudere the displacement activities noted
included pacing and self-scratching, but did nqtlieily examine abnormal behaviour;
Judgest al., 2006) as a possible outlet for the social stegperienced under crowding.

The aim of this study was to investigate the betwaal responses of two mixed sex
groups of captive chimpanzees to long-term spedittiction associated with the
reconstruction of their outdoor enclosures at titednesburg Zoo, South Africa, in relation

to the ‘density-intensity’, ‘tension-reduction’ afabnflict-avoidance’ models. If the ‘density-
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intensity' model is supported and the chimpanzppea to have no intrinsic means of
regulating aggression, aggression should escatater wrowding. Little or no increase in
aggression would suggest that either the 'tengdnation' model is supported (associated
with increased socio-positive interactions) or'ttanflict-avoidance' model is supported
(associated with decreased socio-positive intevastand increased non-social behaviour).
Alternatively, but not mutually exclusive of therision-reduction’ and 'conflict-avoidance'
models, the chimpanzees may increase abnormal ioein@wuring crowding as an outlet for
the social stress of spatial crowding.

Materials and Methods

Study subjects and housing throughout the study

The study was carried out at the Johannesburg oo April 2004 to February 2005.
The study subjects included two groups of sociatlysed chimpanzees. The one group
(referred to as the family group) comprised a fgraiit consisting of two males (Thabu: 21
years; Amber: 5 years) and three females (Daisye20s; Zoe: 9 years; Joyce: 1 year). The
second group (referred to as the orphan group) gsetpfive chimpanzees rescued by the
Jane Goodall Institute South Africa and one regiden male temporarily housed together.
The group included four males (Yoda: 12 yearsyéisadent male; Abu, Amadeus: both 7
years; Niki: 5 years) and two females (Claudettiy:Lboth 7 years). Both groups were
housed separately.

During this study, the groups were housed in tkiifferent settings. The initial
enclosures (old enclosures) and final enclosurew gnclosures) were at the same location
(The Johannesburg Zoo Ape House, hereafter refeorad the ape house). However, when
the new enclosures were being built - over theeoidlosures - the orphan group was housed
temporarily at the zoo’s veterinary hospital whhe family group was housed in the existing
ape house night rooms of the enclosures that wederwconstruction. Each group was
housed in an outdoor enclosure during the day anddoor room (night room) at night at all
stages of the experiment, except for the familyugravhich had no access to an outdoor

enclosure during the construction period.
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Housing prior to reconstruction

Both chimpanzee groups were housed in the old sads at the ape house for
approximately 13 weeks from the start of observettito the beginning of the reconstruction.
The initial outdoor enclosures at the ape houseanaatea of approximately 108mach and
were surrounded by a continuous 4m wide moat oéryatith a 30cm high, electrified fence
running the full length of the moat midway acras@-igure 1). At the centre of the enclosure
was a 72rhpatch of grass and soil, surrounded by a 1.5m pédked area, which included
several large rocks and two dead tree stumps,anginge 3m high wooden climbing
apparatus. All other surfaces were face bricklediiTwo entrances to the night rooms were
set into the back walls of the enclosure in theiliaenclosure whereas the orphan enclosure
had only one entrance. The rear walls also condaimee concrete climbing platforms
(approximately 0.5m x 0.3 m) set into them. Theljgulbere able to observe the chimpanzees

from across the two moats, opposite the rear wéllse enclosure.
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Figure 1. The old outdoor enclosures of the Johansburg Zoo Ape House, South Africa, drawn to scale
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Housing during reconstruction

The family group were housed in the four night recahthe ape house, each of
varying size and complexity (Figure 2). Becausestmction took place in the adjacent
outdoor enclosures, the family group was frequemibyed between night rooms. They were
observed under these conditions for approximaehgis weeks.

The four night rooms all had a similar design, ¢stingy of an open floor area
(ranging between 26frand 43m), a concrete and rock ‘cliff-shelf’ (approximatély7m tall)
which created an elevated floor area that rangeddss 8m and 20m and a large
reinforced glass viewing window on at least one sitlthe room. Two of the night rooms
had metal climbing structures built into them anel dther pair of rooms was connected by a
small, lockable gateway. All rooms had a 1.5m langnel (approximately 1m high) which
linked the night room to the adjacent outdoor esute as well as a small alcove built into
the ‘cliff-shelf’ with a barred window, looking ounto the keeper access passage (a 1m wide
passage running behind all the night rooms fronciwkieepers and animal attendants were
able to access the rooms).

The indoor enclosures (Figure 3) of the veterifargpital, where the orphan group
was housed during construction, were approximadyt and were connected to the
corresponding outdoor enclosure of approximatety. In order to accommodate the
orphan group, the chimpanzees were given free @igiiree such adjacent enclosures, the
three enclosures being connected by small doorwmaty® dividing walls of the outdoor
sections. The enclosures contained a few tree stamg branches for climbing and, at one
point, the chimps were provided with car tires msalment. The orphan group were also

observed, under these conditions, for approximateleeks.

Housing following completion of the reconstruction

Once the new enclosures were complete, all themdmzees were moved back to the
ape house. The new enclosures comprised threadsI@~igure 4). The first island was
constructed in place of the old orangutan enclggbeesecond in place of the old family
enclosure and the third in place of the old orpaciosure (see Figure 1). Each island varied
in size and housed a separate group of animaldirshésland (+1000rf) housed the family
group, the second (+1508thoused the orphan group and the third housedrdreutans.
Both chimpanzee groups were observed for approeimatght weeks in their new

enclosures.
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Novelty has been highlighted as a possible confaimdany crowding studies (Nash
& Chilton, 1986; Marriott & Meyers, 2005). Galagagre found to be significantly affected
by novelty, an effect which interacted with spatimdwding as well (Nash & Chilton, 1986).
For this reason, follow-up observations of the ghamzee groups in their new enclosure were
then carried out 10 weeks later, for five weeks.

All new enclosures were surrounded, on most sioee8m high walls, capped with
electrified fencing, with entrances to the nighames in the rear walls. All other sides were
surrounded by 4-5m wide moats with 1m high elaetlifencing along the edge of the moat
and 30cm high fencing 2m into the moat. The moabsmding the first island had a small
indentation to facilitate the chimpanzees’ accessdter. A stream linked the upper and
lower moats surrounding the second island, alsmiéng the chimpanzees to access water.

Large trees, other vegetation, several large raokisfallen logs were located in both
the first and second islands. The second islaralhed a rock outcrop. Trees that exceeded
6m in height and those that extended over the tod#ie public viewing areas had electrified

fencing around the circumference of the trunk ®vpnt escapes.
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Figure 4. The new outdoor enclosures of the Johansleurg Zoo Ape House, South Africa, drawn to scale
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Husbandry
Under all the housing conditions, the chimpanzee\vied and maintained according

to a similar schedule. They were given a varietiregh fruit and vegetables, primate pellets
and occasionally boiled eggs twice daily, at appnately 09h00 in their outdoor enclosure
as an incentive to leave the night room, and agiairbh00 on weekdays (16h00 on
weekends) in their night rooms to encourage theratton into the indoor night rooms.
During periods when the chimpanzees were outsieEpdrs cleaned the indoor enclosures
and straw was provided as nesting material in ijlet mooms only. On particular days, the
chimpanzees were kept in their night rooms throughtiee day. This was typically due to
problems with the electric fencing in the outdonclesures, or necessitated by veterinary
proceduresDuring construction, when the family group were $ediindoors, they were
moved between night rooms for cleaning and feeding.

Behavioural observation

Behaviour of the chimpanzees was observed anddedrior to, throughout and
immediately after the reconstruction in both théoar and outdoor environments wherever
possible. Approximately two months after the re¢easthe chimpanzees into the new
enclosures, follow-up observations were condudtkdier all housing conditions, behaviour
was recorded using the instantaneous scan sampétigod (Martin & Bateson, 1986), with
a sample interval of 30 seconds for all individualghe group. Sampling sessions were
conducted between one and five times a week, (a80minutes each. Sessions were
conducted at varying times between 09h00 and 1ld®petween 12h00 and 14h30.
Behaviour was recorded according to the categbsiesl in Table 1.

Data analysis
The data were classified according to the growgeoked (family or orphan), location

(indoors or outdoors) and treatment (baseline,nstroction, new enclosure and follow-up).
In order to determine which behaviours to use nthier analyses, a factor analysis was used
for the combined groups’ data for the indoor anttloar enclosures respectively. Based on
the outcome of the factor analysis for the indoai@sures | used all the behaviours
observed in further analysis with the exceptiothefcategories for public interaction and
hidden. The chimpanzees’ limited opportunitiesttenact with the public in their night
rooms resulted in very low levels of interactioesg than 0.9% of recorded behaviour). In

addition, the enclosures themselves offered norcewéhere is little possibility for the
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animals to hide. For the outdoor enclosures, atbid except public interaction were
included in further analyses. While this environineffiered more opportunities for
interactions, the animals did not interact with plublic often (less than 0.8% of recorded

behaviour).

Table 1. Definitions of behaviours observed in thehimpanzee groups at the Johannesburg Zoo, South

Africa, during the reconstruction of the chimpanzeeexhibit

Behaviour Definition

Manipulate Manipulation of and interaction with non-edible objects or items (e.g. object play
non-edible items | with a non-edible object such as a rock and tool use)
Manipulate edible | Manipulation of and interaction with edible items (e.g. foraging and object play

items with an edible object such as a fruit)
Inactive Lack of activity. Included lying down, sitting and standing idly
Self-directed Self-grooming, masturbation and non-abnormal body manipulation
Allogrooming. Social play including wrestling, playful biting and playful chasing
Socio-positive (characterised by a relaxed face, possibly with a drooping lower lip, or a full play

face. Usually silent but may include soft grunts or hoots; Goodall, 1986)

Chasing aggressively (characterised by sneering, open and closed grins and
compressed lip faces. Usually associated with screams, barks and 'wraaa’ calls;
Goodall, 1986) or fighting with one another. Included aggressive gesturing or
signalling

Locomotion from one location to another, included tree climbing and locomotor
and solitary play

Interaction, positively or negatively, with the public through displays begging and
throwing of objects at the public

Behaviour that appeared abnormal in context, such as nipple pulling, abnormal
walking, coprophagy, self mutilation, faeces throwing and hair plucking

Any time that the chimpanzees were not clearly visible or their behaviour was not
discernable

Socio-negative

Travel

Public interaction

Abnormal

Hidden

Following this, for all chimpanzee groups, anddbitreatments, generalized linear
models (GLZ) were used, with appropriate link fuoics. Generalized linear models are
appropriate for binary response variables, sud¢h@se in this study, as they do not assume a
normal distribution (Crawley, 2007). Behaviour ditathe indoor and outdoor enclosures
were analysed separately. All analyses were tweet@nd were conducted using Statsoft
Statistica 8.0 (StatSoft, 2008). Behaviour was daakecounts of the absence and presence of
a behaviour because the expression of one behavfitaur precludes the expression of
another. This coding resulted in a binomial abskmesence count for each behaviour which
was used as the response variable in the GLZs wWigleategorical predictors included
treatment (baseline, reconstruction, new enclosallew-up) and behaviour (Table 1).
Within-factor significant differences were assesgedugh the use gi-estimates and

confidence intervals and were considered as sagmfiforp < 0.05. First order effects
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(treatment; behaviour) were not examined in dethgreas second order effects

(treatment*behaviour) were. This was done to manectly address the aims of the study.
Results

A total of 110 hours of data were collected far tmily group (61.25 hours indoors,
48.75 hours outdoors) and 93 hours for the orphanpy(52.5 hours indoors, 40.5 hours

outdoors).

Family group
For the family group in the indoor environment, stwaction treatment was found to

be a significant predictor of behaviour (Wafd = 6.990;p = 0.030). Across all treatments,
all behaviours were found to be significantly diéfet (Waldy% = 1227.172p < 0.001).

A significant indoors treatment*behaviour effectsfiaund as well (Walg?1,=
245.581;p < 0.001; Figure 5). Object manipulation levels gvsignificantly lower only in the
new treatment than the other two treatments. iggtivas significantly lower in the baseline
treatment than other treatments. Self-directedaebawas significantly lower in the new
enclosure treatment than either the baseline @nsguction treatments. Socio-positive
behaviour differed significantly between all treatms but was highest during the baseline
and lowest during the new enclosure treatmentsoSwgative behaviour did not differ
significantly between the three treatments. Sigaiitly more travelling was recorded during
the new enclosure than baseline treatment, whichsigaificantly higher than the
reconstruction treatment. Abnormal behaviour wgaiicantly higher during the
reconstruction than during either the baselineeav enclosure treatments.

In the outdoor enclosures, the construction treatmas not found to be a significant
predictor of the family group’s behaviour (Waf@ = 0.064:p = 0.968). However, within all
treatments, all behaviours were found to diffeniigantly (Waldy? = 1531.301p < 0.001).
As with the indoor environment, a significant restvaction treatment*behaviour interaction
effect was found (Walg?14= 742.609p < 0.001; Figure 6).
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There was no significant change in the levels atiivity and socio-negative

behaviour across the three treatments. Object mbatipn was significantly higher in the

and signifig higher still in the follow-up

new enclosure than baseline treatment,

treatment. Self-directed behaviour was lowest dytine follow-up treatment and highest

during the baseline treatment but differed sigatffitty across all three treatments. Socio-

positive behaviour was significantly higher durihg baseline treatment and significantly

up treatment than during tlew enclosure treatment. Travel was

lower during the follow

significantly more prevalent in the new enclosund follow-up treatments than baseline

levels. Abnormal behaviour was significantly higlering the baseline and new enclosure

treatments than the follow-up treatment. The chimpas spent significantly more time

hidden from view in the new enclosure treatment thiéher the baseline or follow-up

treatments.
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Orphan group
For the orphan group in the indoor environmentastoiction treatment was a

significant predictor of behaviour (Wajd, = 13566.23p < 0.001) and all behaviours were
found to be significantly different from one anatii@/ald % = 554.56p < 0.001). A
treatment*behaviour interaction was also founddsignificant (Walqull =204.91p<
0.001; Figure 7).

Object interaction was significantly higher duritng baseline treatment than the
reconstruction and new enclosure treatments. igctid not change significantly across all
three treatments. The only significant differeniceself-directed behaviour were between the
reconstruction and new enclosure treatments whghehlevels of self-directed behaviour
were seen in the new enclosure treatment. Socibhmbehaviour showed only a
significantly lower baseline level than in eithbetreconstruction or new enclosure
treatments. Socio-negative behaviour was signifigdower in the reconstruction treatment
than baseline and was not observed in the new suin@dreatment. No significant differences
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were found between the baseline and new enclomagrtents in terms of travel behaviour,
but levels during the reconstruction treatment vaggaificantly lower than in the other two
treatments. Abnormal behaviour was significantyhler in the reconstruction and new

enclosure treatments than baseline levels.
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Figure 7. Changes in levels of recorded behaviouegross three reconstruction treatments (Baseline,
Reconstruction and New enclosure) of the orphan gup at the indoor Johannesburg Zoo chimpanzee
exhibit, South Africa. Bars denote predicted mean mportions generated through a generalized linear
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In the outdoor enclosures, a significant treatnedfeict was found for the orphan
group (Waldy? = 22.774p < 0.001). All behaviours were found to be sigrifidy different
from one another (Walgf; = 2948.849p < 0.001) and a significant treatment*behaviour
effect was found for the orphan group in the outdaelosures (Walgl14 = 554.060p <
0.001; Figure 8).

Significant differences in object manipulation wésand between the baseline and
follow-up treatments, but not between the new eswie treatment and the other two
treatments. Inactivity was significantly lower imetnew enclosure treatment than the other

two treatments. Self-directed behaviour was sigaiftly lower in the follow-up treatment
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than either baseline or new enclosure treatmertshwdid not differ. Socio-positive
behaviour was significantly different across atkttreatments and was highest in the
baseline treatment and lowest in the follow-upttresant. Both socio-negative behaviour and
abnormal behaviour did not differ significantly ass all three treatments. Travel was
significantly higher during the follow-up treatmehtn in either the baseline or new
enclosure treatments, which did not differ sigrifidy. Significantly more time was spent
out of view in the new enclosure and follow-up treants than baseline levels. Hidden
scores were also significantly higher during they eaclosure treatment than the follow-up

treatment.

0.60

[ 1 Baseline treatment  [Z53 New enclosure treatment

0.55 ¢ a
a

0.50 | %
045 |

040 t

Follow-up treatment

0.35 | b
0.30 |
0.25 |

0.20 ¢

Predicted means (Proportion)

0.15

e
)
]

IR
5 )
et

2

g

0.10

i
o

Gl
F
Fed
f%%

5|

=
2
e

?.

o
e
45

T

S

L
B

o0

{ i
oteis
S

K
s
e

2
o

g
{5
ate!

0.05 ¢

<%
o
o
<,
SR
e
%

=
e

i

v
%
ate!
=

e
oot

oot

ad g a

5
e e

o

b

.
g
L
o
%

%I,
55
55

o

<

5 Egm
oo
4

4

B I, ol o

0.00

Object Inactivity Self- Socio- Socio- Travel Abnormal Hidden
Mlanipulation directed positive negative

Figure 8. Changes in levels of recorded behaviouegross three reconstruction treatments (Baseline,éw
enclosure and Follow-up) of the orphan group at theutdoor Johannesburg Zoo chimpanzee exhibit,
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Discussion

The aim of this study was to examine the respoafego chimpanzee groups to
long-term spatial restriction as the result of theonstruction of their enclosures and relate
the observed responses to the existing modelspifigavith spatial restriction in the
literature. The results of my study provide mixeggort for both the ‘tension-reduction’ and
‘conflict-avoidance’ models proposed as part o¥dgal’s (1989) coping model, but no
evidence for the ‘density-intensity’ model.

The tension-reduction model suggests that prineigage in positive social
interactions as a means of placating others anéltlggoreventing aggressive outbursts (de
Waal, 1989). Were this the case, relatively smalirenments should lead to higher levels of
socio-positive interactions when compared to laggetironments. In my study, the responses
of both chimpanzee groups to spatial change itheéoor enclosures provide some support
for this idea. Both groups displayed significaritlgher levels of socio-positive behaviour in
their old, smaller outdoor enclosures than in the rlarger enclosures. Enclosure novelty
can influence primate behaviour (Nash & Chilton3@Pand the novelty effect of the larger
outdoor enclosures was clearly evident in thisyst&ar both the orphan and family groups,
behaviours that differed between treatments shanggnificant change between the new
enclosure and follow-up outdoor treatments. Thisnisurprising as both the qualitative and
guantitative changes in the outdoor housing wastaunbal. Novelty aside, both groups
appear to conform to the tension-reduction modedwtonsidering the outdoor enclosures.

The responses of the orphan group in the indodosuares also appear to support the
tension-reduction model as the orphans exhibitegisocio-negative behaviour and higher
socio-positive behaviour during the indoor recamdion treatment, when compared to the
baseline treatment. However, when examining theabMevels of social and non-social
behaviours, it is clear that the orphan group iesily exhibited low levels of social
behaviour, suggesting that a conflict-avoidancategyy may be more likely. The conflict-
avoidance model suggests that individuals may prteaggression by avoiding social
interaction completely, favouring non-social beloavs (Videan & Fritz, 2007). In the case
of the orphans, the lack of significant changemactivity and self-directed behaviour during
reconstruction do not support the conflict-avoidanwdel, suggesting that while levels of
socio-positive behaviour were low, the chimpanztifisutilized a tension-reduction strategy.
In contrast, the behaviour of the family group seémconform to a conflict-avoidance

strategy, evidenced by no change in socio-negagbaviour, more abnormal behaviour and
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inactivity and lower socio-positive, travel and et manipulation behaviour during the
indoor reconstruction treatment compared to basefelf-directed behaviour was also
significantly lower during the indoor new enclostreatment, which conforms to the
expected outcomes of the conflict-avoidance model.

The family group also displayed higher levels @ativity and lower socio-positive
and object manipulation in the indoor new enclostgatment. Concurrent outdoor new
enclosure treatment inactivity levels showed a significant decrease and object
manipulation and travelling were significantly gieerathan baseline levels suggesting
increased activity, potentially explaining the esponding increase in indoor inactivity.
Environmental enrichment should, at the very least)lenge animals to maintain their
physical strength (Young, 2003) and enriched nésti@designs offer more physically
challenging environments than do comparativelydraanclosures. Enrichment is known to
increase activity levels of animals (Horses: Witisdtial., 1996; Polar bears: Altman, 1999;
Chimpanzees: Celét al., 2003; Frogs: Hurmet al., 2003) and the chimpanzees may have
experienced increased fatigue indoors during theerelosure treatment due to increased
activity in the outdoor enclosures at the same.time

The decreased self-directed behaviour during thkasrs’ indoor reconstruction
treatment may have been the consequence of ovartppphaviour categories because self-
directed behaviour and abnormal behaviour are ec¢ssarily mutually exclusive of one
another. Conflict behaviour in free living chimpaes is often displaced in the form of a
variety of self-directed behaviours, including sstfatching, rocking back and forth,
masturbation and ineffective autogrooming (Walld&,9). Qualitative behavioural changes
are associated with environmental changes (Cletre, 1982a; Rumbaugh, 1988) and such
changes in the intensity or frequency of self-deddehaviours leading to pathological
consequences, such as self-scratching or groorasuiting in hair loss (Cooke & Schillaci,
2007), may result in them being reclassified asabal by observers.

In both the orphan and family groups, abnormal teehe appeared to be important
with regard to spatial change as both groups sha@asgnificant increase in abnormal
behaviour during the indoor reconstruction treatin€his was most likely a result of the
spatial restriction experienced by the chimpanzeesg the reconstruction period as
alternative explanations are not satisfactoryhindase of the family group this may have
been the result of construction noise, but twodiokevidence suggest that this is an unlikely
explanation. Firstly, previous work on other sps@aggests that prolonged exposure to

noise does not necessarily cause animals to ssetteGiant pand#sluropoda
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melanoleuca were relatively unaffected by demolition and comstion noise from near their
enclosure, only showing minor seasonally mediatetisol elevation and increased
stereotypy in only one individual (Powetlal., 2006). Feeding in yellow babooRapio
cynocephalus was more stressful than prolonged exposure to tridusoise at levels over

100 dB at 2KHz, which did not invoke a significatitess response (Turkkanal., 1984).
Secondly, habituation to noise is possible, resglin a lowered stress response to noise over
time (Babisch, 2003). The exposures of the parmml#fsetdemolition and construction noise
were over a three month period (Povetidl., 2006) and the baboons eight hours a day for up
to four months (Turkkaet al., 1984), both showing some habituation to the ndike
construction period in my study lasted three mosthd is likely that the family group also
habituated to the noise of the reconstruction. Tthesincrease in abnormal behaviour in the
family group is unlikely to have been a resultleé tonstruction noise near their enclosure.

In the orphan group, abnormal behaviour levels e been related to the housing
location. The animals were housed at the zoo halspih environment the animals may have
associated with past stressful veterinary procedasehese may be a source of stress
(Morgan & Tromborg, 2007). Thus, animals may |lgarassociate the veterinary
environment with negative stimuli, exemplified byg$ which exhibit graded fear responses
to veterinary examinations based on previous veeyiexperiences (Doring al., 2009).
However, as with the family group, the orphans weresed at the hospital for an extended
period of time and thus are likely to have habidab their environment, especially as they
were not subjected to invasive or painful vetegr@nocedures during their time at the
hospital, suggesting that the increased abnornte\beur was more likely a product of the
spatial restriction they experienced relative tirtprevious housing.

In both cases, it appears that the abnormal behaslzserved may have been more
related to the crowding experienced under the rgcoction treatment. Both groups showed
a significant increase in abnormal behaviour, setigg that the physical environment played
little role in this reaction. In addition, the saimg method used may have under-estimated
levels of abnormal behaviour as instantaneous sagusl not the most effective method for
recording brief behaviours (Martin & Bateson, 1986¢h as hair plucking or self-injurious
behaviour. Nonetheless, crowding itself is knowiecstressful (Honess & Marin, 2006a;
Morgan & Tromborg, 2007) and these results couplgh similar outcomes in other studies
(Calhoun, 1962; Elton & Anderson, 1977; Clasgkal., 1982b; Nieuwenhuijsen & de Waal,
1982; Judget al., 2006) suggest that abnormal behaviour may occanimals as one of the

outlets for the stress experienced under crowdihg evidence provides support for the
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coping hypothesis (Rushen, 1993), suggesting taesabnormal behaviours function as a
means of coping with stress. Concurrent physioldgad behavioural measures of stress
could be used in future studies to further inveggdhow abnormal behaviour functions in the
context of spatial crowding in primates.

The lack of clear patterns seen in the indoor enrkotreatments in response to
crowding may be related to the degree of crowdkmeaenced by the chimpanzees, which
experienced two changes in housing (space). Endmaderson (1977) reported on a
gradual decrease in space in a group of olive haband found inconsistent changes in
social behaviour with the reductions in space. Miaaye suggested that the strategy used by
primates in response to crowding may be relatede@mount of time spent under the
crowding condition (Aurelet al., 1995; Aureli & de Waal, 1997). In addition, thesults of
my study and those of Elton and Anderson (1977yssigthat the degree of crowding may
also influence the behavioural responses primateibi¢ to spatial crowding.

It is intriguing that the overall levels of soci@haviour exhibited were very different
between the two groups. The orphan group showesistently lower levels of socio-positive
behaviour and higher levels of inactivity than tha$ the family group. The orphan group
had a 2:1 male biased sex ratio which may havdtegsin lower levels of social bonding and
social behaviour. High numbers of females withimaal groups, as naturally occur in
chimpanzee groups, is thought to promote strongea-sex bonding (Connor & Whitehead,
2005). Adult male chimpanzees are typically lessaddhan adult females chimpanzees
under captive condition®ieuwenhuijsen & de Waal, 1982; Pers. Obs.) asindar
crowding study reported lower levels of groomingl gineater inter-individual spacing in all-
male groups of green monkeys than mixed sex gr(iaske & Mayeaux, 1992). In contrast
to males, adult female chimpanzee tend to formelaggooming cliques involving more
group members, than male-only cliques (Nakamur@3Rand chimpanzee females appear to
utilize affiliative interactions to minimize stredsrring periods of long-term crowding
(Videan & Fritz, 2007). Thus, a lower number of tdas within the orphan group may have
lead to lower recorded levels of social behavibantin the family group.

The time spent in the respective groups may hbseeiafluenced the levels of
recorded social interaction. The family group hadrbtogether in excess of 15 years whereas
the orphan group had only been together for apprately six years at the time of the
reconstruction. In addition, the orphan group weqeosed to frequent introductions of new
individuals during group formation. Social changes associated with increased levels of

aggression in Bolivian squirrel monkeys (WilliamsAfee, 1988) and chimpanzees (Baker
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et al., 2000). The histories of the individuals withiretbrphan group were not known but
chimpanzees removed from their mothers at an egeyexhibit poor social skills (Reimers
et al., 2007) and past experience is known to have attedih primates responses to social
manipulations (Honess & Marin, 2006a). Any abusmaltreatment of the orphan
individuals prior to their arrival at the JohannegbZoo would also be likely to have
hindered their ability to form social bonds withire group. Novalet al. (1992) suggested
that social cohesion and past experience may imfki¢ghe responses of primates to
environmental change and this study provides ewelén support this notion.

The procedure described in my study was initiatét welfare concerns in mind.
Simple enrichments, such as novel objects (BreStde, 1998) or feeding devices (Celli
al., 2003) have been shown to be effective enrichrsigategies for chimpanzees. Similarly,
large-scale environmental change, as experiencéldebghimpanzees in my study, have
beneficial welfare outcomes for captive chimpanZ€aarkeet al., 1982b), hanuman langurs
Presbytis entellus (Little & Sommer, 2002and callitrichid monkeys (Common marmosets
Callithrix jucchus and cotton-top tamariraguinus oedipus. Chamove & Rohrhuber, 1989).
Significantly lower levels of abnormal (in the fdyngroup only) and self-directed behaviour
and higher levels of object manipulation and traneghe new enclosures suggest that both
chimpanzee groups experienced better welfare inéleoutdoor exhibits than in the old
ones. Another important welfare effect of the cleaimgenclosure is that both groups were
recorded as ‘hidden’ more in the new enclosures thahe old enclosures. Visual isolation is
important for captive chimpanzees (Bettingeal., 1994) and a lack of retreat space is
considered a source of stress for captive anilvddsgan & Tromborg, 2007). However,
whether the recorded changes reflect the motivatdrthe chimpanzees or merely difficulty
in observing them is not clear.

From my results, it is clear that there is evidetoacsupport both the tension-reduction
and conflict-avoidance models of coping with sgatrawding while no support was found
for the density-intensity model. The patterns obséthere appear to be complicated by a
variety of factors including novelty effects, enetig demands, past experience and social
group cohesion. However, the results also sugbgasabnormal behaviour may offer an
alternative outlet for the stress experienced lopgaes under spatial crowding. Future
studies should test whether abnormal behavioureslgstic outlet for crowding stress and
should focus on measuring physiological correlafestress under these conditions.



44

References

Altman, J. D. 1999. Effects of inedible, manipukabbjects on captive beadsurnal of
Applied Animal Welfare Science, 2, 123.

Anderson, B., Erwin, N., Flynn, D., Lewis, L. & Emy J. 1977. Effects of short-term
crowding on aggression in captive groups of pigtahkeys acaca nemestrina).
Aggressive Behavior, 3, 33-46.

Arey, D. S. & Edwards, S. A. 1998. Factors influegcaggression between sows after
mixing and the consequences for welfare and pramludtivestock Production
Science, 56, 61-70.

Aureli, F. & de Waal, F. B. M. 1997. Inhibition ebcial behavior in chimpanzees under
high-density conditionsAmerican Journal of Primatology, 41,213-228.

Aureli, F., Van Panthaleon Van Eck, C. J. & VeenghhaC. 1995. Long-tailed macaques
avoid conflicts during short-term crowdingggressive Behavior, 21,113-122.

Babisch, W. 2003. Stress hormones in the researciamliovascular effects of noi$éoise
and Health, 5, 1-11.

Baker, K. C. & Easley, S. P. 1996. An analysisagjurgitation and reingestion in captive
chimpanzeesApplied Animal Behaviour Science, 49,403-415.

Baker, K. C., Seres, M., Aureli, F. & de Waal, F.NB. 2000. Injury risks among
chimpanzees in three housing conditiolserican Journal of Primatology, 51,161-
175.

Bettinger, T., Wallis, J. & Carter, T. 1994. Sphsialection in captive adult female
chimpanzee<Zoo Biology, 13,167-176.

Blanc, F. & Thériez, M. 1998. Effects of stockingngity on the behaviour and growth of
farmed red deer hind8pplied Animal Behaviour Science, 56, 297-307.

Blanc, F., Theriez, M. & Brelurut, A. 1999. Effeaitmixed-species stocking and space
allowance on the behaviour and growth of red destshand ewes at pasturgplied
Animal Behaviour Science, 63,41-53.

Blanchard, R. J., Blanchard, D. C. & Flannelly,JX1985. Social stress, mortality and
aggression in colonies and burrowing habitBehavioural Processes, 11, 209-213.

Brent, L. & Stone, A. 1998. Destructible toys asi@ment for captive chimpanzedsurnal
of Applied Animal Welfare Science, 1, 5.

Caine, N. G. & O’Boyle, V. J. J. 1992. Cage desagd forms of play in Red-bellied
tamarins Saguinus labiafus. Zoo Biology, 11,215-220.



45

Calhoun, J. B. 1962. Population density and sga#tology.Scientific American, 206,139-
148.

Celli, M. L., Tomonaga, M., Udono, T., Teramoto, & Nagano, K. 2003. Tool use task as
environmental enrichment for captive chimpanzégglied Animal Behaviour
Science, 81,171-182.

Chamove, A. S. & Rohrhuber, B. 1989. Moving catiitid monkeys from cages to outside
areasZoo Biology, 8, 151-163.

Clarke, A. S., Juno, C. J. & Maple, T. L. 1982ahB8eaoral Effects of a Change in the
Physical Environment: A Pilot Study of Captive CpamzeesZoo Biology, 1, 371-
380.

Clarke, A. S., Juno, C. J. & Maple, T. L. 1982bhBeoral effects of a change in the
physical environment: A pilot study of captive cipamzeesZoo Biology, 1, 371-380.

Clarke, M. R. & Mayeaux, D. J. 1992. Aggressive affdiative behavior in green monkeys
with differing housing complexityAggressive Behavior, 18,231-239.

Connor, R. & Whitehead, H. 2005. Alliances Il. Raté encounter during resource
utilization: a general model of intrasexual alliarformation in fission-fusion
societiesAnimal Behaviour, 69,127-132.

Cooke, C. M. & Schillaci, M. A. 2007. Behaviorakponses to the zoo environment by white
handed gibbon#pplied Animal Behaviour Science, 106,125-133.

Cordoni, G. & Palagi, E. 2007. Response of capgtmeland gorillas Gorilla gorilla gorilla)
to different housing conditions: Testing the aggi@s-density and coping models.
Journal of Comparative Psychology, 121,171-180.

Crawley, M. J. 2007The R Book. John Wiley & Sons, Ltd: Chichester, England.

de Waal, F. B. M. 1989. The myth of a simple relatbetween space and aggression in
captive primatesZoo Biology, 8, 141-148.

Demaria, C. & Thierry, B. 1989. Lack of effectsasfvironmental changes on agonistic
behaviour patterns in a stabilizing group of stusiipti macaquesVacaca
arctoides). Aggressive Behavior, 15, 353-360.

Doring, D., Roscher, A., Scheipl, F., Kiichenhoff,&Erhard, M. H. 2009. Fear-related
behaviour of dogs in veterinary practidée Veterinary Journal, 182,38-43.

Drickamer, L. C. 1973. Semi-natural and enclosedigs ofMacaca mulatta: A behavioral
comparisonAmerican Journal of Physical Anthropology, 39, 249-254.

Elton, R. H. & Anderson, B. V. 1977. The social beiour of a group of baboonBdpio

anubis) under artificial crowdingPrimates, 18, 225-234.



46

Erwin, N. & Erwin, J. 1976. Social density and agggion in captive groups of pigtail
monkeys KMacaca nemestrina). Applied Animal Ethology, 2, 265-269.

Goodall, J. 1986The chimpanzees of Gombe: Patterns of behaviour. Harvard University
Press: Cambridge.

Honess, P. E. & Marin, C. M. 2006a. Behavioural phgsiological aspects of stress and
aggression in nonhuman primatisuroscience & Biobehavioral Reviews, 30, 390-
412.

Honess, P. E. & Marin, C. M. 2006b. Enrichment agdression in primatebleuroscience
& Biobehavioral Reviews, 30,413-436.

Hurme, K., Gonzalez, K., Halvorsen, M., Foster,gore, D. & Chepko-Sade, B. D. 2003.
Environmental enrichment for dendrobatid frogmurnal of Applied Animal Welfare
Science, 6, 285 - 299.

Judge, P. G. & de Waal, F. B. M. 1993. Conflictidamce among rhesus monkeys: coping
with short-term crowdingAnimal Behaviour, 46,221-232.

Judge, P. G. & de Waal, F. B. M. 1997. Rhesus mpbkdaviour under diverse population
densities: coping with long-term crowdin@nimal Behaviour, 54, 643-662.

Judge, P. G., Griffaton, N. S. & Fincke, A. M. 20@®nflict management by hamadryas
baboonsPapio hamadryas hamadryas) during crowding: a tension-reduction
strategy American Journal of Primatology, 68, 993-1006.

Li, C., Jiang, Z., Tang, S. & Zeng, Y. 2007. Infhee of enclosure size and animal density on
fecal cortisol concentration and aggression in Panad's deer stag&eneral and
Comparative Endocrinology, 151,202-209.

Little, K. A. & Sommer, A. 2002. Change of enclosum langur monkeys: Implications for
the evaluation of environmental enrichmetuo Biology, 21,549-559.

Maestripieri, D., Schino, G., Aureli, F. & Troigh. 1992. A modest proposal: displacement
activities as an indicator of emotions in prima#smal Behaviour, 44,967-979.

Maple, T. L. & Finlay, T. W. 1989. Applied primatmy in the modern zo@oo Biology, 8,
101-116.

Marriott, B. M. & Meyers, D. M. 2005. Effects oftated enclosure size and substrates on
squirrel monkeysSaimiri sciureus sciureus) behaviourJournal of the American
Association for Laboratory Animal Science, 44, 15-19.

Martin, P. & Bateson, P. 198Bleasuring Behaviour. Cambridge University Press:
Cambridge, England.



47

McBride, G. 1971. Theories of animal spacing: Tole of flight, fight and social distance.
In: Behaviour and Environment: The Use of Space by Animals and Men (Ed. by Esser,
A. H.). New York: Plenum Press.

Morgan, K. N. & Tromborg, C. T. 2007. Sources @éss$ in captivityApplied Animal
Behaviour Science, 102,262-302.

Nakamura, M. 2003. 'Gatherings' of social groonangpng wild chimpanzees: implications
for evolution of socialityJournal of Human Evolution, 44,59-71.

Nash, L. T. & Chilton, S.-M. 1986. Space or noveltiffects of altered cage size on Galago
behavior. American Journal of Primatology, 10, 37-49.

Nieuwenhuijsen, K. & de Waal, F. B. M. 1982. Effeof spatial crowding on social behavior
in a chimpanzee colon¥oo Biology, 1, 5-28.

Novak, M. A., O'Neill, P. & Suomi, S. J. 1992. Adjments and adaptations to indoor and
outdoor environments: Continuity and change in gpadult rhesus monkeys.
American Journal of Primatology, 28,125-138.

Ogden, J. J., Finlay, T. W. & Maple, T. L. 1990.r(Ba adaptations to naturalistic
environmentsZoo Biology, 9, 107-121.

Powell, D. M., Carlstead, K., Tarou, L. R., Brown L. & Monfort, S. L. 2006. Effects of
construction noise on behavior and cortisol lewels pair of captive giant pandas
(Ailuropoda melanoleuca). Zoo Biology, 25, 391-408.

Raab, A., Dantzer, R., Michaud, B., Mormede, PghEauti, K., Simon, H. & Le Moal, M.
1986. Behavioural, physiological and immunologimahsequences of social status
and aggression in chronically coexisting residettdider dyads of male rats.
Physiology & Behavior, 36,223-228.

Reimers, M., Schwarzenberger, F. & Preuschoft0872Rehabilitation of research
chimpanzees: Stress and coping after long-termtisol. Hormones and Behavior,
51,428-435.

Reinhardt, V. 2005. Hair pulling: a revielaboratory Animals, 39, 361-369.

Reinhardt, V. & Rossell, M. 2001. Self-biting ingead macaques: Cause, effect, and
treatmentJournal of Applied Animal Welfare Science, 4, 285 - 294.

Ross, S., Wagner, K., Shapiro, S., Hau, J. & LuKag011. Transfer and acclimatization
effects on the behaviour of two species of Afrigaeat apeRan troglodytes and
Gorilla gorilla gorilla) moved to a novel and naturalistic zoo environment

International Journal of Primatology, 32, 99-117.



48

Ross, S., Wagner, K. E., Shapiro, S. J. & Haupd02Ape behavior in two alternating
environments: comparing exhibit and short-term imgcareasAmerican Journal of
Primatology, 72, 951-959.

Rumbaugh, D. M. 1988. Cage design attenuates gipplierns of male chimpanze&so
Biology, 7, 177-180.

Rushen, J. 1993. The 'coping’ hypothesis of stgpepbehaviourAnimal Behaviour, 45,
613-615.

Sannen, A., Elsacker, L. V. & Eens, M. 2004. Effefcspatial crowding on aggressive
behavior in a bonobo colon¥oo Biology, 23, 383-395.

Schradin, C., Kénig, B. & Pillay, N. 2010. Reprotiue competition favours solitary living
while ecological constraints impose group-livingAifrican striped miceJournal of
Animal Ecology, 79,515-521.

StatSoft, . 2008. STATISTICA (Data analysis softevaystem).

Tacconi, G. & Palagi, E. 2009. Play behaviouralitacunder space reduction: social
challenges in bonoboBan paniscus. Animal Behaviour, 78,469-476.

Tiefenbacher, S., Novak, M. A., Marinus, L. M., GeaW. K., Miller, J. A. & Meyer, J. S.
2004. Altered hypothalamic-pituitary-adrenocortiftaiction in rhesus monkeys
(Macaca mulatta) with self-injurious behavioRsychoneuroendocrinology, 29, 501-
515.

Turkkan, J. S., Hienz, R. D. & Hatrris, A. H. 198&%vel long-term cardiovascular effects of
industrial noisePhysiology & Behavior, 33,21-26.

Videan, E. N. & Fritz, J. 2007. Effects of shomddong-term changes in spatial density on
the social behavior of captive chimpanzedean(troglodytes). Applied Animal
Behaviour Science, 102,95-105.

Wallace, R. A. 1979nimal behaviour: Its devel opment, ecology and evolution. Goodyear
Publishing Company: Santa Monica, California.

Walsh, S., Bramblett, C. A. & Alford, P. L. 1982.\&cabulary of abnormal behaviors in
restrictively reared chimpanzeésnerican Journal of Primatology, 3, 315-319.

Williams, L. E. & Abee, C. R. 1988. Aggression witfixed age-sex groups of Bolivian
squirrel monkeys following single animal introduets and new group formations.
Zoo Biology, 7, 139-145.

Winskill, L. C., Waran, N. K. & Young, R. J. 1996he effect of a foraging device (a
modified "Edinburgh Foodball’) on the behavioutlad stabled horsépplied Animal
Behaviour Science, 48, 25-35.



Young, R. J. 200&Environmental enrichment for captive animals. Blackwell Publishing:
Oxford.

49



50

Chapter 3. Boxed in - Past spatial experience det@ines

future spatial decisions in captive chimpanzees

Abstract

A common environmental enrichment practice in zedke redesign and
reconstruction of enclosures from small, barreriamuces to larger, naturalistic enclosures.
While apes are known to display distinct spaceamkenvironmental preferences, most
evaluations of new enclosure efficacy have notieitlyl investigated space use. The
chimpanzee enclosure at the Johannesburg Zoo, 8fnth, was remodelled and enlarged
to 25x the original enclosure size in 2004, whiobvded the opportunity to investigate how
the chimpanzees used the new space in relatidretprevious housing five years after the
reconstruction. The behaviour, space use and supgmacing patterns of the chimpanzees
were recorded and examined in relation to varie$ofs of the new enclosures as well as the
dimensions of the previous enclosure (13).Mhe chimpanzees displayed two patterns of
spatial limitation. Firstly, space use was limitedhe region of the enclosure which
corresponds directly to the previous housing sp&eeondly, the dimensions of subgroup
formations matched the dimensions of their origh@lsing on 98% of all observations. This
pattern of subgroup spacing was non-random andtiexplained by other candidate
predictors such as social and thermal conditiomispablic interaction effects. The
chimpanzees appear to display patterns of spadeassel on the dimensions and location of
the previous enclosures. These patterns of spa&ceppear to be a form of spatial learned
helplessness, a spatio-cognitive deficit (SCD) ltegufrom the uncontrollable change in the

spatial environment.
Introduction

Captive animals are frequently subject to uncolabbt, inappropriate conditions of
both the social and physical environment (Judgee8\thal, 1993) which may compromise
their welfare (Morgan & Tromborg, 2007). In respensedesign and reconstruction of
enclosures to create more ‘naturalistic’ environtaés often utilized as a form of

environmental enrichment (Little & Sommer, 2002he$e enclosures, typically comprising
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elements of the natural environment, are design@tt¢ourage natural behaviour (Novak et
al., 1992).

Naturalistic enclosure designs are considered teebeficial for animal welfare
(Maple & Finlay, 1989; Ogden et al., 1990). Therefanany studies have investigated the
effects of such enclosure changes on behaviouwlinfynthat naturalistic enclosures
discourage abnormal behaviour and promote moregaldieahavioural patterns (Clarke et al.,
1982; Novak et al., 1992). Animals frequently eregagnovel behaviours (Chang et al.,
1999) once released into naturalistic enclosurds@adily engage with the novel substrates
therein (Marriott & Meyers, 2005).

Providing captive animals with additional spacansikely to be effective unless the
space is used appropriately (Young, 2003) andttinere is a need to assess how animals
transferred to new environments use the spacegedvPost-occupancy evaluations of zoo
enclosures seek to systematically determine tlee@feness of new enclosures in zoo
environments with regard to the behavioural effects&nimals, functionality for keepers and
the perceptions of the public (Maple & Finlay, 198¢élling & Gaalema, 2011). Post-
occupancy studies have been conducted on a vafispecies, locations and enclosure types
(e.g. Wilson et al., 2003). However, there are &spects of post-occupancy evaluation that
have been largely overlooked. Firstly, noveltyikelly to initially influence behaviour in the
new enclosures (Nash & Chilton, 1986; Ross e®@ll,1a) but most studies have investigated
behavioural changes relatively soon after releatsethe new enclosure. Secondly, despite
the need for rigorous assessments of enclosurgrde@iaple & Finlay, 1987; Kelling &
Gaalema, 2011), post-occupancy evaluations haweséactypically on abnormal behaviour
(e.g. Little & Sommer, 2002) or visitor and caregiperceptions of the design rather than the
effect on the animals it houses (Wilson et al.,30®ith little focus on the space use of
animals following a transfer to a new environment.

The type of enclosure in which an animal is hous#éiddetermine the space use of
the animal (Wesley Burgess, 1980) but there iagling assumption that animals will use
enclosure spaces homogenously (evidenced by Giaide 1982). However, space use in
captivity is likely to be affected by intrinsic fimes such as the enclosure size and structure as
well as the social environment (Estevez & Christn2806). For example, the availability of
shade is likely to influence behavioural thermotation (Barton et al., 1992). Moreover,
much of animal spacing is governed by inter-indiabdistances and personal fields
(McBride, 1971) and space use is therefore infledrxy sociality (e.g. primates: McCowan

et al., 2008). External factors, such as the prsehthe visiting public in zoos, may
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influence space use as well (Mallapur et al., 2@0®) great apes in particular appear to
prefer spaces where they receive human interactoss & Lukas, 2006). Thus, the quality
of an animal’s enclosure may be more important tharquantity of space provided (Morgan
& Tromborg, 2007) as particular environmental feasumay be important in driving space-
use patterns.

One group of studies by Ross and colleagues haafigally examined the space
use of apes in captivity, with regard to environtaénomplexity and size. Ross & Lukas
(2006) examined the use of vertical tiers withinradoor exhibit by chimpanze&&an
troglodytes and Lowland gorillassorilla gorilla gorilla and found that both apes showed
distinct preferences for particular tiers as wslparticular physical features of the enclosure,
including doorways and enclosure corners. Rosk €@09) applied electivity indices to
examine how the same ape groups engaged with enwinatal features in a new housing
condition, relating observed enclosure featuregoegfces to those displayed in a previous
housing condition. They found that both chimpanzeetgorillas showed preferences for
environmental features, but that some of the peefes appeared to be specific to particular
enclosure designs (Ross et al., 2009). In a latelyon the same subjects, the chimpanzees
and gorillas effectively only used 3.2% and 1.5%haf three-dimensional space provided to
them in an indoor-outdoor enclosure, suggestingttieaapes were underusing the space
provided (Ross et al., 2011b).

Studies of other primate species have highlighimdar patterns of limited space
use. In one study, two groups of callitrichid moy&kécommon marmosets Callithrix jacchus
and cotton-top tamarins Saguinus oedipus respégtiwere transferred from small
enclosures (Marmosets: 3m x 2.1m x 1.4m; tamaBmsx 3.5m x 2.5m) to large outdoor
areas (Marmosets: several square kilometres of wpexdland; Tamarins: 45m x 27m
outdoor enclosure; Chamove & Rohrhuber, 1989). @eleased into their new enclosures,
both groups displayed notably limited space useiquéarly evident in the tamarins that
spent almost all their time within 3m of their pi@ys home cage, which was part of the new
enclosure (Chamove & Rohrhuber, 1989). Similanya istudy of space use in Lowland
gorillas, two hand-reared individuals consistedilplayed substantially more limited space
use in a large outdoor enclosure at the Cincirdai than their wild-caught
conspecifics(Hedeen, 1982; Hedeen, 1983).

It is curious that the tamarins described by Cham®WRohrhuber (1989) remained
approximately 3m from their home cage, the apprexéndimensions of the floor area of

their previous housing, as well as the fact thay ttemained close to their old home cage.
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Furthermore, the gorillas described by Hedeen (12823) that had been reared in spatially
limiting environments displayed notably limited spaise when released into their larger
outdoor enclosures whereas their wild-caught caziBpe did not display the same degree of
limitation. Both of these examples suggest thahpte space use may be influenced by past
experience as well as the features of the curmant@ment.

Based on the existing literature of primate postupancy space use, the works of
Ross and colleagues and the outcomes of the stoidi&samove & Rohrhuber (1989) and
Hedeen (1982; 1983), my study investigated theespae of a group of chimpanzees at the
Johannesburg Zoo Ape House in 2009, approximaiedyyears after the outdoor exhibit was
remodelled to a naturalistic design in 2004, amateehe observed patterns of space use to
the dimensions and location of the previous housithe chimpanzees. The new enclosure
was built in the location of the previous housimgieonment (see Chapter 2; Figure 1
below). | predicted that as chimpanzees appeaave Histinct preferences for environmental
features like doorways and corners (Ross & Luk@B862Ross et al., 2009), areas of the
enclosure that contained these features would & m®re frequently than other areas. | also
predicted that if the previous housing conditiod h#fected the space use of the
chimpanzees, in the same manner as describedefearnttarins above (Chamove &
Rohrhuber, 1989), the chimpanzees would use tleedrhe old enclosure more frequently
than other areas.

Observations conducted during two other studiethersame group of chimpanzees
(Chapters 4 & 5) suggested that the chimpanzeesaagg to be limiting their group spacing
patterns, forming consistently small subgroups ilespe large available space
(approximately 2 500mz2). As such, my study alsoeaito ascertain the subgroup spacing
patterns of the chimpanzees at the Johannesburd@e¢iouse and relate these patterns to
features of the enclosure environment, includiregeh visitor proximity, location within the

enclosure and social interactions, and the previousing condition.

Materials and Methods

Study subjects
The study subjects were a stable family grouphahpanzees, comprising four males

(Thabu: 26 years; Yoda: 17 years; Amber: 10 ye@hsirles: 2 years) and four females
(Daisy: 25 years; Zoe: 14 years; Lilly: 12 yeasycE: 6 years). The group had been housed

at the Johannesburg Zoo Ape House (hereafter eeféoras the Ape House) since birth, with
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the exception of one female, Lilly, who was oridipgart of a group of rescued orphan
chimpanzees from central Africa and temporarilydeslat the Ape House. She was
introduced into the existing family group in 20@&ven that this study was conducted in
2009, the group had been together in excess ofylmans. Prior to this investigation, both
chimpanzee groups were housed in a pair of outelociosures with an area of 10beach

and an adjoining indoor night room (see ChaptelBgse enclosures were reconstructed and

replaced by a large outdoor enclosure with an apprate total area of 2500niFigure 1).

Housing and husbandry

In the current study, the study subjects had acimea large outdoor enclosure
(approximately 2500 Figure 1), separated into two sections, approtétya 000ni and
1500nf respectively, by a dividing wall with a connectidgorway. The enclosure was
surrounded, on most sides, by 8m high walls, capptdelectrified fencing. All other sides
were surrounded by 4-5m wide moats with 1m highbtefeed fencing along the edge of the
moat and 30cm high fencing extending out of theewapproximately 2m from the moat
edge. Large trees, other vegetation, several laxges and logs were located in both outdoor
sections. The larger enclosure had a rock outctufevihe smaller enclosure had a three-
panelled reinforced glass viewing window oppodiie hiight room entrances as well as a
large plastic barrel and tube chained to treesh Batdoor enclosures offered free access to
water at all times. Several felled trees wereitethe enclosure as ‘natural’ climbing
structures. Access to two indoor night rooms wasiged through passages located in the
rear walls of the outdoor enclosures. One of thernight rooms had a large wooden
climbing apparatus, comprising several intercorgstetooden beams, from which a thick
rubberised hammock, a number of ropes and chaoha &ar tyre were suspended.

The feeding and husbandry regimes of the chimpanzseained constant throughout
the study. The chimpanzees were fed an assortrhémas twice daily and were provided
free access to water at all times. Their mornireglf@as scattered randomly throughout their
outdoor enclosures to encourage them to leaveigine rooms and use the full available
outdoor space. The chimpanzees had access tothdoor enclosure between 10h00 and
15h00 (16h00 on weekends), during which time keeped animal attendants cleaned the
night rooms. Similarly, their afternoon feed wasespl throughout the night rooms to
encourage the chimpanzees to return indoors fomitite.
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Figure 1. Outdoor housing area of the chimpanzee &ibit at the Johannesburg Zoo Ape House, South
Africa, drawn to scale. Blue dashed lines denote ¢hlocation and size of the original housing areaRed
dashed lines and large red letters denote zonatidnto eight unequally sized zones based on
environmental elements, generalized patterns of sha availability, access to water and proximity to @ao
visitors

Sampling technigue

Observation sessions were carried out on 47 ratydestected days from March 2009
to July 2009. Observations were conducted betw8bf@ and 16h00. During each sampling
session, the behaviour of the chimpanzees was sdrfgl 60 minutes, using an
instantaneous scan behaviour and spatial sam@aimique (modified after Martin &
Bateson, 1986). Samples were taken every five méand behaviour and space use data
were recorded simultaneously. The resulting datesisted of a 12 behavioural sample and
12 spatial sample record per observation sessibbbeRAavioural data were recorded

according to the categories described in Tablebhkse@ration sessions were classified into
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three time categories: morning (10h00-11h59), mydd2h00-13h59) and afternoon (14h00-
16h00).

Table 1. Definitions of behaviours sampled in thelémpanzee group at the Johannesburg Zoo, South
Africa

Behaviour Definition

Movement from one location to another, obviously not searching for food.
Included walking, running and climbing

Foraging Activity related to the searching for, manipulation or consumption of food or drink
Chasing aggressively (characterised by sneering, open and closed grins and
compressed lip faces. Usually associated with screams, barks and 'wraaa' calls;
Goodall, 1986) or fighting with one another. Included aggressive gesturing or
signalling. May be directed at the public as well

Affiliative behaviours such as social grooming and embracing directed at other
chimpanzees

Social play (Wrestling, playful biting and playful chasing characterised by a relaxed
face, possibly with a drooping lower lip, or a full play face. Usually silent but may
Play include soft grunts or hoots; Goodall, 1986), object play (Play directed at or
involving an inanimate object) and locomotor play (Solitary active play. Included
running, rolling, swinging or somersaulting)

Inactivity Resting, either standing or sitting down, or sleeping

Coprophagia/urophagia, self-mutilation, faeces throwing and hair plucking. Other
behaviours were scored as abnormal based on the context in which they occurred
Abnormal and whether they occurred repetitively (>3 times in succession; Jones et al., 2008).
These included nipple pulling, abnormal gait and posturing and chronic
masturbation

Locomotion

Socio-negative

Socio-positive

Public Attempts by the chimpanzees to engage with the public through the viewing
Interaction windows or fences
Hidden Chimpanzees were obscured from view or behaviour was not identifiable according
to the other categories listed
Spatial sampling

To improve accuracy, two spatial sampling methwdee used to record the location
of the chimpanzees in relation to the enclosueaah 5 minute time point: mapping and
photography. Firstly, the relative positions of tiempanzees were plotted on a scale map of
the enclosure. Due to inaccuracies in the relggostions of environmental features such as
trees and rocks on the maps, the relative distamegeen fixed landmarks in the enclosure
were measured and used to correct positional irdbam of chimpanzees on the maps. Only
corrected points plotted on the maps were useat@n dnalyses. Simultaneous to mapping
and behavioural sampling, photographs of the résfgechimpanzees were taken, using a
Kodak C613 set at 3X optical zoomhich were used to examine subgroup compositiods an

to help ground-truth the mapping technique.
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The mapping sampling technique was used to askéapanzee subgroups. A
subgroup was defined as any collection of two orarhimpanzees within a 10m radius of
one another. The 10m radius was used as this tedl¢ice dimensions of the previous
housing and little information exists on the spgadhnatural chimpanzee groups. The
influence of visual barriers were considered wheciding on the limits of subgroups and
possible interactions with the public, based onfithdings of Bettingeket al. (visual
separation was found to be important in managimggessgion and spacing in captive female
chimpanzees: 1994). Thus, individuals outside sfi@i range of one another were not
considered to be part of the same subgroup, regsrdif the relative distances between the
individuals concerned.

Excursions of individuals from subgroups were atsmrded as any movement of an
individual from and returning to the same subgrthai resulted in the individual exceeding a
distance of 10m from other subgroup members fanoee than five minutes. If the
excursion exceeded five minutes (the time to the s@mpling point), the individual was no
longer considered to be part of its original sulbgrand was not plotted on the map.
However, excursions occurred rarely (< 3% of alletvations) and were not considered for

further analysis.

Enclosure space-use patterns

To assess the enclosure space-use patterns, tbewravas divided into eight
unequally sized zones based on environmental fstgross patterns of shade distribution,
access to water and relative distances to thequlilie zonation is shown in Figure 1. For
time slots where the locations of all eight indivéds were marked on the map, or could be
determined by examining the photographs, zone atierps were recorded. Only time slots
where all eight chimpanzees were visible were tigsexhsure a full record of space use.
Because photographs were used in addition to thps neeassess locations of the individuals,
the recorded zone use patterns were used for suigyend for individuals scattered about
the enclosure. If two or more consecutive timessiaithin an observation session provided
locations for all individuals, every second timetsias discarded, to minimize
interdependence between time slots.

The resulting dataset of 82 time slots (approxitgade8 hours of data) was then used
to calculate the spread of participation index J$BIng a modified equation for unequal

zone size (Plowman, 2003). The index provides &mate of space-use bias by generating a
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value between 0 and 1, with O indicative of no spase bias (all zones used equally) and 1
suggesting extreme bias (all observations in omexd he SPI value for the chimpanzee
data was 0.43, suggesting a moderate degree a&-sigadbias, and so space-use was
interrogated further (see Data analysis).

Subgroup spacing patterns

If the previous experience of the group in theiaBer old enclosure was a potential
factor influencing the spacing of the chimpanzeeg, would expect that they would limit
their subgroup spacing to dimensions smaller thragaal to those of their previous housing
conditions. Based on this assumption, the subgfaumpations were classified according to
whether they were within or exceeded the origimadeshsions of their enclosure (a 10m x
10m square; refer to Figure 1) with a 1m edge &ffesulting in a 11 x 11m block. Thus
subgroups were compared against an 11m x 11m bidicklassifications were based on the
two-dimensional space occupation of the subgrosyosh that individuals in elevated
positions, such as trees, were still consideretdgiaubgroups on the ground below them,
provided they were in visual contact. If the sulugrdell within the 11m x 11m block it was
labelled as a ‘small subgroup’, otherwise if a solbig extended beyond the 11m x 11m
block, it was labelled as a ‘large subgroup’.

Proximity of chimpanzees to the public is thoughirntfluence chimpanzee behaviour
(Pedersoret al., 2005) which might have influenced subgroup forarapatterns. Similarly,
chimpanzees may use estimates of inter-individisshdce to determine group spacing. For
this reason, for all subgroups, the sum of the-imeividual distances of those chimpanzees
on the periphery of the group, with an additioral &dge effect (referred to as the ‘subgroup
polygon’), minimum inter-individual distance, maxiam inter-individual distance and
minimum distance to the public were recorded. lditaah, given the structural differences
between the two enclosure sections, | recordedhwdiithe sections the subgroup occurred
in and what proportion of the space (with a 1m eeffgct), of the relevant section the
subgroup occupied.

It is also possible that the observed patternsibfioup spacing may be the result of
the thermal conditions experienced by the chimpesze particular areas of the enclosure.
Thus, the weather conditions (sunny, cloudy or cast), the time of day when behaviours
were sampled (morning, midday or afternoon) anchtagimum temperature for that day

were recorded. The degree of available shade ierthi®sure was also recorded at the start
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of the observation session by visually estimatimgpercentage of the enclosure that was

shaded at the start of the session and classifismgegree of shade according to a 5-point
scale (1: 0-25% shade; 2: 25-50% shade; 3: 50-Tafdes 4: 75-100% shade; 5: overcast).
Furthermore, to provide an estimate of the poténtexperienced thermal conditions, each

subgroup formed was assigned a value accordirttetotlowing index:

whereSis the number of individuals in the shade &nig the number of individuals in direct
sunlight. Individuals were considered to be in gh&ény part of their trunk was shaded.
These measures of shade and sun utilization weredbmpared to the subgroup size
categories for each time slot. Overcast days weckided from this analysis so as to
minimize bias toward shade utilization, resultinghe omission of four days from the final

analyses.

Social influences on subgroup spacing

In order to determine whether social factors mlggngoverning subgroup spacing, the
individual composition of subgroups was assesskdtdgraphs were used to identify
individuals wherever possible to generate a reobslibgroup composition. All possible pair
associations were scored per subgroup, such tbatsedgroup composition was summarised
as a number of pairwise inter-individual associaio

In addition to recording which chimpanzees formebigsoups, | recorded the
individuals that were not part of the respectiveggoups. Thus, for every observation
session a matrix was generated with the numbemestthat every possible pair combination
of individuals occurred within a subgroup and thenber of times that each pair was not part

of a subgroup.

Data analysis
All analyses were conducted using Statistica @t&ift, 2008) unless otherwise

stated. All tests were two-tailed and test sigatifice was set at 0.05.
For all generalized linear model (GLZ) analysesponse variable states were
mutually exclusive (e.g. a subgroup either fitshivita 10m x 10m space or does not;
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therefore, it is either a large subgroup, or a korad, but cannot be both simultaneously),
and as such were coded as counts of the two gtatesmall or large subgroups) of the
variable in question. This resulted in a binomiagence/absence count for each variable. As
the data were coded as binary response varialdasragized linear models were used
because they do not assume a normal distributicen(€y, 2007). This binomial

presence/absence structure was then used as plomsesvariable in the GLZ analyses.

Enclosure space use

Following calculation of the spread of participatindex (SPI), space-use patterns
were examined by comparing the observed and expéetguencies of zone use for all time
periods (morning, midday, afternoon). Expecteddmwies were calculated based on the
area of each zone, assuming homogenous spaceamsesiZze was calculated using the scale
map and SimplePCI software (Compix). For both olediand expected frequencies, the
number of hits (number of times an individual wassent in the zone) and misses (number
of times an individual was not present in the zamel)e calculated. In addition to the
statistical analysis described below, zone biascaézulated, for all the data pooled and for
individual time periods, by subtracting the expddtés from the observed hits and was
plotted graphically (Appendix 1 and Appendix 2).

Space-use records were analysed using a GLZ vinthaaial error structure and
logit link function. The time of day (morning, midg, afternoon), zone (A-H; Figure 2) and
frequency type (observed, expected) were usedtegarécal predictors, while the binomial
counts of hits and misses per zone was used asgpense variable. In order to directly
address the aims of the study, only the appropsitend-order and third-order interaction
effects were examined in detail. Significant difieces within the second-order and third-
order effects were identified througkestimate coefficients and confidence intervals ared
reported as significant fgr< 0.05.

Subgroup spacing null model

To determine whether the number of small subgrovgssrandom, | generated a
randomized null model using Monte Carlo sequenodscampared this to the number of
observed small subgroups. The comparison was twoegh a 1000 iteration randomization

test. The outcome of the randomization test suggesiat the observed subgroups formation
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was not random. In addition, | ran/atest to analyse whether the occurrence of smdll an

large subgroups differed from chance.

Behavioural effects on subgroup spacing

The behaviour of an individual may influence tbeniation of subgroups of a
particular size. For example, behaviours suchlasgaboming require close spacing and thus
a small subgroup formation is more likely to ocadren subgroup members engage in such
activities. Alternatively, behaviours such as tthng are not likely to encourage tight
spacing as this might hinder movement. Thus, iriotal establish whether particular
behaviours were driving the formation of small dudje subgroups, | used a GLZ with a
logit link function and binomial error structurehd& behaviour (Table 1) was used as the
categorical predictor and the counts of occurrentdéisat behaviour in small and large
subgroups was coded as the binomial dependentniissent) response variahfe.
estimate coefficients and confidence limits weredu® assess specific differences between

first order (behaviour) effects and are reportedigsificant forp < 0.05.

Environmental effects on subgroup spacing

The effects of environmental and spatial factersabgroup spacing patterns were
examined using a backward-stepwise GLZ with a llngjt function and binomial error
structure. The variables examined were assigneat@iog to Table 25-estimate coefficients
and confidence limits were used to assess spelifferences between first order (time of
day, section of enclosure, subgroup type) and skeoatter (time of day*section of enclosure,
section of enclosure*subgroup type, time of daytgohp type) effects and are reported as
significant atp < 0.05. Significant continuous predictors were datesl to subgroup size

using a Spearman’s Rank Order Correlation.

Social effects on subgroup spacing

The data on pair formations were examined to ass®dal pair associations and non-
associations which might drive the formation ohtlg spaced subgroups. First, a cellwise
comparison using adjusted residuals in MatMawas run to identify social associations.
Following this, five significant social pair assaions were identified (i.e. individuals that
participated in subgroups more frequently than etqekby chance alone; Daisy: Joyce;

Daisy: Zoe; Daisy: Lilly; Zoe: Charles; Zoe: Joybereafter referred to as ‘key
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associations’) and 14 social pair non-associatfpesindividuals that participated together in
subgroups less frequently than expected by chdooe;arhabu: Daisy; Thabu: Joyce;
Thabu: Charles; Daisy: Yoda; Yoda: Joyce; Yoda:r@saYoda: Lilly; Yoda: Amber; Yoda:
Zoe; Zoe: Lilly; Zoe: Amber; Lilly: Amber; Amber:oyce; Amber: Charles). Based on the
identified key associations, | performed a serfesvo-tailedy” tests to assess the number of
times a pair was part of any sized subgroup congp@xe) the number of times they could
have been part of a subgroup, and ii) the timegrewips formed, regardless of subgroup size
in both cases.

Table 2. Factor distribution for the backward-stepwise Generalized Linear Model used to investigate
potential influences on subgroup formation in a grap of chimpanzees at the Johannesburg Zoo, South
Africa

Categorical Dependent
Predictor P . Continuous Predictor Variables
X Variable
Variables
Weather conditions at start of session
. (Clear or Cloudy; Overcast days were
Time of day S .
(Morning; sub ; excluded from analyses to minimize bias
anlng, UDErOUP tYPE | 4, vard shade utilization)
Midday; (Small; Large) - -
Maximum daily temperature
Afternoon) - -
Percentage available shade in enclosure at
start of session
Shade index
Minimum distance to the public
Section of Maximum inter-individual distance
enclosure Minimum inter-individual distance
Subgroup polygon (With 1m edge effect)
Proportion of enclosure section area used

In order to determine whether key associationsirpgedict the formation of small
subgroups specifically, we then ran a series oftailedy” tests to examine the following

relationship:

Key Association (Small Subgroups : Large Subgroups)

All subgroup formations (Small Subgroups: Large Subgroups)

For example, if a total of 14 small subgroups aar@e subgroups are recorded, while 6 of
the small subgroups and 2 of the large subgroupdbons involve key associations, a
comparison of the 6:2 key association subgroupgtand4:3 total subgroups was then

analysed using # test. This would suggest whether the proportiosnodll: large subgroups
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involving key associations differed to the ovepalbportion of small: large subgroups,

regardless of which individuals participated.

Results

Space use
Time of day (Wald = 15.13;p < 0.001), enclosure zone (Waft = 230.05p <

0.001) and frequency type (Walti = 38.97;p < 0.001) were all significant predictors of
zone use patterns. In addition, the time of daytenae zone (Walg?4 = 112.88p <

0.001), time of day*frequency type (Wafth = 15.11;p < 0.001) and enclosure
zone*frequency type (Walyg% =221.23p < 0.001; Figure 2) interaction effects were
significant predictors of the zone use patternsieg0A and B were significantly overutilised
while zones D — H were significantly underutilisadelation to the expected patterns of
zone use based on the area of each zone (Figurégj}ime of day*enclosure
zone*frequency type (Walgf14 = 111.6;p < 0.001; Figure 3) was also a significant predictor
of the model outcomes with zones E, G and H sigafily underutilised in the morning,
zones E and H significantly underutilised aroundaay and zones C, D, F, G and H
significantly underutilised in the afternoon. Zoeand B were significantly overutilised

both at midday and in the afternoon (Figure 4).

Null model and subgroup size

The results of the Monte Carlo sequence null momlalomization test showed that
the observed patterns of subgroup formation weteammlom p < 0.0001). The resulting:
value is considered significant because it is meatgr than the level of significanae=
0.050) of the model (Onghena & Edgington, 1994y #rus the null hypothesis of no
difference between the treatments (small, < 11rfimm,Jand large, > 11m x 11m, subgroups)
is rejected. In addition, significantly more smalbgroups (1254 small subgroups) formed
than large subgroups (31 large subgroypss 752.26;p < 0.0001).

Behaviour

Behaviour was not a significant predictor of suhgr type (Wald?; = 0.059;p =
1.000; Figure 4), indicating that behaviours thatairaged or required smaller inter-
individual distances, such as socio-positive intgoas, like allogrooming, were not likely to

influence subgroup spacing.
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Figure 2. Observed and expected frequencies of zouse for eight zones in the chimpanzee enclosure at
the Johannesburg Zoo Ape House, South Africa. Badenote predicted means proportions while
whiskers denote confidence limits. Stars and bracke above bars denote significanty< 0.05) differences
between observed and expected zone use

Environmental and space factors

Time of day, section of enclosure and time of da&gtion of enclosure interaction
were not good predictors of subgroup size (Tahl&8je of the continuous predictor
variables were significant predictors of subgroize svith the exception of subgroup
polygon, which was weakly positively associatedwuiicreasing subgroup size (Spearman’s
Rank Order correlation: R = 0.21§8< 0.05) and minimum distance to the public, whics
weakly negatively associated with increasing subgrsize (Spearman’s Rank Order
correlation: R =-0.114 < 0.05; Table 3).
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Patterns of space use are represented for three tayperiods. Bars denote predicted means proportiorfsr

hits and misses in each zone while whiskers denatenfidence intervals. Stars and brackets denote

significant differences p < 0.05) between observed and expected counts
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Table 3. The output of a GLZ analysis, showing theffects of categorical and continuous predictorsdied
for the assessment of subgroup size for chimpanzeaisthe Johannesburg Zoo, South Africa. Variables
and test statistics in bold indicate significant pedictors of subgroup type. Statistics = Walg?

Continuous Predictor Variables

Parameters Statistics
¥ , | Time of day ¥2=0.128; p = 0.938
§’§ Section of enclosure le =0.01; p=0.997
& Time of day*Section of enclosure X22 =0.931; p=0.628
Weather conditions at start of session le =3.240; p = 0.072

Maximum daily temperature

N

X

1=0.993; p=0.319

Percentage available shade in enclosure at start of session

N

X

1=0.604; p = 0.437

Shade index

N

X

1=0.541; p=0.462

Minimum distance to the public X21= 5.114; p=0.024
Maximum inter-individual distance lez 1.137; p=0.286
Minimum inter-individual distance X21= 0.040; p =0.841
Subgroup polygon (With 1m edge effect) )(21= 3.963; p = 0.047

Proportion of enclosure section area used

N

X

1=1.232; p=0.267
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Social influences on subgroup formation and spacing

Five significant pair associations and 14 sigaificpair non-associations were
identified (1= 1437.33; Table 4). For the five key associatidhe,proportion of total
subgroups that formed was significantly differemthte proportion of subgroups in which the
pair participated (Daisy: Joygé, = 44.54p < 0.001; Daisy: Zog’; = 39.54p < 0.001;

Daisy: Lilly ¥* = 29.16,p < 0.001; Zoe: Charleg; = 34.97,p < 0.001; Zoe: Joycg =

31.84,p < 0.001). Thus, the frequency of participatiorsimall subgroups by key associations
did not match the frequency of small subgroup fdroms, indicating that key association

pair participation was not a good predictor of solig formation.

With the exception of one pair (Zoe: Chartgs;= 3.61,p = 0.057), the proportion of
small to large subgroups involving key associatMas significantly different from the
overall small to large subgroup formations (Daikyycey’; = 5.53,p = 0.019; Daisy: Zog*,
= 8.53,p = 0.004; Daisy: Lillyy*s = 25.7,p < 0.001; Zoe: Joycg, = 10.96,p < 0.001). This
suggests that the proportion of small to large sulygs that involved Zoe: Charles was

similar to the overall proportion of small to largebgroup formations.

Table 4. Z statistics for ay? using adjusted residuals used to examine associais between specific pairs
of chimpanzees at the Johannesburg Zoo, South Afac Bold Z values within grey cells denote significa
interactions and superscripts denote level of sigficance ¢ p < 0.05;?p < 0.01;% p < 0.001)

Non-associations (Pairs that formed less frequently than expected by chance)
Daisy Thabu Joyce | Charles Yoda Amber Lilly Zoe
Daisy -1.29 0.10 -0.48 -3.51 -8.61
% < g Thabu | -9.85 -0.76 | -2.54 | -2.60 | -3.49
S g § 8| Joyce -9.46 1.98 -0.90 -3.76
§ E 2 _% Charles | 155 -8.57 -1.10 1.35 -4.24
55 §g Yoda | -4.63 0.47 -6.83 -8.28
8y S S| Amber | -133 1.69 508 | -5.61 | -847
QEs % Lilly 0.18 -1.24 -3.90 -2.79 -6.02
Zoe 523 | 677 | -486
Discussion

My study aimed to examine the long-term effecta change of enclosure, from a
small (100M), barren enclosure to a large (25G)maturalistic enclosure, on the space use
and spacing patterns of a group of captive chimpasat the Johannesburg Zoo. The first
part of this study examined how the chimpanzeed tieespace in the new enclosure by
guantifying the number of times the chimpanzeeswéserved in each of eight zones and
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comparing the observations to expected frequemtizsne use based on zone size. | found
that the chimpanzees did not use the space homogignehowing a preference for zones A
and B. Space use also appeared to vary with tindayfwith the most evenly distributed
space use occurring in the morning, but middayadtetnoon periods were significantly
biased toward zones A and B, with all other zoresdunderused.

The chimpanzees biased space use to the zortes wicinity of the original 10m x
10m enclosures (see Figure 1). When the chimpanezesinitially released into the new
enclosures, the group that is currently housedeakbo was housed on the side of the
enclosure with zones A-D and this may explain wig/¢himpanzees preferentially use A
and B over E. Previous spatial environments apjee@fluence future patterns of space use
in gorillas (Hedeen, 1982; Hedeen, 1983) and dahitd monkeys (Chamove & Rohrhuber,
1989), and it appears that a similar effect maynbaencing the enclosure use patterns of the
chimpanzees. Because the daily feed for the chirgewas scattered throughout the
outdoor enclosure sections, it is unlikely thatltieation of food influenced the space use of
the chimpanzees. In addition, food was providehénmorning during which time the
chimpanzees displayed the most unrestricted spa&geyat the periods when the bias for
zones A and B was most pronounced was during tldagiand afternoon periods (non-
feeding times). | consider two other interpretasion the data below, but neither appear to
sufficiently explain the observed pattern of biaspace use within the enclosure.

On the one hand, the patterns of space use agpeanform to my prediction that the
chimpanzees would use spaces associated with dg®ama corners more than other areas.
Previous studies have found that chimpanzees éxhfeference for these areas (Ross &
Lukas, 2006; Ross et al., 2009), and zone B hasiwoways: a night room entrance and the
interconnecting doorway between the two enclosecéans. However, zone E has a similar
structure to zones A and B but has three doorwtay rfight room and one interconnecting),
and was consistently underused, suggesting thhapsithe attraction to doorways and
corners does not explain the overuse of zones Aand

One the other hand, captive apes prefer areaewihey can engage in human
interaction (Ross & Lukas, 2006), which they mapexence as enriching (Morgan &
Tromborg, 2007; but see: Wells, 2005; Carder & Sen008). If visitor presence is
enriching, then chimpanzees may be attracted te 2oss the large windows in the wall at
that location offered opportunities for close iaigrons between the chimpanzees and zoo
visitors and workers alike. However, this doeseaqgilain the overuse of zone B nor does it

explain why zones D, F, G and H, zones with extensiteractive and visual access to the
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public, were underutilized. Also, if the chimpangéeund visitor interactions stressful, one
would expect that neither A nor B would be overuasdboth provide open, constant visual
access to zoo visitors. Furthermore, zone B previidide cover to the chimpanzees and
chimpanzees are known to avoid open areas (@s 2009), suggesting that some other
aspect of the space is driving the observed pattern

| also investigated the patterns of subgroup sedisplayed by the chimpanzees
following observations that the chimpanzees appet@reonsistently form small subgroups
in the large outdoor enclosure. The formation gifitly spaced, small subgroups ( < 11m x
11m) was found to be non-random, with significamtlgre small than large ( > 11m x 11m)
subgroups forming, which was not predicted by olegbehaviour, time of day, enclosure
section, maximum daily temperature, shade avaitgbihe proportion of the total available
space being used or the maximum and minimum inixddual distances.

Minimum distance to the public and subgroup polyg@nme identified as significant
predictors of subgroup spacing patterns but dappear to explain the observed patterns of
subgroup spacing. Subgroup polygon was weakly ipeitassociated with subgroup size
while the minimum distance to the public but, |ladig, as subgroups form over a small area,
they are more inclined to have a smaller polygdwsT the relationship between these factors
does little to clarify the causality of small subgp formation.

Interestingly, the minimum distance to the pulbdieveakly negatively associated with
subgroup size, such that when the chimpanzeeschese to the public, they formed
subgroups over a larger area. Interactions withvzsitors are seen as vital to further
interests of zoos (Hosey, 2005), but evidence faorariety of studies suggests that such
interactions with the public are stressful for raman primates (Fernandeizal., 2009).

Yet, chimpanzees will voluntarily interact with tpablic for extended periods (Cook &
Hosey, 1995) and readily exchange objects with manflyatt & Hopkins, 1998),

suggesting that these interactions are not necégsasustressful for chimpanzees as for other
non-human captive primates. The chimpanzees akah@nnesburg Zoo interacted with the
public infrequently (2.5% of all observed behavipguggesting that this behaviour is not a
likely driver of subgroup spacing.

However, public interactions were usually througlgding behaviour and | suggest
that the formation of larger subgroups during sutéractions could function to reduce inter-
individual competition for food. Widely distributedsources are associated with lower
aggression levels (Honess & Marin, 2006) wheresisicted access to food can cause

increased aggression (Southwick, 1967) and thushimepanzees may increase their inter-
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individual spacing as a means of minimizing potraonflict. In nature, spacing and
territoriality in free-living chimpanzees appeasse driven by food dispersal and resource
competition (Williamset al., 2004) with subgroups forming in response to dispd
(Wittenberger, 1981) but not abundant resourcesgiRd 997).

When social factors were examined, none of theaspeir associations of
chimpanzees in my study were good predictors ofjsalp formations and only one pair of
individuals (Zoe: Charles) participated in smatbka subgroup formations at a similar
proportion as overall small:large subgroup fornraio/Nhile at first this suggests that the
presence of this pair might drive small subgrougcspy, the fact that no pairs were
associated with overall patterns of subgroup foiongbrecludes this possibility. In addition,
the Zoe: Charles subgroups (small - 228: large) -otturred at similar proportions to overall
small:large subgroup formations (small — 1254:dard31), but more small subgroups formed
in the absence of this pair than when they wersgurie Primate biology predicts that
sociality might determine spacing patterns as pensacieties are maintained through
complex dominance hierarchies (Judge & de Waal7)188d primates generally ascribe
great value to their social relationships (de Wa889). In addition, animal spacing patterns
tend to be governed by individual-specific rulegareling personal space (McBride, 1971)
and a study of macaqubtacaca mulatta found that social factors accounted for the sgacin
patterns of first to second nearest neighbours [@yd3urgess, 1980). Thus it is curious that
social factors did not explain the subgroup spaoirntpe chimpanzees.

Previous work on enclosure changes indicated thatganzees will not underuse the
new enclosures (Clarlat al., 1982) but little information exists on spacingtpens in free-
ranging chimpanzee groups in the literature. Howdvee-ranging chimpanzees typically
have large inter-individual distances (Jane Goo&ats. Comm.) and studies of free-ranging
populations have considered chimpanzees to beeisaime subgroup with inter-individual
distances of between 35m (Bates & Byrne, 2009)1&tun (Wrangham & Smuts, 1980),
considerably larger than the observed patternseaidhannesburg Zoo.

Thus, in the absence of more obvious explanatigm®pose a novel interpretation
for my findings. It occurs to me that the spati@haviour of the chimpanzees resembles a
form of learned helplessness. Learned helplesghelss the inability of a subject to
overcome a deferred controllable stressor follovergosure to an uncontrollable stressor
(Pettyet al., 1994). The LH hypothesis suggests that whendhetion of an individual to a
stimulus fails to generate an effect, it learng tha resulting outcomes are independent of its

actions (Overmier & Seligman, 1967; Selignehal., 1968) which then impedes learning
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that the response and outcomes are linked (Maigeldgman, 1976) when an influence over
the outcomes is possible (Maier, 1984). The ememehthe LH effect appears to be
contingent upon the initial stimulus being uncohatde (Seligmaret al., 1968), regardless
of whether the initial stimulus is benign, neuwahoxious (Seligman, 1972; Maier &
Seligman, 1976; Maier, 1980; Maier, 1984).

LH has been characterised by three criteria: Bjlare to react appropriately to a
stimulus, 2) difficulty learning that the individiaresponses to future stimuli may influence
the events, and 3) that these two effects arisgwmder conditions where the initial stimulus
is uncontrollable and when the stimulus is conaitdi (Seligman, 1972; Seligman &
Beagley, 1975). Evaluating my data against theserier points toward a learned
helplessness explanation. With regard to the dnigtrion, the chimpanzees displayed
consistently tight subgroup spacing as well axddacy to use the zones in the vicinity to
the original enclosure, despite the availabilityadérge space, similar to the escape failures
described for dogs (Seligman & Maier, 1967) and (Rtustyet al., 1990). This type of
reaction suggests an inability to learn that thewjous experience, limited available space
and associated restrictions on space use and sybgpacing in this case, no longer applies
in the larger enclosure, fulfilling the second eriibn. Controllability of the initial stimulus is
crucial to the onset of LH (Overmier & SeligmangI9Seligman & Maier, 1967; Seligman
et al., 1968; Seligman, 1972; Maier, 1984; Pettgl., 1994; Maier, 2001) but it was
impossible to generate a ‘controllable’ spatialrgeof this type for the chimpanzee group,
and thus, the third criterion (above) cannot bdieitly confirmed for the chimpanzee group.
However, the enclosure change was uncontrollablthteochimpanzees and thus, based on
existing LH literature, the chimpanzees appear ¢etrthe criteria for LH (personal
correspondence with Martin Seligman).

Curiously, the space-use bias and tight spacingat of the chimpanzees occurred
despite the fact that the larger enclosure was mgferred noxious stimulus. One might
argue that the chimpanzees experienced the laegpe §3 stressful, but they readily travelled
independently of one another throughout the enoboand the new enclosure had persistent
ameliorating effects on various stress-related aelias immediately after, and 10 weeks
following, the release into the new enclosures (f#ra2), suggesting that the new enclosures
were not overtly stressful. Instead, my study sstgthat the experience of the chimpanzees
in the previous restricted housing had limitedtipeirception of the space available to them,
resulting in, what | term, a spatio-cognitive daf(SCD). This SCD may be a previous

undescribed manifestation of LH, which requiresnogious stimulus for the LH effect to be
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evident. The SCD described here in the chimpanzéeers anecdotal descriptions of LH in
pike (pike placed into a tank with guppies, butssafed from the guppies by a glass batrrier,
failed to move through the full tank when the barwwas removed; Beasor, 2006) and fleas
(fleas placed into a closed jar initially jump lsaton stop, having learned the physical limits
on their locomotion due to the jar lid; Ziglar, B)Pas well as patterns of spatial limitation in
other primate species (Hedeen, 1982; Hedeen, I3&3nove & Rohrhuber, 1989).

In conclusion, the chimpanzees at the Johannegmadimited their space use in
their outdoor enclosure to areas in the vicinityhafir previous housing and formed tightly
spaced subgroups in the enlarged enclosure thabaexplained by several candidate
predictors. The observed patterns of spatial litiitaresemble the effects of learned
helplessness. These results may have importanicatiphs for captive animal welfare and
conservation, particularly when animals are tramsteto larger cages for enrichment or

relocated into nature, as occurs in many rehatiditeand re-release programs.
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Appendices: Space-use bias of a group of captiveigipanzees at Johannesburg Zoo
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Appendix 1. Overall patterns of bias in the spacese of a group of captive chimpanzee at the
Johannesburg Zoo, South Africa. Letters below the drizontal axis refer to eight unequal-sized zones
based on environmental elements, generalized pattes of shade availability, access to water and
proximity to zoo visitors. Bars indicate space-usbias, calculated by subtracting expected frequencseof
zone use from observed frequencies. Bars with vals@bove the horizontal axis indicate an overuse af
zone, while bars below the axis indicate an undera<f the zone. Whiskers denote standard error forhte
observed frequencies of space use
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Appendix 2. Patterns of bias in the space use ofgaoup of captive chimpanzee during three time perids
(morning, midday and afternoon) at the JohannesburgZoo, South Africa. Letters below the horizontal
axis refer to eight unequal-sized zones based onvéetonmental elements, generalized patterns of shade
availability, access to water and proximity to zowisitors. Bars indicate space-use bias, calculatdxy
subtracting expected frequencies of zone use fronbserved frequencies. Bars with values above the
horizontal axis indicate an overuse of a zone, wigilbars below the axis indicate an underuse of thegze.
Whiskers denote standard error for the observed frquencies of space use
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Chapter 4. Chimpanzee responses to imposed social

change in captivity

Abstract

The fission-fusion nature of chimpanzee societyextts individuals to frequent
changes in the social environment. Social changgsaompromise existing social
organisation, particularly when change is frequirdividual emigration and party reunion
following separation are commonplace in free-livalgmpanzee populations but their effect
on overall behaviour and socio-dynamics remainssiad. This study aimed to examine the
effect of two similar treatments (the merging abgps following a period of separation and
the removal of an adult female from an existingugoon the behaviour of a group of captive
chimpanzees. Both treatments were associated mathased socio-positive behaviour and
decreased or unchanged aggressive behaviour. Trandividual associations of the
chimpanzees were altered by both treatments buttheval of an adult female appears to
have been less stressful than the merging of twogy. These experiments provide a case

study of how such social change influences chimpasocial dynamics.
Introduction

Under natural conditions, chimpanzé& troglodytes are highly social, living
within multi-male multi-female fission-fusion grosigRowe, 1996; Dunbar & Barrett, 2000;
Vigilant, 2004). These groups, called ‘communiti€Sakura, 1994), occupy large home
ranges, which are aggressively defended and padrblf male coalitions (Williamet al.,
2002). Males are philopatric whereas females dssp@vlitaniet al., 2002), occasionally
migrating between communities after dispersal (@¥iverger, 1981) based on individual
female social development and the energetic coms®gs of emigration (Stumetfal.,
2009).

Within communities, chimpanzees form small sub-geoar ‘parties’ which vary in
size and composition (Mitani & Watts, 2005) as vesllduration (Bates & Byrne, 2009). In
many species, animals form groups in responsestiuree availability, with individuals

joining or leaving groups according to the costbemefits thereof (Estevetal., 2007).
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Chimpanzee party formation specifically, appearsddinked to a variety of factors and
parties may form for the purposes of feeding assting (Doran, 1997), boundary patrolling
(Mitani & Watts, 2005) or group safety (Sakura, 499

Most free-ranging primate species are subject ¢b shanges through demographic
processes, including individual migration betweewugs (Olsson & Westlund, 2007) which
can induce a degree of social instability (Honedd&in, 2006). Chimpanzees are no
exception and the socio-dynamics of chimpanzeepopesult in individuals experiencing
frequent changes in group size and compositionn@dmsin the social environment,
particularly the arrival of unfamiliar individuate existing groups (Morgan & Tromborg,
2007), are likely to elicit aggression (Eatral., 1981) and free-ranging chimpanzee parties
typically react to unfamiliar intruders with aggses (Boesch, 2003). However, due to
highly variable party composition where individuhBve considerable freedom to associate
with various conspecifics (Gilby & Wrangham, 200&)jmpanzees may retain knowledge
regarding relative inter-individual relationshigsugeli et al., 2008), suggesting that selective
reactions to individuals may underlie the respomdehimpanzee parties to familiar and
unfamiliar conspecifics.

Periods of social disruption place individualsisk of physical injury (Bakeet al.,
2000) and studies in captive environments suggestsuch social changes also induce
psychological stress, especially in primates (Her@&Marin, 2006). While primates
naturally experience social instability and theoassted stress and aggression, in captivity,
unnatural social conditions (Morgan & Tromborg, 2))Grequent social change (Clarke &
Mayeaux, 1992), which is a common husbandry pragiisalberghi & Anderson, 1993),
and inappropriate socio-spatial conditions, such &€k of retreat space (Price, 1999), may
exacerbate the effects of social change on leveggression (Clarke & Mayeaux, 1992).
Aggression forms part of normal primate interacidout the management of aggression and
injury risk can become a serious welfare concerajptivity (Bakeret al., 2000; McCowan
et al., 2008), and while alteration of stable captivenate groups is discouraged (Olsson &
Westlund, 2007), manipulations of the social enuinent may become necessary in
captivity.

While aggression is often an outcome of socialugison, primates may also engage
in non-agonistic interactions during such disrupsioPrimates ascribe great value to their
social relationships (de Waal, 1989) and utilizeiglay (Palaget al., 2004; Tacconi &
Palagi, 2009), grooming (Henetial., 2003) and close physical contact (Schino & Troisi

1990) as well as gestures such as mounting, kissihggging (Wallace, 1979) as means of
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maintaining these relationships and placating wdndaggressors, a functional pattern of
behaviour formalized by the relationship-repair dtyyesis ¢ensu Cords & Aureli, 1996).
Such behaviours serve to reduce tension withirgtbap (Honess & Marin, 2006; Tacconi &
Palagi, 2009) and may be selectively employed duperiods of social disruption (Judee
al., 2006).

A number of studies have examined primate respdonssscial change, mostly in the
form of introducing unfamiliar individuals to exiisfy groups, with mixed outcomes.
Campbell’'s monkey€er copithecus campbelli campbelli exhibited elevated aggression
between, but limited socio-positive interactionsvithin, matrilines in response to the
removal of two females (Lemasseiral., 2005). Bolivian Squirrel monkey&aimiri
boliviensis boliviensis exhibited age- and sex-specific aggression regsotas and received
significantly higher levels of submissive behavitnam, unfamiliar introduced individuals
(Williams & Abee, 1988) while Rhesus monkeyiacaca mulatta displayed elevated
aggression in response to the introduction of uifanindividuals of various age and sex
classes (Southwick, 1967). Artificial rank-reversalapanese macaqudscaca fuscata
caused increased aggression by dominants and sectsabmission by subordinates while
dominance relationships remained stable followegjaration of normal group composition
(Chapais & Larose, 1988).

To date, few studies have examined the behavioesalonses of captive chimpanzees
to social disturbance. Captive chimpanzees appeadisplay patterns of both social and non-
social behaviour similar to those of their freegiag counterparts (Kingt al., 1980),
suggesting that behavioural responses to sociairdence would be similar as well. One
investigation of social disturbance, in the forntohflict and reconciliation behaviour in
captive chimpanzees described a complex interaofieconsolation, affiliation and
redirection behaviours in response to conflict (faset al., 2002), while Koyamat al.

(2006) describe a system of affiliation both inigpation of, and in response to, conflict in
captive chimpanzees. However, these examplesldatferclarification with regard to how
chimpanzees respond to the frequent acute soskaimion which characterises chimpanzee
society. To the best of my knowledge, only one ptuas examined short-term responses of
chimpanzees to the reintroduction of familiar cawsfics following separation (Okamoéb

al., 2001), but the influence of such events on largitbehaviour remains unknown. Thus,
my study poses and investigates the following qoest How do chimpanzees react to the
return of familiar conspecifics after a period eparation? How do chimpanzees react to an

individual leaving an existing stable social group?
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The aim of this study was to examine the effectisvofdistinct social disruptions on
the behaviour of a group of captive chimpanzeegamined two distinct social
manipulations in a group of captive chimpanzedbatlohannesburg Zoo. Both
manipulations, including all housing and socialditions, were prescribed by zoo
management and staff and carried out accordingig.fiFst manipulation involved the
fission of the chimpanzee group into two groupsdismale and a female and juvenile group
respectively) for the purposes of introducing adieeared juvenile. My study focused on the
behaviour and socio-dynamics of these two groupswgeparated, and then after merging
(defined as ‘...when two or more established [prirthgteups are brought together’, Honess
& Marin, 2006, pg 404). The second manipulatioroimed the effect of the removal of an
individual adult female from the group on behaviand socio-dynamics.

Based on the existing primate literature, | prestidhat social disruptions would be
associated with increased agonistic interactiomsiacreased stress-related behaviours.
Increased affiliative social interactions mightcalse expected along with changes in the

social interactions of the group(s).

Materials and Methods

Study subjects and experimental procedures

Experiment 1. Group merging

The study subjects were a socially housed groughiofipanzees at the Ape House at
the Johannesburg Zoo, South Africa. The chimpageaép studied consisted of five males
(Thabu: 24 years; Yoda: 16 years; Amber: 9 yearshuda: 1 year; Charles: 1 year) and five
females (Daisy: 24 years; Zoe: 13 years; Lilly:ygars; Claudette: 12 years; Joyce: 5 years).
Yoda, Zoe, Amber, Joyce and Charles were the psogeihabu and Daisy, while Lilly and
Claudette were introduced to the group approxingdtalr years prior, with the group
composition remaining stable for four years. Josllaudette’s son, was hand-reared and
was to be introduced into the main chimpanzee grbapthe purposes of his introduction to
the group, the males and females were housed selyai®eparated treatment), with females
occupying section 1 and males section 2 of theamstdnclosures (described in detail later;
see fig. 1) as mandated by management at the Jeslaumy Zoo. Infants were housed with

the females (the group of females and juvenilégreafter referred to as ‘female group’).
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After approximately four months, the two groups eombined (Merged treatment),
allowing both groups to interact and giving themess to both sections of the enclosure.

During the introduction, Joshua was killed by twales.

Experiment 2: Individual removal

The group composition was similar to the Groupgmgy experiment (four males:
Thabu, Yoda, Amber and Charles; five females: Dai®g, Lilly, Claudette, Joyce). At the
time, zoo management suspected that Claudettehedarget of unilateral aggression from
the other chimpanzees, a common problem in cap¥isalberghi & Anderson, 1993) and
free-ranging (Nishidat al., 1995) primates. Following my observations of gheup for
approximately two months (Claudette Present treatm€laudette was removed from the
group for transfer to the Jane Goodall InstitutatBa\frica Chimpanzee Eden, a chimpanzee
sanctuary located approximately 400 km away froenibhannesburg Zoo. Following her
removal from the group, Claudette was housed im@oor enclosure while the group was
housed in two of the indoor-outdoor enclosuresvahg them access to both sections of the
outdoor enclosure (Claudette Absent treatmenf)skoved the group under this condition for

approximately two months.

Housing and husbandry

For both experiments, the chimpanzees were hougbd dohannesburg Zoo Ape
House, an indoor-outdoor exhibit (Figure 1). Themghanzees were given 5-6 hour access to
an outdoor enclosure daily, between 10h00 and 16hG@eekdays and between 10h00 and
16h00 on weekends. The outdoor enclosure was divide two adjacent sections (section 1:
1000nf; section 2: 1500A), connected with a doorway through the dividindlaad each
with large trees, other vegetation, rocks and defitees for climbing. Each section was
bordered by 8m high walls topped with electric fagon most sides. All other sides were
surrounded with 4-5m wide moats bordered by 1m bightric fencing and with 30cm high
electric fencing extending out of the water appmadely 2m into the moat. Section 1 had a
three-panelled reinforced glass viewing window ggifgothe night room entrances, located at
the rear of each section.

The chimpanzees were fed a variety of fresh fnuit wegetables, as well as primate
pellets and boiled egg, twice daily. The first ferdls scattered randomly throughout the
outdoor enclosures to encourage foraging and asfive for the chimpanzees to leave their
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night rooms. The second feed was scattered randimmdyghout the night rooms to
encourage the chimpanzees to return to the nigimsoWater was providead! libitum in all

conditions, through drinking troughs or accessrhoat in both enclosure sections.

Behavioural observation

Group merging

Both the male and female groups were observed uhdexeparated treatment for
approximately two months from February 2008. Noepbations were conducted for 8 weeks
between treatments, during which time Joshua wheslkio accommodate the zoo
management schedule for the merging. Observatiotieimerged treatment started in late

May 2008, approximately 2 weeks after the deathoshua, and ended in July 2008.

Individual removal

Observations of the group were conducted for apprately 2 months in each
condition (Claudette present: starting July 200@uGette removed: starting November
2008).

Sampling technique
For both studies (group merging and removal) natantaneous focal animal

sampling technique similar to that described bytWa Bateson (1986) was used, which
consisted of a one minute inter-sample intervattiergroup merging study and a 30 second
inter-sample interval for the individual removaldy, for a full hour. In the group merging
study, it was logistically easier to observe atrariisample interval due to the two groups
being housed in separate enclosure sections. Foshadies, observation sessions were
spread evenly across 5 hours (1 hour a day oveniansecutive days) between 10h00 to
15h00 for each individual chimpanzee in each treatncovering the time that they were in
their outdoor enclosures only. Thus, for each erpant a total of 10 hours of data were
recorded per chimpanzee, resulting in a total di@ars of data in both the group merging
experiment and the individual removal experimethie Dehaviour categories scored are listed
in Table 1.

For group merging, both infants were excluded ftbmscoring due to the fact that at

the start of the study, Charles was relatively irbite still strongly dependent and engaging
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in ventralventral contact with his mother, and Joshua’s deshnt that observations 1
Joshua would have been atdncedClaudette was not included as a focal subjecter
individual removal experiment as she was to be r&dpbut Charles was included as a fc
subject because he was more mobile and interagtedther chimpanzees ofte
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Figure 1. Outdoor housing area of the chimpanzee exhibit at the Johaesburg Zoo Ape Hous, South
Africa, drawn to scale.

For the group mergir experimentinteractions with the public were included in
‘Other’ category butdllowing completion of the observations the group merging,
became apparent that interactions with the zotovssivere a frequent occurrence. ‘Pul
Interaction’ was included in the behavioural scgrim the individual removal experiment
addition to the existing categories from the @ merging (Table 1 Wood (1998) noted th
primates frequently interact with zoo visitors amdl often direct aggression at zoo Vvisitc

(Mitchell et al., 1991). Evidence from various studies suggestwvigresence may t
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stressful for captive primates (Chamatal., 1988; Toddkt al., 2007; Fernandet al.,
2009), including chimpanzees (Madtial., 1987).

For all social behaviours scored, the individuaisilved and which individuals
received or directed interactions (directionalltgtween individuals were recorded. While
the behaviours of the infants were not scoredntdractions with them by focal individuals

were recorded.

Data analysis

Overall patterns of behaviour
Analyses of overall patterns of behaviour were cmteldd using Statistica 7 (StatSoft,

2008). For all tests, the model significance waste = 0.05 and analyses were two-tailed.

Group merging

A Variance Components Analysis (VCA) was initiallged to examine the influence
of Group (i.e. male group; female group) as a categl predictor of behaviour. Group was
not found to be a significant categorical predicbbehaviour (F4s= 3.876;p = 0.094) and
was thus not considered further.

‘Vocalising’ was not observed and not considergthier. The ‘Being Groomed’ and
‘Grooming Others’ behaviour categories were comibiinéo a new category ‘Social
Grooming’ as specific social interactions were exead in detail later. ‘Aggression’
occurred approximately 0.14% of all recorded betnavand was thus incorporated into the
‘Other’ category for the generalized linear modgL¥) analyses, described below.

In order to examine the treatment effects on oleedlaviour, a GLZ was used with a
binomial distribution and a logit link function. Ake behaviours scored were mutually
exclusive (the expression of one behaviour oft&tlpdes the expression of another),
behaviour was coded as counts of the absence arsdmue of a behaviour, resulting in a
binomial absence/presence count for each behaviberbinomial presence/absence
structure was used as the response variable BltZewhile the categorical predictors
included treatment (separated; merged) and behayi@stimate coefficients were used to
assess specific differences between first ordeafftnent; behaviour) and second order

(treatment*behaviour) effects and are reportedgrsficant forp < 0.05. In order to
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specifically address the aims of the study, firsteo effects were not examined in detail but
second order effects were.

In order to examine treatment effects on levelaggfression, aggression data from
both groups was pooled and a Fisher’'s exact testtaaducted on the pooled aggression
data. In all cases, observed counts of aggresstoae @ompared to total counts of all other

behaviours, for both the separated and mergedriezds.

Individual removal

As with the group merging experiment, ‘Vocalizingas excluded from further
analyses, and ‘Being Groomed’ and ‘Grooming Othgese combined into ‘Social
Grooming’ and ‘Aggression’ occurred only 0.02% tfadoserved behaviour and was
incorporated into ‘Other’ and later analysed usarigisher’s exact test.

A GLZ with a binomial distribution and a logit lirfkinction was used to investigate
the effects of the removal of Claudette on groupalveur. The categorical predictors used
included treatment (Claudette present; Claudetterah and behaviour, while a coded
binomial presence/absence structure of the behagmuunts was the response variable.
Specific differences between first order (treatmbehaviour) and second order
(treatment*behaviour) effects were assessed thrgwggtimate coefficients and are reported
as significant fop < 0.05. As with the group merging study, only secortkr effects were
examined in detail.

A Fisher’s exact test, similar to that used in Grdderging, was also used to examine
treatment effects on levels of aggression. Themksgecounts of aggression were compared
to total counts of all other behaviours, for bdta Claudette present and Claudette absent

treatments.

Social interactions

For both experiments, specific interactions werdwded from the analyses. In Group
Merging, interactions with the juveniles were exigdd on the basis that they were incomplete
measures of social interaction for those individuak Charles was too young to be mobile,
which limited in his interactions with others, aloshua was killed half-way through the
experiment. Similarly, in Individual Removal, inéetions with Claudette were excluded on

the basis that she was absent in the Claudettevesirioeatment.



Table 1. Definitions of behaviours observed in thehimpanzee groups at the Johannesburg Zoo, South

Africa, to assess the effects of two distinct sotiehanges

Behaviour Definition
. Movement from one location to another, obviously not searching for food. Included
Travelling . . N
walking, running and climbing
Foraging Searching for, manipulating or consuming food or drink.
. When the animals ceased other activities in order to monitor or observe their
Vigilance . L
surroundings or other individuals
Inactivity Resting, either standing, sitting or lying down. Included sleeping
Coprophagia/urophagia, self-mutilation, faeces throwing and hair plucking. Other
behaviours were scored as abnormal based on the context in which they occurred
Abnormal and whether they occurred repetitively (>3 times in succession; Jones et al., 2008).
These included nipple pulling, abnormal gait and posturing and chronic
masturbation
Chasing aggressively (characterised by sneering, open and closed grins and
Aggression compressed lip faces. Usually associated with screams, barks and 'wraaa' calls;
Goodall, 1986) or fighting with one another. Included aggressive gesturing or
signalling
Wrestling, playful biting and playful chasing (characterised by a relaxed face,
Social play possibly with a drooping lower lip, or a full play face. Usually silent but may include
soft grunts or hoots; Goodall, 1986)
Object play Play directed at or involving an inanimate object

Locomotor play

Solitary active play. Included running, rolling, swinging or somersaulting

Self-grooming

Licking, cleaning, picking at and removing items from their own skin or hair. Included
self-scratching

Being groomed

When individuals made no effort to engage in other activities in order to be licked,
cleaned or have items from the skin or hair removed by others

Grooming others

Licking, cleaning and removing items from the skin or hair of others

Vocalising

When the chimpanzees generated a sound through their voice

Public interaction
(Individual
Removal only)

Any interaction with zoo visitors by the chimpanzees. Included displays, play and
begging gestures and throwing objects at visitors

Other

Any identifiable behaviour that didn’t obviously fit into the other behaviour
categories

Hidden

Chimpanzees were obscured from view or behaviour was not identifiable according
to the other categories listed

In order to examine quantitative changes in s@sabciations, pooled interactions
(both directed at and received by others) for fecdljects were examined using cell-wise
comparisons with adjusted residuals and analysis in MatMah" (Ballintijn et al., 2003).
These interactions were used to highlight assariatthat occurred at levels above and

below those expected by chance.
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Qualitative changes in association were examinedrdog to the following index of

I = <T2 (x:y)) _ <T1(x:y)>
4 Ty zx) T (52

WhereT .y refers to the number of interactions initiatedrdnjividual x (the focal

affiliation:

individual) at recipieny. Tz refers to the sum total interactions initiatedrividual x to
any recipient within the group, including individyeand all other individuals. As separate
indices were calculated for the group merging adividual removal experiments, the
numerical subscripts denote whether the measuee®iathe first (Separated treatment for
the group merging study; Claudette present treatfoethe individual removal study) or
second (Merged treatment for the group mergingystGthudette absent treatment for the
individual removal study) treatments respectivéiythe event that an individual displayed
no interactions throughout a given treatment, éhevant value in the equation (€1g.y)/
T1ex) Was set to zero. The index generates valuesdahge on a scale from positive to
negative 1, with negative 1 indicating a completeersal of relationship in a negative
direction (always associating=  never associatiag)output of positive 1 indicating a
reversal in a positive direction (never associatimgalways associating) and 0 indicating no
change at all from separated to merged (Group Mgjgind from Claudette present to
Claudette absent (Individual Removal). Interactitmisvhich individuals were not present

were not considered.

Results

Overall patterns of behaviour

Group merging

When examining the overall treatment effects orelsigur, treatment (Walgf, =
5.28;p = 0.022) was found to be a significant predictiothe model outcomes with the
separated and merged treatments significantlyreifteto one another. Behaviour (Wafd;
= 3498.32p < 0.005) was also found to be a good predictdh@fmodel outcomes. The
treatment*behaviour interaction effect (Wafd; = 314.21)p < 0.005) was also significant in

predicting model outcomes (Figure 2). Abnormal vétar, self-grooming and social
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grooming levels and ‘hidden’ were all significangyeater during the merged group
treatment, whereas foraging and inactivity levetsensignificantly lower in comparison to
the separate group treatment.

There were low levels of aggression before (8 #f2392 observations) and after (0
our of 2400 observations) merger of the groupsayéisher’s exact indicated a significapt (

= 0.013) decrease in aggression.

Individual removal

Both treatment (Walg?; = 40.3:p < 0.001) and behaviour (Wajd:» = 6018.59p <
0.001) were significant predictors of the modelcontes. The treatment*behaviour
interaction (Wald;’1> = 520.03p < 0.001; Figure 3) also significantly predicted thodel
outcomes. Following Claudette’s removal, levelsatial grooming, public interaction,
‘Other’ and ‘Hidden’ increased significantly witloiecurrent significant decreases in
foraging, vigilance and inactivity. No significachhange in levels of abnormal behaviour,
play or self-grooming occurred.

Aggression levels were low and there was no siggifi change in aggression levels
(p = 0.249; Fisher’s exact test) from the Claudetesent (2/478 observations) to Claudette

absent (0/480 observations) treatments.

Social interactions

Group merging

A number of significant associations emerged foyled associations regardless of
whether received or directegf{; = 371.71; Z statistics and correspondingalues presented
in Table 2; raw data in Appendices 1 & 2). Malesrfed only one significant association
prior to merging of the groups (Thabu: Yoda; TableThere were four significant positive
(greater than chance) associations among the ferpate to merging (Claudette: Lilly;
Daisy: Zoe; Daisy: Joyce; Zoe: Lilly) and threersfigant negative (lower than chance)
associations (Claudette: Daisy; Zoe: Claudette; dogce). Following merging, many of the
female-female associations remained the same antemore frequent than predicted by
chance while all three male-male associations beagnificant positive associations. Six
significant male-female associations emerged fahgwnerging (Thabu: Daisy; Thabu: Zoe;
Daisy: Yoda; Zoe: Amber; Lilly: Amber; Claudetten¥er; Table 2).
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Figure 3. Relative changes in levels of selectedhaaiours observed in a group of chimpanzees at the
Johannesburg Zoo, South Africa, following the remoal of a single adult female (Claudette) from the
group. Whiskers denote confidence limits while barslenote respective predicted mean proportions of th
total observed behaviour for each behaviour categgrfor each respective treatment. Stars above the &
indicate significant differences p < 0.05)
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Various qualitative changes in association wereadllowing merging of the
groups (Table 3) but patterns of changing assaciatiere neither clear nor predictable. Both
tables 2 and 3 show selective changes in assatidta appear to be individual-specific and
do not generalise to age/sex/dominance classeqyréagest decrease in association amongst
the males was seen in the interactions by Yoda ifteomh male) directed at his father, Thabu.
Amongst females, the greatest reduction in assoniatas interactions by Lilly (dominant
female) directed at Daisy, an unrelated female. Agrihe males, the greatest increase in
association was seen in interactions by Yoda ditkat his sister, Zoe. Among females,
Joyce displayed the greatest increase in interatdirecting all her interactions to her
brother Amber.

Individual removal

A number of significant associations emerged fithlireatmentsyfs, = 1415.56; Z
statistics and correspondipg/alues presented in Table 4; raw data in Appesdic& 4).
Prior to Claudette’s removal, four significant gos (greater than chance) pair associations
were found (Daisy: Joyce; Daisy: Charles; Yodalyt.Joyce: Charles) in addition to 16
significant negative (lower than chance) assoaiatidable 4). However, after Claudette’s
removal, for pairs that displayed any significasg@ciation, nine associations became more
positive and four more negative. No clear age/stated patterns of change in association

emerged.

Table 2. Z statistics fory? tests using adjusted residuals used to examine sjf&e chimpanzee pair
associations at the Johannesburg Zoo, South Africhefore and after the merging of two groups. Bold Z
values in grey cells denote significant interactionand subscripts denote level of significancegf < 0.001;,
p < 0.01;; p < 0.05). Individuals are listed in order of decresing age with the dominant male highlighted
with a star (*) and dominant female highlighted wit a hash {)

Groups Separated
Thabu | Daisy | Yoda* Zoe | Lilly* | Claudette | Amber | Joyce
Thabu 0.46 5.273 -3.483 | -3.12; -0.48 2.17; 4.463
S [__Daisy -3.363 -1.55 4.073 | 0.96 -3.042 -4.123 | 3.753
g Yoda* 6.903 | -4.183 2.69, | -5.983 2.87 5.813 | -4.143
S Zoe -1.981 | 2.541 -0.91 1.88 0.88 -2.421 -2.191
a Lilly” -0.94 -1.66 -0.43 2.261 3.012 -1.15 -1.04
3| claudette | -113 | 199, | -052 | -1.97; | 5.243 -1.39 0.57
O [ Amber -1.27 0.46 -1.08 | -4.093 | 6.503 -2.121 112
Joyce -1.31 6.833 -0.60 -2.291 | -2.541 0.71 -1.61
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Table 3. Index of affiliation results for specificchimpanzee pair associations following merging ofato
groups at the Johannesburg Zoo, South Africa. Darlgrey cells represent increases in association
following merging while light grey cells representecreases in association following merging. Indivigals
are listed in order of decreasing age with the domant male highlighted with a star (*) and dominant
female highlighted with a hash )

Directed at:
Thabu | Daisy | Yoda* Zoe | Lilly* | Claudette | Amber | Joyce

Thabu -0.38 0.00 0.00 -0.05
. Daisy -0.26 -0.28 0.00
>
o Yoda* -0.81 0.00 0.00
8 Zoe 0.00 -0.68 0.00 0.00 0.00
> -
‘Sl Lilly? -0.70 -0.17 0.00 0.00
(&)
& Claudette | 0.00 0.00 0.00

Amber 0.00 0.00

Joyce 0.00 -0.60 0.00 0.00 0.00 -0.40

Prior to her removal, Claudette received the highamber of interactions of all
adults within the group, surpassed only by theraaigons of the two juveniles, Joyce and
Charles. Claudette’s interactions were initiatedrioga (77%), Amber (18%) and Charles
(5%).

The removal of Claudette was associated with varahanges in directed and
received association as well (Table 5). As withrtierging manipulation in experiment 1,
overall patterns suggest a mixed response of sedaacreasing and decreasing of
associations between individuals, with no cleatgoas for any particular age/sex/dominance
class. The greatest decrease in association imgphaales was in interactions by Charles
(juvenile male) directed at his sister, Joyce. Aggiriemales, Lilly (dominant female)
displayed the greatest reduction in her interastinected at Yoda (dominant male). Among
the males, the greatest increase in associationnwageractions directed at Yoda by Thabu.
Among females, Daisy displayed the greatest inergasiteractions, directed at her son
Amber.
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Table 4. Z statistics for ay? using adjusted residuals used to examine specifibimpanzee pair
associations at the Johannesburg Zoo, South Africhefore and after the removal of an adult female
(Claudette). Bold Z values in grey cells denote sificant interactions and subscripts denote levelfo
significance ¢ p < 0.001;, p < 0.01;; p < 0.05). Individuals are listed in order of decresing age with the
dominant male highlighted with a star (*) and domirant female highlighted with a hash )

Claudette Present
Thabu | Daisy | Yoda* | Zoe | Lilly" | Amber [ Joyce | Charles

- Thabu -2.732 0.46 -5.083 1.52 20.343 -2.827 -5.893
| Daisy | 2571 -2.88y | -3.423 | -1.70 | 2715 | 9.843 2.745
é Yoda* 13.923 | -9.013 9.643 | 5.913 -5.323 -4.023 -2.251
ol Zoe -2.67 | 13543 | -3.373 -1.76 | -4.123 | -3.353 -5.063
gl Ly’ 101 | 2.75, | 10693 | -0.64 0.61 127 -2.151
_g Amber -1.78 6.403 | -2.24q | -4.013 | -1.17 0.83 -0.74
©

Ol Joyce | -3.313 | 4663 | -4.193 | -7.293 | -2.19; | -4.593 9.983

Charles | -4.253 | -6.563 | 5.533 | 5.593 | -1.15 0.36 0.73

Table 5. Index of affiliation results for specificchimpanzee pair associations following removal ofreadult
female (Claudette) at the Johannesburg Zoo, SouthfAca. Dark grey cells represent increases in
association following removal of the female whilédht grey cells represent decreases in association
following removal. Individuals are listed in order of decreasing age with the dominant male highlighte
with a star (*) and dominant female highlighted wit a hash {)

Directed at:
Thabu | Daisy | Yoda* | Zoe Lilly# Amber | Joyce | Charles

Thabu 0.00 0.00 | 0.00 0.00
.. Daisy 0.00 -0.13 -0.19
_c>f Yoda* -0.19 -0.03 -0.19 0.00 0.00 -0.17
D zoe 0.00 017 | 0.00
ng Lilly# 0.00 -1.00 0.00 0.00 0.00 0.00
8 Amber 0.00 0.00 0.00 0.00 | -0.05 -0.04
o Joyce 0.00 0.00 | 0.00 -0.31

Charles -0.17 -0.12 -0.29

Discussion

This study aimed to examine the behavioural respoof captive chimpanzees to
social changes similar to those seen in nature fifdteexperiment investigated the merging
of two distinct groups into a single multi-male, linfemale group and the second
experiment investigated the impact that the remofah individual female had on the
behaviour of a captive chimpanzee group. Both mdains were associated with an
increase in the levels of social grooming, suppgriny prediction that social change would
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be associated with increased affiliative interatiocContrary to my prediction that social
change would be associated with increased agohistiaviour, neither manipulation
generated any increases in aggression. The GrougilMdereatments generated an overall
decrease in aggression, while the Individual Rerhstvaly generated no change in
aggression. However, aggression levels were généoal in all treatments. Only one of the
two experiments (Group Merging) was associated ehinges in stress-related behaviour in
the form of increased abnormal behaviour and sedieted grooming following merging.

Both the Group Merging and Individual Removal expents were associated with
significantly increased scores for ‘Hidden’. Thesult should be interpreted with caution as it
may reflect an active decrease in the time spemih&yghimpanzees in view of the public, or
the behaviour scoring of the observer due to myaligiaccessibility in parts of the
enclosure. The latter obviously has little relevanden interpreting the behaviour of the
chimpanzee group(s) whereas the former might siggaeased stress as proximity to
humans may be a great source of stress (Morgaro&borg, 2007). To clarify, other stress-
related behaviours should be examined in conjunatibh this result, as set out below.

The merging of the groups was also associatedamtimcrease in abnormal and self-
directed behaviour, in the form of self-groomingamy abnormal behaviours appear to be
stress-related (Baker & Easley, 1996; Tiefenbaebhal., 2004), functioning as a means to
‘discharge’ stress (Fox, 1984) and primates inipaler also exhibit increased self-directed
behaviour, such as self-scratching and self-grogr(dwureli & de Waal, 1997; Carder &
Semple, 2008), in response to stress. Many stiadies interpreted such behavioural changes
as being indicative of changes in the experiencrets (Clarket al., 1982; Cordoni &

Palagi, 2007) and in the present study, the ineskabnormal and self-directed behaviour
suggest that the chimpanzees experienced the rgayfithe groups as a stressful event.

Interestingly, the Individual Removal treatmengmgrated no increases in abnormal
or self-directed behaviour, suggesting that theoneahof Claudette was not as stressful as the
merging of the groups. The increased levels ofipuileraction followed Claudette’s
removal, compared to the lack of significant chaimgevels of ‘Other’ behaviours in Group
Merging (public interactions were included in ti@ther’ category), also suggest that the
Individual Removal treatments were not as stressfuhe Group Merging treatments. Close
proximity to and interaction with zoo visitors isrsidered to indicate a relatively relaxed
state amongst primates (Chameaval., 1988; Wells, 2005).

While the removal of Claudette did not appeardnagate any overt changes in stress-

related behaviour, the removal of Claudette, as agelhe Group Merging, generated various
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shifts in the social interactions of the chimpangesup, suggesting that the group social
structure was altered. Instability in the socia@rharchy can be a source of stress for
individuals (Setchelét al., 2010) and chimpanzees appear to respond to sowaltainty
through specific affiliative interactions (Okamaoal., 2001; Watts, 2006). Under
potentially volatile social conditions, chimpanzeas either attempt to cement existing
social relationships, thereby stabilising the sosmvironment (Lemassast al., 2005;
Koyamaet al., 2006), or increase affiliation with dominants¢aluce the likelihood of being
the target of their aggression (Vessey, 1971; Nadaret al., 1995).

However, my data offer little clarification asttte causality of the changes in the
associations among individuals in the study poputaBecause both individuals increased
their interactions with one another, the interaddiof Lilly (dominant) and Claudette (low
rank) in the Group Merging treatments suggest samgdt to reinforce an existing bond while
the Zoe: Lilly associations suggest an attempt &y dow rank) to placate Lilly as Lilly
decreased her interactions directed at Zoe, buirtweased her interactions directed at Lilly.
The interactions of Amber (low rank) and Yoda (doamt) appear to contradict both of these
suggestions as the Amber: Yoda association, ilyitraghly significant, became non-
significant following the group merger, but thisutd be the result of increased available
social partners.

The changing associations in the Individual Remoesililts show a similarly unclear
pattern. Both before and after the removal of Cédigd Lilly and Yoda were highly
associated, suggesting an attempt to cement atingxislationship. Similarly, Daisy: Joyce
maintained a significant positive association. Thabu: Yoda association, originally not
significant, became a significant positive assammtollowing the removal of Claudette,
suggesting that Thabu may have been attemptintataie dominant Yoda. In both
experiments, the patterns appear to conform toetlationship reinforcement (Lemassan
al., 2005; Koyamat al., 2006) and placation (Vessey, 1971; Nakamathi., 1995) tactics
described in the literature.

The observed patterns of changes in associatimsponse to social disruption may
not be predictable and may be individually conspécific, based both on existing inter-
individual relationships and the type of disturbaegperienced. Chimpanzees are well
documented to exhibit context-specific behavioveaponses to a variety of social challenges
(crowding: Aureli & de Waal, 1997; competitive V8aperative tasks: Hare & Tomasello,
2004) and also appear to display sex-specific resgmto the reintroduction of familiar
individuals (Okamotet al., 2001).
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One unusual outcome in these experiments was ¢kefachange in levels of
aggression in the Individual Removal and the sldgdrease in aggression in the Group
Merging experiments. Previous primate studies Isanggested that social disruption is
associated with increasing aggression (captive ihewnkeys: Southwick, 1967; free-
ranging Rhesus monkeys: Vessey, 1971; Squirrel ey@mRVilliams & Abee, 1988;
Chimpanzees: Baket al., 2000; Campbell's monkeys: Lemasgbal., 2005). However,
chimpanzees appear to be sensitive to levels adlgeasion and moderate social tension
through increased affiliative interactions as tllated by the findings of Okamoébal.

(2001) whereby the reintroduction of chimpanzeds\iong separation was associated with
no change in aggression and increased affiliatiteractions. The lack of change in
aggression as well as the increased social groomitigs study agrees with the findings of
Okamotoet al. (2001). Thus, chimpanzees may suppress aggredsiony such encounters
or utilize submissive greeting to diffuse aggressiomediately (Nieuwenhuijsen & de Waal,
1982) in much the same manner as they respondat@mbgestriction (de Waal, 1989). Overt
aggression is rare in natural chimpanzee commasrn(itéallace, 1979) but the degree to
which this explains the observed patterns of behavin my study requires further
investigation. Individual familiarity in this studynd that of Okamotet al. (2001) may also
confound interpretations of these results as chimo@as may retain knowledge of previous
social interactions between individuals (Austlal., 2008).

In addition to offering new insights into chimpaeszocio-dynamics, my study has
important implications for animal welfare. Socisblation, instability and unnatural
groupings are well known to be stressful for captwnimals (Morgan & Tromborg, 2007)
and some authors have suggested that such sdeialdantions should be discouraged
(Olsson & Westlund, 2007) or avoided outright (Badteal., 2000). Chimpanzees are
thought to cope better with social than structeralironmental change (Reimeatsal., 2007)
and the outcomes of my study in conjunction withsthof Okamotet al. (2001) suggest
that perhaps the risks associated with social ahanghimpanzees are not as severe as for
other species. Not only is this of importance fuutme husbandry and socialisation, but may
also be of particular importance for inter-insibaal breeding programs which often require
the exchange and integration of unrelated and utfarmdividuals between existing groups.

In conclusion, both experiments generated simifacts whereby the chimpanzees
exhibited increased affiliative behaviour and stadnl decreased agonistic behaviour in
response to social change. Both changes in thalsmmditions appear to have generated

varying degrees of social change and subsequessdtr the chimpanzees. The degree of



98

stress experienced appears to have been depemdiéna wature of the manipulation with the
Group Merging being comparatively more stressfahtthe Individual Removal, as
evidenced by an increase in self-directed grooramtjabnormal behaviours. The degree to
which the behaviour of the chimpanzees mirrors thétee-ranging populations remains to
be tested. My study is the first to examine thgpeg of social change in captive
chimpanzees. Both social manipulations investigatehis study also potentially mirror
social disruptions that chimpanzees might expedenaature (merging following party
formation and individual emigration), changes whiave received little or no investigation
in the existing primate literature. Future studibsuld focus on natural populations and

examine the effects of such social changes in tbestexts.
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Appendices: Tables of chimpanzee associations

Appendix 1. Raw data for total counts of inter-indvidual interactions, regardless of which individual
directed or received the interaction, for two groups of captive chimpanzees at the Johannesburg Zoo,
South Africa, before and after merging of the two goups. The dominant male is indicated by a star (*)
and the dominant female is indicated by a hasH)

Total Associations when Separated
Thabu | Daisy | Yoda* | Zoe | Lilly* | Claudette | Amber | Joyce

s Thabu 0 5 0] o0 0 1 0
s Daisy 10 0 34 | 29 0 0 19
§ . Yoda* 26 9 0 0 0 0 0
E § Zoe 0 15 34 4 0 0 0
8 2 Lilly* 0 0 5 15 3 0 0
< Claudette 2 0 14 4 12 0 2
§ Amber 9 13 30 0 18 0 0
R Joyce 12 16 0 o] o 2 5




Appendix 2. Raw data for total counts of directed ad received inter-individual interactions for two
groups of captive chimpanzees at the Johannesburgd, South Africa, before and after merging of the
two groups. The dominant male is indicated by a stg*) and the dominant female is indicated by a hds

)
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Received By:

Directed at:
Thabu | Daisy | Yoda* | Zoe | Lilly* | Claudette | Amber | Joyce

. | Thabu 0 3 0 0 0 1 0
S [ Daisy 0 0 20 | 14 0 0 16
§ Yoda* 2 0 0 0 0 0 0
2 Zoe 0 14 0 0 0 0 0
IS Lilly* 0 16 0 4 3 0 0
g |Claudette | 0 0 0 0 0 0 0
S| Amber 0 0 0 0 0 0 0
21 Joyce 0 3 0 0 0 2 0

Thabu 4 15 0 0 2 8 12
S| Daisy 6 9 6 0 0 5 16
€| Yoda* 11 0 30 4 5 8 0
S|  zoe 0 9 4 15 0 0 0
STty 2 0 1 0 5 0 0
S [ Claudette | 0 0 9 4 | 7 0 2
S [ Amber 1 8 22 0o | 18 0 1

Joyce 0 0 0 0 0 0 4
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Appendix 3. Raw data for total counts of inter-indvidual interactions, regardless of which individual
directed or received the interaction, for a group 6captive chimpanzees at the Johannesburg Zoo, Séut
Africa, before and after the removal of an adult fenale (Claudette). The dominant male is indicated bg
star (*) and the dominant female is indicated by dash ()

Total Associations with Claudette Present
Thabu | Daisy | Yoda* | Zoe | Lilly* | Amber | Joyce | Charles

< Thabu 0 7 0 0 0 0 0
3 & | Daisy 14 1 10 0 0 35 43
€ 2 Yoda* | 48 | 2 0 | 14 0 0 38
5 T [ zZoe 0 9 | 78 2 0 0 9
S & [ Lily* 1 0 10 0 3 0 0
S S[Amber | 19 [ 37 | 0 [0 | 3 2 | 13
gU Joyce 0 76 4 1] o 4 97
= Charles | 12 39 44 | 96 | 4 36 25




Appendix 4. Raw data for total counts of directed ad received inter-individual interactions for a
group of captive chimpanzees at the Johannesburg dpSouth Africa, before and after the removal of an

adult female (Claudette). The dominant male is indiated by a star (*) and the dominant female is

indicated by a hash (*)

Received By:

Directed at:
Thabu | Daisy | Yoda* | Zoe | Lilly* | Amber | Joyce | Charles
Thabu 0 0 o] o 0 0 0
2 | Daisy 0 0 5 0 0 25 18
¢ « | Yoda* 7 1 0 | 10 0 0 18
€ £|zoe 0 5 0 2 0 0 5
£ S Ly 0 0 4 | o 0 0 0
§ = [ Amber 0 0 0 0| 3 2 2
G Joyce 0 10 0 0 0 0 48
Charles 0 25 20 4 0 11 49
Thabu 0 48 o] o 19 0 11
= | Daisy 14 2 26 | 0 37 71 34
2 = Yoda* 0 0 70 | 10 0 0 39
T 2| zoe 0 73 8 0 0 1 76
g § Lilly* 1 0 0 0 0 0 0
3 ~ | Amber 0 0 0 0 3 2 3
S | Joyce 0 5 4 0 0 2 12
Charles 1 5 5 20 4 33 13
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Chapter 5. Shade as a thermoregulatory resource for

captive chimpanzees

Abstract

Under natural conditions, animals employ a var@tthermoregulatory tactics and
primates, in particular, exhibit extensive flexityilin thermoregulatory behaviour. In
contrast, captive environments may impose regtriston the expression of behavioural
thermoregulation. Thus, my study aimed to exantweeutilization of shade by a group of
captive chimpanzees as a means of thermoregulatiecorded behaviour and location
within the enclosure of a group of captive chimpaes, simultaneously noting shade and sun
utilization. Shade was utilized significantly ma#en than areas with direct sun, particularly
during the hotter midday than the cooler mornifidgse chimpanzees also appear to utilize
shade both when shade availability is limited aoghalant. These findings suggest that shade

constitutes a valuable environmental resourcedptice primates.
Introduction

Animals are often subject to variation in enviromta¢ temperature and respond
through thermoregulatory mechanisms. Thermoreguidialances heat gain/production with
heat losses to the surrounding environment (Caste2009) in an attempt to maintain
thermal neutrality (Dahl & Smith, 1985), and is enthe control of the preoptic and anterior
hypothalamus (Galet al., 1970; Laudenslager, 1976). The thermal enviroriroam exert a
strong influence on behaviour (Dahl & Smith, 19B| et al., 2004) and particular
behavioural traits, such as cathemerality, may leaodved in response to thermal stressors
(Hill, 2006b).

Thermoregulation can occur through either autonfphigsiological or behavioural
mechanisms (Jaeheeal., 2005). In mammals, the primary physiological natgkm for
shedding excess heat is via evaporative cooling;iwtan only account for 20-30% of heat
loss (Langmamt al., 1996). Behavioural thermoregulation, by contrafers an effective
means of controlling body temperature while minimggwater loss and maximizing time

allocated to activities such as feeding (Baibal ., 1992).
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In a given environment, animals may choose to renmaihat environment and
thermoregulate through physiological or behavioaralns, or may simply avoid that
environment through modified activity patterns anidrohabitat selection (Stelzner &
Hausfater, 1986). Such thermoregulatory decisioagiaverned by the perceptions of
individuals of their environment, based on factush as ambient temperature, solar
radiation, humidity and wind speed and directioill(kt al., 2004), and the relative costs and
benefits of the behaviour. For example, insteaalctizely seeking out and resting in the
shade, Yellow baboorf2apio cynocephalus make fewer directed movements and travel more
slowly in areas of high shade than direct sun g8tz 1988). Both behaviour patterns are
forms of behavioural thermoregulation but the formmay place baboons at greater risk of
predation or reduced foraging efficiency (Stelzri®88).

Primates occupy a variety of habitats ranging ffogh-altitude montane
environments (lwamoto & Dunbar, 1983) to tropichforests (Lehmand al., 2010), each
with its own thermoregulatory challenges. Prima&besibit extensive behavioural flexibility
(Olsson & Westlund, 2007) and employ a variety ethidvioural strategies for
thermoregulation (Kosheleff & Anderson, 2009). Egample, under cold conditions,
Japanese macagudsicaca fuscata engage in hot spring bathing as a means of congerv
heat (Zhangt al., 2007) while long-tailed macaqubtacaca fascicularis appear to increase
affiliation and decrease social spacing (Schinor&idi, 1990). Furthermore, Gelada baboons
Theropithicus gelada increase active foraging to ensure sufficient gnéor heat production
(lIwamoto & Dunbar, 1983) while Yellow baboons alp@sture and orientation to minimize
heat loss during periods of low temperature (Sel&Hausfater, 1986).

In response to the high ambient daytime tempersitame intense solar radiation of
open equatorial (Wheeler, 1994) and savanna halflit et al., 2004), Chacma baboons
Papio ursinus reduce activity (Hill, 2006b) and increase shagkksng (Hill, 2006a), such as
using caves (Barret et al., 2004). In contrastaenoequatorial habitats, equatorial rainforest
environments provide cover, limiting solar radiati®liley, 1976). Rainforests are unusual
because solar radiation heats up the canopy antieground (Takemoto, 2004), effectively
creating a light and temperature gradient fromttqeéo ground level (Théry, 2001;
Takemoto, 2004). In response, chimpanZaestroglodytes utilize these gradients by
actively moving from ground to canopy accordingdheir thermal needs (Takemoto, 2004).
Like baboons, chimpanzees occasionally utilize ¢ai@oclimates as thermal refugia
(Pruetz, 2007) and actively regulate exposurerectsunlight (Kosheleff & Anderson,
2009).
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Most non-human primates inhabit tropical climeg, lbader captive conditions, are
often housed in climates different to their natwettings (Coe, 1989; Lindburg, 1998). Yet,
little research has investigated the effects otlieemal environments on captive primate
wellbeing (Lindburg, 1998) despite the associatesks (Mitlohneset al., 2002) and
mortality (Brockmaret al., 1987). Furthermore, most research into the effetthe thermal
environment on captive primates has examined plogital thermoregulation (Benedict &
Bruhn, 1936; Morrison, 1962; Whitford, 1976) withlp a few direct examinations of
behavioural thermoregulation (Dahl & Smith, 198%0i$i & Schino, 1987; Schino & Troisi,
1998).

Most information on captive animal thermoregulattvaws from agriculture due to
the direct impact on productivity (Ray & Roubicdl®71), which has highlighted the
importance of shade for animal wellbeing (Ray & Bigek, 1971; Schitet al., 2008;
Tuckeret al., 2008). Studies of free-ranging species have dstreted the inherent value of
variable microhabitats for thermoregulation (Youb§382) and studies of non-agricultural
captive species have reached similar conclusiayerdeng the importance of shade
(Langmaret al., 1996; Langmaset al., 2003).

A number of studies of space use and environmentaplexity have suggested that
the tendency of apes to spend time around buildi@gslenet al., 1990) may be related to
thermoregulatory benefits of the microclimates abthese structures (Stoinskial .,
2001a; Stoinsket al., 2001b), suggesting the importance of considagheghermal needs of
an animal when planning captive environments. ¢toisimonly held that shade panels (Bohm
Jret al., 2009) and climbing structures and platforms ameartant as they create diverse
microclimates within enclosures (Swaisgood & Shegéen, 2005). Furthermore,
naturalistic enclosure designs have become commamti@e for most captive institutions
(Fabregast al., 2011) but whether they provide the animals witthe necessary elements
for biological functioning, such as shade, remainke tested.

The aim of this study is to investigate the bebanal thermoregulation of a group of
captive chimpanzees at the Johannesburg Zoo, &dth, with regard to shade utilization
within their naturalistic outdoor enclosure. Thelesure at the Johannesburg Zoo comprises
a variety of trees and walls which generate a alhatind temporally dynamic thermal
environment. My study was conducted over the alusirder/spring, during which the mean
daily temperature was approximately 13.7°C (mealy ddnimum and maximum
temperatures over the study period were 6.1°C ar#f @ respectively). The chimpanzee
thermal neutral zone (TNZ) appears to lie betweg€ land 29°C (Benedict & Bruhn, 1936)
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and mean core body temperature for chimpanzee&26°& (Morrison, 1962). Chimpanzees
in equatorial grassland and rainforest environmerpgerience mean daytime temperatures of
between 24.6 - 29.6°C, with daily maximum tempeegiof between 37 - 42°C, depending
on the habitat type (Pruetz, 2007). Therefore, msy prediction is that the chimpanzees
would utilize direct sun more than shade, as thmeatk at the Johannesburg Zoo is
substantially cooler than the natural equatoriajeaof chimpanzees and thus is likely to be
below or just within the lower limits of the chimueee TNZ.

The second prediction is that high daily maximurd kxw daily minimum

temperatures would be associated with greateressdit shade utilization respectively. | also
predicted that shade and sun utilization would \&agording to the time of day, with shade
being utilized less during the cooler morning aftdraoon periods than at midday.
The third prediction is that inactivity would ocamore in shade than in sun. Inactivity is
typically associated with energy conservation ittércconditions (Kosheleff & Anderson,
2009) and high heat load (Hét al., 2004) and resting in shade reduces environmbatdl
gain through solar radiation and endogenous healugtion (Wheeler, 1994).

Materials and Methods

Study subjects

This study was carried out from May 2008 to Septena®08, during the austral
winter/spring. The subjects were a socially hougedip of captive chimpanzees at the Ape
House at the Johannesburg Zoo, South Africa. Thepgcomprised four males (Thabu: 24
years; Yoda: 16 years; Amber: 9 years; Charlegat)yand five females (Daisy: 24 years;
Zoe: 13 years; Lilly: 16 years; Claudette: 12 yedoyce: 5 years). The group had been
together for approximately four years but had edgpeed a social disturbance in the form of
a four month separation into two groups; the stiodk place two months after the group was

reunited.

Housing and husbandry

The chimpanzees were housed in a large indoor-outdibit at the Johannesburg
Zoo Ape House, with the outdoor section providingaaproximate total area of 2 500m

(Figure 1). The outdoor area was divided into tecti®ns (Section 1: 1 006Section 2:
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1 500n7) by an 8m wall, capped with electric fencing, wthinterconnecting doorway,
allowing the chimpanzees free movement between smttions. The enclosures were
surrounded by similar 8m walls on all sides apantnfthose areas bordered by moats
(approximately 4-5m wide), with rear walls providiaccess-doors to the night rooms, each
with a lowered concrete ramp leading to the doectiSn 1 also had a series of large
reinforced-glass viewing windows incorporated iatsection of the wall. Moats were
bordered with 1.5m high electric fencing; 30cm hedctric fencing also extended out of the
water approximately 2m from the edge of the enclasu

Each enclosure section differed in structure amdpmsition and included a variety of
trees, shrubs, rocks and felled trees; the placemiege and type varied between sections
(Figure 1). Section 1 comprised six trees (3-5n)ig few small felled trees and a number
of rocks throughout. Section 2 provided two livinges (2-4m high) and two large felled
trees for climbing. There was also an embankmentais, a stream connecting two sections
of moat and a pair of concrete artificial termiteunds located in section 2. In both sections,
the surrounding walls provided variable shade thhowt the day with trees outside the
enclosure also providing a degree of shade, péatigun section 1 where trees were very
large (approximately 10-15m high). However, thesrevere mostly deciduous and had few
leaves during the study period.

The chimpanzees were fed a variety of fresh fiuit wegetables, primate pellets and
boiled egg twice daily. Food was scattered randdhmyughout the outdoor enclosures in the
morning to encourage the chimpanzees to leavetigt-rooms. Similarly, food was
scattered randomly throughout the night-rooms @énebenings to encourage the chimpanzees
to re-enter the night-rooms. The chimpanzees hihddaess to both outdoor sections of their
enclosure from 10h00 to 15h00 on weekdays and fron®0 to 16h00 on weekends. The

night rooms were unheated.

Behavioural observation

Behaviour was recorded according to the categdessribed in Table 1 using an
instantaneous focal animal sampling technique withminute inter-sample interval (Martin
& Bateson, 1986). Observation sessions were cantédver a period of 10 non-consecutive
days for each individual chimpanzee sampled owefuh study period (May — September
2008). Sessions commenced on the hour, lastingisdtes, between 10h00 and 15h00,

covering the full 5 hours that the chimpanzees wetkeir outdoor enclosures.
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Figure 1. Outdoor housing area of the chimpanzee hibit at the Johannesburg Zoo Ape House, South
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Africa, drawn to scale.

All individuals, with the exception of two, werarapled, resulting in a total of 10
hours of observation per individual for 8 individsigAt the time of the study Claudette was
planned to be removed from the group (see Chaptéutithe timing of her removal was
unconfirmed and thus she was not included in olagiemvs. However, her removal occurred
approximately two weeks after completion of obseove for this study. Charles was also
excluded, on the basis that he was very young @lhdrggaged in ventral-ventral contact
with his mother and thereby relatively immobile.

For all behaviour, whether or not the focal indival was in the shade was recorded.
Individuals were considered to be in the sun wiheir thead or any part of their trunk was in

direct sun. In addition, I divided the enclosur®iaight zones (Figure 2). Zones were
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defined based on their general patterns of shadeldition such that certain zones, such as
A and F, provided almost no shade, lacking enviremial features that generated shade.
Other zones, such as zones C and D were heaviliedhay vegetation in the enclosure or
just outside the enclosure. The zone that the fodalidual occupied at each sample time
was also recorded. Therefore, for each individuadcorded its behaviour (Table 1), whether
it was in the sun or shade and what zone it ocdufiggure 2). At the start of each
observation session, the level of available shaa® egtimated visually and recorded as a
percentage of the total surface area for eachfapeone.

Orangutan
enclosure

Figure 2. Outdoor housing area of the chimpanzee &ibit at the Johannesburg Zoo Ape House, South
Africa, drawn to scale. Dashed lines denote zonatiqzones A-H labelled with uppercase bold letterg)f

the enclosure based on variable shade patterns.

Data analysis

For overcast days, all behaviour, shade and locatata were excluded from further
analysis so as not to bias results toward grebtatesuse. This resulted in the exclusion of 9
hours, and a final dataset comprising 61 hoursrRoianalysis, behaviour categories were

combined into four broad categories. ‘Active’ beloav included travel, foraging, object play
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and locomotor play, ‘Inactive’ behaviour includedilance, inactivity, abnormal behaviour
(abnormal gait was not observed and thus all oleseabnormal behaviour could be
considered as inactive behaviour) and self-diregtedming while ‘Social’ behaviour
included aggression, social play and social grogmimy recorded behaviour that did not fit
into these categories were now placed within thiaé® behaviour category.

Observation sessions were classified accordingeio start time, such that a session
starting at 11h00 and ending at 12h00 was clads#f$'11h00’. The number of hours of data
collected in each time slot were: 10h00 — 14hr&001— 14hrs; 12h00 — 11hrs; 13h00 —
14hrs; 14h00 — 8hrs. Hours in each time slot watartzed for all individuals except time
slot 12h00, for which Thabu, Zoe and Joyce werédueber] due to overcast days, and time
slot 14h00, for which Thabu, Daisy, Lilly, Yoda, Aer and Joyce were excluded due to
overcast days. The enclosure zones were classifealding to their levels of shade at the
start of each session, and categorised into tekil®-30% shade designated as ‘low’ shade
zones, 31-69% as ‘medium’ shade zones and 70-180Pikg¢n’ shade zones.

To investigate the potential effects of weatherditions on shade utilization, data
from the nearest weather station were obtaineditfiréhe South African Weather Service.
Maximum and minimum temperature data, measureldetméarest degree centigrade, were
collected for the appropriate sampling days. Hutyidi likely to fluctuate sporadically
across the day and with the movement of air (DalIngith, 1985) and appears to play little
role in both captive (Schino & Troisi, 1990) anddfranging primate thermoregulation
(Barrettet al., 2004). For these reasons, humidity was not censtd While wind speed and
direction are likely to influence an individual'enqgeived environmental temperature (leill
al., 2004), prevailing wind conditions were not coresetl because the 8m high walls
surrounding the outdoor enclosure possibly resitieir movement.

All analyses were two-tailed with a model significa level ofp = 0.05 and were
conducted using R (Ver. 2.13.0; R Development Ja@m, 2011). First, a Pearsop®stest
was used to assess whether there were any difessemoverall shade/sun utilization
patterns based on scores for total behaviour istineand total behaviour in shade, regardless
of behaviour type. These totals were compared &van sun/shade distribution. The levels
of sun and shade utilization were significantlyfefiént §* = 352.595p < 0.001), suggesting
that shade was utilized at levels higher than ebgoiloy chance while sun areas were utilized
at levels lower than expected by chance.
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Table 1. Definitions of behaviour observed in thelimpanzee groups at the Johannesburg Zoo, South

Africa, to assess the influence of shade availatifion space utilization and behaviour

Behaviour Definition
. Movement from one location to another, not obviously searching for food.
Travelling . . -
Included walking, running and climbing
Foraging Searching for, manipulating or consuming food or drink.
- When the animals ceased other activities in order to monitor or observe
Vigilance

their surroundings or other individuals

Inactive Resting, either standing, sitting or lying down. Included sleeping
Coprophagia/urophagia, self-mutilation, faeces throwing and hair plucking.
Other behaviour was scored as abnormal based on the context in which they
Abnormal occurred and whether they occurred repetitively (>3 times in succession;
Jones et al., 2008). These included nipple pulling, abnormal gait and
posturing and chronic masturbation

Chasing aggressively (characterised by sneering, open and closed grins and
compressed lip faces. Usually associated with screams, barks and 'wraaa’

Aggression calls; Goodall, 1986) or fighting with one another. Included aggressive
gesturing or signalling
Wrestling, playful biting and playful chasing (characterised by a relaxed face,

Social play possibly with a drooping lower lip, or a full play face. Usually silent but may
include soft grunts or hoots; Goodall, 1986)

Object play Play directed at or involving an inanimate object

Locomotor play | Solitary active play. Included running, rolling, swinging or somersaulting
Licking, cleaning, picking at and removing items from their own skin or hair.
Included self-scratching

When individuals made no effort to engage in other activities in order to be
licked, cleaned or have items from the skin or hair removed by others

Self-grooming

Being groomed

G -
:)clf‘r:::g Licking, cleaning and removing items from the skin or hair of others
Other Any identifiable behaviour that did not obviously fit into the other behaviour
categories
Hidden Chimpanzees were obscured from view or behaviour was unidentifiable

according to the other categories listed

Based on the results of thetest, further analyses were conducted to investite
influences of behaviour and the thermal environnoenthe utilization of shade. All further
analyses used a generalized linear model, involgibonomial error structure and a logit link
function. Combined response variables were craadet) thechind function in thestats
package in R, which takes into account the numbealoes (in this case, number of
observations in the sun or shade for example) ngakinthe ratio of the response and is an
appropriate method for non-normal error structur@ mon-constant variance (Crawley,

2007). Due to the low sample size, behaviour aedhibrmal environment were investigated
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separately and any interactions between behavimipther factors were only examined
graphically. A generalized linear model (GLZ), wpsitheglm function in thestats package (R
Development Core Team, 2011), was used to investighether particular behaviours were
associated with shade and/or sun utilization. Beha\category was used as the categorical
predictor while counts of each behaviour in the and shade respectively were used as a
combined response variable.

Another GLZ analysis was used to assess the auayalf shade over time, again
using theglm function. Time of day was used as a categoricadiptor while the number of
‘Low’ and ‘High’ shade tertile zones only (i.e. ‘M&im’ tertile zones were excluded) were
used as a combined response variable, as thesseapthe zone conditions in which
thermoregulatory decisions are likely to be mosinttesze and to avoid bias in tertile
boundaries (e.g. between 30 and 31% which distatngual low and medium tertiles).

A generalized linear mixed-effects model (GLMZ)ingd mer function in thedme4
package (Batet al., 2011) was used to investigate how shade utibratight vary with
location in the enclosure, available shade, amhieatther conditions and time of day. Time
of day and shade tertile were used as categoriediqtors while the counts of individuals
being in the sun and shade were used as a comt@spanse variable. Within the shade
tertile variable, only ‘High’ and ‘Low’ tertiles we examined. Daily maximum and minimum
temperatures were included as covariates. In addithimpanzee identity, to account for
repeated measures of the same individuals, anzbtiee occupied, as the enclosure zone
chimpanzees occupy may influence how shade ized)iwere included as random factors
(random intercepts only) in the model.

For all generalized linear analyses, Wx‘ﬁdmalysis of deviance type lll testing was
used to determine categorical predictor signifieat®@r the GLMZ, the interaction effect of
time*tertile was a significant predictor of sun astthde utilization (Walg’s = 62.182p <
0.001) but, ag-estimate contrasts for the GLMZ (Appendix 3) dat distinguish between
all within-group interactions, two separate GLZ lgsas using thglm function of sun and
shade selections were conducted to assess alhvgtbup interaction contrasts. The first
GLZ compared time of day differences within eadtilee using time of day as the
categorical predictor while the second GLZ compdeetiles within time periods, using
shade tertile as the categorical predictor. BotlZz @halyses used the counts of individuals in
the sun and shade as a combined response variable.
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Results

The results of thg” test suggested that the chimpanzees were utilstiage at
significantly higher levels than expected by anatguin: shade utilization patteryfy(=
352.595)p < 0.001; Sun: 1262; Shade: 2398; expected equabg0).

Behaviour was a good predictor of the respectvels of sun and shade utilization
(Waldy% = 93.86:p < 0.0015-estimates: Appendix 2). Of all the behaviourseegFigure
3), the relative levels of sun: shade utilizatioerevsignificantly greater for the active and
inactive behaviour categories than social and dibbaviours meaning that both the active
and inactive categories were more sun- than shased
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Ratio of Sun : Shade Selection

Active Inactive Social Other

Figure 3. The ratio of sun: shade selection by a gup of chimpanzees at the Johannesburg Zoo, South
Africa, with regard to four behaviour categories. Darker y-axis shading (dark grey) reflects selectioffior
shade utilization while lighter shading (light grey reflects more sun utilization. Different lower cae
letters above bars denote statistically significandifferences ¢ < 0.05).

The GLZ analysis of shade availability over the tsoaf the day indicated that time of
day was a significant predictor of shade availgb{§Valdy* = 14.302p = 0.006;5-
estimates: Appendix 3). The number of zones repteggthe high shade tertile was highest
during the morning hours and late in the aftern@ath more low shade tertile zones
occurring during midday. Inactivity was most suadad at 10h00, becoming increasingly
shade biased around midday and then becoming sise¢bagain around 14h00 (Figure 4).
The GLMZ analysis revealed time of day (Wafd = 58.063p < 0.001;3-estimates:

Appendix 1) to be a good predictor of sun and shaiieation, regardless of the behaviour
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performed (Figure 5). Chimpanzees spent more tintkd sun than shade at the 10h00
sampling period, but more time in shade than sivwden 11h00 and 14h00. Shade
utilization was highest during the 12h00 hour.

E=Low : High Shade Tertiles  ==-Inactivityin Sun : Shade
4 - c

3.5 1

2.5 1

Ratio
N

1.5 4

0.5 A

10h00 11h00 12h00 13h00 14h00

Figure 4. The ratios of low: high shade tertile zoes throughout the chimpanzee enclosure at the
Johannesburg Zoo, South Africa. The dashed blackrie is the ratio of sun: shade for inactivity scores
exhibited by the chimpanzee group for the same peyd. The dashed light-grey line indicates an even
availability of low and high shade tertile zones whin the enclosure. Different lower case letters afve the
bars denote statistically significant differencesg < 0.05) for shade availability between time pericgionly.

Shade tertile alone (Wajd, = 0.845;p = 0.358) was not a good predictor of sun and
shade utilization but the time*tertile interactiefiect (Waldy?, = 34.701p < 0.001) was a
significant predictor of sun and shade utilizatigrestimates: Appendices 4, 5 and 6). The
differences between time periods for each tertdeshown in Figure 6 and Figure 7. Within
the low shade tertile zones, shade-utilization graatest during the 12h00 period and lowest
around 10h00. In the high shade tertile zones,eshad was greatest at 13h00 but lowest at
12h00. For all times, the shade-utilization pag@mlow and high tertiles were significantly
different with significantly more shade utilizatiamhigh than low tertile zones in all time
slots except 12h00, where shade utilization wasifeegntly higher in low shade tertile
zones. Minimum daily temperature was a predictoalf/y*, = 63.987p < 0.001) but
maximum daily temperature was not a predictor (Wale: 0.026:p = 0.872) of sun: shade
utilization. However, the relationship between mom daily temperature and sun: shade
utilization was weak (Sun®= 0.0256; Shade’R= 0.0069; Figure 8 and Figure 9), indicating
that while statistically significant, the maximumdaminimum temperatures were not good

predictors of overall shade utilization patterns.
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Figure 8. Spread of data for counts of observationsf chimpanzees in the sun at the Johannesburg Zoo,
South Africa, in relation to the full range of minimum daily temperatures (in degrees Celsius) recorde
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Figure 9. Spread of data for counts of observationsf chimpanzees in the shade at the Johannesburg &@o
South Africa, in relation to the full range of minimum daily temperatures (in degrees Celsius) recorde
over the study period, following the identificationof minimum daily temperature as a significant
predictor of sun and shade utilization p < 0.05)
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Discussion

The aim of my study was to examine how chimpanméése shade as a means of
behavioural thermoregulation in a captive settiqgedicted that the chimpanzees at the
Johannesburg Zoo would not utilize shade as oféatiract sun, based on the differences
between the winter/spring climates of the JoharmgsBoo and the equatorial rainforest and
grassland habitats of free-ranging chimpanzeegshanlimits of the chimpanzee thermal
neutral zone. This prediction was not met as thphnzees appear to utilize shade at
significantly higher levels than direct sunlight.dgreement with my findings, free-ranging
chimpanzees spend relatively little time in direabh (Kosheleff & Anderson, 2009) and
captive gorillagGorilla gorilla gorilla appear to preferentially spend more time in shiade
direct sun (Stoinskét al., 2001b). Surprisingly, given the differences betwéhe climates at
the Johannesburg Zoo and the equatorial rainfortbstsame preference for shade over
direct sun emerged. There are 2 possible explarsatar this result.

1) On the one hand, the chimpanzees may have atded to the climatic conditions
at the Johannesburg Zoo, effectively toleratingdoambient temperatures in Johannesburg
than their free-ranging counterparts in equatogglons. Primates should ideally be housed
under climatic conditions similar to their natuealvironment (Coe, 1989), but for outdoor
exhibits this is not feasible. Such housing undaeratural conditions could result in either
pathology or a tolerance for the unnatural condgid_ewis (1973) reported acclimatisation
to captivity of 47216 individual Crab-eating macagiMacaca fascicularis and Rhesus
macaqued/lacaca mulatta within 12 weeks, suggesting that primates do ¢copew
environments. However, this estimate is based emtwasures of mortality and it is unclear
whether there was a physiological response indhéwng individuals. How animals react to
unnatural thermal conditions is uncertain (Lindhur@98) and further work is needed to
examine whether or not captive primates acclimatssvironments outside their natural
range.

2) Alternatively, it is possible that chimpanzegsid direct sunlight regardless of
ambient temperature. Solar radiation is likelyriffuence the behaviour of animals in open
environments (Hilkt al., 2004) especially for animals with dark skin cdés (Young, 1982;
Acharyaet al., 1995; Kosheleff & Anderson, 2009). Chimpanzeeageloffers limited
insulation against solar radiation (Kosheleff & Asmglon, 2009) but as the chimpanzee group
at the Johannesburg Zoo frequently engage in haiking, a form of abnormal behaviour

which exposes the dark skin (Wakthal., 1982), any exposure to direct sun, however brief,
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is likely to result in rapid heat gain. Under swamditions, the chimpanzees are likely to
avoid direct sunlight as the rapid heat gain malarthe risk of overheating too great.
Feedlot cattle in Arizona appear to adopt a sinsteategy, resting in shade from as early as
07h00, approximately an hour after sunrise, andcaneimg in shade until approximately
17h00 (Ray & Roubicek, 1971). Given that ambientgeratures are unlikely to exceed the
thermal neutral zone of cattle within an hour afrsse, these results suggest that shade
utilization in cattle may be a response to lighensity rather than ambient temperature
(Finch, 1976). The chimpanzees seem to be adoatsagilar strategy.

If the chimpanzees are indeed avoiding direct ghhlitemperature should not be a
good predictor of sun and shade utilization becauset exposure to sunlight will result in
heat gain irrespective of ambient thermal condgiddnly minimum daily temperature was a
significant predictor of utilization patterns. Hove, Figure 8 and Figure 9 suggest that any
relationship between minimum temperature and sadéshitilization is weak at best. The
pelage of chimpanzees does not appear to functibeat conservation (Benedict & Bruhn,
1936) and given the natural habitat of the spe@feglant, 2004), it is not surprising that
minimum temperature would influence behaviour. Miom temperature also appears to
influence behavioural thermoregulation of both fraeging baboons (Barredt al., 2004)
and Japanese macaques (Zhetrad., 2007) as well as captive long-tailed macaquekif®c
& Troisi, 1990) but why the relationship emergesvask in this study is unclear. It is
possible that the temperatures experienced at dekharg Zoo were not low enough to have
a pronounced effect on the behaviour of the chirmpas or alternatively the chimpanzees
may have acclimated, but these ideas require funtivestigation.

While daily maximum temperature was not a good iptedof shade utilization, the
patterns of inactivity over the day suggest thatdthimpanzees are still sensitive to high
temperatures. Inactivity occurred almost exclugivelthe shade during the hottest hours of
the day, while during 10h00 sampling period inattiwas more sun-biased. Free-ranging
chimpanzees engage in more sedentary activitiesh@eff & Anderson, 2009) and utilize
caves (Pruetz, 2007) during midday and a numbbabbon studies have highlighted that
midday high temperatures are associated with redacgvity and increased shade seeking
(Stelzner, 1988; Hilét al., 2004; Hill, 2006a; Hill, 2006b).

While it seems logical to assume these pattermsagtivity and shade utilization are
in response to changing temperatures, they shauidterpreted cautiously as a number of
other factors may also be at play. The chimpanaees provided with food, scattered

throughout the enclosure, at 10h00 to encourage thdeave the night rooms and thus may



125

have spent more time in the sun than during othex periods simply because of foraging.
Alternatively, as the night rooms are not heateddwothey provide much sunlight, the
chimpanzees may be inactive in the sun to warnmugh like morning sunbathing in other
primate species (Young, 1982; Brocknetal., 1987). It is also possible that non-
thermoregulatory circadian effects may influence phatterns of shade utilization. Java
monkeys appear to regulate autogrooming (Troisickiso, 1987) and chimpanzee
(Kosheleff & Anderson, 2009) and human activityr(Bey, 1992) may vary according to
non-thermal circadian patterns.

The chimpanzees also appeared to show a similatdeard shaded zones over time
for both low and high shade tertile zones. The 02high tertile sun-use bias may be
anomalous because of the small sample of highe®for that period consisted of only three
observations, as most observations over that tieneg were excluded due to overcast
conditions. If the 12h00 high tertile data poineicluded, the patterns are similar for both
the High and Low tertiles, suggesting that the g@anzees are preferentially utilizing shade
throughout the sampling period regardless of howhshade is available. Furthermore,
while shade was not absent around 12h00, the cinpelea appear to still show a marked
preference for shade even though little shade waitahle under trees during the midday
period, with the sun directly overhead. Togetheese results suggest that the chimpanzees
are highly motivated to utilize shade during thesipd. Schitzt al. (2008) examined how
motivated cattle, deprived of space to lie downieate utilize shade by providing a choice
between a high shade area and an area condudivegalown and found that cattle opted to
stand in the shade, rather than lie down, as arht@erperatures increased. Bohmefial.
(2009) suggest that shade may be used as a tenttmrage captive primates to engage with
particular elements of their enclosures, therelggesting that shade is an inherently
valuable resource to captive primates.

The findings of Schiitet al. (2008) and suggestion of Bohm @ral. (2009), together
with the findings of my study, suggest that a latkvailable shade may be cause for concern
for animal welfare by placing animals at risk ofypiological stress and overheating. While it
is important that animals are presented with realieermal variation (Lindburg, 1998), my
findings suggest that even naturalistic enclosorag not meet the biological needs of the
animals (Fabregast al., 2011), undermining their wellbeing (Maple & Fipld989). Given
that naturalistic enclosure designs are rapidlyb®ng the norm for captive environments
(Maple & Finlay, 1989; Fabregatal., 2011), and the expensive nature of their constmic
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and maintenance (Coe, 1989), it becomes incregsimglortant that enclosures are designed
from a multifaceted functional as well as aesthstandpoint (Little & Sommer, 2002).

In conclusion, this study examined the potentidization of shade as a
thermoregulatory strategy of captive chimpanzebs. dhimpanzees appear to employ a sun-
avoidance strategy for most of their time outdodespite experiencing relatively low
environmental temperatures at the JohannesburgStwale was actively utilized at higher
levels than direct sun. While the level of avaitabhade does not appear to influence shade
utilization, the chimpanzees appear to selectiuéilize shade more during the midday
period than at other times, apparently in respom$egher midday temperatures, but
alternative explanations for this pattern mustX@ared in future. The results suggest that
shade can constitute a valuable environmental reedar captive primates, promoting both

physiological and behavioural welfare.
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Appendices: Tables of beta estimates calculated fgeneralized linear model analyses

Appendix 1. Beta estimates with standard errors ang-values generated through a Generalized linear
mixed model (GLMZ) for contrasts between differenttime periods, coded by the approximate starting
time for each hour (10h00-14h00), comparing sun anshade utilization of a group of captive chimpanzes
at the Johannesburg Zoo, South Africa. Contrasts fowhich p< 0.05 appear in bold within grey cells

11h00 12h00 13h00 14h00
6=1.54 +0.244; 8=-0.02 £0.778; 6=4.27 £0.782; 6=1.35+0.438;
p < 0.005 p=0.983 p < 0.005 p < 0.005
11h00 6=-1.54+0.244; 6=-1.56 +0.773; 6=2.73 £0.766; 8=-0.2+0.443;
p < 0.005 p =0.044 p < 0.005 p=0.655
12h00 8=0.02+0.778; 6=1.56+0.773; 6=4.29 £+ 1.065; 8=1.36+0.861;
p=0.983 p =0.044 p < 0.005 p=0.114
13h00 6=-4.27+0.782; | 6=-2.73%0.766; | 6=-4.29 +1.065; 8=-2.92 +0.856;
p < 0.005 p < 0.005 p < 0.005 p < 0.005
14h00 6=-1.35+0.438; 6=0.2+0.443; 8=-1.36+0.861; 6=2.92 £ 0.856;
p <0.005 p =0.655 p=0.114 p <0.005
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Appendix 1. Beta estimates with standard errors ang-values generated in a generalized linear model
(GLZ) for pairwise contrasts between different behaiour categories, comparing sun and shade
utilization of a group of captive chimpanzees at th Johannesburg Zoo, South Africa. Contrasts for with
p < 0.05 appear in bold within grey cells

Active Inactive Social Other
Active 68=-0.38 £0.067; 6=-1.00+0.121; 6=-0.73 +0.138;
p=0.198 p < 0.005 p < 0.005
. 6=0.38+0.067; 6=-0.9+0.112; 6=-0.62 +0.130;
Inactive
p=0.198 p < 0.005 p < 0.005
Social 6=1.00%0.121; 6=0.9+0.112; 6=-0.28 £0.157;
p < 0.005 p <0.005 p=0.079
Other 6=0.73 £ 0.138; 6=0.62 £ 0.130; 6=0.28 +0.157;
p < 0.005 p <0.005 p=0.079
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Appendix 2. Beta estimates with standard errors ang-values generated in a generalized linear model
(GLZ) for pairwise contrasts between different hourlong time periods, comparing shade availability,
coded as the number of low tertile zones (zones mdied as < 30% shaded) and high tertile zones (pe@s
identified as > 70% shaded) in a chimpanzee enclasuat the Johannesburg Zoo, South Africa. Contrasts
for which p<0.05 appear in bold within grey cells

11h00 12h00 13h00 14h00
6=032+0283; | 6=1.18+0.366; | 6=0.76%0.298; | 6=0.06+0.404;
p=0.272 p<0.005 p=0.011 p=0.878
11h00 | 6="032%0.288; 8=0.86+0.36; 8=0.44 + 0.290; 8=-0.25+0.4;
p=0.272 p=0.272 p=0.017 p=0.522
1ohoo | 6=-1.18£0.366; | 6=-0.861+0.36; 6=-0.41+0.368; | 8=-1.11+#0.457;
p<0.005 p=0.272 p=0.259 p=0.015
13h00 | B=-076£0.298; | 6=-0.44£0.290; | 6=0.410.368; 8=-0.7 + 0.405;
p=0.011 p=0.017 p=0.259 p=0.085
1an00 | 6=-0.06%0.404; 8=0.25+0.4; 6=1.11+0.457; | 6=0.73+0.138;
p=0.878 p=0.522 p=0.015 p <0.006
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Appendix 4. Beta estimates with standard errors athp-values generated in a generalized linear mixed
model (GLMZ) for pairwise contrasts within a time*tertile interaction effect, specifically comparing sin
and shade utilization of a group of captive chimparees at the Johannesburg Zoo, South Africa, for all
time periods within the low tertile zones (zones ehtified as < 30% shaded) to all times within the iigh
tertile zones (zones identified as > 70% shaded)irie of day comprised five hour-long periods, codebly
the approximate starting time for each hour (10h0Qt4h00) and available amount of shade was coded as
two levels of a tertile shade estimation (low, highContrasts for whichp < 0.05 appear in bold within
grey cells

High
11h00 12h00 13h00 14h00
10h00 6=1.03+0.286; | 6=-2.26+0.799; | 6=2.38+0.792; 6=1.72 £ 0.494;
p < 0.005 p < 0.005 p < 0.005 p < 0.005
11h00 6=-1.03 £ 0.286; 6=-3.29+0.796; | 6=1.35+0.778; 6=0.69 +0.504;
p < 0.005 p < 0.005 p=0.083 p=0.17
6=2.26 +0.799; 6=3.29 £ 0.796; 6=4.64 +1.079; 6=3.99 + 0.898;
Low | 12h00
p < 0.005 p < 0.005 p < 0.005 p < 0.005
13h00 6=-2.38+0.792; | 6=-1.35+0.778; | 6=-4.64 £ 1.079; 8=-0.66 + 0.884;
p < 0.005 p=0.083 p < 0.005 p=0.456
14h00 6=-1.72+0.494; | 6=-0.69+0.504; | 6=-3.99+0.898; | 6=0.66+0.884;
p <0.005 p=0.17 p <0.005 p =0.456
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Appendix 5. Beta estimates with standard errors ang-values generated in a generalized linear mixed
model (GLMZ) for pairwise contrasts within a time*tertile interaction effect, specifically comparing sin
and shade utilization of a group of captive chimparees at the Johannesburg Zoo, South Africa, for all
time periods within the high tertile zones (zoneglentified as > 70% shaded) to all times within théow
tertile zones (zones identified as < 30% shaded)irie of day comprised five hour-long periods, codebly
the approximate starting time for each hour (10h0Qt4h00) and available amount of shade was coded as
two levels of a tertile shade estimation (low, highContrasts for which p<0.05 appear in bold
within grey cells

Low
11h00 12h00 13h00 14h00
10h00 6=-1.03 + 0.286; 6=2.26 +0.799; 6=-2.38+0.792; | 6=-1.7210.494;
p <0.005 p <0.005 p <0.005 p <0.005
11h00 6=1.03 £ 0.286; 6=3.29 £ 0.796; 6=-1.35+0.778; | 6=-0.69 +0.504;
p <0.005 p <0.005 p =0.083 p=0.17
High | 12h00 6=-2.26+0.799; | 6=-3.29%0.796; 6=-4.64%1.079; | 6=-3.99+0.898;
p <0.005 p <0.005 p <0.005 p <0.005
13h00 6=2.3810.792; 6=1.35+0.778; 6=4.6411.079; 6=0.66 +0.884;
p <0.005 p =0.083 p <0.005 p =0.456
14h00 6=1.72 £ 0.494; 6=0.69 £0.504; 6=3.99 £ 0.898; 6=-0.66 +0.884;
p <0.005 p=0.17 p <0.005 p =0.456
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Appendix 6. Beta estimates with standard errors ang-values generated in a generalized linear model
(GLZ) used to identify specific pairwise contrastdor a generalized linear mixed model (GLMZ)
time*tertile interaction effect, specifically compaing sun and shade utilization of a group of captie
chimpanzees at the Johannesburg Zoo, South Africégr all time periods within the low tertile zones
(zones identified as < 30% shaded). Time of day cqmised five hour-long periods, coded by the
approximate starting time for each hour (10h00-14h0). Contrasts for whichp< 0.05 appear in bold
within grey cells

Low
11h00 12h00 13h00 14h00
10h00 6=-0.74£0.127; | 68=-2.55+0.153; 6=-2+0.127; 8 =-0.25 £+ 0.206;
p <0.005 p <0.005 p <0.005 p=0.235
11h00 6=0.74 £ 0.127; 6=-1.81+0.152; | 6=-1.25+0.125; 6=0.5+0.205;
p <0.005 p <0.005 p <0.005 p =0.015
Low | 12n00 6=2.55%0.153; 6=1.8110.152; 6=0.56£0.151; 6=2.3110.222;
p <0.005 p <0.005 p <0.005 p <0.005
13h00 6=2+0.127; 6=1.25+0.125; | 6=-0.56 +0.151; 6=1.75 £ 0.205;
p <0.005 p <0.005 p <0.005 p <0.005
14h00 6=0.25+0.206; 6=-0.5 1 0.205; 6=-2.31+0.222; | 6=-1.75 % 0.205;
p=0.235 p =0.015 p <0.005 p <0.005




Appendix 7. Beta estimates with standard errors ang-values generated in a generalized linear model
(GLZ) used to identify specific pairwise contrastdor a generalized linear mixed model (GLMZ)
time*tertile interaction effect, specifically compaing sun and shade utilization of a group of captie
chimpanzees at the Johannesburg Zoo, South Africégr all time periods within the high tertile zones
(zones identified as > 70% shaded). Time of day cqmised five hour-long periods, coded by the
approximate starting time for each hour (10h00-14h0). Contrasts for whichp< 0.05 appear in bold

within grey cells

High
11h00 12h00 13h00 14h00
10h00 8=-0.55%0.205; | 6=0.73+0.686; | 6=-2.12+0.738; | 6=-0.92 + 0.369;
p =0.007 p =0.290 p < 0.005 p=0.012
11h00 6 =0.55 + 0.205; 6=1.27+0.687; | 6=-1.57+0.738;, | 6=-0.38+0.370;
p =0.007 p =0.064 p =0.032 p=0.308
. 6=-0.73+0.686; | 6=-1.27 +0.687; 6=-2.85+0.987; | 6=-1.65%0.752;
High | 12h00
p =0.290 p =0.064 p < 0.005 p =0.028
13h00 6=2.1+0.738; 8=1.57+0.738; | 6=2.85+0.987; 8=1.2+0.799;
p <0.005 p=0.032 p <0.005 p=0.134
14h00 6=0.92+0.369; | 6=0.38+0.370; | 6=1.65%0.752; 8=-1.210.799;
p =0.012 p =0.308 p =0.028 p=0.134
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Appendix 8. Beta estimates with standard errors ang-values generated through a generalized linear
model (GLZ) used to identify specific pairwise contasts for a generalized linear mixed model (GLMZ)
time*tertile interaction effect, specifically compaing sun and shade utilization in Low (zones identied as
< 30% shaded) and High tertile zones (zones idengf as > 70% shaded) at each time period by a group
of captive chimpanzees at the Johannesburg Zoo, StuAfrica. Time of day comprised five hour-long
periods, coded by the approximate starting time foeach hour (10h00-14h00). Contrasts for which <
0.05 appear in bold within grey cells

Low High
= +0. o =0.59+0. ’
oo || S eeam e
= + . =- + .
woo| [ FrEzosom amer
12000 | High | O0IRE086E | | |, [8=010s056s
=1.82+0.729; =-1.82 +0.729;
oo | [0 e
=2.38+0.387; =-2.38 +0.387;
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Chapter 6. General discussion

Overview

Animals in captive environments experience condgiwhich are beyond their
control. These imposed conditions, directly or iadily, lead to stress in captive animals.
The aim of my study was to investigate how chimgasz a species that exhibits extensive
behavioural flexibility, high intelligence and cofap sociality, respond to changes imposed
within a zoo environment. The experiments descrihaedy study exploited the opportunistic
changes in husbandry and management protocols @dmsthe Johannesburg Zoo. My
research focused on four aspects of chimpanze&eapaintenance: responses to long-term
spatial restriction, the long-term effects of splathange on space use and group spacing, the
effects of social change and the role of shadethsranoregulatory resource for captive
chimpanzees. Each of these investigations is novtd own right, and revealed many
complex and subtle ways in which changes in cagtiafluence chimpanzees and how
chimpanzees respond to these conditions.

Overall, in my studies, the chimpanzees responadegatial change through
flexibility, employing different behavioural strajes to respond to the social stress of long-
term spatial restriction. My findings supported toping model (de Waal, 1989) and
suggested that abnormal behaviour may functiomamitet for stress during long-term
spatial restriction. Five years after the enclosirange, the chimpanzees displayed a
consistent pattern of limited space use and tightig spacing, contingent on previous
housing dimensions which was not adequately exgthby climatic, temporal, behavioural,
social, visitor or environmental feature effectshe current environment. | suggested that a
likely explanation appears to be a form of spaéiatned helplessness, resulting from the
spatial restriction of the previous housing comdhitiThe chimpanzees displayed variable
qualitative and quantitative behavioural and sosldlts in response to species-typical social
manipulations at the zoo. However, the removalhoddult female appeared to have been
less disruptive than the merging of two existingialogroups, as indicated by less stress-
related behaviour in the former manipulation. Hinakithin the new enclosure, shade
appeared to function as a valuable thermal resdardbe chimpanzees. Despite my study
taking place during the austral winter, the chingess selectively spent time in shade,

avoiding direct sunlight.
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In the sections that follow, | describe the curnemierstanding of the stress response
in captivity and propose a more comprehensive mimideixamining the responses of
chimpanzees to the imposed stressors of the cagrtiieonment. | discuss my findings in
relation to my proposed model as well as the exgditerature, highlighting inconsistencies
and potential gaps in the literature. Finally,@ntify areas for future research and suggest

directions for further study.

The stress response in the captive environment

Various aspects of the physical environment inigdaptmay be stressful for animals
(Morgan & Tromborg, 2007). The current view of 8teess response of animals in captivity
(e.g. Tennessen, 1989) suggests that the behaviespmnse to stressors of animals is
determined by the current environment and the paifithe stressor. Unnatural conditions
(Morgan & Tromborg, 2007) and a lack of controtlwe captive environment cause animals
to be stressed and animals then respond by eitifizing their inherent flexibility to restore
allostasis or, failing which, exhibit pathology &tk et al., 1997).

This understanding of the stress response is ligeans incorrect, but fails to take
into account the various factors which contribatéhte behavioural motivation driving the
responses to stress. The behavioural motivati@mandividual. Motivation, the summation
and interactions of internal and external stimhgittiead to the expression of behaviour
(Barnard, 1995), is driven by both the immediatenmal and external stimuli as well as
individual variation and past experience (Jenseroétes, 1993) but the description of stress
response above assumes that animals are merebnoisg to the immediate stressor and
current environmental conditions. | suggest, basethe findings of my studies, that a far
more comprehensive approach to the stress respboaptive animals is needed in order to
better understand how captive environments inflaghe behaviour, and ultimately well-

being, of animals.

Direct environmental influences on motivation

The captive environment influences the motivatistate of an individual through
two main avenues. Firstly, the environment eithexatly or indirectly generates the stressors
that an individual faces (Morgan & Tromborg, 208fgircled letter A, Figure 1). In
addition, the captive environment limits the bebaval opportunities available to individuals
(Altman, 1999) by limiting the degree of choice amhtrol afforded to individuals (B,
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Figure 1). The degree to which individuals can oartheir environment influences various
proximate factors related to motivation. While thetivation of an animal cannot be
measuregber se, behavioural expression, in relation to the vagitactors discussed
hereafter, assumes the underlying motivationaéstat
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Figure 1. The influence of various factors on the éhavioural motivation and expression of captive
chimpanzees in response to environmentally-inducestress. The traditional view of the stress response
(black arrows, blocks) suggests that the captive gimonment imposes stressors on chimpanzees, which
respond through flexible behaviour resulting in resoration of allostasis and ultimately survival and
reproductive success. If chimpanzees fail to respdrflexibly, pathology may develop which compromises
welfare leading to effects such as premature deathr reduced reproductive output. However, various
other aspects of the captive environment (white aows, ovals) may contribute to the response to
stressors. Other factors, such as the biology ofd¢hspecies, past experiences, personality and indluil-
specific effects and cultural transmission may futtter influence the stress responses. These proximate
factors may act independently of or supersede moienmediate causal influences, such as existing
environmental conditions, in determining stress rgsonse in chimpanzees. Encircled letters are referer
points to discussion in the text
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Energetic constraints

Energetic constraints (C, Figure 1) function asrimal stimuli which contribute to
motivation based on energy intake through the foodided (Klingermaret al., 2011) and
energetic expenditure through metabolism (Schneikf¥#4) and the energetic costs of
performing behaviour (Young, 2003). In Chapter 5yfstudy, the frequent shade utilization
highlighted one of the subtle ways that a captwarenment can limit or alter energetic
constraints. The patterns of shade utilization sagthat the chimpanzees were motivated to
utilize shade and the structure of the enclosurgiged a choice for chimpanzees between
rapid heat gain in the sun or a cooler microclimatihe shade. Given that behavioural
thermoregulation is less energetically costly thhgsiological thermoregulation (Barteh
al., 1992), the choice between sun and shade alldweegdre-existing motivation for shade
utilization to be expressed as shade-seeking betavi

Constraints of sociality

The limitations of social rules and hierarchy (Chiap& Larose, 1988) and the
availability of social partners influence the sdityeof captive animals (D, Figure 1). The
presence of social partners influences which spaehers individuals choose to interact
with and what associated behaviour is expressadeXample, the presence of social partners
is known to reduce the experience of stress in alsina process termed social buffering
(Hennesswt al., 2009). In Chapter 4, the separation of the chimpas into single-sex
groups clearly limited the social partners avadatol individuals and, following merging,
social interactions between individuals underweathlgualitative and quantitative changes.
However, an absence of individuals may also rensoegally imposed limitations on
behaviour. For example, the separation into twgleksex groups in my study may have
facilitated the expression of aggression in thediengroup because the males may have
mediated intra-group aggression, as occurs inrfriaging populations; male chimpanzees
may intervene in female-female conflict (termedtcol-role’ behaviour: Andersaat al.,
1977; Kahlenbergt al., 2008).

The role of cognition
The environment influences brain and cognitive tgwaent (Gardneet al., 1975;
Turner & Lewis, 2003; Turneat al., 2003) and as such, neurological and cognitivectsf

(E, Figure 1) are also likely to influence the babaral motivations of individuals by
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influencing the degree to which chimpanzees capores flexibly. While not explicitly tested
in my study, chimpanzees display advanced socgiton (Call, 2001; Tomasellet al.,
2003; Hareet al., 2006) and the responses of the chimpanzees tialggstriction in Chapter
2 suggest that social cognition can be utilizedynpanzees as a tool to manage group
aggression. Many studies have examined the ratiofpanzee cognition in tool
manufacture and use with regard to enrichment desigarticular (e.g. Celkt al., 2003),

but social cognition has received comparativetieliattention outside the laboratory setting.
How chimpanzee social cognition influences behaabexpression in nature is only
beginning to be understood (Crockfaatdal., 2012) and given that it is far easier to study
captive animals than free-ranging populations (RpW867), it is peculiar that few studies
of captive chimpanzee welfare and husbandry hamsidered the influence of social
cognition on the responses to stressors.

Cognition may also play a larger role in chimpankzeleaviour than other species due
to their high intelligence (see Chapter 1). Unlitber animal species, | believe that
chimpanzees may utilize cognition as a ‘motivatiditier’ (F, Figure 1) whereby cognitive
processes may supersede the influence of othersaghich contribute to motivation. For
example, chimpanzees participating in a cumulatwveard task display self-restraint,
redirecting behaviour and attention away from theuanulating rewards in order to cope
with impulsivity, thereby increasing their gainesvards (Evans & Beran, 2007). However,
little research has examined the degree to whighiton can influence behavioural
motivation and expression.

The type, and intensity of the stressor may hadieest influence on the degree to
which energetic limitations, sociality and neurayoiive effects influence the stress
response (G, Figure 1). For example, chimpanzeasaapo better cope with changes to the
social environment than changes to the physicatemwment (Reimerst al., 2007). Thus,
while the degree of choice and controllability ighces behavioural responses to stress,

these responses may also be influenced by theenattine stressor the animal experiences.

Innate influences on motivation

The examples discussed thus far illustrate howeotiwr proximate factors can
influence behavioural responses to stressors. Henvawariety of more subtle factors may
influence the stress response in captivity. Varioutgeomes of my study suggest that these
factors, which are typically independent of thereat environment and are not mediated by

the degree of choice and control, may be as, ifmare, important than the proximate
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elements already mentioned in driving motivatiod dehavioural expression in response to

stress in captivity. | discuss these factors next.

Soecies biology

Many behavioural phenotypes may be directly un@éaegc control. For example,
stereotypical behaviours in African striped miRt@bdomys pumilio is genetically
transmitted from mothers to offspring, which is anpled from the housing conditions of the
animal (Schwaibold & Pillay, 2001; Jonesal., 2008). In Chapter 5, the chimpanzees
avoided direct sun, probably as a result of ragial lyain due to their dark pelage (Kosheleff
& Anderson, 2009). Thus, the chimpanzees were €btaalisplay a particular pattern of
behaviour due to physiological constraints impdsgthe anatomy of the species. These
examples illustrate how species biology may limitonstrain behaviour.

The biology of an animal also dictates the abityndividuals to respond to stimuli
in a flexible way. Species biology has been consii@s very important when designing
environmental enrichment (Clubb & Mason, 2007) lhav species biology may dictate
flexibility in response to stress has not receinadh attention. Chimpanzees display
extensive behavioural flexibility (Wallace, 197%9)deflexible behavioural responses of
individuals are important for restoring allostasibowing exposure to a stressor (Clatlal .,
1997). The chimpanzees in my study displayed texilile responses to stress. Selective
social interactions between individuals were digpthin response to the social disruptions of
group merging and the removal of an individual fritva chimpanzee group (Chapter 4).
Under spatial crowding, the chimpanzees display#d tension-reduction and conflict-
avoidance responses to the increased social teassmtiated with spatial crowding (Chapter
2). In both cases, the chimpanzees did not displ@tactic in response to stress, but appear
to have strategically employed multiple tacticseleging on the context of the stressor they
experienced. Other studies have also found thatgdmzees use behavioural flexibility in
response to spatial crowding. Under differing ctiods, a group of chimpanzees may exhibit
tension-reduction responses (Nieuwenhuijsen & dal\W&82), conflict-avoidance
responses (Aureli & de Waal, 1997) or both tengemhiction and conflict-avoidance
responses (Videan & Fritz, 2007).

Many studies have overlooked the influence of setypical effects on behavioural

responses (H, Figure 1). This is particularly emida the literature with regard to
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environmental enrichment, where protocols are odfgplied from one species to another,

without considering the relevance of the enrichnienthe animals (e.g. Welkt al., 2007).

Effects of past experience and learning

Past experience has been identified as a causaf fadetermining the behaviour of
chimpanzees (Nagd al., 1999; Reimerst al., 2007) and other primates (Mallapur &
Choudhury, 2003). While it seems intuitive thattpagerience will have a direct influence
on behaviour, few studies of captive animals haresitlered this effect. This may be
because quantifying past experiences is very ditfiac most cases. For example, the orphan
chimpanzees in my study (Chapter 2) were of unknorigin or history as they were rescued
by or donated to the Jane Goodall Institute Sodtlt®& However, my study (Chapter 3)
provides an example of a quantifiable past expeadthe old housing condition) generating
lasting, clearly evident effects on the spatialdhebur of the chimpanzees, which appear to
meet the criteria for learned helplessness (M&gligman, Pers. Comm.).

The ontogeny and mechanisms behind the influenpastfexperiences, such as early
handling or maternal separation, on stress respuets@viour have been well studied in a
variety of species, ranging from rodents to livektpAnismanet al., 1998; Braastad, 1998)
but the mechanisms behind the emergence of ledeiptbssness (LH) effects are still
unclear. The uncontrollability of the initial stinus, which is important in the onset of LH
(Seligmaret al., 1968), appears to alter activity of the hypothatapituitary-adrenal (HPA)
axis (Haraczt al., 1988), and circulating monoamines in the prefibabrtex and
hippocampus have also been implicated in the LElceffiSagert al., 1990; Pettyt al.,
1994a; Pettyt al., 1994b; Eisenstein & Carlson, 1997). The HPA &iypically associated
with stress (Grissom & Bhatnagar, 2009; Sarabdpiset al., 2012) and therefore it is
possible that the chimpanzees displayed spatidbélirhviour following the stress of spatial
restriction.

From early on, LH was known to result in impairedrhing, labeled as cognitive
deficits (Maier & Seligman, 1976; Maier, 1980). Iohice exhibit lower levels of brain
derived neurotrophic factor (BDNF) and cAMP-resporkement binding protein (CREB)
gene expression in the hippocampus than contreotichehls (Songet al., 2006). There is
strong evidence that BDNF (Mafial., 1999; Kesslalkt al., 2003; Parnpiansét al., 2003,
Nakajoet al., 2008) and CREB (Goldbaet al., 2003; Alvarez-Jaimes al., 2005; Wanget

al., 2008) gene expression improves spatial learnmignaemory in rodents. Thus,
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individuals displaying LH are likely to exhibit inaped spatial learning as well. Woodlice
Porcellio scaber and African striped mice exhibit limited movemeatterns following
housing in small environments (D'Egidio, 2012) angironmental novelty appears to be
closely associated with LH behaviour (Padélal., 2010); these examples suggest a further
link between LH behaviour and the spatial domaiug], it is feasible that a complex
interplay of environmental novelty, the stress assgociated HPA activation of a change of
enclosure and impaired spatial learning resultrogifthe previous housing condition
generated, what | termed, the spatio-cognitivecttgfsCD) effects described for the
chimpanzees in my study.

The spatial LH behaviour described for the chime&szn my study appeared to
affect the space use and spacing of all individwatisin the group. However, it was unclear
whether all individuals within the group exhibit8€D or whether it manifested as a group-
based phenomenon. That no social pairs were itshas good predictors of spacing,
suggests that perhaps the effect was experiencell ingividuals equally, but the possibility
that the chimpanzees may have learned the behavamrone another remains unexplored.
It would be of interest to investigate whether yloengest member of the group, Charles,
who never experienced the old enclosures, dis@amilar pattern of limited space use as
an adult. If so, this might suggest some form difucal transmission (se@ultural
transmission effects below) within the group, but if not, would sugg#stt LH is a plausible
explanation for the observed space use and gramrgp

The results of my study also indicate that pastegepce is not only important, but
may override current environmental conditions itedaining behavioural motivation to use
space. Suggestions that the behaviour exhibitedrefeect behavioural or psychological
scars (Swaisgood & Shepherdson, 2005) have bearplaged in the literature, but my
study provides further evidence that these faattag have a fundamental role in the stress

responses of captive animals (I, Figure 1).

Personality and individual-specific effects

While not explicitly tested by the experiments ig study, personality and
individual-based effects, such as individual pagtegience and coping styles, are likely to
influence the behavioural motivation of animalsesponse to stress. Animals exhibit
substantial individual variation in response tessr(Honess & Marin, 2006; Avitseral.,

2007) and past experience and personality of iddals appear to influence the type of
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pathology expressed when allostasis is compronisedimpanzees (Walst al., 1982).
Coping styles, a term occasionally used synonynyough personality, specifically refer to
patterns of individual variation exhibited in regge to stress (Koolhaasal., 1999). The
patterns of social interaction following merginglahe individual removal in Chapter 5 of
my study, suggested that the interactions of inldigls are governed by individual choice,
but may be mediated by the constraints of groupbktmctioning. These patterns alone
suggest that individual variation with regard ttn@eoural stress responses is important (J,

Figure 1).

Cultural transmission effects

There are two avenues through which cultural trassiom of behaviour (K, Figure 1)
may affect the motivation and behaviour of chimpsawin response to stress. Firstly,
chimpanzees are the only animals for which teachmmgptivity has potentially been
demonstrated (Caro & Hauser, 1992) and apes aebleapf complex learning and imitation
(Bjorklund & Bering, 2003). Thus, there is the pbggy that the behaviour of captive
chimpanzees may be limited by the effects of le@ymesponses from others. Individual
chimpanzees may exhibit abnormal behaviour in gaptivhich has been learned from other
chimpanzees (Hoo#t al., 2002) and thus an abnormal behavioural respopse bt
necessarily constitute a stress-related motivatiomtzome. Secondly, free-ranging
chimpanzee populations display distinct culturdideoural differences in nature (Boesch &
Tomasello, 1998). These cultural differences aeatified through population-specific
idiosyncratic behavioural patterns (Vigilant, 200¢hich typically serve a variety of
functions. It is therefore feasible that captivergbanzee groups may display patterns of
behaviour entirely unrelated to the stressors tichvthey are exposed, in much the same way
that learned behaviour may be decoupled from tlesstesponse. However, testing for
cultural influences on the stress responses of gdunrees may be very difficult, given the
complex interplay of other factors which drive tiehavioural motivation of captive

chimpanzees.

Behavioural responses to stress

The various factors which have been discussedfénussult in a behavioural
response (L, Figure 1). When animals modify theldwviour flexibly in response to stress,

the restoration of allostasis is considered asngpfClarket al., 1997). However, there are
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various definitions of coping (Wechsler, 1995) &edeafter, | refer to coping as any
behavioural response which minimizes the effects stimulus on individual well-being
(Schouten & Wiepkema, 1991), as individual welldgeinfluences individual fithess and
reproductive output.

With this definition in mind, one must consider e or not specific behavioural
responses constitute coping (M, Figure 1). As imeetl above, behavioural flexibility is
generally considered to represent a successfuhgapsponse, while abnormal behaviour or
behavioural pathology constitutes a failure to cypewberry, 1995; Clarkt al., 1997). For
example, abnormal behaviour in chimpanzees is\mi¢o develop when responses to
environmental conditions exceed the limits of theces-typical behavioural flexibility
(Walshet al., 1982). However, evidence from other species sstgdbat individuals that
exhibit abnormal behaviour in captivity may havemoved reproductive output relative to
individuals which do not exhibit abnormal behaviddonest al., 2010), suggesting that at
least some abnormal behaviour may serve as copicgptive environments. Certainly,
many abnormal behaviours are clearly pathologaalse distress and constitute a coping
failure (e.g. self-injurious behaviour; ReinhardR®ssell, 2001) but there is a need to
determine whether abnormal behaviour is necesgaatlyological.

It is likely that many ‘abnormal’ behaviour pattsrare labelled as such because they
appear abnormal from an anthropocentric perspediivare not exhibited as frequently in
nature (Birkett & Newton-Fisher, 2011). Howevewsh criteria do not necessarily mean that
the behaviour is pathological. Daviseral. (2004) define pathology as anatomical,
physiological or psychological deviations from ti@m resulting from disease or disorder.
Wakefield (1992) proposes that human psychopatlyadbguld be considered in terms of
harmful dysfunctions: as both causing distressianpeding functioning. Similarly, | suggest
that behaviour in animals should be assessed angbrdoehavioural pathology should be
considered as a state of being which causes avidndi distress or impedes biological
functioning. Thus, unless an abnormal behavioureidgs biological functioning or causes
distress to an animal, it is not pathological.

For this reason | suggest that behavioural resgoniseaptive animals to stress lie
somewhere along a continuum of coping wherebylfiéii and plastic behavioural
responses lead to good well-being and ultimatetyigal and reproductive success
(Newberry, 1995; N, Figure 1). On the opposite ehthe continuum, true pathology results
in poor well-being and eventually reduced reproshecbutput or premature death (O, Figure

1). Both good well-being resulting from flexibilignd compromised well-being resulting
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from pathology are likely to generate reinforcemamthe response exhibited (P, Figure 1),
but how strongly these feedback effects influentaré responses to stress remains to be
tested.

Where the responses of the chimpanzees in my sttallealong this continuum is not
clear. On the one hand, the results of Chapteitt2 iegard to crowding suggest that, as
aggression did not escalate, the chimpanzees edhitbéxibility and successfully coped with
the stress of spatial restriction. The social cleardgscribed in Chapter 4 resulted in a similar
pattern of flexible responses and limited aggressagain suggesting successful coping.
However, the space use and group spacing of timepamzees in the new enclosure may
indicate that the stress of the previous, spatiatited environment resulted in a failure to
cope. While the space use and spacing patterie ahimpanzees are abnormal in the sense
that free-living populations do not display suahited spacing (Jane Goodall, Pers. Comm.),
whether the space use described is pathologicaltheenefore compromises well-being, is
moot. If the self-imposed limitations on space aisé group spacing are not affecting the
well-being of the chimpanzees then they have cepedessfully. However, if efficient space
use implies good well-being, then the chimpanzeee fiailed to cope with past spatial
restriction. The effects of LH manifest as cogratoeficits (Maier & Seligman, 1976; Maier,
1980), impeding normal cognitive functioning. Thubglieve that the spatial behaviour of
the chimpanzees constitutes a form of pathologywls not necessarily distressing to the
chimpanzees, but impedes normal biological funatign

While the model | propose (Figure 1) is by no meaiiencompassing, it expands on
the existing framework and attempts to incorpovaig@ous possibly overlooked factors that
can contribute to understanding the responsespifveaanimals to stress. My model of the
stress response is very linear but these effeetbkaly to interact in very complex, additive
or multiplicative ways. While my model is basedrow findings, relating specifically to

chimpanzees, it could apply to other captive prenat

Implications and future directions

Unfortunately, due to the nature of my studiestdexcsuch as cultural, neurological,
cognitive and personality effects could not be stigated for the chimpanzees at the
Johannesburg Zoo but various aspects of the modsépted above require further enquiry.

For example, with the exception of one study trenlaware of (Hookt al., 2002), how
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cultural transmission may drive behavioural exgoessf chimpanzees in captivity remains
unexplored. The role of cognition in mediating chanzee responses to stress is also an
important area of interest that requires invesiigatin addition, many aspects of chimpanzee
biology make them unique subjects for this arestady, but how generalisable the outcomes
of my studies are to other species is uncertain.

The actual motivational thresholds involved in tegponses of chimpanzees to
environmentally imposed stress are also of inteFestexample, at what point does a
chimpanzee opt for one behavioural tactic overla@t What are the factors underpinning
the decision to adopt a tension-reduction or conflvoidance response in response to spatial
crowding? These ideas may be difficult to invegggaut may also prove crucial to our
further understanding of how chimpanzees respottidetgtressors of captivity.

The findings of my study have important implicasdor the practical aspects of
captive chimpanzee maintenance but highlight mhaagretical concerns as well. Echoing
suggestions by other authors (Ross & Lukas, 2@86)results of my study provide evidence
that careful planning and assessment is needed adsgning captive environments as the
provision of appropriate space is essential forogmaimal well-being (Stricklimt al., 1995).
There is a need to examine the process of recatistnuof enclosures at all stages, bearing in
mind the effects of spatial restriction on capitimpanzees prior to, during and both
immediately after and in the long-term followingclsure change. The appropriateness of
the enclosure must also be given careful considerats species biology and past experience
should determine the size, structure and compaosttighe space provided to animals within
the constraints of available space and financesloBuares should be designed with both
functional and aesthetic elements to ensure tleat¢hiv space is used appropriately, but still
provides for the needs of zoo visitors.

The emergence of abnormal behaviour as a potentibdt of crowding stress in my
study suggests that perhaps the effects of crowatidgesponses to spatial restriction are not
necessarily as clearly understood as originallygo. In addition, the inconsistencies
between the outcomes for crowding and the assacrates of social cohesion, crowding
duration and individual-based effects suggestriie work on the topic is needed. The
outcomes of such studies would be of both practindltheoretical importance (de Waal,
1989).

Behavioural flexibility has emerged from my studyam important aspect of
individual functioning for captive chimpanzees aptvity. The flexible responses of

individuals in my study provided a mechanism fopiog with the spatial and social stressors
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imposed on them by the zoo environment. Howevergdidgree to which this flexibility
derives from cognitive or innate species-typicé et remains to be tested. A lack of
environmental stimulation is known to have varioegative effects on animals (e.g. Wurbel,
2001) but how unstimulating environments mightuefice behavioural plasticity requires
further investigation. Moreover, whether behavid@iexibility may afford chimpanzees a
degree of resilience to stress requires furthemaxation.

Not only have my study outcomes highlighted theangnce of behavioural
plasticity but have also shown how an inabilityéspond in a flexible manner can generate
abnormal behavioural responses. The importandeed5CD effects described in Chapter 3
extends beyond the scope of animal welfare andttess response. Many enrichment-based
studies have described treatments comparing anmmated from or housed in small barren
enclosures to large enriched enclosures. Rearingas under impoverished conditions may
bias the outcomes of studies (Wurbel, 2001) anddas my results, it appears that spatial
restriction may have similar effects. Whether tadgrn observed in my study reflects a true
cognitive deficit has to be tested and future wahrkuld focus on the ontogeny of spatial
perception. Current work suggests that SCD effa@semergent in a variety of taxa
(D’Egidio, in prep.), suggesting that SCD effectanifiest irrespective of brain complexity
and intelligence but the degree to which SCD masgriere with normal spatial perception
and as such, influence experimental outcomes,ksawn. If the effects observed in my
study really reflect a cognitive deficit, specifest protocols may also be affected. For
example, measuring anxiety in an open-field test €arvajakt al., 2009) with animals that
display SCD effects may generate anomalous or diestmates of anxiety.

SCD effects may also influence conservation. Clainzges can be successfully
reintroduced into nature given specific conditigB®ossenst al., 2005) but they are
notoriously difficult to integrate into natural &diving populations (Treves & Naughton-
Treves, 1997; Goosseassal., 2005; Farmeet al., 2006). Given their endangered status,
factors which may hinder reintroduction efforts e minimized to ensure successful
reintroduction. Preliminary studies from rehabtkizh and released Vervet monkeys
Chlorocebus aethiops (formerly Cer copithecus aethiops) suggests that post-release spacing
of individuals may be influenced by past spatiglenence, including space use in the
immediate vicinity of the release cage of the mgskas well as tight inter-individual spacing
during daily activities post-release, remarkabtyitar to the chimpanzees in my study (Bratt,
2010).
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However, one aspect of SCD requires further ingatiin to determine the influence
of SCD effects on conservation and reintroductimgpams. The longevity of SCD effects
must be quantified. My study was conducted almwstyears after the change of enclosure
took place, suggesting that SCD effects may pei@idong time periods. However, just how
long SCD effects can persist must still be studW@drk on learned helplessness in dogs
suggests that the effect is not necessarily permiaard can be ameliorated (Selignetal .,
1968). It is possible that the longevity of SCDeetE is dependent on the time of exposure to
the stimulus, much in the same way that the duragfeexposure to environmental
enrichment determines how long the effects lastite (Amaralet al., 2008) or that SCD
effects may be perpetuated through cultural trassiom, but these effects require substantial

investigation.

Conclusion

My thesis is best considered as a series of caskest akin to those used in human
psychological research, exploring how the enviromtalestressors of captivity influence the
behaviour of captive chimpanzees. | utilized thandes imposed upon the chimpanzees at
the Johannesburg Zoo to examine their general nsggaand concomitant welfare issues.
There is a need to replicate my studies and contpareutcomes in other studies. However,
due to the nature of the imposed spatial, socidlearvironmental changes, true replication
may prove difficult to achieve, particularly sinite responses by the chimpanzees are
nuanced by individual differences, histories ammligrcomposition. Individual variation and
variation between groups is likely to generateedléght outcomes to similar changes in space
and sociality, but the studies presented here geoaiframework against which future studies
can be compared. However, given the clear sigm@ieaof my findings for animal welfare
and well-being, it is important that the ideas agdotheses generated be tested further in

chimpanzees particularly and primates generally.
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Appendix Chapter. Volunteer experience influenceshe

conclusions of behavioural experiments

Abstract

Volunteers offer an inexpensive and rapid meartolécting behavioural data, but
their reliability is often overlooked. Past reséahas suggested that observers that were
inexperienced are equally adept at recording beliaws experienced observers, and
inexperience was regarded as being merely unfarmita a sampling technique but not
unknowledgeable about behaviour. The aims of audysivere (i) to investigate the
reliability of relatively naive volunteers (i.e.ae with no prior behavioural scoring
experience) as behavioural data collectors; aptb(iiest the influence of the strength of
inter-observer concordance on the outcome of @stispecific ethological hypothesis. Two
cohorts of volunteers (high school and universitylents) conducted observations on a
group of captive chimpanzees, simultaneously witlexperienced observer (myself),
recording behaviour and the location of the chinzeas in their enclosure. Kendall's Tau
agreement scores and odds ratios indicated poeergnt between inexperienced volunteers
and the experienced observer, regardless of theagdnal experience of the volunteers and
difficulty of the behaviour scored. We compared dia¢a between the volunteers and
experienced observer by independently testing datdset with regard to the hypothesis that
the chimpanzees were stressed by being in closénpitg to the public. The school cohort
data supported the hypothesis, while the time-nest@xperienced observer data suggested
no relationship between public proximity and striesshimpanzees. A separate analysis of
the university cohort and time-matched experieraieskrver data both indicated that
chimpanzees were more stressed at locations awmaytfre public. These findings suggest
that inter-observer agreement scores offer insigisthe precision of data but not accuracy.
Furthermore, the use of volunteers as data coliestoould be assessed in relation to the
aims of the study in question, since volunteers be@gppropriate for studies of general

patterns but not for detailed ethological examorai
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Introduction

Ethology assumes that behaviour recorded by obsergflects behaviour performed
by animals (Coelho & Bramblett, 1981). Consisteincglata collection is particularly
important when datasets are compiled over a langftame (Coelho & Bramblett, 1981),
when data are used for complex and detailed ara(yemest al., 2001) or when ratings or
recordings of behaviour encompass comparativeljestibe measures, such as animal
welfare (Meagher, 2009) or personality (S@btil., 2009). Biased or unreliable recording of
behaviour decreases both accuracy and precisidatafand thus compromises the scientific
integrity of a study.

One way to ensure accuracy and precision of thee githered by observers is to
compare human observers against an absolute meddwgbaviour. For example, O'Driscoll
et al. (2008) compared the recordings of human obsenfaredying behaviour of cattle
against an automated data logging system and ftnatéhgreement between the two systems
was high. However, data loggers are not feasiblalfdehaviours. For example, domestic
catsFelis catus adopt a sedentary posture for grooming, engagitg@s, licks or scratches
(Trulson, 1976), behaviours which a data loggerhinigcord as lying or resting.
Furthermore, behaviour is often defined both gatliely and quantitatively. A mouse
moving through an enclosure in a circuit may noabeormal unless it is performed
repeatedly which may be considered stereotypicedaral., 2008). Therefore, behaviour
recording requires that observers use a certairuatrad subjective judgement in order to
accurately record behaviour.

Given the complex and subtle nature of behavioanyrstudies compare records
between multiple observers as a means of assaasengbserver reliability (Jones al.,
2001). Most studies have shown good inter-obseagezement with a variety of
methodologies ranging from ethogram-based contisgampling (Coelho & Bramblett,
1981) to subjective assessment of acute pain epexiin lambs (Molongt al., 2002). In
addition, observer agreement ratings do not appedecay (Coelho & Bramblett, 1981).

There is some debate as to the role of experieanabserver reliability. Some suggest
naive individuals may make better observers asdhejess likely to be biased (Meagher,
2009) and may provide novel insights that traingmblegists might overlook (Shyan-
Norwalt, 2005; Tami & Gallagher, 2009). Others & djuat experienced observers make
more accurate observations due to their familiawityy the methodology and/or study

subjects (Margulis & Westhus, 2008). Also, indivadkithat regularly engage with animals
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are more likely to achieve good agreement tharviddals with no experience of the subjects
in question (Lloydkt al., 2007).

Despite the importance placed on observer experjestadies have found that
inexperienced individuals are as good as experéemokviduals in scoring behaviour
(Coelho & Bramblett, 1981; Wemelsfeldatral., 2000; Jonest al., 2001). However, these
outcomes should be interpreted with caution asi@o&lBramblett (1981) had the observers
undergo formal study of primate ethology and extengaining prior to beginning
observations. Furthermore, both the studies of Waalderet al. (2000) and Jonezt al.

(2001) utilized observers who, while lacking baakgrd in the specific scenario being tested,
had extensive zoological and ethological experieasmg psychology and zoology
graduates and trained ethologists respectivelyrefbee the term ‘inexperienced’ is
misleading and thus we hereafter consider inexpeei@ individuals as having no experience
with behavioural data collection or training in gy, psychology or ethology.

Many zoo-based studies use volunteer data colle¢Newmanet al., 2003; Shyan-
Norwalt, 2005; Margulis & Westhus, 2008) becaugendus behavioural observation is often
impractical for staff (Margulis & Westhus, 2008)owever, in general, volunteers typically
have a variety of skill sets and experience le@#tbonet al., 2006) and thus may
misinterpret instructions (Jonesal., 2001), find behaviours difficult to identify (Ta&
Gallagher, 2009) or require a degree of traininm&antain accuracy (Molongt al., 2002).

To date, no empirical investigation into the relli&pof zoo volunteers has been
conducted. The first aim of my study was to asfesseliability of inexperienced volunteers
as data collectors in a zoo setting with regareldiocation and experience effects on
volunteer efficacy. As experience level appeaitsaiee little influence on inter-observer
agreement (Coelho & Bramblett, 1981; Wemelsfetdat., 2000; Jonest al., 2001; Tami &
Gallagher, 2009), | predicted that data collectgéhlexperienced volunteers and those
collected by an experienced individual (myself) Wogenerate good inter-observer
agreement scores. Age and aptitude do not infludrecability of volunteers to conduct
wildlife surveys (Newmast al., 2003) and thus, | predicted that the level ofoadion of
inexperienced volunteers would have no influencenter-observer agreement scores.
Finally, as some behaviours may be more diffiauitecognise than others (Tami &
Gallagher, 2009), | predicted that agreement woeltetter for easily identifiable
behaviours than for more difficult behaviours.

There are various standardized statistical measfrmter-observer agreement,

including Spearman’s correlation coefficient (O%2oll et al., 2008), Cohen’s Kappa
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coefficient (Rousingt al., 2005), Kendall's coefficient of concordance afféaive
percentage agreement (Joeeal., 2001). No distinct cut-off rule exists for thearpretation
of these agreement estimates, but scores of Oriboe are generally considered to represent
acceptable agreement between observers (Meagli®) B0t some studies have considered
agreement scores as low as 0.5, effectively reptiegean approximate 50% agreement
(Bolig et al., 1992; Wielebnowski, 1999). In contrast, hypothessting typically requires a
significance level of 95% in order to reject thél imypothesis. Data from several observers at
only a 50% agreement may introduce noise into asg#t creating a bias that may
compromise the outcomes of hypothesis testing. pil@sents a troubling question: does
inter-observer agreement, or a lack thereof, imib@ethe outcome of hypothesis testing?
Thus, the second aim of my study was to determimethner agreement scores
influence the outcome of hypothesis testing. F@ $tudy, all observations by both the
experienced observer and all volunteers were caadweith a group of captive chimpanzee
study subjects, recording behaviour and locatidhiwithe enclosure. Some suggest that
primates are stressed by public interactions (Chvareical ., 1988), and thus | predicted that
the chimpanzees would engage in more anxiety-celadaviours (self-directed grooming,
abnormal behaviour and vigilance) in locations witimeir enclosures that place them into
close proximity with or unsheltered from the puldampared to locations further from or
less exposed to the public. Conversely, when away the public, the chimpanzees would
engage in “relaxation” behaviours (social groomisagial play, resting). | assessed this
prediction by analysing data collected by the ireignced volunteer observers and time-
matched (data collected simultaneously on the sdmmepanzees) experienced observer data

to ascertain whether the conclusions differ dependn which observers collected the data.

Materials and Methods

Zoo volunteers

This study was conducted at the JohannesburgSmath Africa, from August 2006
to October 2008, and formed part of the Jane Gbodiitute South Africa’s ChimpanZoo
research programme. A mixed sex and age group wbB@teers was recruited from the
University of the Witwatersrand and various Johabmeg schools, including Beaulieu
College, Redham House High School and NorthclifgiHSchool. Volunteers ranged from

approximately 12 to 24 years of age and represesaadus cultural and economic
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backgrounds. None of the volunteers had any prpegence in behaviour observation or
behaviour recording or had studied animal behavio@ithe 32 volunteers recruited, 19
female volunteers participated consistently (> 8avbation sessions) and were used in this

study.

Animal subjects and husbandry

The subjects observed by the volunteers were éestaiked-composition group of
captive chimpanzees housed socially at the zoogidwgp comprised four males and five
females ranging in age from newborn infants to tsdofl 24 years (L.Duncan, unpublished;
Chapter 3). The chimpanzees were housed in ailadger-outdoor naturalistic exhibit with
the outdoor enclosure (+ 2508ndivided into two sections by a wall with an ofgvorway
linking the two (Figure 1). All the surrounding Wsaivere 8m high and capped with electric
fencing. Each enclosure section had 4-5m wide mbatslered by 1.5m high electric fencing
and 30cm high electric fencing extending out ofwlaer approximately 2m into the moat,
separating the enclosure from the public viewirepar One of the enclosure sections had
large, reinforced-glass viewing windows through ethihe public could observe and interact
with the chimpanzees.

Both sections comprised a variety of trees, shrgtasses, rocks and logs and
providedad libitum access to water. The chimpanzees were fed a migfuresh fruit and
vegetables, primate pellets and boiled eggs twadg;deed was scattered randomly
throughout the outdoor sections at 10h00, to eragmuthe chimpanzees to leave the night
rooms, and throughout the night rooms at 15h00 eekdays (16h00 on weekends) to

encourage the chimpanzees to enter the night rooms.

Volunteer training and observation procedures

Prior to any structured observations, volunteecgived a 30 min talk on the study of
behaviour and its impact on animal welfare, folloviy a 30 min talk on the observation
procedure, including a simple but detailed explamadf the sampling method used, and the
requirements of volunteers. Following the talk,urdkers were taken to the chimpanzee
exhibit, where a system of zones, based on proxitoithe public (Figure 1), was explained
to them with the aid of diagrams of the enclosilitee volunteers and | then conducted a

single 30 min ‘practice’ observation session, adtw to the observation protocol described



165

below, followed by a brief discussion session &rify any potential points of confusion. The
records of the practice session were not collestadsed in later analysis.

Thereafter, observations were conducted on daysatithes that suited volunteers.
Observation sessions were carried out between 18&h@@5h00 on weekdays and 10h00 and
16h00 at weekends. Instantaneous focal samplingtifM& Bateson, 1986) at 30 sec
intervals for 30 min was used. Observers recorbledehaviour (Table 1) and location,
scored as zones occupied by the focal individuiglu{®e 1), simultaneously such that each 30
min session provided 60 simultaneous behavioul@eation frequency scores. Volunteers
were instructed to record the behaviour being cotetliat a given time. | served as the
experienced observer and was present at all sessemording behaviour and locations for
the same focal chimpanzee according to the santeqmicsimultaneously with volunteers.

No comparison or copying of data was permitted betwolunteers or between volunteers
and | during or following observation sessions. Vokinteers and | remained in close
proximity at all times and | marked time for albsers every 30 seconds using a digital
stopwatch. Volunteers and | used identical datash&ellowing the completion of each
session, we collected the datasheets and madesadpiee sheets for later analysis, returning
the sheets to the volunteers at the next sessanaadated by the Jane Goodall Institute
South Africa.

Data analysis
Volunteers participated in a total of 70.5 h ofadedllecting (mean per volunteer: 3.7

hrs). The data were separated into two cohortsdbasehe level of education of the
volunteers. Volunteers still in school were classifas the ‘school’ cohort (approximately
12-16 years old) while volunteers at university evelassified as the ‘university’ cohort (19-
24 years old).

In order to investigate whether the ease with whiehaviours were recognised
influenced recording, three ‘easy’ behaviours dndd ‘difficult’ behaviours were selected
from the ethogram and analysed. The three easyimeing, travel, forage and inactivity,
were common to most animals. The three difficutidn@ours were two forms of play, object
and locomotor play (play is often ambiguous anéharperienced individual might easily
mistake object manipulation or certain locomotismch as climbing, for play) and vigilance
(vigilance is typically brief and rapid and is tHusely to be overlooked).
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Figure 1. Outdoor housing area of the chimpanzee &ibit at the Johannesburg Zoo Ape House, South
Africa, drawn to scale. Dashed lines denote the badaries of zones, based on proximity to the public.
Zones A-H are labelled with corresponding letters.

For each session, the specific easy and diffieialviours were compared between
each volunteer and my own data using Kendall’'qtaafter Lloydet al., 2007). A cohort-
specifict agreement score was calculated for each coholigie&viour as well as the
coefficient of variance. Both cohorts were alsolpd@and compared using th@agreement
score. Similarly, the zone utilization records éaich session were compared between my
records and volunteer records, for each cohortf@nioth cohorts together. As cohorts did
not necessarily conduct observations at the same ho direct comparison between the two
cohorts was made. Agreement scores were consideradceptable far> 0.7 (Meagher,
2009).
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Table 1. Definitions of behaviours observed in thehimpanzee groups at the Johannesburg Zoo, South
Africa, used by inexperienced volunteers and an expienced observer to assess the reliability of vahteer
data

Behaviour Definition

Movement from one location to another, not obviously searching for food. Included
walking, running and climbing

Foraging Searching for, manipulating or consuming food or drink.

When the chimpanzees ceased other activities in order to monitor or observe their
surroundings or other individuals

Inactive Resting, either standing, sitting or lying down. Included sleeping
Coprophagia/urophagia, self-mutilation, faeces throwing and hair plucking. Other
behaviours were scored as abnormal based on the context in which they occurred
Abnormal and whether they occurred repetitively (>3 times in succession; Jones et al., 2008).
These included nipple pulling, abnormal gait and posturing and chronic
masturbation

Chasing aggressively (characterised by sneering, open and closed grins and
compressed lip faces. Usually associated with screams, barks and 'wraaa' calls;

Travelling

Vigilance

Aggression Goodall, 1986) or fighting with one another. Included aggressive gesturing or
signalling
Wrestling, playful biting and playful chasing (characterised by a relaxed face,

Social play possibly with a drooping lower lip, or a full play face. Usually silent but may include
soft grunts or hoots; Goodall, 1986)

Object play Play directed at or involving an inanimate object

Locomotor play | Solitary active play. Included running, rolling, swinging or somersaulting

Licking, cleaning, picking at and removing items from their own skin or hair. Included
self-scratching

When individuals engage in licking, cleaning, scratching, picking at or removing
items from the skin or hair of other chimpanzees

Any identifiable behaviour that did not obviously fit into the other behaviour
categories

Chimpanzees were obscured from view or behaviour was unidentifiable according to
the other categories listed

Self-grooming

Social grooming

Other

Hidden

Odds ratios are frequently used in epidemiologiestarch to assess diagnostic test
performance, as they provide a measure of thegttrexi association between a medical
treatment and a resultant outcome (@&aad., 2003). The ratio ranges between zero and
infinity, whereby a value of 1 suggests no discnation between treated and untreated
patients, while values lower than 1 suggest improge interpretation and values higher than
1 suggest increasing test discrimination perforregf@iaset al., 2003). By applying odds
ratios to inter-observer agreement, we were abiet@rate a measure of agreement since
odds ratios provide an estimation of whether am@er under- or over-estimated a particular
behavioural parameter. In this case, a value obdldvsuggest perfect agreement (no
discrimination) between observers while lower valaad higher values would suggest that

the inexperienced observer in question under- aed-estimated the behaviour respectively
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in relation to an experienced observer. Thus, dieviing modified odds ratio calculation

was used as an estimate of inter-observer agreandrtiias:

A/a  AXDb

Ob. Odds ratio= ——— =
server sratio= o b~ Bxa

whereA andB refer to the number of times a behaviour was stbyeobservers A and B
respectively and andb refers to the number of times a behaviour wasooted by
observers A and B respectively. Odds ratios welaitzed to compare the data from each
volunteer to my own time-matched data.

Next, to establish where potential differences rmighbetweerr agreement scores
for the two cohorts and between easy and difficatiaviours, cohont scores were compared
between cohorts and easy and difficult behaviolmsassess whether education influences
behaviour scoring, a Mann-Whitney U test was usezbtnpare the agreement scores of both
the school and university cohorts. Agreement scoetseen easy and difficult behaviours
were compared using a Wilcoxon matched pairs test.

In order to assess the reliability of volunteeradadllection with regard to hypothesis
testing, enclosure zones were labelled as higloverisk, according to how exposed or close
chimpanzees in these zones were to zoo visitoes high-risk zones were A, D, G and H
while the low-risk zones were B, C, E and F (FiglyeAll the high- and low-risk zone data
were combined into two categories, ‘high-risk’ alodv-risk’ respectively. At no point
during data collection were volunteers aware offtjygothesis to be tested, nor the
significance of the zonation used.

Behaviour such as vigilance, self-directed groonf{darder & Semple, 2008) and
abnormal behaviour (Fox, 1984) appear to be indieatf stress, while behaviours like social
play (Tacconi & Palagi, 2009) and social groomibBgiiibar, 2010) serve relaxation and
social bonding functions in primates. Thus, dateafixiety-related (vigilance, abnormal and
self-grooming) and relaxation behaviours (inacta@gial play and social grooming) were
pooled into two categories respectively: Anxietg &elaxation. | then conducted four
separate two-tailed generalized linear models (GAd#) logit link functions and a binomial
error structure using Statistica 8.0 (StatSoft,80the GLZs tested the school cohort,
university cohort or my time-matched data for thea®l cohort and my time-matched
university cohort data. This allowed us to genefaite sets of independent model outcomes

for the same hypothesis based on the four datddetiel significance level was set@&
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0.05 and significant differences for interactiofeefs were identified throughtestimates and
confidence intervals. Because the two behaviowgmates were mutually exclusive (the
behaviours examined were either anxiety- or relaratelated and could not be classified as
both), the counts of each category were tallied bsmomial absence/presence structure.
Zone-risk (high-risk or low-risk) and behaviour &ty or relaxation) were used as
categorical predictor variables and the binomialesize/presence structure of counts was

used as the dependent response variable.

Results

Inter-observer agreement

All Kendall's Tau ) scores and ranges of observer odds ratio aremexsin Table
2. The mean agreement score for all behaviours based on thkgooled scores did not
reach acceptable agreement(0.58). Neither easy & 0.64) nor difficult behaviours &

0.51) reached acceptable agreement, based optatigld scores. For the pooled data (Table
2: Total Pooled) for the easy behaviours (trawiade and inactive), only travel achieved
goodrt agreement between volunteers and the experierxssher. For the difficult
behaviours (vigilance, object play and locomotayp| only locomotor play achieved goed
agreement. Agreement between zones scored by eehsmind the experienced observer
achieved acceptabteagreement for the schoal£ 0.89; CV = 0.07) and university £

0.85; CV =0.09) cohorts, as well as for both ctdpooled £ = 0.87).

For the school cohort, the range of observer odtisgs (ODD) was lowest for the
difficult behaviours (0.08 — 3.03; mean = 1.32) #&arder for the easy behaviours (0.02 —
16.28; mean = 1.20). The university cohort exhibitee opposite pattern, with the lowest
range for the easy behaviours (0.04 — 2.98; me@a88) and the largest range for the difficult
behaviours (0.05 — 3.90; mean = 1.49). Travel bielhimgenerated the lowest ODD for both
cohorts. The largest range of ODD’s was found ésting behaviour for the school cohort
and object play for the university cohort.

Cohort and behaviour differences
Thet agreement scores were not significantly diffelstiveen the school and
university cohortsly = 17.5:p = 0.936). Similarly, no significant differencesnedound

between the easy and hard behaviosroresZ = 0.105:p = 0.917).
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Table 2. Kendall's Tau f) statistics with coefficient of variance (CV) andanges of observer odds ratios
(ODD) calculated for comparison of inter-observer greement scores for three 'easy' behaviours and
three 'difficult’ behaviours (based on ease of iddification) scored by two cohorts of inexperienced
volunteers and an experienced observer at the Johaasburg Zoo, South Africa. Scores that achieved
acceptable agreement are in bold within grey cells

Kendall's Tau (1) Statistic

Total

Factor | OPServer | o, [ Cohort | pp Pooled (Al
Cohort Score

Volunteers)

School 0.15 | 0.82 0.80 - 1.04
Travel - - 0.82
University | 0.21 | 0.79 0.82-1.29

School 0.61 | 051 0.29 - 1.08
'Easy’ | Forage —— 0.54
University | 0.34 | 0.57 0.26 - 1.36

School 0.46 | 0.51 0.02 - 16.28
Rest : : 0.57
University | 0.08 | 0.60 0.04 - 2.98
. School 1.03 | 0.11 0.44 - 2.63
Vigilance : : 0.11
University | 1.10 | 0.12 0.80-2.75
Object School 0.42 | 0.66 0.33-3.03
‘Difficult Play University | 0.13 | 0.65 | 0.33-3.90
Locomotor SChOOI 070 079 008 - 146

Play University | 0.53 | 0.71 | 0.05-1.61

0.65

0.76

Hypothesis testing

School cohort dataset

For the GLZ analysis based on the data collecyetido school cohort, behaviour
(Waldy% = 942.14,p < 0.001) and a zone-risk*behaviour interactiorefiWaldy?’; =
24.16,p < 0.001) were identified as good predictors ofrtiedel outcomes. Zone-risk (Wald
v, = 3.78, p = 0.054) was not a good predictor of the modet@uies. The zone-
risk*behaviour interaction effect (Figure 2a) shovgggnificantly greater relaxation
behaviour in high- than in low-risk zones while sty behaviour was found to be
significantly greater in low- than high-risk zones.

School cohort time-matched experienced observer dataset

The GLZ analysis using the time-matched experientsgrver data identified zone-
risk (Waldy? = 10.95,p < 0.001) and behaviour (Wajd, = 316.12,p < 0.001) as good
predictors of the model outcomes. The zone-risk&bedur interaction (Walg?; < 0.001, p

= 0.993; Figure 2b) was not a good predictor ofrttoelel outcomes.
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University cohort dataset

Zone-risk (Waldy? = 81.61,p < 0.001), behaviour (Walgf, = 833.02p < 0.001)
and a zone-risk*behaviour interaction effect (\N;@?Iﬂ: 37.62,p < 0.001) were identified as
good predictors of the model outcomes. The interaaffect (Figure 2c) showed
significantly greater relaxation behaviour in highan low-risk zones and significantly

greater anxiety behaviour in low- than high-riskies.

University cohort time-matched experienced observer dataset

The time-matched experienced observer dataset @aFsis identified zone-risk
(Waldy? = 77.28p < 0.001), behaviour (Walgf, = 389.22p < 0.001) and a zone-
risk*behaviour interaction effect (Wajd, = 11.51,p < 0.001) as good predictors of the
model outcomes. Significantly greater relaxatiohaxour in high- than low-risk zones and
significantly greater anxiety behaviour in low- thiaigh-risk zones were found for the zone-
risk*behaviour interaction effect (Figure 2d).

Discussion

This study aimed to determine the reliability dfigh school cohort and university
cohort of volunteers with no previous experienceanlogy, psychology or ethology, as data
collectors in a behavioural experiment on chimpasz&wo approaches were used to assess
reliability: inter-observer agreement, to compaatadrom inexperienced volunteers against
time-matched data from an experienced observeraamnparison of the outcomes of
testing the hypothesis that chimpanzees are strégselose proximity to zoo visitors
between the respective data collectors (voluntaedsan experienced observer).

There was acceptable agreement between inexpediententeers and the
experienced observer for only two (one easy belayvane difficult behaviour) of the six
behaviours tested for the high school and uniwecsihorts separately and when the data
were pooled. These findings contradict my initisgiction and the literature, because
experience is generally held to have little infloeron inter-observer agreement (Coelho &
Bramblett, 1981; Wemelsfelderal., 2000) and inexperienced observers have been sttown
achieve acceptable agreement with experienced\@ysan scoring sonograms (Joreesl .,
2001) and identifying and recording dog behavidan{i & Gallagher, 2009).
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Figure 2. Predicted means data for Zone-risk*Behawur interaction effects from four separate
generalized linear model analyses carried out on fw datasets. Datasets were collected by two diffenée
cohorts of inexperienced volunteer observers: a) ool cohort; ¢) University cohort. Simultaneously vith
the b) school cohort and d) university cohort, datavere collected by a single experienced observer
(myself). Analyses sought to test whether locatiomithin the enclosure (High-risk zones: areas that lace
the chimpanzees in close proximity to zoo visitord;ow-risk zones: areas that place chimpanzees fardm
zoo visitors) of the chimpanzee exhibit of the Jolmesburg Zoo, South Africa, predicts the levels of
relaxation-related and anxiety-related behavioursSymbols above the bars denote significant differeles
(ns=p>0.05;* =p<0.05)

However, many studies that have explicitly tested @eported good inter-observer
agreement between inexperienced and experiencedvebs have utilized inexperienced
observers with a background in ethology, zoologgsychology (Wemelsfeldet al., 2000;
Jonest al., 2001) or have enforced rigorous training on ol prior to observation
sessions (Coelho & Bramblett, 1981). Thus, perlagpsopriate training might necessitate
good agreement between inexperienced and expedi@bservers. Alternatively, stimulus-
specific learning theory suggests that task peréme is related to past experience with a
specific stimulus (Sohat al., 2006) and thus the skill-sets of an individu& specific to
particular domains (Billing, 2007). Thus, while twéo cohorts differed in their level of
education, neither cohort was more or less likelgarform well as a behaviour data collector
because the skills were novel and had no bearingenously learned skills.
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In contrast to most of the behaviours, agreementitoh zones a chimpanzee
occupied achieved the best inter-observer scotes.ray be because the demarcation of
zones was clearer (through the use of diagraméieeti physical elements of the enclosures)
than the distinctions between behaviours. Alteuedyi given the size of the zones, perhaps
volunteers scored zones more precisely as there ovy 8 large zones, whereas there were
13 behaviour categories.

It has been suggested that some behaviours ae¥ &aglentify than others (Tami &
Gallagher, 2009) but the findings of this studyndd support this prediction. No significant
difference emerged when comparinggreement scores for easy and difficult behavjours
suggesting that the nature of the behaviour sdoasdittle influence on inter-observer
agreement. However, it is possible that the clesdibn as either ‘easy’ or ‘difficult’ was not
correct, which is supported by the greater rangebsérver odds ratios for easy behaviours in
the school cohort. Agreement scores for the scaodluniversity cohorts were not
significantly different, suggesting that level afugation had little influence onagreement
scores between inexperienced and experienced @psemhis finding supports my initial
prediction and the findings of Newmahal. (2003) that age and aptitude had little effect on
the ability of inexperienced individuals to condugldlife surveys.

The outcomes of the hypothesis tests suggest acoarplex scenario. The data from
the school cohort identified behaviour, zone-rigitthviour but not zone-risk as good
predictors of the model outcomes, with more anxpaiyaviour in high-risk zones. The time-
matched experienced observer data identified bebagind zone-risk as good predictors, but
not zone-risk*behaviour. Thus, we conclude thatstti®ool cohort data support the
hypothesis, suggesting chimpanzees do find clasdrmity to the public stressful. However,
the data simultaneously collected by the experi@mndserver suggests that there is no
relationship between proximity of zoo visitors atoess behaviour of the chimpanzees. In
contrast, the data of the university cohort anditne-matched experienced observer both
highlighted behaviour, zone-risk and zone-risk*babtiar as good predictors of the model
outcomes, both with more anxiety behaviour in lask-zones. The conclusion of these
findings suggests that close proximity to zoo visitmay not be stressful for the
chimpanzees.

Curiously, the time-matched experienced observi fda the school and university
cohorts respectively generated different model@utes. The observations of the school
cohort began in March 2007 and ended in July 2@@de the observations of the university

cohort (with the exception on one individual whartgd in March 2007) started in April
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2008. Thus the model outcome differences betweetwitb experienced observer datasets
may reflect variation in the behaviour of the chanpees as the data were collected over two
different time periods.

It is possible that the school cohort, compriséiagly adolescents, perceived the
observed behaviour in a very different manner &ekperienced observer. Adults and
adolescents are known to report very different gaions of events, such as eating behaviour
at meals (Boutellet al., 2001) or risk assessment of a potentially dangesacenario
(McClure-Martinez & Cohn, 1996). In an examinatmirthe use of different behaviour
recording methods, Margulis & Westhus (2008) codelthat the sampling method used
should be chosen according to the aims of the studygesting that all methods are
appropriate when assessing broad-scale pattetvehafviour, but selected methods were
more appropriate for more detailed studies. Sifyilafrthe interest is on general patterns of
behaviour, such as zone occupancy in my studyapsrhtilizing inexperienced relatively
young volunteers is still acceptable. Howeverméd investigation is more specific, such as
which behaviours are performed in particular zogeang volunteers may no longer be an
acceptable means of gathering data.

The sex of the observers may have influenced thebme of this study, as an all-
female group of volunteers was compared againstggesmale observer. Men performed
better than women when conducting wildlife surv@yswmanet al., 2003) and men and
women appeared to record different frequenciesbabioural events when observing the
same animal (Marsh & Hanlon, 2004). However, agsstpd by the work of Marsh &
Hanlon (2004), sex differences in behaviour obderma may be related more to frequency
or number of recorded events, as opposed to braerps of behaviour. In this study, the
university cohort data displayed the same zonepettof behaviour as the data of the
experienced observer despite the sex differendaite the absolute levels of respective
behaviours were different. Based on these diffexgnit might be advisable to utilize a
mixed-sex group of observers. However, the sexudfices in perceiving and reporting
behaviour may be subtle (Marsh & Hanlon, 2004) ted influence on data collection
requires further investigation.

This study suggests that perhaps inter-obseragreement scores are not a good
indication of the reliability of the data collectbgl volunteers. Instead,agreement scores
reflect agreement between observers only, and dhmuinterpreted as such. Many studies
specifically discard data collected by individuadso do not obtain acceptable agreement

scores prior to analysis (Lloya al., 2007) while other studies assume that good agreem
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between observers is indicative of similar datarn@aés & Westhus, 2008) combining their
data for later analysis. However, these assumptitashbe questionable as agreement scores
between observers may also reflect variation withendataset, and not necessarily only
variation between observers (Joeeal., 2001). Thus, agreement scores may not make data
any more or less valid for analysis, indicating th@od agreement ensures precision, but has
no clear relationship to accuracy of the data ctdie.

In conclusion, it appears that inexperienced vaerg (without prior
behavioural/psychological training) do not show d@agreement with an experienced
observer when scoring behaviour. The agreemenésamw not appear to be affected by age
or the difficulty of recognising the behaviour bgiscored. However, agreement scores do
not necessarily provide an indication of accuraicthe data collected as data that showed
poor inter-observer agreement in the case of thveetsity cohort and my time-matched data
resulted in similar conclusions drawn from analysithe two datasets. Therefore, agreement
scores should be assessed with caution when usedeassion-making tool for data
collection. The use of volunteers is vital in mdmghavioural studies and their value cannot
be overstated. However, the data required andithe @ study should be considered when

evaluating whether volunteers as behavioural olesgig feasible.
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