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Abstract

Captive environments can provide a variety of sesiaf stress for animals with
space limitation being one of the primary contrdrat Spatial restrictions may result in
psychological stress by which the memory and legroif animals can become impaired.
One solution to spatial stress has been to inctbasgize of the enclosure for captive
animals. In my dissertation, | questioned the reatle of providing increased space by
investigating whether more space leads to greatpitispace.

My study had 2 aims. Firstly, | tested whetherghevious experience of an
individual, or of a group of individuals in a smatea, would influence the subsequent use of
space when they were introduced into larger encéssui used 4 different species
(chimpanzees, striped mice, woodlice and cockragclszcondly, | tested whether the
spatial perceptions were dependent on neuronal lexityin terms of cognitive ability, i.e.
is space use of a species related to neuronal earmplChimpanzees and striped mice were
considered to have greater neuronal complexity Whawdlice and cockroaches since
mammals display more complex cognition compareattioropods. The chimpanzees
comprised of 8 individuals at the Johannesburg Zaaf,which were transferred from a 10 m
x 10 m enclosure, in which they were housed faezdnd youngest individual) to 25 years
(oldest chimpanzee), to a 2508 emclosure (in which the youngest chimpanzee was)bo
and their space use was evaluated in terms of supgpace use in the enlarged enclosure.
Chimpanzees are naturally social and thus | exaimgneup instead of individual spacing.
Chimpanzee subgroups, which comprised 2 or morapdnzees, consistently restricted their
space use in the enlarged enclosure to the sitenfold enclosure, choosing their positions
within the enclosure based on the presence of shalkability. Striped mouse space use was
evaluated in terms of individual space use becatigeed mice from the mesic grasslands of
South Africa are solitary living. Individual striganice were placed into an enlarged arena
(200 cm x 15 cm x 100 cm; L x H x B) after beingtreeted in a smaller cage (36.5 cm x
20.5 cm x 15 cm) for 60 days and their space udaeletance travelled were measured
against the area of their old housing. The spaeetisestricted striped mice was evaluated
against a control group. The striped mice fromrdstricted group restricted their space use
to the size of their original housing, with thosesimg a shy personality showing more
restricted space use than bold individuals. Woa#and cockroach space use was evaluated
in same sex pairs, as woodlice and cockroachesefiodm aggregations naturally. Both
species were originally housed in an &area for 14 days and their space use in an edarge



arena of 154 cfriwas evaluated and compared against control groiipsth species.
Woodlice restricted their movements within the sizéheir original housing, with previously
restricted males restricting the area used andqursly restricted females restricting the
distances travelled. While male cockroaches tradedhorter distances than females, the
cockroaches did not spatially restrict their movetaén the enlarged arena, indicating that
they may be displaying a rebound effect.

My study demonstrated that previous experiencesiricted housing does have an
effect on subsequent space use in an enlargedTdrsanotion of previous experiences
influencing later experiences is the foundatioteafned helplessness. Learned helplessness
is the passive response to mostly aversive stimwihich an organism has no control over
the outcome of the situation and thus gives up afjgeated failure. Learned helplessness
appears to be a plausible explanation for the spstaction in chimpanzees, striped mice
and woodlice, as these three species restrict@édsibece use based on the previous
experience of less available space. Chimpanzeestapdd mice had higher occurrences of
restricted movements compared to woodlice, indicgtinat learned helplessness with respect
of space use maybe graded according to neurongllegity. | conclude that providing
additional space may not address the welfare casadrcaptive animals, because more
space did not disrupt earlier spatial restrictidawever, the implications of exposure to
restricted space needs to be considered for aliepe captive environments, especially
animals in release programs, as exposure to restrgpace may contribute to the expression
of learned helplessness, with space use in angaadarea being influenced by previous

restrictions.
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Chapter 1

Rationale

Restricted space apparently causes stress for Bnmeaptivity, with spatial
restrictions contributing to memory and learningpaimment. Therefore, providing
appropriate housing for captive animals is an irtggdrconcern for animal managers as it
affects the well-being and breeding success ohanal (Morgan and Tromborg, 2007).

My study is concerned with understanding how capéimimals, housed originally in
restricted space, used additional space made blattathem later. In particular, my project
aimed to investigate whether animal space use @ated to the neuronal complexity of a
species.

One method of assessing the influence of neurammaptexity on space use,
following spatial restrictions, is to consider sigsowith varying neuronal complexity. To this
end, my study considered 4 species with differenironal complexity. This change of
available space could have implications of how espaties utilised the space in the enlarged
area, by either keeping movements or in the caieeothimpanzees, inter-individual
distances, restricted to the old housing size;drtg no change in space use; or by having
an increase in subsequent space use. Memory &ifggispace use and navigation have
been considered as they each contribute to gamhgistic understanding of the space use
of previously restricted individuals. The stresaafaptive environment can influence

learning and memory; this in turn can influenceaammal’s space use.

Memory and learning

Learning and memory are 2 aspects of cognition (@arand Petherick, 1991).
Learning is a process by which new informationaguared (Squire, 1987), while memory
can be considered as the process by which thed@&mowledge is retained and recalled
(Baileyet al., 1996); memory is thus a consequence of learr8agife, 1987). Learning and
memory give rise to expectation or anticipationebhtan allow for animals to regulate effort
put into tasks (Duncan and Petherick, 1991). Legrand memory enable animals to track
changes in the spatial and temporal distributiofootl (Krebs and Inman, 1992), modify
behaviour based on experience (Kandel, 2001),locate nesting sites for brood care,
protection and shelter (Menzel and Miiller, 1994d).aAimals have some capacity to learn,
with the modification of their behaviour as a résilexperience (Evans, 1984).
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There are various types and forms of memory, sadbray-term, visual and working
memory, and each necessitates specific anatontraatwres depending on the specific
memory task (Goldman-Rakic, 1996). There are 2 ryguas of memory: explicit (or
declarative) and implicit (or non-declarative) meyndexplicit memory is the conscious
recall of information, such as places or faces,ianmrticularly well developed in the
vertebrate brain (Bailest al., 1996). Implicit memory is the non-conscious reoaimotor
skills and includes simple associative forms (elassical conditioning) and non-associative
forms (e.g. habituation) (Bailegt al., 1996). Understanding these types of memory is of
importance to my study because of the differenceke way the test species used in my

study retain information of being previously housedestricted housing.

Spatial memory

Spatial memory is responsible for recording infotioraabout the surrounding
environment and spatial orientation of an individU&e main structures and processes
involved in spatial memory of mammals, insects en$taceans are discussed below since

representative of these taxa have been selectestiuidy.

Mammals

The hippocampus plays an important role in termspatial memory processing
(Beckeret al., 1980; Schenk and Morris, 1985). It is involvedhaspatial mapping and place
learning which is distinct from other forms of learg such as cue or response learning
(Nadel and Macdonald, 1980). The hippocampal systatifferentially involved in tasks
that require working memory, which is associatethvilexible responses to a stimulus that
changes from trial to trial, but is not involvedtfvtasks that require reference memory,
which is composed of fixed responses to a stimtilasremain constant from trial to trial
(Olton and Papas, 1979).

Hormones and neurotransmitters mediate the spa&alory tasks. Acetylcholine is
important for spatial navigation (Winklet al., 1995), corticosterone is important for spatial
memory formation (Oitzl and de Kloet, 1992) andisien making processes (Samtlal.,
1997), and epinephrine (adrenaline) is importantfemory enhancement (Gold and van
Buskirk, 1975). The amygdala, which plays a centyld in the modulation and processing of
emotions (von Gunteet al., 2000), is critical for mediating the influencede hormones

have in the hippocampus (McGaugh, 2000).

10



I nsects

Arthropods generally have much smaller brains thetebrates, but because they can
also have smaller neurons, their brains can siltdry complex (Loesel, 2005). Kandel and
Abel (1995) found that the mammalian hippocampuwksranshroom bodies of the
Drosophila brain appear to share attributes of biochemictidvpays of memory storage. The
mushroom body of the insect is essential for stesrt memory in odour discrimination tasks
(de Belle and Heisenberg, 1994; Heisenberg, 1986;5,2000), and is involved in place
memory (Mizunamet al., 1998).

Krashest al. (2007) suggested that different lobes of mushrbordies have
different roles in memory, where neurotransmissibdifferent subsets of mushroom body
neurons contribute to memory acquisition, retrieurad stabilisation. Though mushroom
bodies play a role in learning and memory, theynatethe centre of memory formation;
rather, they have an important role in a wider aksystem that supports learning and

memory (Mizunamet al., 1998).

Crustaceans

Crustaceans and insects have many neural featucesnmon (Strausfeld, 1998).
Nonetheless, crustacean brains do not have mushrodras, and instead they possess
accessory lobes and hemiellipsoid bodies. The aocgfobes are thought to be involved in
higher order integration of visual, mechano-sensamny olfactory information (Sandemen
al., 1995).

Movement detector neurons (MDNSs) from the lobuterdt optic ganglion) appear to
be the central elements for acquisition and redendif visual memory (Tomsiet al., 2003).
The study by Tomsiet al. (2003) onChasmagnathus, found that the changes in the response
of a group of MDNs closely reflected behaviourahmges that come about during learning,

and that the persistence of these changes cor@spoth memory retention.

Stress effects on learning and memory

Stress can impede memory (Williagtsal., 1998) and affect spatial learning (Brucato
et al., 1996). Chronic stress impairs the rate of spiaining in Sprague-Dawley rats,
Rattus norvegicus,(Parket al., 2001), has been shown to affect memory processese
shrews,Tupaia glis, (Ohl and Fuchs, 1999), and Wistar—Imamichi raéstus norvegicus,

showed impairment in maze learning performance afteonic stress exposure (Nishimata
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al., 1999). The impaired learning and memory from oluatress is thought to be as a result
of altered properties of hippocampal plasticityr(iat al., 2006). Since stress can have an
effect on learning and memory in animals, for theppses of my study, it is important to
consider how animals will react to captive envir@amts, which can be stressful, and how
exposure to these stressful captive environmenysimygair learning and memory and thus

influence space use of animals.

Space use

Some animals thrive in captivity while others suffEhese differences in success are
dependent on constraints imposed on natural betnaveog. Clubb and Mason (2003), who
looked at the pacing in carnivores, and statingwhde-ranging lifestyles in the wild predict
the extent of infant mortality and stereotypy. Fr@ing the natural behaviours of an animal
could lead to stress and frustration as well impaint on brain development, particularly in
naturally wide-ranging species (Clubb and Maso0320Although animals that have large
home ranges in nature may require a large amousyaafe in captivity, it may not
necessarily hold true for every situation. The spage of animals in nature is often
determined by a variety of factors, such as feetiglzaviour, with home ranges dependent
on food availability, searching strategies (Pric@99) or availability of possible mates
(Cooper and Randall, 2007). For example, the rangaiterns of gorillag;zorilla gorilla
beringei, depend on food availability and quality, with tager being deemed more
important (Vedder, 1984). Therefore, the home ragige of gorillas will be dependent on
food availability; greater food availability coutibcrease home range size. However, home
range size is sometimes unrelated to foraging. imal may be motivated to explore an area
for its own sake (Price, 1999; Leodeal., 2010) and would thus require a large amount of
space in captivity regardless of food, as was se&boratory miceMus musculus, which
explored new areas regardless of the compositidneoénclosure (Sherwin and Nicol, 1997).

Among the many stressors that captive environmadtge in animals, space
limitation is one of the primary contributors ofpt&ity-induced stress (Morgan and
Tromborg, 2007). Space restrictions can have adwdfects on the behaviour of an animal
(Arakawa, 2005), which is further exacerbated lgck of enrichment (Newberry, 1995;
Beattieet al., 1996). RatsRattus norvegicus, reared in poor, restricted environments display

a decrease in activity levels in open-field testsakawa, 2005), and pen size affects the
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growth rate and levels of aggression of pRysscrofa domesticus, (Morgan and Tromborg,
2007).

The perception that an animal has about spaceeiméies how available space is used
(Sherwin and Nicol, 1997). Animals develop an exaion about their environment through
learning or instinct and when an animal is faceth\aichallenge, the response employed will
depend on this expectation and the situation i{8&fehan and Mench, 2007). If there is a
mismatch between an animal’s expectation and téeailing environment, frustration
develops. If the problem is controllable (e.g. negdo open a latch to gain food that was
previously inaccessible) frustration decreasesifimdt solved (e.g. not being able to access
the food at all) frustration will increase, leaditogstress because of physiological and

behavioural changes (Meehan and Mench, 2007).

Deter minants of space usein captivity

For many species, the quality of space appears todye important than the quantity
of space (Stoinslet al., 2001; Hosey, 2005). In nature one of the mostmmomfactors
affecting space use is the tendency to confineidies to particular areas in the home range
(Horneet al., 2008). Animals generally use space disproporteipdased on ecological
factors, where some areas are used more than ¢8arsiekt al., 1985; Marriott and
Meyers, 2005), which will depend on the availapibf resources (Matthiopoulos, 2003). In
the natural environment, animals will move to anehsre required resources, such as food
or shelter are available; the same would happeaptive environments. In natural habitats,
animals orient themselves in specific ways depandmavailable objects, like perches and
vegetation cover to scan for predators. In captidbjects available are often used in a
similar manner based on innate survival tendeneigs trees may be used to scan the
enclosure or may be used by animals to hide fromepeed threats, such as large crowds of
people (Marriott and Meyers, 2005).

The presence of barriers can also have an impdebwrspace is used. Gorillas
(Stoinskiet al., 2001; Rosst al., 2009) and chimpanzed2an troglodytes, (Rosset al.,
2009) show a strong preference for being neartstres such as walls, mesh barriers and
corners. House mic&Jus domesticus, tend to remain close to walls or other objedteyang
them to be in contact (i.e. thigmotaxis) with tm¥ieonment and aiding in protection (Jensen
et al., 2003). Though not the only sensory cue of impm#atactile information plays an

important role in environment familiarisation (Bleend Sandeman, 2000) and is also

13



important for invertebrates like cockroachs;iplaneta americana, (Camhi and Johnson,
1999) crayfishQOrconectes rusticus, (Alberstadtet al., 1995) and woodlice&Rorcellio scaber,
(Hughes, 1987), where tactile cues can aid in ggithcomotion and influence the direction
in which they turn. In addition to tactile cuesydianark identification can also aid in guiding

locomotion, helping animals to orientate themseluespace (Collettt al., 1986).

Navigation

Many species use landmark identification to lo¢atget areas (Hoffmann, 1983;
Vannini and Cannicci, 1995; Collett, 1996) and dhientation of many species is based on
memorising space. Locations are either memorizeahbggocentric coding, based on route-
based information, or an exocentric coding, whgbased on location-based information
(Benhamotet al., 1990). Navigation strategies that are employdddate these target areas
can differ depending on the species and the punpios®mvement, such as locating food
(Durier and Rivault, 2000) or locating areas foelgdr (Kingsfordet al., 2002).

Place memory in mammals has usually been considietedns of cognitive maps as
proposed by Tolman (1948), where an animal’s wigricentrally represented in the brain
and being constantly updated (Mizunaatnal., 1998). In insects, such as bees and ants, place
memory involves image matching where an insect mowgil its current retinal image
matches a previously stored view of the environmiemage matching depends on the
memory of patterns of defined size and shape (€01896). While navigation for insects
involves memory it is not solely dependent on plaeanory; insects often maintain a
constant angle with the direction of sunlight oeewith a plane of polarisation. These basic
mechanisms of orientation may involve learning (i&ya984).

Sex and age effects of space use

Space use can differ between the sexes. In meadies,Microtus pennsylvanicus,
the daily ranges of males are greater than theesaofffemales (Madison, 1980). Male
chimpanzees tend to band together and defend dlanges whereas females are more
exploratory, leaving their home ranges at sexuauritg and at times associating with more
than one chimpanzee community (Williaetsl., 2002).

Age also has an effect on space use. The spaa# bealer chickens@Gallus gallus
domesticus, declines with increasing age (Newberry and H&B0). In ratsRattus
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norvegicus, the juveniles are sensitive to limiting space vaas older rats are sensitive to
stocking density) but the adverse effects thatesfiatts had on individuals weakened with
maturity (Arakawa, 2005).

Newberry (1995) points out that previous experieae@dso an important
consideration with regard to space use, and theememuts of an animal in, for example, a
new area may depend on the early or previous expegs of that animal. An interesting case
study is provided in white leghorn chicke@allus gallus domesticus, that were brooded for
7 weeks in separated pens and were then allowexhto around all pens. When given the
option to roam, they did not freely intermingle goréferred remaining in the vicinity of the
pen where they were brooded (Newberry and HallD1.9® possible explanation for this
limitation on space use is that the chickens wéeda(i.e. neophobic) of the novel
environment (Jones, 2002) and thus preferred gjagithe familiar brooding area.
Alternatively, this example of the white leghorriakdens can be explained by the learned
helplessness hypothesis, where animals perceiva situation is independent of their
behaviour and thus they inhibit their responsesdthas the expectancy that their actions
yield no alternative outcome (Martinko and Gardd®82). So with regard to the white
leghorn chickens, the chickens were not moving beytbe environment they had been
exposed to originally even though there was aress® in the amount of available space. The
chickens may have had the perception that theydvoot able to move beyond the point of
the original barrier that had previously separatedpens from each other.

Objectivesand aims

The study has 2 objectives
* To establish whether the previous experience afdiridual or of a group of
individuals in a restricted space influences tHessguent use of space in larger areas.
* To establish whether the space use in the enlangedis related to the neuronal
complexity of the test species.
Four species were selected for study, includinghplainzeesan troglodytes, striped mice,
Rhabdomys dilectus dilectus, German cockroacheBlattella germanica, and common

woodlice,Porcellio scaber.

Aim 1. The main aim is to ascertain space use of 4 spbygigsantifying the surface area

used by each species.
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> Question: If previous experience in restricted spdwes influence subsequent space

use, | ask whether there is a relationship betvgpace use and neuronal complexity.

L ayout of the dissertation

Because of the phylogenetic differences amongpbkeiss and the idiosyncrasies of the
housing, sociality, and potential experimental malation of the species, | have provided
specific aims and predictions for each speciesragglg in the following chapters. The
sampling duration per species was scaled accotditige relative body size, movement
patterns and activity levels of each species.

Apart from the present chapter (General Introdungtiny dissertation comprises of 4
experimental chapters (Chapters 2-5) and a geds@lssion chapter (Chapter 6). Chapter 2
focuses on the space use of the chimpanBaedyoglodytes. The age, sex and behavioural
effects as well as the influence of shade on spaeare considered. Chapter 3 focuses on the
space use of striped midehabdomys dilectus dilectus, where test subjects could be assigned
to treatment and control groups to assess wheplagesuse is influenced by previous
experience. Additionally, the sex and personalitgats of striped mice on space use are
considered. Chapter 4 considers the space useaufl®, Porcelio scaber, where treatment
and control groups were created to assess whatinaops restrictions influence subsequent
space use of male and female woodlice. Chapten&iders the space use of male and female
cockroachesBlatella germanica, and compares the space use of individuals framraland
restricted groups. Chapter 6 is a general discassid conclusion section. One reference
section is provided. Because of the abovementitoredat, there may be some repetition of
methodological details or discussion. Figures ades are numbered in sequence for the

entire dissertation, and not per chapter.
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Chapter 2

Experiment 1: Chimpanzees

I ntroduction
Chimpanzee biology

ChimpanzeesRan troglodytes, live in social groups of 20 to over 100 membédrs o
both sexes (Goodall, 1986). Chimpanzees are sentoteal omnivores (Busse, 1978) and
have a fission-fusion society (Willianesal., 2002), where males and females have different
space use patterns. Males are philopatric and defeerritory, whereas females move away
from their natal group; females shift their coreas and join and leave male territorial groups
at any time (Williamst al., 2002; Reynolds, 2005). Female space use carldiedd¢o male-
defended ranges and female composition. Femalesah@ytheir space use patterns to stay
within male-defended boundaries or their patteray be influenced by feeding competition
with other females (Williamst al., 2002). Females generally spend time on their own,
with no other adults present, rather than formiolgesive groups (Wrangham and Smuts,
1980), and their ranges may overlap over 2 growiidms et al., 2002). Food resources are
an important determinant of space use in natufieleincing the positions of home ranges of
males and females (Lwanga, 2006).

Social learning is important for the acquisitiomaivel behaviour (Boesch, 1991).
Chimpanzees have a good memory and a high cagacigarning and solving problems,
acquiring knowledge through trial and error, obaéipnal and perceptual learning, where
positive and negative reinforcement aid in therdeway process (Goodall, 1986). Young
chimpanzees learn about their environment throlgy gnd exploration, and these early
experiences can have a subsequent effect on adutithg skills (Goodall, 1986).

Free-living chimpanzees live mainly in forests whtrey experience relatively stable
temperatures seasonally and they experience nearstant shade provided by the tree
canopy cover (Goodall, 1986), indicating that shiadeportant to chimpanzees.
Temperature and sun exposure both influence chirggaactivity, behaviour and space use;
where chimpanzees would increase their time ogthend and resting, and decrease their
feeding, with increasing temperatures. Time exposnisunny areas was temperature
dependent with chimpanzees moving to dense, ceakaturing the hottest times of the day

(Kosheleff and Anderson, 2009). In captive envirenis, chimpanzees prefer spaces as high
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as 15m above the ground and areas with featurésasucolumns, edges and corners which
are used for buffering against environmental exé®(Ross and Lukas, 2006).

Inter-individual distance between chimpanzees taneas not well recorded in the
literature, especially since free-living chimparzeée not form spatially cohesive social
groups, with individuals associating with differesnbgroups, so that the subgroups
constantly change composition and size (Chapehah, 1995). These fission-fusion
societies, as well as the dense forest habitdteoEhimpanzees, are confounding factors for
evaluating the distances between individuals arestablish whether they are part of the
same subgroup. Consequently, subgroups are ggneadigorised by the number of
individuals in the group rather than by the amafregpace occupied (Nishida, 1968;
Chapmaret al., 1995; Matsumoto-Odet al., 1998). Nonetheless, some studies on free-living
chimpanzees considered subgroups to be individuttisinter-individual distances between
35 m (Bates and Byrne, 2009) and 100 m (Wranghatamuts, 1980) during activity.

Aims and predictions

In addition to the main aim - @scertain space use of 4 species by quantifyiag th
surface area used by each study species (Chaptéhag 4 additional aims for the study of
space use by the chimpanzees, each with its ovehictioe/s.

In the following text ‘space restricted’ or ‘restied subgroup space use’ refers to the
dimensions that a subgroup occupies at any oné jpoiime i.e. covering the dimensions of
the old enclosure. Therefore if one subgroup isemestricted than another, that subgroup is
staying within the dimensions of the old enclosu@e often than the less restricted

subgroup.

Aim 2. Examine the space use of males and females tosasbether space use is sex
specific.
» | predict that females will be less space-restddtean males, as female chimpanzees
naturally move around more than males, as is seaature (Williamst al., 2002).
Aim 3. Establish space use by adults and juveniles tsasgeether space use is age
specific.
» Assuming there are differences in space use wglirceto age, | predict juveniles to
be less space restricted than adults because jes@iimost primate species tend to
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be more active than adults, as has been obsengagpiive chimpanzees and bonobos,
Pan paniscus, where play is at its highest in juveniles (Pakigil., 2004). Some of
the youngest juvenile chimpanzees at the JohanrgeZow also spent the least
amount of time in the old enclosure and the youngaspanzee was born in the new
enclosure. Therefore, juveniles may use spacerdiftly to adults in the enlarged
enclosure as they have had less exposure to tedthousing.
Aim 4. Ascertain the association between space use amvibeh by determining the
predominant behaviours displayed by individuals nvtieey were part of a subgroup and not
part of a subgroup.
> | predict that small subgroups would be charaatdrisy higher frequencies of space
restricting behaviours (e.g. inactive behavioucisgositive behaviour) while large
subgroups or individuals not part of any subgrowmsyld show higher frequencies of
walking or behaviours like locomotory play.
Aim 5. Establish the association between space use add phavided by trees or walls to
assess whether space use in chimpanzees is irglibyadhe presence of shade.
> | predict that individuals will restrict their moweents and activities to areas where
there is shade, since chimpanzees are naturalhdfouareas where there is high tree
canopy cover (Goodall, 1986). If so, spatial resitsn might be influenced by the

available shade.

Study subjects

During my study, the group of chimpanzees at the@dnesburg Zoo comprised 4
males and 4 females. The 4 males consisted of IBsgtfioda and Thabu), 1 adolescent
(Amber) and 1 weaned juvenile (Charles). The fematmsisted of 3 adults (Lilly, Daisy and
Zoe) and 1 weaned juvenile (Joyce). Yoda (the dantimale), Amber, Charles, Zoe and
Joyce were the offspring of Thabu and Daisy. Lithe dominant female) was acquired from
an Angolan zoo by the Jane Goodall Institute. Adlividuals, apart from Charles, were
originally housed in a smaller enclosure of 100(before 2004), until they were moved to a
new enclosure of 2500 ngafter 2004).

The chimpanzees were fed fruits, vegetables, pempealiets and primrose oil twice
daily at 09:30 and at 15:30. Their food was scatteandomly around the enclosure, thus

preventing clustering at any 1 point in the endlesand to stimulate foraging activity.
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Old enclosure

Until 2004, the chimpanzees were part of eitheorgman group or a family group.
Each group was housed in separate 10 m x 10 msmeks each surrounded by a water moat
on 2 sides and walls on the other 2 sides (Figur&He enclosure of the orphan group had 2

public viewing points in front of the water moat.

Orphan Group Enclosure
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Figure 1. The old chimpanzee outdoor enclosurédsealohannesburg Zoo
(prior to 2004; Courtesy of L. Duncan).

Within both enclosures, there were rocks, ropesilshg shelves and dead tree
stumps for climbing. There were also night roonrsefach group with jungle gyms and ropes
(Figure 1).

New enclosure

During my study (2009), the chimpanzees were hotagether in a large enclosure
of 2500 nf (Figure 2). Only the original family group (Daiskhabu, Amber, Joyce, Charles,
Zoe and Yoda) was still present and 1 orphan idd&, Lilly, who was housed with the
family group. The group had access to an indoolosaoce at night (which had jungle gyms
and ropes). My study was done on the space useahimpanzees in the outdoor enclosure,
which was divided into 2 sections by a large wathva connecting door. There were water

access points, ropes, trees, tree stumps andcpbastels for swinging and climbing in both
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sections. The walls of the enclosure e approximately 8m high. Electric fencing v
present along the top of the walls and along theemaccess points. There w3 different
public viewing points: 3arge, ground level windows in the left wall; aneopviewing arei
close to the water accessints; and a 2 m platform which had a view of both sides of
enclosure.
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Figure 2 The new chimpanzee outdoor enclosure at the delshnrg Zoo (aft:
2004).Dashed lines in the bottom left represen size and location of the origir
housing areas for the orphan and family groups (€ew of L. Duncan
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Sampling
Space use and behaviour of the chimpanzees wdresaotpled. | sampled space |
by evaluating subgroup and individual movements space and time. In addition

behavioural sampling, | recorded the season, weatittuse of shaded areas. Details
provided below.

Space-use

Space use sampling was done for 60-consecutive days (i.e. sampling sessit

between March and July 200Each observation last1 hour and was conducted in t
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morning, mid-morning or afternoon on different dagampling took place after the
chimpanzees had been fed. During feeding, whichav8s30am, food was scattered around
the enclosure to encourage the chimpanzees tdhstarfood. This scatter feeding by the
zoo keepers, as well as my sampling approximatalyam hour after they had been fed,
reduced space-use bias because the chimpanzess dighgregate in a specific place each
day to feed and thus reduced the potential biisemata sampling.

Space use by the chimpanzees was recorded by talkatggraphs with a Kodak
C613 camera set at 3X optical zoom. To enable thatiphotography and behavioural
observations, | used a simultaneous sampling tgaleniSamples were taken every 5 minutes
in which photographs were taken and behaviourediiduals were recorded
simultaneously. Sampling sessions were 1 hour lesylting in 12 data points each of
photographs and observations per sampling session.

Photographs were taken of the chimpanzee subgréupgbgroup was considered as
comprising of 2 or more individuals as well as amjividual that was less than 10m away
from another individual. This distance was useddmpare space use against the previous
housing of 10m x 10m. | also recorded excursionmbividuals, which was defined as an
individual moving away from and returning to thdogroup in under 5 minutes; any absence
over 5 minutes was not considered as an excuriahany given sampling time, all the
chimpanzees were scattered around the enclostiredi@iduals >10 m apart) and did not
form any subgroups, they were recorded as scatter@eo photographs were taken.

At the end of the sampling sessions, | used thégginaphs to identify and assess the
size of the areas occupied by each chimpanzee@ybgt an instantaneous time sampling

interval of 5 minutes (Figure 3).
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Figure 3. Examples of chimpanzee subgroups ofréifitesizes and the absence of subgroup
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In order to improve sampling accuracy, 2 methodeewsed to measure the area used
by subgroups at 1 time sampling point. In the fingtthod, the positions of the chimpanzees
that formed a subgroup were plotted onto a mapeenclosure drawn to scale. The area
occupied by that subgroup, every 5 minutes fordrheas evaluated using a grid that ranged
from 10m x 10m to 20 m x 20 m. An edge effect of Wvas included in the grid
measurement, resulting in grids of 11 m x 11 mlte2x 21 m (Figure 4). The area that the
chimpanzees occupied in the outdoor enclosure vedsh®ad against 2 categories: within the
11m x 11m grid or greater than the 11m x 11m d@pidly 2 categories were evaluated to

assess whether or not space use was influencdelsyze of the previous housing.

13mm

12 ®
{r:n ) Chimpanzee

group at one
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&

One chimpanzee
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v

v

Figure 4. Representation of the grids that weragaisessess space use of chimpanzee
subgroups.

In the second method, measurements were takee ienitlosure from selected
landmarks (e.g. from a tree to a rock or a tree wall) to obtain reference distances within
the enclosure, and to ground-truth the observatibhe measurements were taken when the
chimpanzees were in their night room. These digmmere used to estimate the distances
between individuals within a subgroup. The locatiohindividual chimpanzees were plotted
on a map of the enclosure using these estimatéahdiess and the area covered by the
subgroups was evaluated using the grid method &gy The measurements were added
together and averaged to gain the total of measemeshat fell within, and outside of 11 m
x 11 m. The data collected from both sampling temines were used to ascertain whether
chimpanzees restricted their movements to the spaczed by the old enclosure size, or
whether their space use was greater than thaeadlthenclosure.

Space use was evaluated in 2-dimensions only, mphdividuals in trees were

considered to be within a subgroup (e.g. 11 m mL1When evaluating the area of space

23



used, barriers between individuals were consideaedhat if there was a rise or a wall
blocking 1 chimpanzee from the view of anotherytivere not considered to be part of the
same subgroup, as suggested by Bettiggar (2005), who maintained that visual separation
was an important mechanism for decreasing aggresasoindividual chimpanzees did not

perceive one another when obstructed by physicalkbs

Subgroup and individual movements over space and time

The spatial and temporal movements made by subgnegape also evaluated. To
evaluate space-use temporally, | recorded howuhgrsups moved within an hour session,
i.e. whether the subgroup remained within an 1114 x area, increased their space use to a
larger area, or if no subgroups formed. This wasedor all 60 hours sampled.

To evaluate space-use spatially, | recorded whetheémhow chimpanzee subgroups
within 11 m x 11 m moved around the enclosure di@ they stay in the same area or move
to a different area within the enclosure; this Wase only for subgroups within 11 mx 11 m
since this was the focus of my study. Only 44 ef 80 sessions met this criterion and were
used for further analyses. Individual movementsevadso recorded to ascertain which
individuals moved within and between subgroups. #&rir was created to record how often
each individual was part of a subgroup and wasaded to assess how often other
individuals were part of the same subgroup, e.@blihwas in the same subgroup as Daisy x-
number of times. This was done to establish whiclviduals interacted with each other the
most number of times. Understanding how individdetsned subgroups was of importance
because it is indicative of group composition, vahga component of how an individual
used the available space and could help identifgtiadr adult males, adult females or

juveniles were more readily forming subgroups.

Behaviour sampling and recording use of shaded areas, weather and season

During the sampling sessions, the behaviour of eaghpanzee was recorded every
5 minutes, resulting in a focal individual time gamg protocol, with an instantaneous
recording rule. The simultaneous sampling technijseussed in ‘Space-use sampling’ was
used. The behaviours were sampled according tt\&viieural categories (Table 1).

The use of sunny or shaded areas by the chimpanzsesecorded during each
behaviour recording. Individual chimpanzees weoemed as being in the sun only if they
were completely in the sun. These data were usawéstigate whether or not chimpanzees

used particular parts of their enclosure becauskeeopresence of shade.
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Table 1. Behaviours that were scored for chimpashaeéhe Johannesburg Zoo.

Behaviour Definition

Abnormal  Behaviours included chronic masturbation, unusegétitive behaviour, self

biting or hair pulling

Climbing  Climbing trees, swinging on ropes

Excursions The moving away and returning of individuals froraubgroup in under 5

minutes

Foraging Eating food that had been scattered around theswmd and drinking from

water moat

I nactive Resting or sleeping

Interacting Individuals approaching the windows or fences amghging with the public,

with public including chimpanzees knocking on windows or claggiands

Play Any type of play: social play with other chimps +eastling, rolling, chasing
each other; playing alone by swinging from ropeplaying with objects like
sticks

Socio- Agonistic behaviour directed towards other chimeasz including screaming,

negative chasing and fighting with other chimpanzees

Socio- Affiliative behaviour, such as grooming, embracdigected towards or

positive received by other chimpanzees
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The weather was recorded in order to compare theespse of the chimpanzees
under varying environmental conditions. The weatiee was scored according to the
following categories: sunny, sunny with clouds, andrcast.

Season was categorised based on the time of théhgesampling took place and was
classified broadly as late summer/autumn (samidefgre £' June 2009) and winter

(sampling after ¥ June 2009).

Data analysis

Space use data were analysed using a chi-squaabgaiarto evaluate whether there
were differences between the number of small sulpgrdll m x 11 m) to large subgroups
(>11 m x 11 m) that formed during the entire sangpfperiod, for summer and winter and
under different weather conditions. The chi-squanealyses were run using InStat version 3
(GraphPad Software, 2003). Since there were oolyescast days, comparisons were made
between these 5 days and randomly selecting 5udadex each of the sunny and cloudy
weather categories; this was done 3 times by setp8tx 5 days from the sunny and cloudy
categories. A heterogeneity chi-squared analysssusad to compare weather influences on
space use; a heterogeneity chi-squared test isjagie when analysing multiple subgroups
of a larger data, since it compares each group (Byi case) separately against the average of
the overall data set (Zar, 1996).

Space use and chimpanzee presence in the shadelswvaluated for an individual
chimpanzee and not a subgroup basis because sdividurals forming a subgroup could
have been in the sun while others could have be#reishade, so that a subgroup of
chimpanzees could have been occupying space suthas well shade at 1 sampling point.
These data were then analysed based on whethieditaelual in the sun/shade was part of a
subgroup that was covering an area equal to otthessll m x 11 m, greater than 11 m x 11
m or was not part of any subgroup. The data weatysed using a Generalised Linear Model
(GLZ) as this allowed for comparisons for occupaimcgunny and shaded areas between all
3 subgroup size categories, making no assumptiongrmality or homogeneity of variance
and permitting the data to be fitted to a binordiatribution. | further investigated the
consistency of space use and whether chimpanzee spa was constant over space and
time. | used a transition matrix to evaluate whethe chimpanzee subgroups were

consistent in their space use over time, as destbelow.
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Each space-use size category was assigned a nutdtbarx 11 m=1;>11mx 11 m
= 2; and no subgroup formation = 0. No subgroumfdion meant that all chimpanzees were
greater than 11m from each other; thus they wetréonming what was considered a
subgroup (individuals less than 11m apart) for éxigeriment. For each 1 hour observation
session, a number score (0, 1, 2) was assignepéme use at every 5 minute sampling
interval, resulting in a 12 number sequence fohdwar. | then recorded how many changes
or consistencies there were per space-use sizgocgte

An example of a 1 hour sample: 1112212 (1111 Staying within a 1 category
occurred 5 times; transition from 1 to 2 occurneité, transition from O to 1 occurred once,
etc. Transitions were then recorded in a matrixthedoroportion of transitions was

evaluated for the whole sampling period (Table 2).

Table 2. An example of the table used for chimpargreup transitions.

Transition Proportion
From To

0 0 0

1 1 5/11 =0.45
2 2 1/11 =0.10
Transition to a different space-use category 5/11 =0.45

E.g.1t02, 2100, etc...

The transitions over space were used to evaluatechompanzee subgroups within
11 m x 11 m moved over the enclosure. The changespace was evaluated by establishing
how often a subgroup remained in the same placdawdften a subgroup moved to a
different area, which was evaluated by any groupaentent 11m from the original group
position. A chi-squared analysis was used to apalys differences between moving around
the enclosure and remaining in the same place.

For the behavioural data, abnormal behaviour oedurarely (<2 % of all
observations) and was not considered for furthatyars. A Factor Analysis was performed
on the behavioural data to examine which behaviaredy occurred. The first 2 factors of
the Factor Analysis were considered and they cutmalg explained 35% of the dataset.
Socio-negative (first: second factor - 0.012; 0, EXcursions (0.26; -0.144) and Interaction
with the public (0.26; -0.04) had the lowest fadtmdings and were excluded from further

analysis.
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The behavioural data and shade/sun exposure datsawalysed using a GLZ with a
binomial distribution and probit link function, imhich | tested whether there were
differences in the behaviours (response categatyyden age and sex (adult male, adult
female and juvenile) and grouping categories (salggs that were smaller than 11 m x 11 m,
larger than 11 m x 11 m, and when individuals wegepart of any subgroups).

An all effects model from the GLZ was used to asgemwhich variables had a
significant effect on the model output. Based @s#hresults, appropriate first, second and/or
third order effects were selected using user-ddfpretocols in the final model selection.
Beta coefficients and confidence intervals (95%idenesed to detect specific differences in
the categorical variables when the Wald statigticshe effects were significant. GLZ
analyses were run in Statistica version 6 (Staf3wdt 2001).

An analysis was conducted on the interactions divziduals compared to the
likelihood of interaction with each member of tHenaspanzee group. For this, a matrix of
how often individuals were part of the same subgmnas analysed using the software
Matman™ (De Vrie®t al., 1993). The matrix was used to calculate adjusteiuals with
positive (occurring more often than expected bynck® and negative (occurring less often
than expected by chance) residuals calculated gmessed according to a Z-distribution.

In the following text subgroup sizes will be laleell“small” for subgroups within
11m x 11m and “large” for subgroups larger thamig 11 m.

Experimental procedures were approved by the Anktlakts Screening Committee
of the University of the Witwatersrand (clearancenber 2007/57/01).

Results

Space use
Total spaceuse

The space use of chimpanzees was evaluated by mixgrtiie frequency of
chimpanzees being in small subgroups and largersupg. Space use was evaluated for the
60 hour sampling sessions, regardless of seasndaravironmental effects. Chimpanzees
formed small subgroups significantly more frequg(®7%) than large subgroups (3%)
(x?1 =702.39, p<0.001).
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Seasonal variation

The space use of subgroups was then categorisetaugto season. There was no
significant difference between summer and wingér £1.54, p=0.215). In winter, small and
large subgroups formed 98% and 2% of the time @by and in summer small and large

subgroups formed 97% and 3% of the time respegtivel

Weather

Subgroups were also categorised according to dleeurrrence during different
weather types, namely sunny, cloudy and overcdmsrelTwere no significant differences in
space use with respect to the 3 weather categfies0.84; p=0.900; heterogeneity),
with the chimpanzees occurring in small subgro®#84) more often than occurring in large

subgroups (3%) on sunny, cloudy and overcast days

Age and sex
There were differences in space use of adult mathdt females and juveniles.
Following the all effects model protocol, age/sexpgroup size and subgroup size*age/sex

were significant predictors of the space use irfitted GLZ model (Table 3).

Table 3. Results from the GLZ analysis analysirgggpace use of adult male, adult female
and juvenile chimpanzees.

Statisticsresults

Age/sex Wald x%=122.96, p<0.001
Subgroup size Wald x%=3521.52, p<0.001
Subgroup size* age/sex Wald x%,=94.77, p<0.001

Specific differences were identified using betaneastes and confidence intervals
(95%). Whiskers on the graph represent 95% condieldimits as exact frequency values
were plotted on the graph (Figure 5). For the soingisize*age/sex interaction, adult males
participated in small subgroups significantly le&n than adult females and juveniles.
There was a significant difference between aduttaie and juvenile presence in large

subgroups, with adult females participating moantfuveniles.
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Figure 5. Mean frequency of presence in 3 subgoatgpgories for adult male, adult female
and juvenile chimpanzees. Bars with the same $ettehin each subgroup size category
(small, large, not part of a subgroup) are notificantly different. Whiskers denote 95%
confidence limits.

Adult males were not part of a subgroup signifiantore often than adult females
and juveniles. Not considering the sex and age®sfien subgroup formation, small
subgroups formed more frequently than no subgretigch occurred more frequently than

large subgroups (Figure 5).

Transitions
Temporal

Chimpanzee sub-groups remained as small subgroug&) more often than
they did in large subgroups, not forming a sub-groumoving to a different space-use size
category. The chimpanzee sub-groups consistentigireed within the same space-use size

category over the entire sampling period (Table 4).
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Table 4. Proportion of transitions and consistenbetween size classes of chimpanzee
subgroups. (0 = no subgroup, 1 = small subgrouplaZge subgroup)

Transition From Proportion
ToO

0 0 0.002

1 1 0.920

2 2 0.014

Different space-use category 0.065

Space

There was a significant difference between chimparsubgroups remaining in the
same area compared to those moving to differeasagthin the enclosurg,=256.46,
p<0.001); subgroups remained within the same aréaaf time and moved to other areas
23% of time. The chimpanzee subgroups were thexeé&stricting their movements over

space.

Behaviour and space use

The behaviours performed varied among individualdiiferent subgroup sizes over
the total sampling period. Subgroup size, behavémar subgroup size*behaviour were
significant predictors of chimpanzee space usherfinal GLZ model (Table 5).

Table 5. Results from the GLZ analysing the behavad adult male, adult female and
juvenile chimpanzees while part of subgroup ofediéht sizes.

Statisticsresults

Subgroup size Wald x%=7135.43, p<0.001
Behaviour Wald x%=430.70, p<0.001
Subgroup size*behaviour Wald x%=712.11, p<0.001

Collectively, small subgroups had a behaviourafifgrdistinct from large subgroups
and not being part of a group (Figure 6). For tekdviours, inactivity was the most common
behaviour, followed by socio-positive, play and kuad). Inactivity and socio-positive
behaviour were displayed significantly more ofteart the other 4 behaviours. For the sub-
group size*behaviour interaction, inactivity wagrsficantly greater when chimpanzees were
not part of any subgroups, compared to when chizgeswere part of a subgroup. Socio-

positive behaviour only occurred when chimpanzeaewart of a subgroup but there was no
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difference in socio-positive behaviour between simalarge subgroups (Figure 6). Walking
occurred more frequently when individuals were pent of a subgroup, with no differences
seen between large and small subgroups. The oocerdcd playing, foraging and climbing
behaviours was not different between the 3 subgtgpgs, with foraging and climbing being

displayed the least of all the analysed behaviours.

0.8
I ractive
a | socio-positive
0.7} Bl Piay
B wak
I Forage/drink
0.6} a I climb

Predicted means of observed behaviours

Small Large Not part of a subgroup

Figure 6. Predicted means of total observed behaviperformed by chimpanzee subgroups
or by chimpanzees not part of a subgroup over €heéafy sampling period. Bars with the
same letters within each subgroup size categorgl(starge, not part of a subgroup) are not
significantly different. Whiskers denote standamsbeaccording to least squares means.

Sun/Shade and space use

Chimpanzee subgroups and individuals were categgbdascording to their
occupation of sunny and shaded areas. Only thegepmce in sunny and shaded areas and
subgroup size*sun/shade were significant prediaibchimpanzee space use in the final
GLZ model (Table 6).
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Table 6. Results from the GLZ analysing the presaisubgroups types in sunny and
shaded areas. p-values highlighted in bold arefgignt.

Statisticsresults

Presence in sunny and shaded areas Wald x*=366.78; p<0.001
Group size Wald x%=0.00; p=1.000
Subgroup size*sun/shade Wald x%=38.41; p<0.001

Chimpanzees occupied shaded areas more oftenuhag areas (Figure 7). For the
subgroup size*sun/shade interaction, individualssweesent in shaded areas more often
when they were not part of a subgroup compareeitagpart of small subgroups; there was
no difference between small and large subgroupgi(Ei7). Group size did not have a
significant effect in the final GLZ model (Table. 6)
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Figure 7. The presence of chimpanzee subgroupsimysand shaded areas of the enclosure
when they were part of small and large subgroupsrdren they did not form subgroups.
Bars with the same letters are not significantffedent. Whiskers denote standard error
according to least squares means.

Behaviour s and inter actions of individuals

Descriptive statistics are presented for the dontibahaviours performed by

individuals and individual interactions because&hedividuals displayed different levels of
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each behaviour, precluding the use of probabitayistics. For this reason, behaviours are
summarised and presented as percentages of oami(fEable 7). When being part of a
subgroup, different individual chimpanzees dispthgarticular behaviours more frequently
than others. The most predominant behaviour wagivigy followed by socio-positive

behaviour and play.

Table 7. Percentage occurrence of the most anchdenost predominant behaviours
performed by individuals when they were part otiaggoup.

Individual Predominant % 2nd most %
Behaviour predominant
Adult Thabu Inactive 75 Socio-positive 16
Males Yoda Inactive 49 Socio-positive 38
Amber Inactive 55 Socio-positive 21
Adult Lilly Inactive 62 Socio-positive 23
Females Zoe Inactive 63 Socio-positive 28
Daisy Socio-positive 50 Inactive 37
Juveniles Joyce Socio-positive 39 Play 22
Charles Play 45 Socio-positive 29

For travelling behaviours, which included walkinmdeexcursions, juveniles showed
the highest percentage (13.95%) followed by adalies(8.96%) and adult females (7.61%).

Five significant pair associations were identifeedong individuals)f41=1437.33;
p<0.05, Table 8). Only the positive residuals @ #ssociation between individuals,
expressed according to a Z-distribution, are disgggan Table 8, because they indicate
associations between individual chimpanzees. Th& significant associations (i.e.
individuals most likely to associate with each o}foecurred between Zoe: Daisy; Zoe:
Charles and Daisy: Joyce (Z=3.29, p<0.001). Zoeaisslikely to associate with Joyce
(£=2.58, p<0.01) and Daisy was also likely to agsecwith Lilly (Z=1.96; p< 0.05).
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Table 8. Likelihood of chimpanzee individuals asatieg with each other more often than
expected by chance.

Probability of Zoe Amber Lilly Charles Daisy Joyce Thabu Yoda
associations

Likely Daisy Lilly
Z=1.96, p<0.05)

Morelikely Joyce Zoe
(Z=2.58, p<0.01)

Most likely Daisy Zoe Zoe Daisy
(2=3.29, p<0.001) Charles Joyce

Discussion

This chapter of my study considered how chimpanzet#t Johannesburg Zoo
utilised the available space in their enclosurewahdther space use was influenced by the
previous experience in restricted space. Subgragps used for the evaluation of space use
since chimpanzees tend to travel, forage and seeigl subgroups (Doran, 1997) within
their home ranges that span from 11 km up to 34@&pending on the habitat (Yamagiwa,
1999). | expected the chimpanzees to utilise th@&rged, enriched area that was available to
them more extensively as it has been suggesteddhgtlex environments will promote
increased activity and will be utilized extensivéBlarkeet al., 1982; Perkins, 1992).
However, | found that chimpanzees formed small sulggs significantly more frequently
than large subgroups, and thus occupying a smelbpoabout 25% of the available space
of 25004, at any 1 point in time. One possible reasonterlack of use of a larger space is
that the chimpanzees have been in this large ameldsr over 5 years and the novelty of the
environment may have worn off. Cedtial. (2003) demonstrated that as animals become
accustomed to available stimuli under normal caoowls, the novelty of the stimuli wears off
and the animals show a decrease in manipulatitimecévailable objects and an increase in
inactivity.

There was temporal consistency in subgroup spagenith subgroups remaining
small more often than remaining large or changrogifsmall to large and vice versa. There
was also spatial consistency where subgroups tetodesnain in any given area of the
enclosure rather than moving between areas. Tmepemzees were utilising the entire
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enclosure, but they just tended to mostly remai @lmosen position within the enclosure as
small subgroups that were the same size as theirqus housing.

Subgroup formation was seasonally unvarying withuse of restricted space being
the same in summer and winter. Subgroup formatias also unvarying under different
weather conditions: chimpanzee subgroups restribigd space use on sunny, cloudy and
overcast days. In free-living chimpanzees, theeed#fferences in group movement patterns
(Vedder, 1984), space use and composition in e@iffieseasons based on food availability
(Doran, 1997). Since food availability in captiveveonments is predictably available, it is
understandable that the chimpanzee subgroups wotishow seasonal differences in space
use; thus, other factors may be driving space use.

| also aimed to establish whether or not restrisigace use was age/sex specific. All
the chimpanzees were more likely to be part of allssabgroup rather than a large subgroup
or not being part of a subgroup, with adult malesheing part of any subgroups or
participating in small subgroups significantly lésan adult females and juveniles. This was
unexpected as free-living female chimpanzees speradforaging alone while males form
close associations to defend territories (Willisenal., 2002). Thus, | expected that adult
females would be less spatially restricted tharitadales and would be part of large
subgroups or not part of any subgroups more oftan adult males. A possible reason for
this finding is that in captive environments madesnot need to maintain specific territories
as resources are not limited (since territorialdvébur is dependent on a predictable food
supply; Zahavi, 1971; Kinnaird, 1992; Herbingerl., 2001), so forming groups to defend
constantly available resources is not a necedHitig. has been seen in Hawaiian
Honeycreepersd/estiaria coccinea, Himatione sanguinea, andLoxops virens, which ceased
resource area defence when nectar was regionggraloundant (Carpenter, 1987).

With regard to females, captive adult female bisygkler monkeysAtel es fusciceps
robustus, which have very similar social patterns to chimgees, tend to form close
associations with other females and their offspregpecially during periods of infant
rearing, where females are likely to form clustand associate with other females who have
infants (Eisenberg, 1976). This may be of imporéatacmy study as infants were present
during my observations at the zoo.

| also predicted that juveniles would be less sigtrestricted than adults. Since the
juveniles were in the previous 10 m x 10 m enclesar a much shorter time than the adults
(with the youngest having been born in the enlagezosure), they would be less likely to

show restrictions in their space use. Chimpanzisesdisplay the highest activity levels as
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juveniles, displaying high levels of play behavi¢Balagiet al., 2004), with adults showing
high frequencies of inactivity (Videan, 2006). JaNMes would have associated with adult
females (i.e. parental and alloparental care; Pu€80), and most probably moved around
with the females as a group; this could have patiyinfluenced my assessment of juvenile
space use, as juvenile space use may have beetedffyy the presence of other individuals
(i.e. social influences; Keeling and Duncan, 198&haviour of individuals can influence
subgroup formation and can affect how space iseatll Therefore, | needed to consider
social interactions as well as individual behavsororder to evaluate my prediction, which
will be discussed below.

Individual interactions may be an important deteramnit of how subgroups might
move around the enclosure and how they utiliseespecparticular individuals may follow
others, whether it is following siblings, parentgpotential mates (Sugiyama and Koman,
1979). Therefore, even though juveniles were plestrall subgroups they also had the
highest frequency of movement (walking and excumsjan the enclosure compared to
adults. There was a high frequency of play segavieniles, which is expected, as play is
seen predominantly in juvenile primates, facilitgtphysical and social development (Palagi,
2006). Play (especially locomotory play) can leagreater space use, as individuals are
moving around the available space. The greateuénecy of movement coupled with the
high frequency of play, led the juveniles to uélisiore space than the adult males and
females. However, while these trends in the daggesst that the juveniles were utilising
more space within the enclosure than adults Itretiéds to be empirically tested with a larger
juvenile sample size, which unfortunately was raggible in my study

My next aim was to ascertain the association betvgpace use and behaviour.
Activities of individuals can affect the distandestween individuals and thus social spacing
(Keeling and Duncan, 1991). There was support fppredictions with regard to space use
and behaviour. Individuals that were not part etibgroup and thus not spatially restricted
displayed higher frequencies of non-restrictingadv@burs, such as walking, whereas
spatially restricted individuals showed higher fregcies of spatially restricting behaviours,
such as socio-positive behaviour. This is expeatesiocio-positive behaviour is associated
with subgroup formation especially small subgroomrfation as individuals can interact
closely with one another. During social groomingssens, the close contact of grooming
would give rise to short inter-individual distan¢&cGrew and Tutin, 1978), and thus
subgroups would utilise less space. All types digsaups were characterised by high

frequencies of inactivity and similar frequenciéplay behaviour. These behaviours were
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ubiquitous across all subgroup types suggestirictiiesy are not associated with any group
size, regardless of group members or size. In&gtildes not require one to be part of a
subgroup and it appears to not be a group depebééatiour; so inactivity (which includes
resting and sleeping) could result in an individomiing left alone if the rest of the subgroup
moves away, or could become part of a subgroughérachimpanzees congregate around the
solitary individual. Play behaviour could be chaesistic of individuals that are part of any
subgroup size as different forms of play behaviamr be associated with different subgroup
sizes. Individuals playing in close contact witte@nother would be associated with small
subgroup formation whereas individuals playing legitown may either be associated with
large subgroup formation or they may be compleaplgrt from a subgroup.

The final aim was to establish the association betwspace use and shade provided
by trees or walls to assess whether chimpanzee s&cwas influenced by the presence of
shade. Shade availability is an important resoasck reduces heat load and can alter
behaviour as was seen in feedlot heifBas primigenius taurus, (Mitlohneret al., 2002).
Shade could be a very important resource for caminhmpanzees, as their free-living
counterparts live in dense forests that have higlde availability (Kosheleff and Anderson,
2009), and thus shade could influence chimpanzaeespse and behaviour.

In order to determine whether restricted spacesusgluenced by shade availability |
would have had to show: i) that space use is otsttimainly to shaded areas; ii) that there is
no consistency of space use in different seasaitis gneater space use occurring in Winter
and more restricted space use in summer accorditigtrelative importance of shade during
these seasons; and iii) there should be no consiste space use under different weather
conditions, with greater use of space on overcags ¢L00% cloud cover) compared to sunny
days (no cloud cover). If shade is a factor ofrretstd space use, the chimpanzees should not
be in small subgroups on overcast days as there ieed for them to restrict themselves
spatially.

| found that there was a greater use of shaded #naa sunny areas in the enclosure
for the whole sampling period for all subgroup typldowever, space use of subgroups was
seasonally unvarying and did not differ under défe weather conditions with small
subgroups forming just as frequently on sunny asaast days. Thus, shade would not be a
possible factor of restricted space use as shawas constant under all conditions with
individuals remaining in small subgroups even wthesre was complete shade cover.
However, this study has shown that shade is of itapoe to chimpanzees since the

subgroups occupied areas in the shade far mone thié® areas in the sun. Therefore, even
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though reduced space use was not dependant on aVveitibility, chimpanzees selected

areas based on the presence of shade.
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Chapter 3

Experiment 2: Striped mice

I ntroduction
The African striped mous&habdomys dilectus dilectus, is a muroid rodent that is

widely distributed throughout a variety of biomesghwm southern Africa (Skinner and
Chimimba, 2005). Striped mice are terrestrial aldngl with peaks of crepuscular activity
(Perrinet al., 2001). The striped mouse is an opportunistic ¥onei, feeding mainly on grass
seeds, and a high proportion of insects duringptbeding season (Permhal., 2001).

In the eastern mesic grasslands of South Africgnest mice have a solitary lifestyle,
in which both sexes have intra-sexually excluseretories but male territories overlap
several female territories and association betweesexes is restricted to mating (Schradin
and Pillay, 2005b). Males in the grasslands haenliound to have significantly larger
home ranges (12446 + 2000)nthan females (5760 + 1098 n{Schradin and Pillay, 2005b).

Territories are maintained through aggression tdevapnspecifics (Perrigt al., 2001).

Aims and predictions

In addition to the main aim of the study (Chaptgr3lmore aspects of space use were
considered for the striped mice. These are preda®& aims below together with specific

guestion/predictions.

Aim 2: To determine the total movement of the stripedenig quantifying distance travelled
to establish how space used by individuals rel@atesstance travelled.

Were individuals travelling longer or shorter drstas in relation to the size of area
they cover? The influence of previous restrictioayrbe overridden if individuals travel long
distances under natural conditions.

Aim 3: Establish space use of males and females to ashefiser space use is sex specific.
| predicted that males would be less space-restiittan females, as females have

been found to use less space than males in n&aheadin and Pillay, 2004a).

Aim 4: Establish the space use of bold and shy striped tniassess whether personality

type (bold or shy) influences space use.
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| expected that bold individuals would be less igfigtrestricted than shy individuals
because bold individuals show greater levels ofaapory behaviours (Fraseral., 2001).

| tested these aims by comparing the space useibehaf striped mice that were
maintained in smaller ‘restricted’ housing with seamaintained in a larger ‘non-restricted’
cage. In the following sections, “restricted” reféo individuals that were housed in the small
Lab-o-tec™ cages and control/“non-restricted” refers to indiinals housed in the large

200 cm x 15 cm x 100 cm tanks.

Study subjects

For this study, 40 (20 male and 20 female) capima (F1) striped mice were used,
originating from a population in Pretoria (25°4%; 28° 30 E), South Africa. Bold and shy
striped mice were identified prior to the experimienorder to obtain the appropriate sample
size with an equal number of males and femalesibet bold and shy; there were 10 bold
and 10 shy individuals per sex category (Persontfits are described in an Appendix).
They were housed in the Milner Park Animal Unit,ikénmsity of the Witwatersrand, under
partially controlled environmental conditions 1410D light: dark cycle (lights on at 05h00);
22°C-24°C and 30-60% rH. Subjects were bred irr tlab-o-tec™ cages (36.5 cm x 20.5 cm
x 15cm; L x H x W). At weaning (16 days of age; fxhn and Pillay, 2004b), they were
individually housed, as they are a solitary livepgecies (Schradin and Pillay, 2005b), in Lab-
o-ted™ cages (36.5 cm x 20.5 cm x 15 cm). Each individuas provided with wood
shavings as bedding and a handful of grass anddduleissue paper as nesting material.

Individuals were also provided with a PVC nest-b% cm x 10 cm x 10 cm). Epol®
mouse cubes and water were availaol& bitum. Fresh fruit (apples, pears, paw paw) or
vegetables (lettuce, carrots, broccoli) and mixeztisvere provided daily per individual. A
handful of nesting material and cardboard toilé#srwere provided bi-weekly for
enrichment. Cages were cleaned every 2 weeks hanthje contents replaced.

A control group of 40 (20 male and 20 female) Fipetl mice was also established,
with 10 bold and 10 shy individuals per sex catggbrdividuals of the control group were
bred in Lab-o-tet" cages (36.5 cm x 20.5 cm x 15 cm). At weaningddys old), the
individuals that were being used as the controhynexperiment were housed individually in
large tanks (200 cm x 15 cm x cm 100 cm) with das@r area approximately 26 times
greater than that of the Lab-o-t¥acages. These large tanks were provisioned in #asim

manner to the restricted group in the Lab-d*ecages.
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Sampling

After being restricted in the Lab-o-fétcages or housed in large tanks for 60 days
(individuals were 76 days old), the striped miceevyaglaced individually into a test arena
(tank measuring 200 cm x 15 cm x 100 cm). Stripezkrwere tested individually because
they are solitary-living in nature. The base of tdwek was covered with wood shavings and
the tank was covered with a perforated lid to pnétlee striped mice from escaping during
video recording (see below) took place. The tank el@aned with disinfectant soap and air-
dried between tests to reduce carry-over odouceifdo minimise anxiety, the original
housing cage was placed into the test arena, antgsh subjects were allowed to enter into
the test arena unaided. The control group wasvadiem-recorded in the test arena, which
was the same size as their home tank.

The behaviour of test subjects was video recordddaSony Handycam for 30
minutes between 08h00-12h00, as striped mice ast active during these times (Schradin,
2006) and no human observers were present in tme during recording time.

Space userecording of striped mice

At the end of the sampling sessions, the videord#egs of the striped mice were
used to trace the routes that each individual nbetl@een stops, i.e. every time an individual
stopped moving, a tracing of the preceding route mwade (Figure 8). This was done for 20
routes travelled per individual, 10 at the begignir the filming session and 10 at the end of

the filming session.

Route 1 Route 2 Route 3 Route 4
F S

Figure 8. Diagrammatic representation of routeitige of the movement of individual
striped mice. (S = point where a route starts;gomt where a route finishes)

The tracings were used to assess whether the dudivimovements were restricted to
the size of the restricted housing. This was evatliby placing a 375 mm x 215 mm (365

mm x 205 mm with 10 mm edge all around) grid, tize sf the restricted cage, over each
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route, and the distance travelled was matched sigaicategories: within the 375 mm x 215

mm grid or greater than the 375 mm x 215 mm grigyie 9).

SRR S Grid larger than
P > 375 mm x 215

mm

v

Route tracing

S . pe———
> mm grid

......................................................

Figure 9. Diagrammatic representation of an exaraplew space use of a striped mouse
route was evaluated.

This was different to how the chimpanzee spacevasemeasured; the striped mice
showed greater activity and continuous space usesa@pled and thus distance could be
measured whereas the chimpanzee space use wadanstaus sampling of a specific point
in time.

The total distance that was travelled collectiyedy individual was also measured.
The data collected were used to ascertain whethped mice restricted their movements to
an area the size of the smaller housing or whekie@r space use was unaffected by previous
experience in restricted space. The data wereualsd to establish whether there were

differences in space use for males and female®alddand shy individuals.

Data analysis

Space use and total distance travelled was analysed a Generalized Linear Model
analysis (GLZ) with a binomial distribution and prolink function, in which | tested
differences in space use (restricted/non-restrispgette use to the size of the original
housing; response category) between sex and trea{nestricted and control).

An all effects model from the GLZ was used to astemwhich variables had a
significant effect on the model output. Based asthresults, appropriate first, second and/or
third order effects were selected using user-ddfppretocols in the final model. Beta
coefficients and confidence intervals (95%) weredu® detect specific differences in the
categorical variables when the Wald statisticgtiereffects were significant. GLZ analyses

were run in Statistica version 6 (StatSoft, IndD20 There was no difference between the
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first 10 routes and last 10 routes (Wafg=0.80; p=0.370) and these were pooled in the final
analyses resulting in 20 routes per individual.
| next tested whether there were significant déferes in space use and distance
travelled (response variable) between sex (fixetbfamale or female) and personality
(fixed factor: bold or shy), using a GLZ analysisth the number of routes travelled coded
as a covariate.
| further ran a regression analysis on the numbesudes travelled and the total
distance travelled for all individuals to assessréflationship between these 2 variables.
Experimental procedures were approved by the Anktfakts Screening Committee
of the University of the Witwatersrand (clearancenber 2006/94/03).

Results

Per sonality, sex and spacerestriction

There were significant differences in area covdoedhe restricted and control
groups. Following the all effects model protocodatment, personality and treatment*sex
were significant predictors of area covered infthal GLZ model (Table 9). Sex,
personality*sex and treatment*personality weresighificant predictors of area covered in
the final GLZ model.

Table 9. Results from the GLZ tests analysing ffees use of bold and shy females from
control and restricted groups. p-values highlightebold are significant.

Statisticsresults

Treatment Wald x*=435.81; p<0.001
Personality Wald x%=29.27; p<0.001
Sex Wald x*=1.09; p=0.295
Treatment*personality Wald x%=0.17; p=0.682
Treatment*sex Wald x*=7.61; p=0.005
Personality*sex Wald x*=0.35; p=0.552

For the treatment effect, the restricted groupareigss of sex and personality,
limited their space use significantly more oftearttihe control group (Figure 10). Shy

individuals restricted their movements significgntiore often than bold individuals.
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Figure 10. Predicted mean of distances coveredriped mice in an area less than or equal
to the base area of the restricted housing. Batstive same letters within each sex category
are not significantly different. Whiskers denotargtard error according to least squares
means.
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For the treatment*sex interaction, males and fesfntan the experimental group
restricted their movements more than the maledemdles from the control group, with
males restricting their space use more than fenwaligge control groups and females
restricting their space more than males from te&icted group (Figure 10).

Distancestravelled by striped mice

There were significant differences in distancegdilad for the restricted and control
groups. Following the all effects model protocbk number of routes travelled, treatment,
personality, sex, treatment*personality, treatmset*and personality*sex were all
significant predictors of distance travelled in fimal GLZ model (Table 10). For the graphs
of the distances travelled actual distance trastellas plotted, thus whiskers denote 95%

confidence limits.
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Table 10. Results from the GLZ analysing the distartravelled of bold and shy females
from control and restricted groups. p-values higttied in bold are significant.

Statisticsresults

Number of routes travelled Wald x%=11540.74; p<0.001
Treatment Wald x%=21069.27; p<0.001
Personality Wald x*=649.92; p<0.001
Sex Wald x*=242.38; p<0.001
Treatment*personality Wald x*=253.16; p<0.001
Treatment*sex Wald x*=1963.78; p<0.001
Personality*sex Wald x*=197.40; p<0.001

For the treatment effect, the restricted groupdilad shorter distances compared to
the control group (Figure 11). In the control grptige distances travelled out of an area the
size of the restricted housing were significantlgager than the distances travelled within an
area the size of the restricted housing. In otheds; individuals were not confining the
distances they travelled within the size of theevious housing. For the restricted group, the
distances travelled within the size of the restddbousing were greater than the distances

travelled out of the size of the restricted housing
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Figure 11. Total distance travelled within and beythe area of the size of the restricted
housing by individual striped mice from control amdtricted groups. Bars with the same
letters within each group (control and restrictad® not significantly different. Whiskers
denote 95% confidence limits.

Distances and routestravelled

For the striped mice, there was a significant armhg positive relationship between
the number of routes travelled and the total distaravelled (R=0.69; p<0.001; Figure 12).
Individuals from the control group had the widestge of routes travelled and distance
travelled. For the control, distances travelledafuhe area of the size of the restricted
housing were all above 1000 mm and the numberuwésatravelled was between 2 and 19
routes. The number of routes travelled within tize sf the restricted housing was between 3
and 18 routes and the total distances travelledhpleridual were all less than1500 mm.
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Figure 12. Distances travelled within and out @ #nea of the size of the restricted housing
by individual striped mice from control and redteid groups in relation to the number of
routes travelled per individual.

In comparison, for the restricted group, all th&taices travelled within the area of
the size of the restricted housing were betwee® 1M and 2500 mm, with individuals
travelling between 15 and 20 routes (Figure 12)it#d distances travelled out of the size of

the restricted housing were below 2500 mm and iddals travelled between 0 and 4 routes.

Discussion

The second chapter of my study considered howapastrictions on striped mice
would influence their subsequent space use in Engad area. Grasslamthabdomys have a
solitary lifestyle. Female and male home range$@6® + 1098 rhand 12446 + 2000 ™
respectively (Schradin and Pillay, 2005b). Thereftihe space use of striped mice was
evaluated using individual movements rather thamemeents of a group. Overall, | found
that prior spatial restriction did influence subsent space use for striped mice in an enlarged

area.
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My first aim was to ascertain the space use gbetiimice by quantifying the surface
area used and thus establish whether they weretiest their movements to the size of the
original, restricted housing. The restricted graapted their movements to the size of their
old housing significantly more than the controlgpoThus their experience in the restricted
housing influenced their subsequent space use émianged area. However, studies to date
have not considered how restricting space useaffdct subsequent space use.

My next aim was to quantify the distance travelbgdhe striped mice to establish
how the space used related to the distances thadudls were travelling. For the control
group, distance travelled was positively correldtethe area covered, long distances were
travelled in routes that covered an area outsidesitte of the restricted housing and short
distances were covered in routes that were withersize of the restricted housing. For the
restricted group, a reversal of this pattern waseoled, because there were longer distances
for routes that covered an area within the sizhefestricted housing compared to distances
covering an area outside the size of the restrisctessing. Thus, restricted individuals were
travelling long distances but keeping these movésneonfined to the size of the original,
restricted housing

Next | aimed to establish whether space use wassific. There were no
differences in the space use between males anddgnaafinding that contrasted with my
prediction that females would be more spatiallyrieted than males, as females have smaller
home ranges (Schradin and Pillay, 2004b). Howewate striped mice have been found to
travel longer distances than females in captiwgpg¢kay, 2011). In my study, males travelled
longer distances than females. Thus, my findindg&ate that males had higher spatial
restriction than females even though there wersexadifferences in space use, as males
travelled longer distances and females travelledtshdistances within similar space.

Finally, I aimed to establish the space use of laold shy striped mice to assess
whether personality types affect space use. Ih@asnw from the literature that bold
individuals explore more than shy individuals (feraet al., 2001; Rodeét al., 2006), and
thus | predicted that bold striped mice would lsslspatially restricted than shy striped mice
as they would travel further while exploring themenvironment. There was a difference in
space use for bold and shy striped mice, but tvere no differences for bold and shy
striped mice between treatments. Overall, bolghsttimice travelled longer distances. There
was a general decrease in distance travelled folpvestricted space for both bold and shy
striped mice but the decrease in distance traveteEgsimore pronounced for shy striped mice.

Shy striped mice that were not previously restddtavelled longer distances than restricted
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and non-restricted bold mice. However, shy stripéck that had been restricted travelled the
shortest distances compared to the restricted angastricted bold striped mice. Thus, the
spatial restrictions affected shy striped mice nibes bold striped mice with regard to the
distances they travelled.
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Chapter 4

Experiment 3: Common woodlice

I ntroduction

Common woodlouse biology

Woodlice,Porcellio scaber (Isopoda, Oniscidea), are terrestrial isopods €¥dn
1968). Woodlice inhabit mesic habitats (Hass&dll., 2010) and are important detritivores,
participating in the decomposition process of lg&dr (Zimmer and Topp, 1997).

Woodlice have cuticles that lack external waxy tayenaking them sensitive to
desiccation, and thus their survival is dependanmnmimising water loss (Hassatlal.,
2010). Aggregation is important for minimising walkess and at low densiti€s scaber
spends time searching for other individuals witholkto aggregate (Hassalal., 2005), and
will also actively seek out moist shelters whengabwith desiccating conditions (Hassal
al., 2010). They are positively thigmotactic (touchyianegatively phototactic (light) under
most conditions (Hughes, 1992).

Sensitivity to desiccation makes speed of moverardtturn alternations important
for woodlice to move away from unfavourable enviremts quickly (Morris, 1999).
Although few studies have investigated the strctirthe isopod brain (Warburg and
Rosenberg, 1978), Kupfermann (1966) stated thataliernations appeared to be mediated
by some form of short-term memory. While there Ib@sn uncertainty about whether the
memory mechanism is peripheral or central, Beatk\arbster (1971) found that the
differential activity of right and left legs wassafficient condition for producing a strong
bias in the direction of subsequent turns and tonmsluded that a peripheral mechanism

could not be discounted.

Aims
In addition to the main aim (Chapter 1), 2 furtaepects were considered for space

use in the woodlice. | have provided the aims anwb@panying questions below.

Aim 2: To ascertain the total movement of the woodlicgbgntifying distance travelled to
establish how space used by individuals relatekstance travelled.
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Will individual woodlice travel longer distancestlsiill restrict their space use to the
surface area of their old housing? The influencgreVious restriction may be overridden
because individuals travel long distances underrabtonditions.

Aim 3: Establish space use of males and females to ashefiser space use is sex specific.

M aterials and methods

Study subjects
Restricted group

For this study, 40 woodlice (20 male and 20 femal&h a size range between
10 mm - 15 mm, were collected from gardens in Jobsiurg, South Africa and were placed
in same-sex pairs, because they are a group Ispegies and they tend to aggregate (Hassal
et al., 2005), in plastic circular bottles with a baseaaof 8 crhand a height of 2cm. The
bases of the bottles were covered with soil in otdenaintain a more naturalistic
environment. The woodlice were provided with leaéi and carrot slices for food (D.
Macullum 2010, pers. comm.). Dampened cotton wad placed in the bottles to maintain a
moist environment. The bottles were checked dailgrtsure the woodlice had sufficient food
and the cotton wool was moist. The bottles weresoed with tin foil as woodlice generally
live under rocks or logs where they are exposeaditomal sunlight; small holes were
punctured into the foil to allow air to circulatethe bottles. The woodlice were kept in the
plastic bottles for 14 days before they were usegkperiments and video recorded (see
below, page 53). All experiments were conductesbimmer and all test subjects were
exposed to ambient conditions in a laboratory athiversity of the Witwatersrand.

Controls
A control group of 40 woodlice (20 male and 20 féahavere also video recorded in

the same manner as the restricted individuals idallice for the control group were kept
under the same conditions as the restricted indalglbut in containers that had a base area
of 154 cnfwith 4 cm high walls.

Sampling
Two weeks after being housed in the & bwusing (restricted group) and the 154 cm
housing (control group), the woodlice pairs wergcpl into a test arena 20 times the size of

the restricted group housing, the same size asatigeol group housing. To minimise
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anxiety, the original bottles in which the resettpairs were housed were placed intc
arena, allowing the individuals to move into therar unaided. For the control pairs,
original housing tub wasgped into the arena and individuals emerged irecatenc
unaided. Since the individuals were housed as,gaey were filmed in pairs in the te
arena (Figure 13)The arena had a base area of cnf and the walls of the arena were 4
high. The wak were covered in Vaseline® to prevent the indiaid from climbing up th
sides, ensuring they remained within the test afenthe whole test time. A Perspex lid w
placed on top of the arena as an added precauotiorevent test subjects from eping. The
floor of the arena was covered with soil and tiveeee3 plastic partitions to provide tt

woodlice with areasoir thigmotaxis within the arer

Plastic partitions

Position of original
housing placement

Figure 13. A photograpbf ar arena used to assess space use of woodlice

Each pair from the restricted and control group plased in the arena and w
marked with nortoxic, luminous yellow acrylic paint. Woodlice psiwere vide-recorded
with a Sony Handycam forfinutes in a dark room during ni-time hour: in summer,
between 20:00 and 23:00, because woodlice are nattand shy away from ligt
(Cloudsley-Thompson, 1956)he paint aided in observing the individuals wbheing
filmed using the nighshot setting on the came

In the following text, “restricted” refe to individuals that were housed in the sme
cn’ housing and control/“norestricted’refers to individuals housed in the large cn?
housing.
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Space use recording of woodlice

At the end of the sampling sessions, the videordaegs of the woodlice were used to
trace the routes that each individual made betwsemrs. This was done for 20 routes
travelled per individual, 10 at the beginning of fiiming session and 10 at the end of the
filming session. The same tracing techniques dssi$or the striped mice were applied to
the woodlice movements (Chapter 3, Figure 8). énftlowing text, ‘movements’ refers to
the travelling of the woodlice.

The tracings were used to assess whether or notdhvédual movements of the
woodlice were restricted to the size of their obdising in the restricted group. The area of
the space use was evaluated by placing a circtitirtge size of the restricted housing, over
each route, and the area covered was matched adaiategories: within the 8.5 ér8 cnf
with 1 mm edge effect) circle or greater than tHed@rf circle (Figure 14). The total distance

that was travelled per route per individual wag ateasured.

Grid larger
than 8.5 crh

v

v

Route tracing

8.5 cnf grid

v

Figure 14. Diagrammatic representation of the waylich space use of each woodlouse
route was evaluated.

These sampling techniques were applied to bothetsteicted and control group pairs
to assess whether there were differences in mousménestricted and non-restricted
individuals and whether exposure to restricted spiatited movement in the test arena.

The data collected were used to ascertain whetbhedkee restricted their
movements to the area of the smaller housing othvnéheir space use was unaffected by
previous experience in restricted space. The data ®also used to establish whether there

were differences in space use for males and females
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Data analysis

| used a Variance Components Analysis with an ebgolemean squares model to
investigate whether individuals in a same-sex ipdluenced one another's movements in the
test arena. Treatment, sex and movements withimanthe size of the restricted housing
were fixed effects, individual was a random effaatl distance and frequency (tested
separately) were the dependent factors. Individiel not a significant predictor of distance
(F40=0.89; p=0.651) or frequency 4E0.98; p=0.516) of movement within and out the size
of the restricted housing. Therefore, this predietas not considered further.

Space use and total distance travelled for indadglwere analysed using the same
statistical analyses that were used for stripecrt@hapter 3). Analyses were run in
Statistica version 6 (StatSoft, Inc. 2001). ThstflrO routes and last 10 routes (Wtg=
0.25; p=0.615) were not significant predictorshad tesponse variables in the final GLZ and
these were pooled in the final analyses resultirig0i routes per individual. | also tested
whether space use and distance travelled (respatsgory) differed between sex categories
(categorical variable), with number of routes ttbagecoded as a covariate. | further ran a
regression analysis on the number of routes tredelhd the total distance travelled for all

individuals, to assess the relationship betweesetl2evariables.

Results

Space use of male and female woodlice in control and treatment groups

There were differences in area covered for theicest and control groups.
Following the best subsets model protocol, treatpsax and treatment*sex were significant
predictors of the area covered in the final GLZ eldd@able 11).

Table 11. Results from the GLZ analysis of the spge of male and female woodlice from
control and restricted groups.

Statisticsresults

Treatment Wald x*=10.74; p=0.001
Sex Wald x*=9.08; p=0.015
Treatment*sex Wald x*=4.53; p=0.036
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The restricted group restricted their movementsenaditen than the control group
(Figure 15). For the sex effect, males limited tinedvements to the size of their restricted
housing more than females. For the treatment*siexantion, males from the restricted group
limited their movement significantly more often thaales from the control group as well as

females from both the control and restricted groups

0.7

- Control group
I Restricted group

06 |

b

05 F

Predicted mean of using areaequal to or less than base area of
restricted housing

Female Male

Figure 15. Predicted mean of woodlice movementgog an area less than or equal to the
base area of the restricted housing. Bars witlséimee letters are not significantly different.
Whiskers denote standard error according to lepsires means.

Distances travelled by woodlice

There were no differences in distances travelledhe restricted and control groups.
Following the all effects model protocol, the numberoutes travelled, sex and
treatment*sex were significant predictors of thetaince travelled in the final GLZ model
(Table 12). For the graphs of the distances tradedctual distance travelled was plotted thus

whiskers denote 95% confidence limits.

56



Table 12. Results from the GLZ analysing the distamavelled by male and female
woodlice from control and restricted groups. p-ealtnighlighted in bold are significant.

Statisticsresults

Distances travelled Wald x% = 0.50; p=0.478
Number of routes travelled Wald x%= 9204.36; p<0.001
Sex Wald x* = 472.52; p<0.001
Treatment*sex Wald x? = 836.02; p<0.001

For the sex effect, overall, females travelled Emdjstances than males. For the
treatmentsex effect, females from the control group traxceBagnificantly longer distances
than all the other males and females (Figure 1@&)ebifrom the restricted and control groups
travelled significantly longer distances than feasdrom the restricted group. Distances
travelled out of the size of the restricted hougorgall groups were significantly greater than

distances travelled within the size of the restddbousing.

Distances and routestravelled

There was a significant and strong positive refegiop between the number of routes
travelled and the total distance travelled<R.60; p<0.001; Figure 17). For the control and
restricted groups, an increase in the number desowas associated with an increase in the
total distance travelled. Woodlice from the res&ricand control groups travelled the shortest
distances when they were within the size of th&icted housing and the longest distances

when outside the size of the restricted housing.
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Figure 16. Total distance travelled within and olthe size of the restricted housing by
individuals from control and restricted groups. 8aith the same letters within each group
(control and restricted) are not significantly drént. Whiskers denote 95% confidence
limits.
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Figure 17. Distances travelled within and out @ #nea of the size of the restricted housing
by individual woodlice from control and restrictgebups in relation to the number of routes
travelled per individual.
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Discussion

| considered how spatial restrictions imposed anmon woodlice would influence
their subsequent space use in an enlarged areallM#are very sensitive to desiccation and
thus tend to aggregate with other individuals taimise water lossHassalkt al., 2005).

Since woodlice are generally found in close contatit other woodlice individuals, the
woodlice in this experiment were housed and testgairs to attempt to mimic these natural,
social conditionsOverall, | found that previous experience did iefiae subsequent space use
in woodlice.

My first aim was to ascertain the space use of Woedy quantifying the surface
area used and thus establishing whether the waodiece restricting their movements to the
size of the original, restricted housing. Compaspgce use between control individuals and
spatially restricted individuals is the only (pldae) method of assessing space use in the
woodlice of this study, since the distances woediravel in natural and captive
environments is not known. Individual woodlice frdine restricted group restricted their
movements to the size of their old housing morerothan the control individuals. Thus, the
experience of woodlice individuals in the restritteousing influenced their subsequent
space use.

My second aim was to quantify the distances thaidhoe from restricted and control
groups travelled to ascertain whether restrictetspnfluences distances travelled in an
enlarged area. Bayley al. (1997) compared the locomotor behaviour of wamegDniscus
asdllus, from contaminated sites with clean sites useda@m#ol and found that woodlice
from 5 control sites displayed a velocity, on d sobstrate, between 10.0 mthand 12.9
mm.s’ (I report velocity as Baylegt al. (1997) did not define how distance travelled by
woodlice was measured). If equated to my projearelthe filming lasted 5 minutes,
individuals that moved continuously would cover 348m. This distance is almost 3 times
the average distance travelled per individual ftberestricted group (as well as the control
group) in my study, so it would appear that distatmavelled is being influenced by restricted
housing. However, there were no significant diffes in distances travelled between
control and restricted groups. So while it is enitdiat in natural conditions, woodlice travel
longer distances than seen in the individuals fneyrexperimentQ. asellus individuals from
the study by Baylegt al. (1997) were taken from the field and then testédin a few days,
whereas the individuals from my experiment weret kepa long period of time in more

restrictive environments than their counterpartstbin natural environments. Additionally,
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the species used in the Baylkal. (1997) experiment were different to the specsedun
my study, and the distances travelled may be speagecific. The woodlice in my
experiment were only filmed at night whereas th@dhae in the Baylet al. (1997)
experiment were filmed in daylight hours, which ltbbave influenced the speed that the
photophobic woodlice ran (Morris, 1999).

My final aim was to establish space use of maleksfamales to assess whether space
use was sex specific. | did not expect to find diffigrences in space use for males and
females because there have been no accounts diffegences in literature. In terms of area
covered, males from the restricted group were mesticted than those of the control group
and all the females; males in the restricted gitapi to within the confines of the size of the
restricted housing more often. However, the restitiousing influenced the distances that
females travelled more than males. While the degtanravelled by restricted individuals
were shorter than control individuals, femaleseibad the longest distances (control group)
and the shortest distances (restricted group)e\dm though restricted space did not
influence subsequent space use in females, iteinfled the distances they travelled, whereas
males did not show a difference in distance tradelbnly a difference in area covered. Thus
confinement to restricted space could be saidftoence male space use and female

distances travelled.
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Chapter 5

Experiment 4: Ger man cockroaches

I ntroduction

The German cockroacB)attella germanica, (Dictyoptera Blattelidae) is one of the
most notorious pest species because it can sumglien any human habitation (Rivault,
1989). The German cockroach is omnivorous (CloarecRivault, 1991), nocturnal, and
prefers a moist and warm environment, making égular inhabitant of kitchens and
bathrooms (Cornwell, 1968).

Shelter is an important resource for cockroachen@dbourgt al., 2002) and thus
accurate homing behaviour is important for cockhesc so that they can return to shelters
after foraging excursions. German cockroachesdisthetic cues (information concerning
an individual's orientation in an environment tieaacquired by reference to a previous
orientation of its body; Allaby, 1999), and learnasual cues to return to shelters after
foraging (Durier and Rivault, 2000). Durier and &t (2001) found that German
cockroaches learn the locations of specific resgsine their home ranges and associate
particular locations with specific resources, thmproving their foraging efficiency.

Cockroaches can also learn to avoid unpleasartisiis. They are capable of
associating a stimulus with punishment or rewatteneby they can be trained to avoid
unpleasant situations by flexing their legs or renmg in lighted areas (which they would
usually avoid) in order to avoid shock (Evans, 1984

Male and female cockroaches differ in their occupyasf shelters. Gravid females do
not eat and tend to stay in shelters until theyod#mothecae, and following this, start to feed
again and may even accept a second mating (Ri288). Males are more mobile,
spending the least amount of time in shelters and to hold a strategic place near receptive
females (Rivault, 1989).

Aims and predictions

In addition to the main aim (Chapter 1), 2 furtaepects were considered for space
use in the cockroaches. | have provided the airdsaaoompanying questions/predictions
below.

Aim 2: To ascertain the total movement of the cockroablyeguantifying distance travelled.
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How does the space use of individuals relategaltbtance they travel? Will
individuals travel longer distances but still regttheir space use to the surface area of their
old housing as was observed in woodlice and stnpiee.

Aim 3: Establish space use of males and females to ashefiser space use is sex specific.

| predicted that males would be more space resttitttan females because males are

found to disperse less (Bret and Ross, 1985) ambtitravel over long distances (Rivault,

1989) compared to females.

M aterials and methods

Study subjects
Restricted group

Cockroaches were obtained from South African Nai&tandards (SANS) labs.
Forty cockroaches (20 male and 20), with a sizgedetween 15 mm — 20 mm, were used
in experiments. The cockroaches were placed in saEx@airs, since they are group living
(Ame” et al., 2006), in plastic circular bottles with a basesaof 8 criand a height of 2 cm.
The bases of the bottles were covered with soilthadockroaches were provided with
Epol® mouse cubes, which had been crushed intavalgo for food and wet cotton wool for
moisture, as suggested by Vincent Nell at SANS. Qdtdes were covered with mesh to
allow air to circulate in the bottles. The botthesre checked daily to ensure the cockroaches
had sufficient food and the cotton wool was mdiste cockroaches were kept in the plastic
bottles for 2 weeks before being used in experimekit experiments were conducted in
Spring and all test subjects were exposed to arhb@rditions in a laboratory at the

University of the Witwatersrand.

Controls
A control group of 40 cockroaches (20 male andezfdie) were also video recorded

in the same manner as the restricted individudis. dockroaches for the control group were
kept in the same conditions as the restricted iddals but in containers that had a base area
of 154 cnfwith 4 cm high walls.

Sampling
The same techniques that were used for samplingpihee use of the woodlice were
applied to the cockroaches. The same type of dretavas used during the filming of the
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space use in woodlice was also used for the cockesa(Chapter 4, Figure 13). A pair of
same-sex cockroaches was filmed in a dark roonmgunight-time hours between 20:00 and
23:00, because cockroaches are nocturnal and sy faem light (Rivault and Durier,
2004).

In the following text, “restricted” refers to indduals that were housed in the small 8
cn’ housing and control/“non-restricted” individual$ems to individuals housed in the large
154 cnf housing.

Space use recording of cockroaches

At the end of the sampling sessions, the videord®egs of the cockroaches were
used to trace the routes that each individual nbetl@een stops. The same tracing techniques
discussed for the striped mice and woodlice wepdieghto the cockroach movements
(Chapter 3, Figure 8).

The tracings were used to assess whether or notdhvidual movements of the
cockroaches were restricted to the size of théirestricted housing. The same technique of
area measurement that was used for the woodlicements were applied to the
cockroaches (see Chapter 4 Space use recordingsoadfice; Figure 14).

These sampling techniques were applied to bothetsteicted and control group pairs
to assess whether there were differences in mowvsmérockroaches housed in restricted
and non-restricted conditions and whether limitexkement was influenced from being
exposed to restricted space.

The data collected were used to ascertain whetekraaches restricted their
movements to the area of the smaller housing othvnéheir space use was unaffected by
previous experience in restricted space. The data @also used to establish whether there

were differences in space use for males and females

Data analysis

| used a Variance Components Analysis with an ebeglemean squares model to
investigate whether individuals in a same-sex ipdluenced one another's movements in the
test arena. Treatment, sex and movements withimanthe size of the restricted housing
were fixed effects, individual was a random effaatl distance and frequency (tested
separately) were the dependent factors. Individiaal not a significant predictor of distance
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(F4=24.39; p=0.516) or frequencyE0.27; p=0.999) of movement within and out the size
of the restricted housing. Therefore, this predietas not considered further.

Space use and total distance travelled for indadglwere analysed using the same
statistical analyses that were used for stripecerarad woodlice (Chapter 3 and 4). Analyses
were run in Statistica version 6 (StatSoft, IndD20 The first 10 routes and last 10 routes
(Wald x%=0.14; p=0.706) were not significant predictorshef response variables in the
final GLZ and these were pooled in the final ana$ygesulting in 20 routes per individual. |
also tested whether space use and distance trdyedgponse category) differed between sex
categories (categorical variable), with numberanftes travelled coded as a covariate. | also
ran a regression analysis on the number of rotagslted and the total distance travelled for

all individuals, to assess the relationship betwbese 2 variables.

Results

Space use of male and female cockr oaches

There were no differences in area covered forek#icted and control groups.
Following the best subsets model protocol, treatpssx and treatment*sex were not
significant predictors of the area covered in thalfGLZ model (Table 13).

Table 13. Results from the GLZ analysing spaceofiseale and female cockroaches from
control and restricted groups.

Statisticsresults

Treatment Wald x%=0.54; p=0.461
Sex Wald x*=0.15; p=0.697
Treatment*sex Wald x*,=0.45; p=0.501

Distances travelled by cockroaches

There were significant differences in distancegdilad for the restricted and control
groups. Following the best subsets model protdhelnumber of routes travelled, treatment
and sex were significant predictors of distanceditad in the final GLZ model. For the
graphs of the distances travelled actual distarsselied was plotted, thus whiskers denote

95% confidence limits.
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Sex*treatment was not a significant predictor ctance travelled in the final GLZ
model (Table 14). Beta estimates and confiden@vats (95%) revealed that for the

treatment effect, overall, the restricted groupetied longer distances than the control

group.

Table 14. Results from the GLZ analysing the distamavelled by male and female
cockroaches from control and restricted groupsalpes highlighted in bold are significant.

Statisticsresults

Number of routes travelled Wald x? = 273.56; p<0.001
Treatment Wald x% = 241.55; p<0.001
Sex Wald x* = 2086.99; p<0.001
Sex*treatment Wald x% = 0.046; p=0.829

The restricted group covered the shortest and kirdistances when they were
covering distances within and out of the size efrdstricted housing, respectively (Figure
18). For the sex effect, females travelled longstatices than males. Females travelled the
longest distances when they were covering distamgesf the size of the restricted housing
and males travelled the shortest distances whgnibkee covering distances within the size
of the restricted housing (Figure 18).
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Figure 18. Total distance travelled within and ofithe size of the restricted housing by
individuals from control and restricted groups. 8aith the same letters within each group
(control and restricted) are not significantly drént. Whiskers denote 95% confidence
limits.

Distances and routestravelled

There was a significant but weak positive relatiopdetween the number of routes
travelled and the total distance travelled<(R.34; p<0.001; Figure 19). The distances and
routes travelled within the area size of the rettd housing for the control and restricted
groups were similar, with the total distances fothbcategories being below 750 mm (yellow
triangles and blue diamonds in Figure 19). Theadis¢s covered out of the size of the
restricted housing for the control and restrictealigs were also similar to each other; an
increase in routes travelled correlated to an es®en distance travelled.
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Figure 19. Distances travelled within and out @ $ize of the restricted housing by
individual cockroaches from control and restricggdups in relation to the number of routes
travelled per individual.

Discussion

My final experiment considered how spatial resimits imposed on German
cockroaches would influence their subsequent spseén an enlarged area. Cockroaches are
group living (Ameet al., 2006), so | housed and filmed them in pairs. Seae al. (2003)
evaluated the movements of German cockroach lanvadounded space. They found that
the average velocity along the periphery of theutar arena was 10.6 mrit.3Vhen equated
to the time of my sampling (5 minutes), the indixaticockroach would have travelled 3180
mm; this is more than 4 times the distance travellethbyrestricted and control cockroaches
in my experiment. However, the control and restdandividuals from my study were kept
for a long period of time in restrictive environmiemwhereas the individuals in the Jeangon
al. (2003) study had never been restricted at all. Sthdy by Jeansoet al. (2003) showed
that cockroaches do travel long distances whenhhgg not been previously exposed to

restrictive environments.
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My first aim was to ascertain the space use of arthes by quantifying the surface
area used. | found that there were no differencepace use between control and restricted
individuals. These results were unexpected sinpesxe to restricted space has been shown
to influence subsequent space use in an enlargadrathe other species that | studied
(Chapters 2, 3 and 4) and | expected the restriodeding to have an effect on the
subsequent space use of cockroaches in an enlarggdBeing exposed to restricted space
does not appear to influence cockroach space ume @mlarged area.

However, when considering the total movements efcthckroaches (Aim 2), | found
that overall, individuals from the restricted graugvelled longer distances than the control
group. This was also unexpected since there wetbffevences in area covered and if there
was a difference in movement, | expected the @sttiindividuals to cover shorter distances
in response to exposure to restricted space. $Sowa@oaches were not showing restrictions
in their space use and previously restricted imlials were travelling longer distances than
control individuals, the cockroaches’ movementshnigflect a rebound effect. The
cockroaches increased their locomotion when gilieropportunity to be in a larger
environment. This resembles the findings of a styabbitsOryctolagus cuniculus, which
were transferred between pens of different sizésofibet al., 2010). When the rabbits were
moved from small pens to larger pens they incre#tseid activity levels thus showing a
rebound effect with increasing activity when beexgosed to greater available space (Dixon
et al., 2010).

My final aim was to establish the space use of matel females to assess whether
there were sex differences in the space use ofrcackes. There were no differences in area
covered but there were differences in distanceetles because females travelled longer
distances than males. This concurred with my ptedidecause male cockroaches are found
to disperse less (Bret and Ross, 1985) and tréneetes distances (Rivault, 1989) compared

to female cockroaches.
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Chapter 6

General discussion

To briefly recapitulate the findings of my studpase use in chimpanzee, striped
mouse, woodlouse and cockroach test subjects Wasnged by the previous experience of
restricted housing in different ways. Chimpanzessricted their inter-individual distances
and striped mice and woodlice restricted their nnomets to the size of their previous,
restricted housing. Conversely, cockroaches shawethound effect following exposure to
restricted housing. In selected species, sex arsmbpality effects were considered and
comparisons to control groups and the effect oflstevailability were used to determine the
factors influencing spatially restricted movemeist the chimpanzees, shade availability,
which would be the most likely explanation for retged space use within the enclosure, was
found to only influence spatial position and nat #ize of the space utilised. Other possible
factors that could have been predictors of chimparspace use include the time of day, the
maximum daily temperature, the percentage of avigilshade, the inter-individual distances,
and the age-sex composition. In addition to grame 80t being random, however, these
factors were found to not be good predictors otepsse (Duncan, 2012). For the striped
mice, woodlice and cockroaches the only variabdd¢ thanged was the size of the enclosure
they were exposed to. Since the striped mice aratilige did restrict their movements to the
size of their original housing, it appears thatphevious experiences of these individuals
were influencing their subsequent space use. Tgtismof previous experiences influencing
later experiences is the foundation of learnedlasfmess which might explain the observed

phenomena.

L ear ned helplessness

The learned helplessness hypothesis was propos@ddaynier and Seligman (1967)
when they observed that after various rounds cfdapable shock treatments, dogs stopped
trying to escape even after the shock treatmersistée. The learned helplessness effect is a
passive response to aversive stimuli whereby tharesm perceives that it has no personal
control over the outcome of the situation, givinmafter repeated failure (Santrock, 2002).
There is the perception that the outcome is indégeinof the response since there is no
personal control over the environment (Grimes, }9Bassivity arises, where the motivation

to regain control over a situation or to learn ey of escape is lost (Barber, 1986). The
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organism “needs” to expect that the outcome is ntmotlable, since mere exposure will not
have the same effect, i.e. an organism just beipgsed to an uncontrollable situation will
not show learned helplessness (Abramstah., 1980). The organism needs to be exposed to
an uncontrollable situation often enough that mes to expect that the situation is
uncontrollable. This expectation comes about frepeated punishment or failure to achieve
a goal (Martinko and Gardner, 1982).

The learned helplessness effect has been obsereedariety of taxa, including mice,
cats, rats, primates and fish (Maier and Seligri8i6). There have even been accounts of
the learned helplessness effect in isolated irganglia (Eisenstein and Carlson, 1997),
suggesting that learned helplessness can occwariety of contexts. Learned helplessness
has been studied largely in humans because ofeitscal importance. Learned helplessness
is viewed as a sign of depression (Santrock, 2@iR),has been widely used as a model for
depression (Vollmayr and Henn, 2001). Behaviouss@ated with learned helplessness
include passivity, inactivity, non-responsivenesd anmobility (Eisenstein and Carlson,
1997). Therefore, if animals show high passivitynarctivity, they could be displaying
learned helplessness as their behaviour doesloat fr them to change their circumstances
e.g. they do not realise they can move beyond efgppoint as they have not attempted to
approach that point.

At least 3 studies best demonstrate learned helpbss in animals. 1) Exposing rats,
Rattus norvegicus, to uncontrollable tail shock resulted in thene@tpting to escape from an
area, but when shock treatment desisted, the xhibied a deficit in learning to escape from
escapable stress in future situations and alsdietiian exaggerated fear response
(Greenwoodkt al., 2003). 2) Similarly, dog<€;anis lupus familiaris, exposed to shock
treatment when they approached a specific argapastbapproaching the area even after
shock treatments desisted (Grimes, 1981). 3) B€a806) describes how pikEsox lucius,
that previously fed on guppieBoecilia reticulata, and were then separated from the guppies
with a glass sheet repeatedly struck the glassebaand eventually stopped approaching the
guppies. When the barrier was removed, the pikaesfiiained from approaching the
guppies. In all of these examples, animals wer@sxg to an initially uncontrollable
situation. Once the situation had become contrial|ahe animals still continued to respond
in the same manner as when the situation was urcdiaiie.

Learned helplessness examples usually centre amadnreceiving unpleasant,
uncontrollable stimuli, such as the shock treatnmesitioned in the first 2 examples.

However, being exposed to an unpleasant stimulysnogbe the only way for learned
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helplessness to develop. Maier (1980), even stiaatthe situations do not necessarily need
to be aversive; learned helplessness has occurigtliations with positive, negative and
neutral stimuli. The important component of learhetplessness is that animals perceive that
a situation is beyond their control and thus théyhit their responses based on the
expectancy that their actions yield no alternativecome (Martinko and Gardner, 1982).
Therefore, instead of receiving shock treatmermteteelop learned helplessness, one could be
physically abused, fail school tests repeatedlysoexposed to a restricted environment. The
important component is the controllability of theuation (Maier and Seligman, 1976).

| propose that the learned helplessness phenoneeuid also be applied to animals
in captive environments exposed to restricted sp&cienals that have been exposed to a
particular sized housing for a long time and asntmoved to an enlarged area may not
move beyond the size of the old housing even tholgie is more space available. If this
occurs, the animals may be displaying learned es$pless, as they are not utilising the space
beyond which they have known from their past, as seen with white leghorn chickens and
pike. If animals do show spatial restrictions inemtarged area, would this phenomenon
occur across a wide variety of captive specie$@almed helplessness in terms of space use
related to neuronal complexity, so that speciel Wigh and low cognitive abilities show
learned helplessness? If the expression of ledragdiessness is not related to the cognitive
levels of an animal, one would expect that animail higher cognition, like mammals, and
animals with lower cognition, like arthropods, wadldoth display learned helplessness in

terms of space use when introduced into an enlaggedonment.

L ear ned helplessness and spatial learning

Songet al. (2006) investigated the effects of learned hefgiess and chronic mild
stress on the cognitive function of rats in a Mowater maze task, and found that learned
helplessness and chronic mild stress significantpaired spatial learning and memory. This
was a consequence of up-regulation of plasma ostgcone concentration, and down-
regulation of the hippocampal brain derived newitic factor (BDNF) and cAMP-response
element-binding protein (CREB) levels (Scai@l., 2006). Changes with BDNF and CREB
could lead to reduced hippocampal volume (Dumtah., 2000) which is said to be
correlated with a decline in verbal and visual mgn(@on Gunteret al., 2000). A

relationship between depression and spatial cagnitias found in patients with Parkinson’s

71



disease where only patients with depression symptoad impaired working memory
(Uekermanret al., 2003).

Factorsinfluencing the expression of lear ned helplessness

There were some inadequacies with the originahkhhelplessness hypothesis,
since individual differences were not taken intoamt (Abramsomt al., 1980). The
response to failure, especially in humans, is deégenon an individual’'s personality and
level of self-esteem (Martinko and Gardner, 19823lso depends on the reaction to failure
and whether lack of success of an animal is atethto internal or external factors (Grimes,
1981; Powelkt al., 1990). The reformulated theory of learned hektess includes these
attributes (Abramsost al., 1989). Another consideration is the age of thenah since
young children have reduced susceptibility to ledrhelplessness in comparison to adults
(Fincham and Cain, 1986).

Hellhammeret al. (1984) postulated that animals that are exposeategrapable
situations show a deficit in the subsequent actoinsof behavioural skills, due to
acetylcholine-mediated inhibition of avoidance mation and serotonin-mediated inhibition
of behavioural activity. Hormones regulate the\atiof cells and organs and thus contribute
to the expression of specific behaviours (Soloma., 1996). Hormones and
neurotransmitters therefore need to be consideitbdragard to understanding the expression
of learned helplessness. Clearly, those hormongsi@mrotransmitters related to stress and
depression would be of interest, particularly unioatable stress (Weisst al., 1981; Maier
and Watkins, 2005). Several hormones and neurotrigiess may be implicated including
glucocorticoids, norepinephrine, acetylcholinepgamin and dopamine (Checkly, 1996).
Although I do not test hormone levels in my stutthg relationship between hormones and
various brain regions, like the hippocampus, ign@portant consideration since a captive
environment provides a source of stress which eae lan influence on the learning and

memory of the study animals, and ultimately infloespace use.

L earned helplessnessin chimpanzees
When provided with more space in their new enclestire chimpanzee subgroups

were found to restrict their space use to the aizbeir previous housing. Several factors
were considered for the chimpanzee space use stittiyshade availability being a possible

major contributor to this use of restricted spat@wever, since shade was found to not be a
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predictor of chimpanzee restricted space use amalive explanation could be learned
helplessness. The learned helpless effect invamesals inhibiting their responses based on
the expectation that their actions yield no altéwesoutcome (Martinko and Gardner, 1982).
Therefore, the chimpanzees may be restricting #pgice use as a result of their previous
experience in more restricted housing.

If learned helplessness is a predictor of spaed¢hen | would have expected
chimpanzee subgroups to be: i) consistent in odistg their space use to 11m x 11m; ii)
show seasonal consistency in space use,; iii) slomsistency of space use in different
weather conditions; and iv) show a high frequenfapactivity (specifically the individuals
in the sub-groups). In my study, all the predicsidimat were made for learned helplessness as
a possible predictor of space use have been mateSyse by the chimpanzee subgroups
within the enclosure was found to be consistergsgricted to the size of their old housing;
this is particularly important as the pattern ofsigtent spatially restricted subgroups appears
to conform to the principles of learned helplessri&s. Seligman, 2010, pers. comm.).There
was spatially and temporally restricted use of spaall seasons under all weather
conditions, with a high occurrence of inactivityadult males and females. The low levels of
inactivity coupled with the greater occurrence a@vement around the enclosure could
suggest that juveniles are not showing learneddssdpess to the same extent as the adults;
this may support the idea that juveniles are lasseptible to learned helplessness compared
to adults (Fincham and Cain, 1986). Inactivity baen singled out from the sampled
behaviours as it is a behavioural marker of leatmedglessness (Zhukov and Vinogradova,
2002).

Since the space usage of chimpanzees in the oldsemne was not known and there
was no possibility to manipulate the enclosuréhef¢himpanzees, these predictions could
support other explanations. Comparing space useinld enclosure as well as the new

enclosure could shed further light on space udewoig spatial restrictions.

L earned helplessnessin striped mice

The movements of striped mice in an enlarged aexa mfluenced by their
experience in restricted housing. This could lemgp®rt to the idea of learned helplessness
influencing space use of striped mice. Learnedlesfmess has been displayed in many
rodents that have been exposed to aversive st{@aldaronest al., 2000; Chourbajét al .,

2005) and rodents also are used as models of ktariplessness and depression (Edwetrds
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al., 2000; Yacoubi and Vaugeois, 2007). In my studgyusly restricted individuals
travelled long distances but confined these digsndgthin the size of their previous housing.
This lends further support to the idea of spacebeseg linked to learned helplessness, since
restricted individuals travelled longer distancethin the confines of the size of the original
housing, akin to moving within an invisible barriathereas non-restricted individuals did
not keep their movements to within the confinethefsize of the original housing.

Even though there were no sex differences in spaedetween male and female
striped mice, males travelled longer distancesiwite size of the previous housing
compared to the females, showing a more pronousgatial restriction. Studies have found
sex differences with regard to learned helplessi&ess differences may be related to the
species of study [e.g. humans (Shors and Leun8B)2thd non-humans (e.g Wistar rats,
Steenbergent al., 1990); human females are more susceptible tadeahelplessness than
human males, whereas the opposite occurs in mdléeamle nonhuman animals.] Single or
group housing (Palanza, 2001) or exposures toghesstress or repeated stressors (Kennett et
al., 1986) are also predictors of sex differenEesnale Sprague-Dawley rats are more
resistant to single stressors but they fail to oesito repeated stressors, whereas the opposite
occurs in males (Kennedt al., 1986; Alonscet al., 1991). Inescapable shock has stronger
and more long lasting effects in male Wistar raspared to females, with males having

suppressed activity (Steenbergtal., 1991).

L earned helplessnessin woodlice

Individual woodlice from the restricted group réged their movements to the size of
their old housing more often than the control imndlirals. Thislends support to the idea of
learned helplessness affecting the space use afliwepas the experience of restricted
housing conditions influenced space use in a laagea. There have not been any studies on
learned helplessness in woodlice nor are there rstualyes investigating the space use of
woodlice, so it is difficult to quantify the movemts of woodlice in normal circumstances.
However, the study on tiéhasmagnathus crab by Tomsi&t al. (2003) mentioned
previously (Chapter 1) and a study by Johnson (L8 individual recognition in banded
shrimp,Senopus hispidus, suggests that crustaceans are able to learn &id neemories to
some extent. Thus, it may be possible for woodliceemember’ being in restricted space.

Woodlice,Armadillidium vulgare, have shown the ability to display new, problervisg
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behaviours when faced with difficult situations (M@ama, 2004), suggesting that they
possibly have the ability to learn from the consees of previous behaviours.

Since woodlice from the control and restricted goariginated from the exact same
conditions, with the only difference being houssize in captivity, it seems plausible to say
that previous experiences can affect subsequenéspse in woodlice and that they can show
learned helplessness. The possible presence atlkbaelplessness in woodlice suggests that

learned helplessness in terms of space use caniacathropods as well as mammals.

Absence of learned helplessness effect

When exposed to an enlarged environment, the cackes did not restrict their
movement. The cockroach movements seemed to refletiound effect by increasing their
locomotion when presented with more space. A ptssgason (other than a rebound effect)
why cockroaches did not display learned helplessisethat cockroaches were not reared in
restricted spaces, so there is a possibility teaelbpmentally they had passed a stage (i.e.
sensitive period),whereby the spatial environmefikely to influence their future spatial
perceptions. A classical example of the influera &in early environment has on the
perception of future situations has been shownttars,Felis catus, where those that had
been reared in the dark at different ages wereedlata stationary cylinder covered by a
rotating drum with black and white stripes, showé#dcts of different types of visual
deprivation (Daw and Wyatt, 1976).

If the spatial environment does influence futuratsh perceptions in cockroaches,
future studies could manipulate the age of the sdhes used, to evaluate at what age
cockroaches need to be confined in order to shaméal helplessness. Additionally the
holding time in restricted space could also be maated, to investigate how long an animal
needs to be exposed to restricted space in oradvielop learned helplessness; this would
be applicable to all the species tested. Woodliag not have been similarly affected as
cockroaches as the longevity of specific develogrtages would differ from cockroaches

because of the inherent differences in their ligdny biology which is discussed below.

| slearned helplessness evident?
Few studies have examined how animals utilise ape @vith more space, especially

in captive environments (Marriott and Meyer, 2008)e focus of space utilization research
on captive environments has mainly been on anigsdtions to decreases in available space
(Coelho and Bromblett, 1981; Caws and Aureli, 2083} has focused on the effect of
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enrichment on animal space use by increasing anmda®mplexity (Odberg, 1987; Schapiro
and Bloomsmith, 1994). While a decrease in avalaplce is unfavourable for good welfare
and an increase in available space is viewed ashement for many species, the utilisation of
the greater available space may be dependent viopseexperiences. If this is the case, it is
important to consider how an animal’s previous egnee in a more spatially restricted
environment will affect its subsequent space usenagrovided with more space.

My study has shown that previous experiences irerapatially restricted
environments do affect subsequent space use, \ahemals will restrict their movements
and spacing to the size of their original restddteusing. Since shade availability was not a
factor influencing chimpanzee inter-individual distes and restricted striped mice and
woodlice individuals restricted their movementshte size of their original housing more
than control individuals, learned helplessness sdabmmost plausible explanation for
restricted movements. Though learned helplessiiedies have not focused on animal space
use, the design of a captive environment is confypata the environments that psychologists
used to generate learned helpless behaviour; tieeyesigned to prevent attempts at escape
(McBride, 1984). This was shown in pike and whéagHorn chickens that were discussed in
Chapter 1. The pike and white leghorn chicken exasngemonstrated that when animals
have been previously restricted and are given pip@runity to escape they may fail to do so
as they perceive that they are not able to moverkg specific point. The spatial
restrictions of these 2 examples are slightly d#fe to the spatial restrictions shown in my
study. In the white leghorn chicken and pike, indiixals did not move beyond the point
where a barrier was previously located. In my stulyividuals moved around all the
available space, but they just kept their movemeamtster-individual distances, restricted to
the size of the previous housing.

While learned helplessness appears to be the ransilple explanation for restricting
subsequent space use, how can we be certain thalamnwere not just restricting their space
use to areas that would occur in nature, partigutae chimpanzees? This can be answered
by examining more closely the space use in na@inenpanzees are a group-living species
that tend to form subgroups naturally, so how wauld separate natural subgroup formation
from learned helplessness? The first consideragitimat subgroups in nature consist of
individuals that are much further apart than thiosleserved in these captive chimpanzees.
Wrangham and Smuts (1980) consider subgroups thibganzees within 100m of each
other, and therefore any individuals that were thas or equal to 200m away from another

would form part of the same subgroup. The chimpesie the zoo can be widely spaced
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since in natural conditions they use vast areadfadurrent zoo environment provides the
space for a wide distribution; there was enougltsjiathe enclosure for individuals to
spread themselves out considerably, with about 3b2space per chimpanzee and food was
scattered within the enclosure to encourage focpguer wide areas. However, my findings
showed that while the chimpanzees at the zoo fedpportunity to be widely distributed,
they were more likely to be part of a subgroupigiitials within 11m of each other), staying
in much closer proximity to each other than seemature; furthermore, it is unusual for
chimpanzees to remain close together in captivitygoodall 2011, pers comm.)”

The second point that needs to be considered ia widévidual chimpanzees
occurred on their own. If chimpanzees are oftetheir own and not part of a subgroup, how
can we tell whether learned helplessness is besmlayed because being far apart from
other individuals suggests that learned helplessisasot being displayed, because | have
defined the expression of learned helplessnessnmstof on the occurrence of chimpanzees
being closely located to each other? This can bevared by considering how chimpanzee
subgroups are restricting their space use. Fothhmpanzees, restricted space usegsoap
space phenomenon where individuals within a subgroupparorming activities within an
imaginary “barrier”; in this case a “barrier” of thlx 11m.

The boundary of the “barrier” is determined by sbgroup spacing with the total
area occupied being determined by all the indivslwathin the subgroup. The hypothesis of
learned helplessness is supported if social sulpgroemain within the bounded space. By
my interpretation of learned helplessness, the pammee subgroups do not need to remain in
the exact same area over time, as long as thelagexprestricted space use while travelling
around the enclosure. Subgroup cohesion can beiassbwith behaviours that do not
require movement over space, such as inactivitysaetl grooming, whereas subgroup
fission can be associated with behaviours thatiregunovement like walking (Lehmareh
al., 2007), in which case perceived “barriers” will‘tbeoken down”. My findings showed
that individuals that were part of a subgroup, nfoequently displayed behaviours that were
associated with subgroup cohesions, like sociotipedbehaviour, and individuals that were
not part of a subgroup more frequently displayeubBlb@urs that were associated with
subgroup fission, like walking. Whether chimpanzpesceive restrictions as an individual
effect as well as a group effect remains to bestesince the results from the striped mice and
woodlice (Chapters 3 and 4) suggest that it cam la¢san individual effect. Therefore,

individual chimpanzees sitting or performing adtes on their own would be within their
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own 11m x 11m “barrier” as they would be perceivapgce on an individual basis, as was
tested and shown in the woodlice and striped mice.

The same concept that was discussed for the chireparapplies to the striped mice
and woodlice, where there would be the perceptia“barrier”. For these species tested,
the perception of a “barrier” would be anividual space phenomenon and not a group
space phenomenon since striped mice were indiiidhalised and tested and the woodlice
individuals were not influencing each other’'s moests i.e. there was no group effect. The
single movement an individual made (path moved betwstops) occurred within a
perceived barrier, and therefore the distancestiiaeglled between stops were limited to the
size of their original, spatially restricted hougin

Though it is evident that the space use of theisaphimpanzee subgroups is much
more restricted than their natural counterparts, more difficult to determine whether the
movements of the striped mice, woodlice and coairea are more restricted than their
natural counterparts. Individual movements thatraté make between stops are not widely
studied, and for this reason the control groups irséhe experiments with striped mouse,
woodlouse and cockroach experiments were the estavevaluate whether there was this
perception of a “barrier”. Since the striped mioel avoodlice from the treatment group did
restrict their individual movements significantlyore than the control group, it seems
plausible to assume that the restricted individuaksssence perceive a “barrier” and restrict
their movements accordingly by halting their movatsavhen they reach the imagined
“edge”.

Perceived loss of control is the underlying basigearned helplessness (Bawtral .,
1986), and as a result memory and learning of diviolual can be compromised (So&cl .,
2006). However, if an individual is displaying lead helplessness, it would have to
remember a previous suffering (stressor) in tre pitace. In my study, the test species would
have to have an altered perception of space or $mmmeof memory of being restricted in
order to remain restricted in the enlarged area. @drception of available space would be
based on the memory of previous experience; incsg, the animals remember not having
the ability of moving further than a specific diste. Therefore, this could be a self-
perpetuating phenomenon where memory leads taatesktispace use, and these restrictions
then have adverse effects on the animal’'s membug, iteinforcing the spatial restricting
behaviour. Memory ultimately ends up being altdrgdhe behaviour it helped generate.

An alternative consideration for restricted spase is habit formation. Wolpe (1968)

discussed how catBglis catus, that were exposed to shock treatment developesiraanent
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habit of anxiety responses. They displayed theseotie anxiety-response habits in their
shock-cages as well as rooms that looked simildréadooms where the shock treatments
were performed. Even after the shock treatmentistees the cats did not show any
weakening of anxiety. The same can be applieda@tbaptive species of my experiment
that have been exposed to a new environment, illehatntained their use of restricted space
that they experienced previously. Wolpe’s (1968ygtrelates to learned helplessness yet
also leads to the idea of habit formation. Habets form, or be triggered, based on the
context of a situation where they would be conelby antecedent stimuli (Yin and
Knowlton, 2006); in my study, this would be redient space. The chimpanzees, striped mice
and woodlice may have developed the habit of ussstyicted space based on the experience
in smaller housing.

There is still much uncertainty regarding the dethimechanisms that underlie habit
formation but there are attempts at trying to ustdard how synaptic plasticity in basal
ganglia alters the output of neural networks (Y &nowlton, 2006). One of the principal
differences between habit formation and learnegdlas$ness is that a habit can be easily
created and broken (Hollamtlal., 2006), whereas learned helplessness deals with mo
permanent changes in brain function (Weisal., 1981). Learned helplessness is a cognitive
function of expectations about the environment (@ver, 2002), and is associated with
changes in hormone levels arising from stresstuaibns (Checkly, 1996). The
chimpanzees had been in the enlarged enclosuednaist 5 years by the time my study took
place. If group spacing was as a result of halbrétion, it would be expected that the habit
would most likely have been broken after such g liime of being exposed to an enlarged
enclosure. Whether the woodlice and striped mieaestricting movements as a result of
habit formation would need to be further testethay were not exposed to the new, enlarged
area for a long time before the experiment was coted!.

Many studies have shown that learned helplesseegsompanied by changes in the
serotonergic system (Dwivedi al., 2005) with a profound depletion of serotonin {iPet
al., 1994) and an elevation of corticosterone levelsiyedi et al., 2005; Songt al., 2006).
Whether the hormones are the drivers of changse ar@nsequence of learned helplessness
is not clear, but there is an obvious associateiween the two, such that several classes of
anti-depressant drugs can reverse learned helpes¢8hermae al., 1982). Additionally,
voluntary freewheel running has been found to desgéhe behavioural effects of
uncontrollable stress in Sprague Dawley rats (Geeed et al., 2003), and social buffering

has been found to decrease glucocorticoid respamseany social species by moderating
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the Hypothalamic-Pituitary-Adrenocortical (HPA) 8 which is sensitive to stressful
situations like perceived loss of control (Hennegsyt., 2009),which is the underlying basis
of learned helplessness (Baetral., 1986). The underlying neuro-endocrine system si¢ete
examined in order to confirm whether the spaceresegictions are as a result of learned

helplessness rather than habit formation.

| slearned helplessnessrelated to neuronal complexity?

My study has shown that a variety of species caplay learned helplessness but |
further question whether learned helplessnesspsrdient on neuronal complexity, i.e. do
mammals and arthropods of varying neuronal compyleti show learned helplessness?
Sporns (2003) defined complexity as a degree tahvlineuronal system integrates
specialised information and a structural netwoxdpices a pattern of functional interactions.
Another definition of complexity is the number a$tihguishable components, which would
range from the anatomical components to behavi@aralponents (i.e. physiologically
distinct processes and behaviourally distinct garoas; Bullock, 2002). For the purposes of
this study, neural complexity will refer to the cative ability of the test species in relation to
the other 3 test species - chimpanzees are coaditiehave the highest cognitive ability as
chimpanzees display very advanced cognitive asli(Byrne and Whiten, 1992; Hare and
Tomasello, 2004), followed by striped mice and fynavoodlice and cockroaches which
have the lowest cognitive ability, since complegmition in arthropods is said to be rare
(Maclaurin, 1998) and arthropods display less cempkhaviour than mammals (Mizunami
et al., 1999). Mizunamet al. (2004) compared the functional characteristichefdrthropod
and mammalian brain. Speed and economy were atpradrinformation processing for the
arthropod brain, whereas precise and flexible mfgron processing was a priority for the
mammalian brain. For this reason, the species chasee selected because of their distinct
neuronal complexity in order to test whether orleatned helplessness is related to neuronal
complexity.

Chimpanzees (97%) and striped mice (95.25%) shawedrkedly reduced space use
following restrictions (percentages indicate theuscence of restricted space use in the total
sampled). Woodlice (35.28%) also showed restrisfete use following experience in
restricted housing. While it may appear that wamdtio not show spatial restrictions since
the percentage of restricted space use for woordliceuch lower than the chimpanzees and
striped mice, it needs to be considered that thasea significant difference in space use
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between control and restricted woodlice, indicatimgjr space use was influenced by
previous restrictions. This indicates that spastriction and learned helplessness is not an
all or nothing effect depending on neuronal compyexut may be graded according to
neuronal complexity, since the 2 mammal speciesdealisplay it more markedly than
arthropods. | say this even though the cockroadisggayed a rebound effect to restricted
housing, which may be a species-specific reactiog.interesting that the cockroaches
displayed a rebound effect and the woodlice did not

The inherent differences in the biology and lifstbry of species are a very important
consideration for the differences seen in theictieas to restricted space. Chimpanzees have
the longest life span of about 59 years (Hernetah., 1999), followed by woodlice (3 years;
Johnson, 1982) and striped mice (1-2 years; Samaut Pillay 2005a) and cockroaches
have the shortest life span (250 days; Nojeina., 1999). The lifespan of the woodlice,
striped mice and chimpanzees are much longer cadparthe lifespan of cockroaches,
which do not survive beyond 8 months.

The lifespan of an animal is linked to its life toiy strategy with different life history
strategies requiring different behavioural capéibgi (Mizunamiet al., 1999). Animals that
are small with a short life span, in this casedbekroach, and have a low chance of survival
into adulthood cannot invest energy in complex mgnoo learning as they need to spend
most of their energy on producing large numbersfispring (Mizunamiet al., 1999).
Conversely, memory and learning are important carepts of the biology of longer lived
animals, in this case striped mice and chimpanzseksnger lived animals tend to respond to
environmental change by modifying individual belwari (Mizunamiet al., 1999). Woodlice
are exceptional in that they have longer lifesgeamtstriped mice, but this does not take into
account the metabolic rates of the species andhiatseasonal diapauses in woodlice

(Mocquardet al., 1989), which may extend the life span of thesistarcceans.

Welfare and conservation implications

Since there is a strong case for the role of lehh®&dplessness in influencing the use
of restricted space across a variety of taxa, theegls to be considerations of how learned
helplessness, in terms of space use, relatesntabwnielfare and the possible implications of
animal reintroductions into natural environments.

In captive environments, if restricted space usesia consequence of habit

formation, it may be altered by providing enrichm#nat requires animals to utilise more
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space and ultimately “break the boundaries”. This loe achieved by rotating various stimuli
and resources within the enclosure, like food ayd,twhich may encourage the animals to
use the area more extensively and break the hiakidging spatially restricted. However, if
restricted space use is the result of learned ésspkess resulting from brain dysfunction,
ideally animals should not be in captive environtaeRowever, this is not always a realistic
consideration. Therefore, there needs to be a fooygomoting increased space use and
increasing controllability within the captive enmiment. Since learned helplessness is not
dependent on contextual conditions (Mark, 1983nimals were provided with a variety of
controllable obstacles, would this promote the @gtion of control over a variety of
situations and thus decrease the negative effestxmted with learned helplessness (e.g.
inactivity, hormone changes)? Would providing stiiniu blocks that mirror the old enclosure
sizeencourage captive animals to utilise more spagkewkaintaining spatial restrictions?

The reintroduction of animals is often difficulagicularly with chimpanzees
(Goossenst al., 2005) as they respond aggressively to stran@oedall, 1986).
Reintroductions and are not always a successfalgso(Treves and Naughton-Treves,
1997), with the success of release programs pgdsaohg further hindered by animals that
may not use available space optimally, either yriaing their individual movements or
their social spacing to the size of their origicaptive housing.

Personality and sex effects are also an importamsideration for animal welfare as
sex and personality may have an influence on hamale react to more space, whether they

are released back into natural environments omgiwere space in captivity.

Conclusion and future studies

The previous experience of an individual or of augr of individuals in restricted
space does appear to influence subsequent usaa® gpan enlarged area. Learned
helplessness was the most likely contributor ttrickged space use but restricted space use, as
a result of learned helplessness, does not sebmrieuronal complexity dependent as it was
seen in 3 species with varying degrees of neurcmrabplexity. Nonetheless, my study does
not fully exclude the possibility of habit formatio

The environments of the striped mice, woodlice emckroaches were comparatively
better controlled compared to the environment efdhimpanzees; future studies on the
effect of previous experiences on space use inveaphimpanzees could consider
manipulating shade, temperature and spatial hezamty. Spatial heterogeneity is important
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for chimpanzees as they generally avoid open spaetgrring to be close to mesh walls,
corners and doorways (Raogsal., 2009), and they prefer spaces above the grouosis(Bnd
Lukas, 2006). By manipulating the various eleméms the chimpanzees are exposed to
(temperature, spatial heterogeneity, shade avhiigbit may possible to provide more
definite conclusions about the effects of learnelpllessness because one could identify
which particular element/s influence space useptice chimpanzees.

Given that learned helplessness does not seemrnteusenal complexity dependent,
the implications of exposure to restricted spaaxado be considered for all species in
captive environments, especially animals in relgmegrams. Future studies should look at
the exposure time to restricted environments téuat@ how long an animal needs to be
exposed to spatially restricted environments ireotd develop learned helplessness. The
holding time for each species could be manipulateglantify the maximum time that an
animal needs to be exposed to restricted spacecheéweloping learned helplessness. Future
studies could also look at the space use of anifr@ais release programs to assess whether
these animals in unrestricted natural environmarggestricting their movements and space
use to the size of their original, captive hougogt release. Some data collected on post-
released vervet monkeySercopithecus aethiops, showed that a troop released into suitable
habitat, displayed spatial restriction several merdfter release (Bratt, 2010). This study
indicates that spatial restriction may influendease programmes. There should also be
comparisons made between individuals of differerhlorigin, i.e. wild caught and captive
born, exposed to restricted space to assess whatimeals from natural environments would
be similarly affected as captive born individuaisice the behaviour and reactions of captive
born animals are known to differ from wild caugbtoterparts (Jones al., 2011).

Finally, in order to properly distinguish betweeardned helplessness and habit
formation, future studies should consider lookihtha underlying hormonal basis of the

behaviour that follows exposure to restricted space
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Appendix

Per sonality tests

Four tests were used to assess the personalityfypen-stereotypic striped mice
(after Joshi 2009). Bold and shy categories wdoeated to individuals based on the
responses to all 4 personality tests. Bolder imldigls would have spent more time in the
light compartment in the light-dark test; they wabhlave had a slower startle response in the
startle-response test and shown less anxiety deteglaviours. Bolder individuals would
recover more quickly from the startle responsedastthus have a shorter latency to return to
the light chamber, they would have spent less tiea the periphery of the cage in the open
field test, they would have had a shorter latecgproach the novel object and they would
have showed higher frequencies of exploratory bielas e.g. rearing/jumping or biting and

sniffing novel objects; and lower frequencies afiaty related behaviours e.g. freezing,

digging.

Light-dark and startleresponsetests

For these 2 tests, | used a glass tank (400 mn®xr2b x 120 mm), that was divided
into 2 compartments by a Perspex® wall: one hatheftank was painted black (dark) and
the other half was transparent (light; Appendixuf&). The wall had a small opening for the
test subject to move between the light and darkpastments (Appendix Figure). A lid was
placed on top of the tank to prevent the test stiijem escaping while video recording took
place. The tank was cleaned with disinfectant svapair-dried between tests to reduce
carry-over odour effects.

Light Dark
compartment compartment
Passage

Appendix FigureA diagrammatic representation of the experimeriak tused to assess the

personality of test subjects in light-dark andtitaresponse tests.
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Light-dark test

At the start of tests, a test subject was placdadderdark compartment. Behaviour was
video recorded for 5 minutes immediately thereaB&haviour was only scored in the
“light* side of the test tank where the subject was sidcored the following variables
from the video recordings: latency to move fromdlaek to the light compartment; latency to
return to the dark compartment after first enttp ithe light compartment; number of
transitions from the light to the dark compartmemigl the location (i.e. centre or periphery)
of where the most time was spent in the light canmpant. | also recorded the frequency of
anxiety-related behaviours (e.g. freezing, jumpuoage digging, rearing) and grooming

(Appendix Table) in the light compartment.

Startle response test

The startle response test followed immediatelyrdfte light-dark test. On the test
subject’s next entry into the light compartmenttfeg end of the 5 minute light-dark test), |
startled the subject by clapping my hands nextéaank, and it immediately retreated into
the dark area. All the parameters scored in thg-liigrk test were scored in this test for a

further 5 minutes

Open-field test

Each test subject was placed singly in the ceriteetank (400 mm x 250 mm x 120
mm) and behaviour was then video recorded for Ifutes. | recorded the frequency of
anxiety-related behaviours (freezing, digging, irearjumping; Appendix Table) and the
location of the test subject (centre or periphérythe tank.

Novel object test

The novel object test followed immediately aftez thipen-field test. A novel round
plastic object (110mm x 10mm x 15mm) was placeithéopposite corner of the tank,
relative to the subject. The individual was videoarded for a further 10 minutes, and the
frequencies of the following behaviours were scolancy to approach the novel object;
behaviours displayed on approaching the novel olgmiffing, biting, rearing and jumping;
Appendix Table); the number of rears and jumpsi¢atthg exploration); and the number of

grooming events.
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Appendix Table. Definition of behaviours scoredtlre open-field and light-dark tests for

striped miceRhabdomys

Behaviour Description

Freezing Individual freezes and crouches, usually in theneoof the tank

Jumping Individual jumps in corners of the tank on its hieds but not
repetitively

Cage digging Individual digs in the corners of the tank

Rearing Individual stands on its hind legs and leans agéaieswall of the

tank and rears against it

Grooming Individual sits and cleans itself

Sniffing Individual sniffs the novel object which is indica of interaction
with novel object
Biting Individual bites and/or manipulates the novel obyeaich is

indicative of interaction with novel object
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