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| ntroduction

The social organisation of felids has received st aaount of attention in the
literature (Frame & Frame 1980, Caro & Collins 198887a&b, Laurenson 1993 and
Durant 2000) and is regarded as a key element wbasidering their conservation.
With the exception of the liolRanthera leowhere females form family groups to assist
in hunting and the rearing of young (Packer & Puk@§2), the majority of cat species
are solitary, with sociality being typically restied to consorting pairs and mothers
with young (Seakt al. 1985, Caro 1993, Laurensen al1992 and Laurenson 1993).
However, for the cheetalA¢inonyx jubatus sociality is seen in various forms (Caro
1994). Observations from the wild have noted cdirsprmairs or groups of cheetahs
(Kelly et al. 1998 and Kelly & Durant 2000), mothers with youficaurensonet
al.1992), cub groups recently separated from theirherst but continuing to remain
together, and groups of adult males (Caro & Collii87a, b and Caro 1994).

The cheetah, is unusual amongst the cat specigsshews varying levels of
sociality between the sexes (Caro 1994). Extengigearch has been performessitu,
with studies on the cheetah performed in the Setefgr over 30 years (Kellgt al.
1998). Male cheetahs in particular have been sducmsiderably, and are reported to
live in social groups called ‘coalitions’. Howevemlike lions where the reasons for
sociality are clear, sociality in other cat specgsambiguous, and has encouraged
numerous researchers to examine the behaviour edtahs, with a focus on group
living and the benefits of sociality ( Frame & Frart980, Caro & Collins 1986, 19873,
b and Caro 1994).

Research on wild cheetahs has shown that male atfeeean have complex
social arrangements (Caro & Collins 1986, 1987a @atb 1989, 1994). Many early
studies looked at male behaviour in the wild, reptime various social combinations but
revealing little of the structure within these maleetah societies (Eaton 1974, Bertram
1978 and Frame & Frame 1980). Caro (1994) repodtedetailed analysis of the
formation of, and variation in, these groups. it leen noted previously that the males’
social habit appeared reasonably common (Eaton)1Ye4 it was the research of Caro
and Collins (1986, 1987a, b) that provided a gondeustanding of how sociality was
achieved. They reported that 41% of male cheetaks lalone, 40% lived in pairs,
while the other 19% lived in trios or occasiondflyger numbers. Caro (1994) referred
to the solitary animals as ‘floaters’ and reportedt they generally appeared to be in

worse physical and psychological condition tharugrbving males.
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Caro (1994) initially examined 110 animals withim &xtensive study of
cheetahs of the Serengeti. Solitary cheetahs wsmally infested with parasites and
showed signs of restlessness. However, it is nowknf these cheetahs were ‘floaters’
due to their poor physical condition, or if themnclition was caused by the stress of
solitary living (Caro & Collins 1987a). In contrasbalition members were observed to
be considerably healthier (Caet al. 1987, 1989), with less mange, fewer ticks and
softer fur. Caro and Collins (1987a) looked at plhgsical condition of many different
individuals and the implications for behaviour. ugrtheir study on social organisation
and territoriality they found that territorial malevere considerably heavier (weights
ranged from 40.5 kg to 48 kg), compared to nontteral males (weights ranged from
28.5 kg to 42 kg). Caro and Collins (1987a) alamfbthat territorial males were almost
always found in coalitions, with only 4% of singleles being able to secure a territory.

Hence male cheetahs appear to gain considerabéditsednom group living.

Hypotheses for Coalition Formation
The formation of coalitions in wild cheetah popidas has received a considerable
level of enquiry (Caro 1989, 1993, 1994 and CarGdlins 1987a&b). Many different
and competing hypotheses have been developed tairexphy male cheetahs form
coalitions, with the majority based on the rolelitimas play in the ability of males to
gain access to females. One major hypothesis itbthers form co-operative groups
in order to hold territories that overlap with fdmaome ranges (Caro 1993 and 1994).
This overlap provides the group with a better cleant encountering a female and
mating. While the individual chance of each cheetalting is reduced, as a group, their
chances are increased. Through this co-operatimthdrs still have some chance of
passing on their genetic information via inclusfiteess. Caro and Collins (1986 and
1987a) and Caro (1994) concluded that coalitionddcbe formed from sibling groups
as well as unrelated animals. Their results founat tapproximately 17% of the
coalitions studied included at least one non-retatiThese results challenge the idea
that co-operative behaviour is maintained purelykioy selection acting on related
animals with consequent effects on inclusive fisngbough of course a role for kin
selection involving relatives is by no means exehid

Some hypotheses to explain coalition formation marcheetahs are based on
need for space and territory acquisition (Caro &8li@® 1987a&b). These hypotheses
centre around the idea that the larger the teyritmld by a cheetah or coalition, the

more access they have to resources and therefergréater their chance of survival
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(Caro 1994). Hence cheetahs might form coalitiankave a better chance of gaining
and holding territories. The territories would laeger than could be held by solitary
males, increasing hunting success by increasing thet number and size of kills (Caro
1994 and Durant 2000). In lion populations, thesoes behind sociality are well

understood (Bertram 1978 and Packer & Pusey 1838R%)ever, for cheetahs there does
not appear to be a singular defining reason foir tineusual social arrangement. It is
more probable that a number of factors combinat@atage group-living males.

A further hypothesis, put forward by Benzon and tBr{il974 and 1975), is that
females are stimulated by male aggression. Thiseagpn may be found between
males in a dominance hierarchy, with the femaldepr@g to mate with the dominant
male (Lorenz 1963). While little is known about tkecial structures within the
coalitions of male cheetahs (Caro 1993), the folonatf hierarchies is possible. Hence,
Benzon and Smith (1974) suggested that if theeegsoup of males with a dominance
hierarchy in place, females may be more likely tatemwithin this group. Presumably
mating will occur with the dominant member, rattiean with a subordinate or single

male.

Relatedness of Cheetahsin Coalitions
Caro (1989, 1993, 1994), Caro and Collins (198@®788b) and Kellyet al (1998)
carried out substantial studies on the social helnawf male cheetahs. One of the chief
aims of this research was to study behaviourakifices between littermates and non-
littermates. Caro (1994) found that while coalisomay consist of two, three or even
four cheetahs, they could also include both redstiand non-relatives. Caro (1994)
compared the behaviours of three coalitions, eaxtsisting of two related and one
unrelated animal. These three trios were at difftertages of formation at the
commencement of study. One was in the initial faafeformation (less than 55 days
old), one was reasonably well established (a mimnofi 12%2 months, but no more than
20 months old) and one was well established (grélase 4 years old). Caro found that
in the first years of formation there were sigrafit differences in the behaviours of
different group members compared to the behavidigglayed by members of more
established trios. However, these behavioural idiffees changed over time, with each
individual’s behaviour becoming more similar tottb&his coalition ‘brothers’, usually
to the point where there was no marked behaviodifférence between coalition
members. Caro also noted that these behavioufferelices changed at varying rates.
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Relatives would accept the non-relative, allowingn o lay with them much sooner
than they would involve him in grooming activities.

Caro (1994) also found that in the coalitions obsdy there appeared to be age
constraints for the formation of a coalition inviolg unrelated individuals. Coalitions of
unrelated males were developed between combinatbrraibs and adolescents, but
usually before the cubs reached 20 months of ageo(C994). It was suggested that
cheetahs older than this would have difficulty gtte) new members or banding
together and hence they would remain ‘floaters’roCEL993) argues that this age
restriction may have important implications for geg male cheetahs together in

captivity.

Research on Captive Cheetahs
Research on captive cheetahs has increased oveashe®0 years (Wildet al. 1993,
Wildt & Grisham 1993, Wielebnowski 1998, Wielebndiv& Brown 1998, Ruiz-
Mirandaet al 1998, Wielebnowski 1999, Wielebnowski al. 2002 and Augustust al.
2006) and has predominantly focussed on reprodudiwlogy (Asaet al. 1992,
Howardet al. 1993 and Wildet al. 1993). Behavioural work has primarily focussed on
female reproductive behaviour and mother-cub iectevas (Laurenson 1992,
Wielebnowski 1996, Wielebnowski & Brown 1998). Whilstudies have been
performed on wild male cheetahs, there is stily\igtle known about their behaviour in
captivity (Caro 1993, Wildet al. 1993 and Ruiz-Mirandet al 1998).

In 1988, the Propagation Committee of the Cheetati®s Survival Plan (SSP)
deemed that all North American cheetahs were tadmesidered part of a research
population (Wildt & Grisham 1993). This led to tkséudy of 128 (60 male and 68
female) cheetahs and included reproductive hepliisiology and general well-being
(Caro 1993, Laurenson 1993, Howatal. 1993 and Wildtet al. 1993. While this
research provided many valuable insights into thgsmlogy of cheetahs, it did not
comprehensively examine behavioural factors andsieécheetahs in captivity.

In the limited research performed on captive cheeia recent times, studies
have focussed on female faecal steroids and chatgebehaviour (Brown &
Wielebnowski 1998). Past studies of captive behaviof cheetahs have primarily
focussed on housing. Florio and Spinelli (1967,8)9&nd Benzon and Smith (1974)
worked with the problems that arise when housingtica cheetahs. These problems
generally included issues with stereotyped behasjdinding novel ways to introduce

food and making changes to enclosures to produce wigible behaviour to the general
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public/zoo patrons (McKeown 1991). The studies alsduded some work on the
manipulation of animals, and they had some sudcelsseping males, both related and
unrelated, together. However, facilities contineeirisist on keeping male cheetahs
separated or even removed from view of one anob®mause of concerns with
aggression and for the ease of management. Ca®8) A8gued that there had not been
enough study on captive male cheetahs, their awaliformation or their social
structures. He stated that while some informatiamegd from wild populations would
be useful in husbandry practices, a complete aisabyscaptive populations and captive
breeding programs is required. Only after a comgmsive study of captive populations
will facilities such as zoos and wildlife parks lble to successfully manage and
reliably breed cheetahs in the captivity.

Aims

The aim of the current study is to examine the beha and social interactions of a

group of male cheetahs in captivity. In particuldwe study will centre on behaviour

when males are held together, with a focus on Hasals of acceptance of related and
unrelated males and how housing impacts on sgcidlitese factors all have important
implications for breeding programs. An additionbjextive of the study is to determine
if males past the age of 20 months can be uniteddoalitions, and if so, whether they
all become equal members of the group with sinslaial standing, or if a hierarchy

develops. If a hierarchy develops then the faaborgvhich it is based will be examined.

The study will also examine whether particular rmadee rejected from coalitions and
on what grounds.

Further, the study will investigate specific retaships amongst males, using
both related and unrelated individuals, in ordeidentify any differences in behaviour
towards one another and how these may change ower Many factors, such as
grooming, fighting and territory marking, as wedl e time spent generally socialising
and lying together, will be examined. As there mdividuals within the study group
that will be introduced to each other at ages @ab (1993) believes to be past the age
of acceptance, the relationships of pairs and ttitisalso be analysed to determine any

obvious disparity between different groups of chbst
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M ethods

Animals and Facility

The study group was housed at Monarto Zoologicak FdZP), South Australia and
all members of the group were parent-reared at sjmed Endangered Species Centre
(South Africa). The study group consisted of fivealen cheetahs; three brothers
(Umballa, 1zipho and Nyomfoza), aged approximatglyears 5 months old and two
unrelated males, aged approximately 4 years 5 rediftdonda) and 5 years 2 months
old (Induna) at the start of the stud$ 8f February 2001. Prior to data recording, two
pairs of cheetahs were held separately; a paielated males (Umballa and Izipho)
from the existing trio of brothers (the third malyomfoza was isolated due to illness
but had been housed previously with his brotherd)tevo unrelated males (Ndonda and
Induna). The unrelated males provided a valuabiepeawison to the related pair. The
unrelated males were introduced to each other enlf of August 1999 with no
apparent problems (Austin, T. pers. comm. 2000) Tho pairs were housed in
adjoining enclosures, separated by chain link fepeemitting some contact between
the pairs. At the time these pairs were formedrthges ranged from 36 to 44 months
old. The single male was also housed in an adjgigard, but kept separate to avoid
major interactions with the other males until heoreered.

During the study, the housing of male groups wasiipudated, providing
opportunities for males to be observed in paiiestand as a whole group. Interactions
during all of these social situations were recorttedetermine the levels of acceptance
that males had for other males and also to allovesn@® pair up or avoid other males.
The study group was also changed during the cafrdee study period due to transfers
and breeding programs. Umballa was transferreaftlie facility at the end of 2001 on
breeding loan and was not returned to the studypduring the duration of my study.
Monarto Zoological Park also held five female chéstat various times during the
study period which were housed within auditory afhctory range of the males.
However, for the majority of the study females ohbd limited visual contact while
males moved to and from their exhibit (less than tminutes at 10:30 h and 16:30 h
each day). After the first six months of the stuayles and females were occasionally
housed together for short periods of time for birgg@urposes.

Behavioural observations, manipulations and datéeatmn were performed

periodically over a period of four years betweenuzay 2001 and November 2004.
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Apparatus/Materials

Equipment used for the observation of cheetahsiiter], binocularsBushmastét 8-20

x 40 mm) and in the initial stages, Ricoh® camera with 35-70 mm lens for
photographing of behaviour. However, for the mayodf the study arOlympus®C-
740 digital camera, 3 megapixel, 10 x optical zogas used. ARealistic®Minisette-
20 tape recorder was used for recording continbebtswiour.

A series of data collection tables were also useddcording the male cheetah
behaviour (further details are given in Chaptend@ see Martin & Bateson 2000). Each
table was set out in two minute intervals for e&aclir of recording, with a key for
behaviours and social interactions used to aideconding specific behaviours (see
Chapter 3). Interactions between animals from théraxhibit to the night-yards were
also recorded (such as calling from the main eniclsr interactions through the wire
in the back night-yards). Additional sheets for alggions of unusual isolated events
were also used to record any unique behaviourdbalid not be included on the data
sheets.

Maps, with grid references for both the main ancklaway enclosures, were
also developed. These guides made the recordiegadf cheetah’s location easier and
provided a quick reference for both areas (see téhap for illustrations of the

enclosure and night-yard facilities).

Procedure

Collection of Behavioural Data
| observed the five male cheetahs for a total &d41Rours between 2001 and 2004.
Four of the five males were observed for the ergitely period, with Umballa being

sent to New Zealand on breeding loan at the er2D01.

Solitary Behaviours

Initially 1 performed a study of solitary behaviguwith seven hours of data
collected for each individual male (not includedtive statistical analysis here, See
Chapter 3). | then collected similar data throughbe study as a parallel to the female
data. Single males were observed for an hour ehe throughout the day. Recording

was continuous, with all behaviours ‘called’ intatape recorder (Martin & Bateson
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2000). These data were then later transcribed.uerexy of behaviours, not percentage
of time, was recorded. Continuous observations wareed out over 2-3 month periods
(where each male was observed for a minimum ogettraour periods per week) rather
than constantly over years as was done for the lemndhis data was then analysed
using principal components analysis. As the foausthe males was to determine
hierarchy formation and the strength of bonds diree, the collection of continuous
data for the males at all times was deemed unnagess

Social and General Behaviours

| recorded data on social and general behaviouredch animal in both the main
exhibit area and the night-yard/lock-away areascoRE#ng of information was in
interval format (Martin & Bateson 2000) with datkén as instantaneous sampling at
each two minute interval (on the minute), for ormt beginning on the hour. Data
recording began at release time each morning (appately 9:30-10:00 h) and
concluded when cheetahs were locked away at negbproximately 16:30 h). Data
were collected at regular times, sampling data dags per week for all males to
determine if there were any changes in the grospsial structure over time. Data were
primarily collected in periods of 2-3 months, bdtaional periodic observations of 2-4
hours per week were also performed in between sinterdata collection periods.

At each two-minute interval, the location (by greference) and behaviour of
each individual cheetah in the enclosure was recbrdhis data also included any
social interactions between cheetahs that occuwkih individuals were involved and
the behaviours/responses exhibited. Cheetahs wersidered ‘social’ if they were
either lying within approximately one metre of eamther, or were responding to the
actions of another cheetah (i.e. calling to eadtet Due to time constraints, males
were only observed for short times when femaleswweegnant or with cubs, otherwise
they were observed over half days, 3-4 times perkw#r two or more months at a
time. Four social observation conditions were naangd during the study. These were
social with males, social with females, social witimimal contact with females and
social with a 30-minute observation time/introdantio females. A one-week period of
isolation for each individual was also recorded.

Major contact with females consisted of a paragiegod during parts of the
study where the males had visual access to theldsnfiar approximately 30 minutes
each morning (between 7:30 h and 10:00 h) throughaan link fence. On these days,
the males had their usual short period in the adten for visual contact (less than 2
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minutes at 16:30 h) when they were brought off leithiAt this time males were not

paraded past the females, but momentary visuahcbmtas possible as at other times.
Occasionally during these periods of the studyesatere introduced to females. Data
on interactions between the sexes were not includ#éte current study (see Chapter 6).

Feeding of the cheetahs was performed primarilydaplay in their night-
yards, with carcass feeds occurring in the exlyiard approximately once per month.
Feeding was at approximately 16:30 h and all arsmetre given one fast day per
week. The diet consisted of fresh carcass meat,(stvep, horse, chicken, rabbit,
kangaroo and emu) supplemented 2-3 days per wekk tiiemine. On days when
cheetahs were given carcass with soft fur (rakdoiigaroo), cheetahs were given an
additional supplement of Catfxdue to occasional fur blockage problems. Feeding
times provided additional information on the socélucture of the group and any
changes that were occurring.

Generally, the cheetahs were kept off exhibit i@irtlmight-yards overnight. In
order to get to the exhibit and back they had &awel through a narrow raceway that
connected the two areas. As only single file movenaas possible through this narrow
race-way, it was used as another check for possilelarchy order and for signs of
dominance. Data were recorded while cheetahs waexieg and exiting the exhibit
and night-yards through the connecting race-waforimation noted included; which
approached the race-way first, which entered fast/and which exited first/last, for

each of these study periods as well as during iaddittimes of observation.

Statistical Analysis

Data were explored using a series of parametric rmrdparametric statistics. These
statistics were performed using SPSS (Statisticalk&ge for the Social Sciences)
Version 16. Using this statistical package, talaled graphs were developed to explore
trends in the behaviour of male cheetahs. For abeurof the analyses, data had to be
converted to scores based on a percentage ofntieeatnimals were observed. This was
done to allow for the comparison between intensivgervation times and times when
males were sampled two to three times per weekvé&sions are indicated in the

relevant analyses.
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Results

Primary Analysis

Multivariate behavioural analyses

|nduna

The data set for each male comprised a large nuofbleehavioural variables and an
extremely large number of observational period#ialty analyses were done using
Principal Components Analysis (PCA). The entireadsét (from the "3 of February
2001 to the 29 of November 2004) was used, comprising 326 sepatahour
observational periods. Unlike the females, thisadatcurred in blocks of 2-3 months
and was not collected in this format during 200Be PCA was used to extract factors
with eigenvalues >1 and the initial solution wasjeat to Varimax rotation. The
resulting four principal components are listed mble 1 along with their eigenvalues,

proportion of variation explained and cumulativeiaton explained.

Table 1. Principal components extracted with eigenvalues qed cent variation

explained and cumulative variation explained faduna.

Principal Eigenvalue Variation Cumulative

Component Explained Variation
Explained

1 1.612 10.077 10.077

2 1.381 8.629 18.706

3 1.292 8.076 26.782

4 1.186 7.412 34.194

Behavioural variable loadings for the rotated dolutre given in Table 2 where
positive and negative loadings are given for eaahable with the four principal

components for Induna’s behaviour.
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Table 2.Rotated Component Matrix for Induna. The key vdesboading onto each

component are shown in bold.

Behaviours Components

1 2 3 4
Fighting 0.664 0.019 0.224 0.105
Tail Twitches 0.514 -0.078 -0.138 -0.055
Rubbing Face 0.509 -0.049 0.226 -0.127
Activity Level 0.115 0.584 -0.059 0.119
Scratching -0.267 0.561 0.077 0.006
Tail Swishes 0.167 0.487 -0.082 0.062
Grooming -0.184 0.454 -0.035 -0.364
Playing -0.120 0.236 0.082 -0.033
Lip Licking 0.262 0.087 0.623 -0.058
Spraying -0.022 0.130 0.581 -0.333
Pacing 0.032 -0.149 0.402 0.079
Calling 0.017 -0.046 -0.378 -0.127
Defecating -0.311 -0.229 0.359 0.102
Rubbing Body -0.094 -0.053 0.031 0.701
Tail Rolling -0.175 0.283 0.109 0.545
Rolling 0.368 -0.016 -0.031 0.431

The first component in Table 2 indicates high logdi from Fighting, Tall
Twitches and Rubbing Face. Table 2 also showsttietwo behaviours that loaded
most heavily onto the second principal componenmewtivity Level and Scratching.
The third component indicates that the behaviodr&ip Licking and Spraying are
loaded most heavily. Finally, the fourth componshbws Body Rubbing and Talil
Rolling behaviour with a high loading, but with Ideadings from all other behaviours
other than spraying, which had also loaded stroogtp PC 3.

Data were not recorded as regularly for 2003 a®rofnalysis were being
performed and therefore this year has been onfiibea the current analysis. Due to the
periodic nature of data recording for the males, rdbsults have been represented using
scattergrams (rather than line graphs as were fose¢lde female data) in order to make

the sampling periods obvious.
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Figure 1.Principal Component 1 scores for Induna, plottgdiresst days (results were

omitted for 2003 as they were not recorded as &etiy as the other years of the
recording).

A number of behaviours loaded heavily onto eacthefprincipal components.
Figure 1 indicates variation in PC 1 over the stpdgiod for Induna. It can be observed
that values for the PC declined from the initiaingéing periods of January 2001 to
December 2002, yet increased again considerabtpéosampling periods during 2004.

PC 2 scores showed considerable variation ovesttiéy period and PC scores
for individual observation periods tended to behldugher and more variable in the first
year of the study. Figure 2 illustrates the PC @rex for Induna. The behaviours
loading most strongly onto this PC were on avelaigber but also more variable in

levels of expression earlier in the study, and thay also showed elevated, though less
variable, levels in 2004.
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Figure 2.Principal Component 2 scores for Induna, plotte@iagt days (results were

omitted for 2003 as they were not recorded as featly as the other years of the
recording).

Figure 3 illustrates that PC 3 for Induna did nodw similar temporal variation
to PC 1 and PC 2. However, it is worth noting thetre was less variation in PC 3 in
late 2002 and that variation in PC1 and PC 2 wss llw for this period. There is a
period of lower behavioural variation at the en®002 that is observed throughout the
first three principal components.

Figure 4 depicts variation in PC 4 during the studike PC 3, this principal
component did not show the strong variation apgare®®C 1 and PC 2, though low
levels of variation are apparent for early-mid 200Bere is an increase in variation of

behaviour at the end of 2002, which is not seethenfirst three components. This
increase in variation continues into 2004.
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Figure 3.Principal Component 3 scores for Induna, plotte@iagt days (results were

omitted for 2003 as they were not recorded as featly as the other years of the

recording).

W

27 /Mar/2005
—16/1an/2005
—07/Mov,/2004
~28/8ug,/2004
—20/lun/2004
~11/8pr/2004
—01/Feb/2004
—23/Mov,/2003
—14/5ep/2003
—06/Jul /2003
27 /8prf2003
~16/Feb/2003
~08/Dec/2002
—28/5ep/2002
=21 /Jul /2002
—12/May/2002
—03/Mar/2002
—23/Dec/2001
14/0ctf2001
—05/8ug/2001
=27 /May /2001
—18/Mar/2001
—07/lan /2001

8_

7 Juauodwo) [edpulid

20,/0ct/2000

Date

Figure 4.Principal Component 4 scores for Induna, plotte@iagt days (results were

omitted for 2003 as they were not recorded as featly as the other years of the

recording).
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Ndonda

As with Induna, analyses of Ndonda began with RsaladComponents Analysis (PCA).
Again the entire data set (from th8 &f February 2001 to the $%f November 2004,

excluding 2003) was used, comprising 298 separdteut observational periods. The
PCA was used to extract factors with eigenvaluesand the initial solution was
subjected to Varimax rotation. The resulting foumgipal components are listed in
Table 3 along with their eigenvalues, proportiorvafiation explained and cumulative

variation explained.

Table 3. Principal components extracted with eigenvalues ged cent variation
explained and cumulative variation explained foroNda.

Principal Eigenvalue Variation Cumulative

Component Explained Variation
Explained

1 1.694 10.588 10.588

2 1.619 10.121 20.709

3 1.410 8.813 29.521

4 1.170 7.310 36.831

Behavioural variable loadings for the rotated solutre given in Table 4 where
positive and negative loadings are given for eaahable with the four principal

components for Ndonda'’s behaviour.
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Table 4.Rotated Principal Component Matrix for Ndonda. TKey variables loading

onto each component are shown in bold.

Behaviours Components

1 2 3 4
Fighting 0.711 -0.010 0.118 0.010
Tail Twitches 0.106 0.757 -0.016 0.054
Rubbing Face -0.069 0.324 0.089 0.255
Activity Level 0.030 0.150 0.262 0.053
Scratching 0.553 -0.342 0.052 -0.092
Tail Swishes 0.198 0.115 0.090 0.269
Grooming -0.091 0.639 -0.073 -0.202
Playing -0.147 -0.195 0.048 0.522
Lip Licking 0.745 0.219 -0.100 0.000
Spraying 0.209 -0.036 0.589 -0.058
Pacing -0.068 -0.060 0.798 -0.081
Calling 0.044 0.376 -0.003 0.177
Defecating 0.047 -0.109 -0.028 -0.257
Rubbing Body -0.139 0.094 0.128 -0.523
Tail Rolling -0.024 0.144 -0.030 0.562
Rolling 0.093 0.206 -0.296 -0.146

Table 4 shows that Fighting, Scratching and Sprayuere the most heavily
loading behaviours on PC 1. PC 2 showed heavy ngadfor Tail Twitches and
Grooming. PC 3 had loadings from Spraying and Rpwiith both behaviours showing
high positive loadings. Lastly, PC 4 shows a rel&hip between Playing, Tail Rolling
and Rubbing Body. Loadings for Playing and Tail IRgl were positive, whereas
Rubbing Body was negative, showing that as Playang Tail Rolling increased,
Rubbing Body tended to decrease.

Figure 5 illustrates PC 1 for Ndonda over the stutlys apparent from the
scattergram that the behaviours remained relativ@hgistent over the study rather than
the more patterned fluctuations seen with Indundfo 1.
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Figure 5.Principal Component 1 scores for Ndonda, plottediagt days (results were

omitted for 2003 as they were not recorded as featly as the other years of the

recording).
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Figure 6.Principal Component 2 scores for Ndonda, plottediasgt days (results were

omitted for 2003 as they were not recorded as featly as the other years of the

recording).
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Figure 6 depicts this component over the samplimgiogs. Patterns of
behaviour for PC 2 show a reduction from 2001-02G04.

Figure 7 indicates the changes in PC 3 over tha@ystor Ndonda. There is a
substantial change in behaviour during early 20@d#n a considerably higher level of
variation in behaviour is observed. These resudtiesback to previously observed
levels from 2001-02 by October 2004, showing lessation.
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Figure 7.Principal Component 3 scores for Ndonda, plottediasgt days (results were

omitted for 2003 as they were not recorded as featly as the other years of the
recording).

PC 4 for Ndonda illustrates that the relationship behaviours changes
considerably to what was observed previously in RPEIgure 8). This correlation of
behaviour changes over the sampling periods, am@stpression of the behaviours also
appeared more varied in the early part of the staldigtering towards the end.
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Figure 8.Principal Component 4 scores for Ndonda, plottediagt days (results were

omitted for 2003 as they were not recorded as featly as the other years of the
recording).

| zipho

Analyses of Izipho began using Principal Componémtalysis (PCA). The entire data
set (from the % of February 2001 to the $%f November 2004, excluding 2003) was
used comprising 298 separate 1-hour observatioeabgs. The PCA was used to
extract factors with eigenvalues >1 and the inifalution was subject to Varimax
rotation. The resulting four principal components ksted in Table 5 along with their

eigenvalues, proportion of variation explained anchulative variation explained.

144



Table 5. Principal components extracted with eigenvalues ged cent variation

explained and cumulative variation explained faplwo.

Principal Eigenvalue Variation Cumulative

Component Explained Variation
Explained

1 2.878 17.990 17.990

2 1.528 9.548 27.537

3 1.256 7.848 35.385

4 1.246 7.788 43.173

Behavioural variable loadings for the rotated solutare given in Table 6 where
positive and negative loadings are given for eaahable with the four principal
components for Izipho’s behaviour.

Table 6.Rotated Component Matrix for Izipho. The key vddaldoading onto each

component are shown in bold.

Behaviours Components

1 2 3 4
Fighting 0.500 -0.082 0.057 0.078
Tail Twitches -0.548 0.195 0.210 0.094
Rubbing Face -0.036 -0.097 -0.016 0.748
Activity Level -0.083 -0.024 0.672 -0.171
Scratching 0.683 -0.108 0.234 0.263
Tail Swishes -0.668 -0.120 0.056 0.162
Grooming -0.139 0.620 0.142 0.008
Playing -0.184 0.613 0.083 -0.053
Lip Licking 0.370 -0.187 0.022 0.010
Spraying 0.648 -0.122 0.052 0.306
Pacing 0.000 0.081 0.760 0.024
Calling -0.518 -0.366 0.254 -0.043
Defecating 0.124 0.054 -0.030 0.728
Rubbing Body 0.464 -0.365 0.098 -0.046
Tail Rolling -0.013 0.544 0.025 -0.033
Rolling 0.179 0.200 0.419 0.132
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Table 6 indicates that multiple behaviours had higtdings for PC 1 for Izipho,
and these loadings were both positive and negatetationships. The positive
relationships involved high loadings for Scratchargl Spraying initially, with slightly
weaker loadings for Fighting and Rubbing Body. Ttegative relationship involved
high loadings for Tail Twitches and Tail Swishi®RC 2 shows high positive loadings
for Grooming, Playing and Tail Rolling. PC 3 depict relationship between Activity
Level and Pacing and PC 4 show high loadings fditfithg Face and Defecating.
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Figure 9.Principal Component 1 scores for Izipho, plotteciagt days (results were

omitted for 2003 as they were not recorded as featly as the other years of the
recording).

Figure 9 illustrates variation in PC 1 scores oviene for lIzipho. The
relationship depicted in the graph is complex. smgigests an increase in the PC scores
from July 2002 in sampling periods 4 and 5, witfuagher and dramatic increase in
2004. To explore what behaviours underlie thisatarn in the PC scores, the four key
behaviours loading onto PC 1were graphed agamst ti

Figure 10 depicts PC 2 for Izipho. It can be obsedrthat the trend of this graph
shows behavioural variation reducing towards thee afr2002.

146



(O]
o =
e -
=
2 0
3 ©
g o
= >
¢ &
=27 /Marf2005
] =
~27/Marf2005
H m.ﬂ © © ~15/lan/2005
15/lan/2005 )
07 /Now/2004 m = 07/Nov/2004
-29/Aug/2004 8 o ~28/Aug/2004
ve/ o ©
= F20/Jun/2004
~20/lun/2004 ° w I
11/Apr/2004 o ,M w
- H01/Feb/2004
—01/Feb/2004 m JFeb/
2] F23/Nov/2003
~23/Nov/2003 o © /Now/
14 /Sep/2003 N 5 14 /Sep/2003
[47) |
L s /iul/2003 .Wv =] 05/Jul/2003
-27/8pr/2003 ) w 27 /8pr/2003
F16/Feb/2003 m m o ~15/Feb/2003
—0g/Dec/2002 O % o] m%%&@% 08/Dec/2002
~29/Sep,/2002 N c ~29/5ep/2002
—21/iulf2002 < m 5 o %oﬁ% —21/Jul /2002
~12/May/2002 a,.n.v = . —12/May/2002
—03/Mar/2002 m. n_V.w @.@ %vo% mw -03/Mar/2002
-23/Dec/2001 m m -23/Dec/2001
—14/0ct/2001 @] % H14/0ct/2001
-_— O
05/Aug/2001 m o™ o © @%@%%@m@ o 05 /Aug/2001
=27 May,/2001 'S m =27 /May,/2001
18/Mar/2001 £« &, %omo L 18/Mar/2001
—07/1an/2001 W S mw o ~07/lan/2001
- O
. : I 29/0ct/2000 — = £ _ T T T 28/0ct/2000
Z Wauodwo) jedpulld > m w € Wauodwo) [edpulid
Ll o 2

147

Date
omitted for 2003 as they were not recorded as featly as the other years of the

Figure 11.Principal Component 3 scores for Izipho, plotteciagt days (results were

recording).



Figure 11 shows the changes of this component twerstudy. With the
exception of the second sampling period, the resark relatively consistent. Here it is
apparent that behaviours have increased in frequéodt they return to previous levels
by the next sampling period.

Lastly, Figure 12 depicts the changes in this camepobover the study. With the

exception of sampling period 4, the remaining rss@re quite tightly clustered,
showing little variability.
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Figure 12.Principal Component 4 scores for Izipho, plottediagt days (results were

omitted for 2003 as they were not recorded as featly as the other years of the
recording).

Nyomfoza

Analyses of Nyomfoza began using Principal Comptsmé@malysis (PCA). The entire
data set ranging from th&’ f February 2001 to the 9df November 2004 (excluding
2003) was used and comprised of 297 separate ldimarvational periods. The PCA
was used to extract factors with eigenvalues >loviedd by Varimax rotation. The
resulting four principal components are listed mble 7 along with their eigenvalues,

proportion of variation explained and cumulativeiaton explained.
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Table 7. Principal components extracted with eigenvalues qed cent variation

explained and cumulative variation explained foloNyoza.

Principal Eigenvalue Variation Cumulative

Component Explained Variation
Explained

1 2.227 17.132 17.132

2 1.354 10.415 27.547

3 1.243 9.563 37.111

4 1.082 8.324 45.435

Behavioural variable loadings for the rotated dolutare given in Table 8 where

positive and negative loadings are given for eaahable with the four principal

components for Nyomfoza’s behaviour.

Table 8.Rotated Component Matrix for Nyomfoza. The keyabées loading onto each

component are shown in bold. (Spraying, Scratchamgl Defecation have been

ommitted as these behaviours were not recordedNfposmfoza in the observation

periods).
Behaviours Components

1 2 3 4
Fighting 0.061 -0.084 0.727 0.058
Tail Twitches 0.604 0.021 0.090 0.002
Rubbing Face -0.101 0.028 -0.068 0.869
Activity Level 0.605 0.184 -0.108 0.109
Tail Swishes 0.459 -0.082 0.032 0.132
Grooming 0.446 0.073 0.490 -0.169
Playing 0.503 0.138 -0.064 -0.063
Lip Licking -0.459 0.092 0.507 0.134
Pacing -0.549 0.020 -0.022 -0.004
Calling 0.386 -0.091 0.176 0.562
Rubbing Body 0.042 0.797 -0.033 -0.081
Tail Rolling 0.048 0.769 0.062 0.046
Rolling 0.362 -0.137 -0.334 0.034
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Table 8 shows a number of behaviours with high itogs] both positive and
negative, for PC 1. The positive relationship shdwgh loadings for Tail Twitches,
Activity Level and Playing. The negative relatioisihows high loadings for Pacing.
PC 2 depicts a strong relationship between RubBiody and Tail Rolling, with high
loadings for these behaviours. Table 8 also ilaiss the strong relationship between

Fighting and Lip Licking for PC 3. Finally, PC 4ahis high loadings for Rubbing Face
and Calling.
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Figure 13.Principal Component 1 scores for Nyomfoza, plodigdinst days (results

were omitted for 2003 as they were not recordetterguently as the other years of the
recording).

Figure 13 shows PC 1 scores against time for Nyaanfti can be observed that
values for the PC decline from the initial samplpegiods in January 2001.
The results for PC 2 for Nyomfoza in Figure 14 aeey different to the results

for PC1, showing low levels of behaviour with trencklatively consistent over the
entire study period.
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Figure 14.Principal Component 2 scores for Nyomfoza, plodgdinst days (results

were omitted for 2003 as they were not recordetteuently as the other years of the

recording).
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Figure 15.Principal Component 3 scores for Nyomfoza, plodgdinst days (results

were omitted for 2003 as they were not recordetteuently as the other years of the

recording).
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Again the results for PC3 for Nyomfoza are similarPC2. Figure 15 depicts
the low level of behaviour observed for Nyomfozathwonly sampling period 1
illustrating a higher level of behaviour.
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Figure 16.Principal Component 4 scores for Nyomfoza, plodgdinst days (results

were omitted for 2003 as they were not recordettexguently as the other years of the
recording).

Finally, Figure 16 shows PC 4 plotted over the gtpdriod. This PC shows
behaviour loaded on to this component is relativagsistent over the study, with the
exception of April-June 2004, where behaviour tued.

Umballa

While the data set for Umballa was not as largdoaghe other males, a principal
components analysis was included to provide carsistin how behavioural data were
analysed, allowing some comparisons with the atfees. The entire data set spanning
from the 4" February 2001 to the ?4of August 2001 was used and comprised 88
separate 1-hour observational periods. Factors ewjénvalues >1 were obtained from
the PCA and the initial solution was subject to iNe&x rotation. The resulting four

principal components are listed in Table 9 alonthwheir eigenvalues, proportion of
variation explained and cumulative variation expéal.
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Table 9. Principal components extracted with eigenvalues qed cent variation

explained and cumulative variation explained for hita.

Principal Eigenvalue Variation Cumulative

Component Explained Variation
Explained

1 1.961 12.254 12.254

2 1.861 11.633 23.886

3 1.545 9.655 33.542

4 1.395 8.720 42.262

Behavioural variable loadings for the rotated solutare given in Table 10

where positive and negative loadings are givereémh variable with the four principal

components for Umballa’s behaviour.

Table 10.Rotated Component Matrix for Umballa. The key Valga loading onto each

component are shown in bold.

Behaviours Components

1 2 3 4
Fighting 0.579 0.258 -0.220 0.183
Tail Twitches -0.028 -0.125 -0.654 -0.326
Rubbing Face 0.144 -0.593 0.018 -0.013
Activity Level 0.318 0.196 0.095 -0.620
Scratching -0.028 0.535 0.510 0.161
Tail Swishes -0.647 0.207 0.048 0.111
Grooming 0.037 0.489 0.043 -0.081
Playing 0.011 0.017 0.622 -0.068
Lip Licking 0.002 0.653 0.051 -0.062
Spraying 0.619 0.020 0.197 0.246
Pacing 0.173 0.234 -0.245 -0.308
Calling -0.247 -0.080 -0.293 0.241
Defecating 0.073 0.096 0.038 0.545
Rubbing Body 0.125 0.077 -0.037 0.632
Tail Rolling 0.037 -0.323 0.573 -0.224
Rolling 0.701 -0.132 0.095 -0.170
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Table 10 shows that the behaviours most heavilgddaor the first principal
component were Fighting, Spraying, Rolling and Tawishing. There is a strong
positive loading from these first three behaviowsh Tail Swishing having a negative
loading indicating it is negatively correlated withe first three behaviours. The
behaviours of Scratching, Rubbing Face and Lip inigkwere most heavily loaded to
PC 2. Here again there is a negative relationsdspScratching and Rubbing Face
increase, Lip Licking decreases. Table 10 illussahe behaviours heavily loaded on to
PC 3 to be Tail Twitches, Scratching, Playing aradl Rolling. There is a positive
relationship between Scratching, Playing and TalliRg, but as these behaviours
increase Tail Twitches decreases. Finally, PC 4wnsha relationship between Body
Rubbing, Defecating and Activity Level, with Acttyi Level decreasing as the other
behaviours increase.

As Umballa was only observed over 2001, his saaiens only display two
sampling periods. Figure 17 indicates the relahgndetween Umballa’s behaviours

loaded onto PC 1. The trend of these behavioursirenguite stable over the sampling
periods.
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Figure 17.Principal Component 1 scores for Umballa, plotteghimst days. Days are

for 2001 dates only, as Umballa was sent to OraaskPNew Zealand, on breeding
loan.
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Figure 18.Principal Component 2 scores for Umballa, plotteghmst days. Days are

for 2001 dates only, as Umballa was sent to OramskPNew Zealand, on breeding

loan.

The relationship between behaviours for PC2 isaegiin Figure 18. Again,

the trend for these behaviours remains relativigligle over the observation periods, but

a high level of variation was noted with these vetas.
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Figure 19.Principal Component 3 scores for Umballa, plotted againstsd®&ays are

for 2001 dates only, as Umballa was sent to OraaskPNew Zealand, on breeding

loan.
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Figure 19 illustrates PC 3 for Umballa. There isoasiderable increase in the
trend here from the January-March observationegqlly-September observations.

Lastly, Figure 20 shows that the behaviours loadintp PC4 are very different
to what was observed for the other males.
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Figure 20.Principal Component 4 scores for Umballa, plotteghimst days. Days are

for 2001 dates only, as Umballa was sent to OraaskPNew Zealand, on breeding
loan.

Key Male Behaviours

Due to the variation in key behaviours and in thiegpal components over the study
period, as well as the high level of variation betw individuals, the behaviours of
Fighting, Spraying, Tail Twitches and Grooming wesamined further for each male.
Data for these variables were obtained betweerthef January 2001 and the "29f
November 2004 (excluding 2003).

In the following sections | examine whether behavad changes in males were
linked to several key events in the facility, pautarly relating to the female cheetahs.
These events were the separation of males anddesmald housing in separate yards,
an assisted reproduction attempt (during DecemlBé&1)? mating (occurred during
work on mate choice and the receptivity of malefetnale signals- see Chapter 6), and

subsequent births in the facility. Relevant evevitsbe indicated in each analysis.
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In Figures 21, a-d, the male behaviours are reptedeby line graphs, where
each observation day is represented contiguouatizer than spaced by the absolute
amount of time between observations. This is donmake any relationships between
events and the male behaviours more apparent thatheé scattergrams shown
previously, where many data are densely clusteEsth male is represented in a
separate graph, allowing comparison between maldst@ examine how changes in
husbandry and housing may have impacted differemtlyindividual males. Initially,
Fighting for Induna, Ndonda, Izipho and Umballa vexamined. Nyomfoza was only

observed Fighting once in the study and was thexefmitted from this analysis.
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Figure 21.Scores for individual males for Fighting during tlséudy, showing: a)

Induna, b) Ndonda, c) Izipho and d) Umballa. Colgoded vertical lines indicate key
husbandry events within Monarto Zoological Park.nTieepresents the point when
males and females were moved to be housed separgiteén represents the Artificial
Insemination procedure; pink represents mating withe facility and blue represents
births within the facility. The dotted red line indtes the end of 2002 and the
beginning of 2004 with the intervening period nepnesented. Umballa was only

observed during 2001, therefore his graph only dsgihat year.

Figure 21 shows the considerable variation betwiedividuals in Fighting.
Each graph represents Fighting that was instightethe particular male. Nyomfoza
was excluded from this set of graphs as he was &y to instigate one fight with
another male during the study period. Induna showexleased Fighting at the
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beginning of the study through to July 2001, arehtrighting increased again at the
end of observations in 2004. 1zipho displayed \#tlg aggression and was not seen to
instigate Fighting until July 2002. These fightsrev@ery uncommon until 2004, when

Izipho was regularly seen to fight with Induna aswtasionally Ndonda. Ndonda did

very little Fighting throughout the study period.
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Figure 22.Scores for individual males for Spraying during thteidy, showing: a)

Induna, b) Ndonda, c) Izipho and d) Umballa. Colgoded vertical lines indicate key
husbandry events within Monarto Zoological Park.nTigepresents the point when
males and females were moved to be housed separgiteén represents the Artificial
Insemination procedure; pink represents mating withe facility and blue represents
births within the facility. The dotted red line indtes the end of 2002 and the
beginning of 2004 with the intervening period nepresented. Umballa was only
observed during 2001, therefore his graph only dsgihat year.

Figure 22 illustrates the frequency of Spraying ifwdividual males over the
study. Individuals sprayed at different rates, witgh levels of Spraying from Induna,
Ndonda and Umballa. Spraying increased in therlaté of the study for Izipho, with
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quite a distinct increase during 2004. No Sprayiag observed from Nyomfoza and he

was omitted from the analysis.

a) Induna

~23-N0V-2004
~03-NOV-200&
~27-0CT-2004
~15-0CT-2004
~30-5EP-2004
—15-5EP-200&
~30-MAY-2004
~20-MAY-2004
~10-MAY-2004
~30-APR-2004
~20-APR-2004
~10-APR-2004
~15-DEC-2002
~27-N0V-2002
r13-NOv-2002
r23-0CT-2002
F30-JuL-2002
~14-JuUL-2002
~27-JUN-2002
r03-JUN-2002
~24-MAR-2002
08-MMAR-2002
=135-FEE-2002
~03-FEB-2002
F14-AUG-2001
~26-JUL-2001
=14-JUL-2001
~25-MMAR-2001
~03-MAR-2001
~24-FEB-2001
=0E6-FEB-2001
~18-JAN-2001
~03-1AN-2001

124

10

b b 4

sayoumL |leL

2

o

Date

b) Ndonda

~21-NOV-2004
~06-NOV-2004
~21-0CT-200&
~05-0CT-200&
~13-5EP-2004
~02-5EP-2004
F14-MAY-2004
~02-MAY-2004
~18-APR-200&
—04-APR-200&
~03-DEC-2002
~15-NOV-2002
~28-0CT-2002
~11-0CT-2002
~16-1UL-2002
~30-JUN-2002
~12-JUN-2002
~23-MAR-2002
~11-MAR-2002
~21-FEB-2002
—~06-FEB-2002
~15-AUG-2001
~30-JuL-2001
~15-1UL-2001
~30-MAR-2001
~13-MAR-2001
~25-FEB-2001
~07-FEB-2001
~21-1AN-2001
~05-1AN-2001

124

10

®

[
w

seyouML |1e]

T
=t

2

0

Date

c) lzipho

161

~21-NOV-2004
~06-NOV-2004
~21-0CT-200&
~05-0CT-200&
~13-5EP-2004
—02-5EP-2004
~14-MAY-2004
~02-MAY-2004
~18-APR-200&
~04-APR-200&
~03-DEC-2002
~15-NOV-2002
—26-0CT-2002
~10-0CT-2002
~15-1UL-2002
28-JUN-2002
~11-1UN-2002
~28-MAR-2002
~03-MAR-2002
~20-FEB-2002
~05-FEB-2002
~14-AUG-2001
~26-1UL-2001
~14-JUL-2001
~23-MAR-2001
~03-MAR-2001
~24-FEB-2001
—05-FEB-2001
~18-1AN-2001
~03-1AN-2001

124

10

b b 4

saypum] e

2-

o

Date



d) Nyomfoza
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Figure 23.Scores for individual males for Tail Twitches dygrithe study, showing: a)
Induna, b) Ndonda, c) Izipho, d) Nyomfoza and epalia. Colour-coded vertical lines
indicate key husbandry events within Monarto ZowlaigPark. Tan represents the
point when males and females were moved to be tiaegmrately; green represents
the Artificial Insemination procedure; pink represe mating within the facility and
blue represents births within the facility. Thetddtred line indicates the end of 2002
and the beginning of 2004 with the intervening pernot represented. Umballa was

only observed during 2001, therefore his graph adpicts that year.

It is evident from Figure 23 that there is a coasithle amount of variation in
the expression of Tail Twitches between individuader the observation period. Tall

Twitching was observed throughout the study foulma and Izipho, but with generally
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higher levels of expression in the first part af gtudy. Ndonda and Nyomfoza initially

had a high rate of Tail Twitches but expressiothaf behaviour lessened in the second

half of the study. Umballa also had a high level'ail Twitches, increasing towards the

end of 2001.

a) Induna

~23-N0V-2004
~05-NOV-2004
~27-0CT-200&
~15-0CT-200&
~30-5EP-2004

~15-5EP-2004

~30-MAY-2004
~20-MAY-2004
~10-MAY-2004
~30-APR-200&
~20-APR-200&

»u 10-AFR-2004

~15-DEC-2002
~27-N0V-2002
~13-NOV-2002
~23-0CT-2002
~30-JUL-2002
r1&-JUL-2002
~27-UN-2002
~03-JUN-2002
~24-MAR-2002
r0B-MAR-2002
~13-FEB-2002
~03-FEB-2002

14-AUG-2001
26-JUL-2001
14-JuL-2001
25-MAR-2001
[-03-MAR-2001
[-24-FEB-2001
-0 5-FEB-2001
I-18-JAN-2001
[-03-JAN-2001

b b

Sujwooun

2+

o

b) Ndonda

F21-NOV-2004
FoE-NOV-2004
F21-0CT-2004
os-ocT-2004
13-5EP-2004
-D25EP-2004
F1aMAY-2004
Fo2-MaY-2004
18-APR-2004
FD4-APR-2004
03-DEC-2002
F15-NOv-2002
28-0CT-2002
F11-0cT-2002
F18-1UL-2002
F30-1UN-2002
12-1UN-2002
23-MAR-2002
F11-MAR-2002
21-FEB-2002
DE-FEB-2002

—

~15-AUG-2001
~30-JuL-2001
~15-1UL-2001
~30-MAR-2001
~13-MAR-2001
~25-FEB-2001
~07-FEB-2001
~21-1AN-2001
~05-JAN-2001

T
=
—

T
™
—

T
o
—

b b

Sujwooun

T
=

T
™

T
=

Date

c) lzipho
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Figure 24.Scores for individual males for Grooming during teieidy, showing: a)
Induna, b) Ndonda, c) Izipho, d) Nyomfoza and epalia. Colour-coded vertical lines
indicate key husbandry events within Monarto ZowlaigPark. Tan represents the
point when males and females were moved to be ti@aegmrately; green represents
the Artificial Insemination procedure; pink represe mating within the facility and
blue represents births within the facility. Thetddtred line indicates the end of 2002
and the beginning of 2004 with the intervening pernot represented. Umballa was

only observed during 2001, therefore his graph adpicts that year.

Finally, Figure 24 illustrates differences obseniadthe rates of Grooming
between males. Higher levels of Grooming were aoteskfor Induna and Izipho in the
first part of the study than in the latter partgdite different pattern was observed for
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Nyomfoza, as no Grooming occurred at all during canstderable part of 2002.
Grooming was very low and episodic in the second pathe study. Ndonda had
relatively consistent Grooming which reduced in £20@nd Umballa displayed a
moderate amount of Grooming during 2001.

It can be seen from all four graphs that a numifebehavioural changes
coincided with husbandry events. Initially it wagdent that there was an increase in
Fighting during 2004. This increase in Fightingnmded with increased introductions
to the females and frequent reproductive activiityhiv the facility.

Similar changes were observed for Spraying fgohaiduring 2004. Where he
had previously shown minimal Spraying behaviour,Apyil 2004 this behaviour had
increased considerably. Then with a birth in thalifst, his Spraying increased further.
This change contrasts to Induna’s Spraying behavidhile Induna was seen to spray
frequently throughout the study, his behaviour ¢jeahat the time of the artificial
insemination/Umballa’s removal. At this point inetrstudy, the frequency of his
Spraying doubled and remained high throughout 200&eased Spraying was also
recorded for Umballa at the time the sexes werarsdgd.

Tail Twitches patterns varied amongst the malelsilé\this behaviour remained
stable for Induna over the study, there was a pmoed fluctuation at the beginning of
2002 for Ndonda and Nyomfoza, with both males shgwan increase in this
behaviour. This increase in Tail Twitches was feotal by a steady reduction that was
observed for Ndonda, 1zipho and Nyomfoza during-2002.

There were changes in Grooming for all males, w&ifbronounced reduction in
Grooming for all males over the study. Interesynghis behaviour also changed when
the sexes were separated. Izipho displayed anasersn Grooming, whereas Ndonda
and Umballa showed a reduction in Grooming. By 2004en there was frequent

reproductive activity in the facility, Grooming wasensiderably reduced.

Relationships Between Male Cheetahs

Relationships between pairs of males were invesiibdy analysing Fighting and
Grooming. Pairs were observed to determine thddenfeacceptance between males, by
examining if there were higher levels of GroomirrgFaghting between related versus
unrelated pairs.

Table 11 shows consistently high correlations fothbFighting and Grooming

for the majority of male pairs. This suggests tpatterns of both Fighting and
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Grooming are not constrained to just individuakrgabut have implications throughout

the males as a group. The only exceptions to tkei®whe pairing of Induna/Nyomfoza
and Ndonda/Nyomfoza for Fighting and Ndonda/lzifdroGrooming.

Table 11.Correlations between pairs of males for FightingdaGrooming (values

above the diagonal give correlations between p#orsFighting, and values below the

diagonal give correlations between pairs for Grong)i

Induna/ Induna/ Induna/ Ndonda/ Ndonda/ Izipho/

Ndonda lIzipho Nyomfoza Izipho Nyomfoza Nyomfoza
Induna/ -- r=0.514 r=0.143 r=0.705 r=0.530 r=0.415
Ndonda p<0.001 p=0062 p<0001 p<0.001 p<0.001
Induna/ r=0.606 - r=0.242 r=0.583 r=0.308 r=0.368
Izipho p < 0.001 p =.001 p<0.001 p<0001 p<0.001
Induna/ r=0412 r=0531 -- r=0.228 r=-0.007  r=0.650
Nyomfoza |P < 0.001 p<0.001 p=0.003 p=0931 p<0.001
Ndonda/ r=0.364 r=0426 r=0.114 - r = 0.494 r=0.425
Izipho p<0.001 p<0.001 p=0.136 p<0.001 p<0.001
Ndonda/ r=0406 r=0.316 r=0.238 r=0.207 - r=0.255
Nyomfoza |P < 0.001 p<0.001 p=0.002 p=0.007 p < 0.001
Izipho/ r=0.323 r=0307 r=0.271 r=0.301 r=0.495 --
Nyomfoza |P <0001 p<0001 p<0001  p<0.001  p<0.001

Fighting

Fighting between pairs of males was examined terdehe if there were particular

pairs of cheetahs that showed higher levels ofesggon towards one another. Analysis

of pairs was performed to determine if there waseater tolerance between related or

unrelated males. Again, a key to the behaviourantss within the facility was

developed. As there are data included from 2008itiadal bars have been added for

events within this year. Continuous investigaticaswsed, observing the cheetah for 2-

8 hours per week during the breaks from the intendata collection occurring in 2-3

month blocks. In order for the data to be comparaidhaviours have been converted to

scores based on a percentage of hours that cheetab®bserved.
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d) Ndonda/lzipho
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Figure 25.Adjusted scores for Fighting observed for pairsnudles over the study.
Colour-coded vertical lines indicate key husbandwments within Monarto Zoological
Park. Tan represents the point when males and fesnalere moved to be housed
separately; green represents the Artificial Inseation procedure; pink represents
mating within the facility; blue represents birthsgithin the facility and purple

represents when cubs were released into an adgiyand to the males.

Figure 25 illustrates Fighting for all of the paoEmale cheetah observed over
the study period, with Fighting scores adjustedaimount of observation time. It can be
seen that Fighting varies considerably betweendifierent pairs, with high levels of
Fighting observed between Induna/Ndonda, Indurgitziand Ndonda/lzipho. This
high level of Fighting is between unrelated malad aontrasts with lower levels of
Fighting between Izipho, Nyomfoza and Umballa, tine of brothers housed at
Monarto Zoological Park. Interestingly, in the 6Bburs of observations of these
particular males, Izipho and Nyomfoza were observaghting 10 times, Izipho and
Umballa were observed Fighting three times and Ulalzand Nyomfoza were never
seen Fighting. This can be contrasted to the uectlaales, where in over 1794 hours
of observation there were 122 fights between Indamé Ndonda, 200 fights between
Induna and Izipho and 45 fights between Ndondalziptio.

It was apparent that Induna was involved in theoniij of Fighting observed
within this group of cheetahs. Figure 25 a-c presdfighting scores, adjusted for
amount of observation time, for Induna with theestmales. There are frequent spikes
in this Fighting behaviour that appeared to comespwith husbandry and breeding
events within the facility. There was a distinatrease in Fighting evident at the time of
matings, firstly on the "7 of February 2003 and then again on th& b1 June 2004.
Smaller peaks in Fighting were observed when culre Wworn and when the cubs were
released into the adjoining exhibit. These incream®e evident for both the pairs of
Induna/Ndonda and Induna/lzipho. At the beginnirgtle study, the majority of
Induna’s Fighting was with Ndonda. However this maged from mid-2002, when he
began Fighting with 1zipho. While initially only ¥efights were observed between this
pair, (Figure 25b) there was a considerable iner@agighting from mid-2002. Further
increases in Fighting were observed in mid-200&pgtroximately the time of the first
birth within the facility, and continued to increathroughout 2004. In November 2004,
Izipho mated for the first time.
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Grooming

Grooming can be a key indicator of acceptance batweales as seen in studies of wild

cheetahs (Caro 1994). Grooming between pairs aésnaas also analysed to determine

which cheetahs were the most tolerant of otherstamdentify any differences between

related and unrelated males in Grooming.
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c¢) Induna/Nyomfoza
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d) Induna/lzipho
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e) Ndonda/Nyomfoza
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Figure 26.Adjusted scores for Grooming observed for pairgnades over the study.
Colour-coded vertical lines indicate key husbandwments within Monarto Zoological
Park. Tan represents the point when males and fesnalere moved to be housed
separately; green represents the Artificial Inseamtion procedure; pink represents
mating within the facility; blue represents birthsgithin the facility and purple

represents when cubs were released into an adgiyand to the males.

High levels of Grooming were observed for manygai male cheetahs. Figure
26 illustrates the complex relationships that webserved within cheetahs in this
behaviour. All pairs of males displayed some ineohent in mutual Grooming, but the
rates in which males were groomed varied widelyffeb@énces occurred between
different pairs of males and the rate of Groomitgp a&hanged over time. Scores for
Grooming were adjusted for the amount of obsemdiime.

Again, as was seen for Fighting, significant inse=sain Grooming coincided
with a number of husbandry events within the fagilit should be noted that there was
an increase in Grooming for pairs at the time #ees were separated, with a spike for
all pairs. Further spikes in behaviour appearedadiaocide with the birth and matings
within the facility.

There were considerable differences in the Groometggionships depending on
individuals. Figure 26 a-c displays the Groomingoiring Induna. Grooming remains
relatively steady over the study period, and Indsria relatively equal Grooming bouts

with Ndonda and Izipho.
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Induna’s consistency is in stark contrast to thed@ring relationships involving
Nyomfoza where there was a considerable declin&rnooming behaviour over the
study (Figure 26 c, e and f). By 2004 Nyomfoza wisisially excluded from all mutual
Grooming sessions. It can be seen that even hibdsrtzipho was excluding him from
Grooming in the latter part of the study (Figuref6Where Grooming was seen at a
relatively high rate in 2001, by the end of 2004ohyoza had been excluded from
Grooming altogether. While for many of the unredateairs, Grooming remained
consistent, there was a marked reduction in the ohtGrooming between the brothers

over the study.

Lying Together
Relationships between pairs and trios of maled_fang together were then analysed.
Combinations were examined to establish the levedeceptance between males and to
determine any differences between related and atecklmales. Not all pairs or trios
were analysed as some combinations were eitheolvsdrved or only observed very
infrequently.

Again, as with Grooming, the relationships betwgmirs of males Lying
together was highly complex. However, there weraesw@ery distinct trends within the

data. Figure 27 depicts the relationships betwealesrfor Lying over the study.
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b) Induna/lzipho
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c¢) Induna/Nyomfoza
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d) Ndonda/lzipho
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Figure 27 Adjusted scores for Lying observed for pairs ofemalver the study. Colour-
coded vertical lines indicate key husbandry evewitain Monarto Zoological Park.
Tan represents the point when males and females meved to be housed separately;
green represents the Artificial Insemination prozes pink represents mating within
the facility; blue represents births within the ifdg and purple represents when cubs

were released into an adjoining yard to the males.

Lying together illustrates the complexity of treationships within the group of
male cheetahs. There were strong increases andadesrin Lying over the study for
the different pairs of cheetahs. This was quitéedeiht from the other behaviours with
Lying displaying long term gradual trends rathearthspiked variation (Figure 27).
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There are also considerable differences betweeresdor different pairs of cheetahs,
with some pairs displaying high scores for Lyingdamther pairs rarely observed
together. The relationships were explored furtBeamining individual pairs and trios.

Figure 27a depicts the relationship between Indama Ndonda on the
behaviour of Lying. The frequency of this behavigrelatively high over the study
with occasional dips, particularly at the beginnofd2002 and again towards the end of
2003 start of 2004. These results contrast withddda for Lying between Induna and
Izipho. Figure 27b shows the change in this behavior the pair of males over the
study with no instances of Lying until July 200Tof early 2002 there is a steady
increase in Induna and lIzipho Lying together, vaitheak in August 2004.

Again Figure 27d indicates a steady rise in LyiagNdonda and Izipho. While
this increase is not as pronounced as that sedndana and Izipho, they appeared to
spend more time Lying from mid-2002 through to ¢imel of 2004.This relationship was
explored further by examining these males as a figure 28 illustrates the scores for
the males Induna, Ndonda and Izipho when Lying @®aThe same trend is evident as
in the pairs. The occurrence of Lying behaviour wasimal until July 2001, when
there was a sudden increase. The behaviour thadilgtencreased from mid-2002 until

a peak during late July/August 2004.
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Figure 28.Adjusted scores for Lying observed for betweenrnadiNdonda and Izipho
over the study. Colour-coded vertical lines indecdtey husbandry events within
Monarto Zoological Park. Tan represents the poirtiew males and females were
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moved to be housed separately; green representarttiial Insemination procedure;
pink represents mating within the facility; blugoresents births within the facility and

purple represents when cubs were released intadgmrang yard to the males.

Finally, Figure 27f illustrates the relationshipr foying between Izipho and
Nyomfoza. It can be seen to show a very differeed than what was seen for the
other pairs of males. Initially, the behaviour vdsserved frequently, but the instances
of Lying reduced dramatically over the study. Bg theginning of 2002 the scores were
halved, and continued to decrease until the fipseovation day on the'bf September

2003 where Izipho and Nyomfoza were not recordddytdogether.

Discussion

While male cheetahs have been studied extensimelyel wild (Caro 1989, 1994, Caro
& Collins 1987a&b, Durant 2000 and Duragttal. 2007) there has been little research
on their behaviour in captivity (Caro 1993 and Reiz al. 1998). Studies on the
behaviour of captive cheetahs have focussed offiethale, examining receptivity and
reproductive behaviours (Wielebnowski 1996, 1999well as hormonal assays and
reproductive biology (As@t al. 1992, Wildtet al. 1993 and Brown & Wielebnowski
1998). Research on male cheetahs in the wild stgygasying levels of sociality, with a
high proportion of males living together in coalits (Caro & Collins 1986, Caro 1994
and Gottelliet al.2007). This sociality appears to play an importaig in their welfare
and survival, with group living males being ratedheealthier and having much greater
chance of holding territories and gaining accestemeales than single living males or
‘floaters’ (Caro & Collins 1987a). The factors bethigroup living in male cheetahs are
still not fully understood, with multiple reasonerfsociality being proposed (Caro
1994). Even less is known about how these factoesate in captive environments. The
current study aimed to identify and record the beha of captive male cheetahs and
determine if they formed coalitions like their wilbunterparts. Observation of the
general behaviour of captive males provides infélmnaon the dynamics of group
living, including the formation of hierarchies arlde reasons for the inclusion or

exclusion of particular males.
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Principal Component Analysis and Correlated Behavio

In my initial analyses of the male cheetahs’ bebiawil found high levels of variability
in the frequencies of behaviours with fluctuatice®n over short periods of time, such
as weeks, as well as over longer periods of tipanising years. The frequency and rate
of behaviours fluctuated differently for differenhdividuals. |1 used Principal
Component Analysis (PCA) to examine the frequenares relationships of behaviours
and uncovered some interesting patterns.

Firstly, it was observed that principal componeantsnpositions were very
different between males. There were some simiggrith the behavioural composition of
PC 1, but the remaining three principal componamalyses showed that there were
complex differences between the behaviours loadingeach separate component.
There were also differences between positive arghtne relationships within the
components.

Fighting was consistently observed positively lagdon to PC 1, suggesting
that there may be a common driver behind theseviomira associated with aggression.
However, all other behaviours in this componentyaetween the males, suggesting
that if there is a common driver, all males havéedent ways of responding to PC 1.
Principal component 1 explained varying levels oélenbehaviour, with 10% of
variation explained for Induna through to 17.9% wafriation explained for Izipho.
Behaviours loading on to this component varied agnorales, as did the trend of
behaviour. Induna and Izipho showed increases iaeur over the sampling periods
in 2004, Ndonda'’s results were stable over thesyednere as Nyomfoza'’s results show
greater variation within the individual behaviolwaded on to PC1.

| observed considerable variation within the revmgj principal components.
The results from PC 2, 3 and 4 for males indicateatked differences between all
individuals, with variables failing to correlateh@re was a considerably higher level of
structuring to the three brothers’ behaviours, veitinificant loadings on a number of
variables and positive and negative relationshipseoved within each principal
component.

Each male displayed a considerable difference eir tiehavioural loadings for
components two to four. Those differences are abftected in the cumulative
percentages of variation explained by the princgmahponents, ranging from 34% for
Induna to 45.4% for Nyomfoza. The principal compuseanalysis defined Nyomfoza

as a somewhat unique male among the group, showeng different behaviours
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loading on to all of his components and very ddfdrpatterns in the dispersal of scores

in those components.

Relationships Between Male Cheetahs: Coalition Rdion

| observed many relationships within the groupiwé imale cheetahs housed at Monarto
Zoological Park. Initially, due to zoo practicese tunrelated males Induna and Ndonda
were paired together and the three brothers weusdub together. The relationship
between these two males was relatively stabighile they are not related, they had
been housed together for the longest period, bé&dggther since their arrival at
Monarto Zoological Park in 1999. At the beginningdaly 2001, all five males were
housed together and all females were removed. Tlwasa considerable rise in the
majority of behaviours at this time. After an ialtiperiod of settling, behaviours
returned to levels previously observed.

The males developed into a loose form of coalitigdi five males were
observed frequently Lying together, but there apgub#o be some division in the group
with Induna and Ndonda often forming a pair withthe three brothers. As a pair and
as a trio, members of these two groups were obddos/groom other members within
the group frequently. Yet there were only infrequehservations of Grooming seen
between individuals between these two groups.

Each male displayed varying levels of territory kiag. As Induna displayed
the most Spraying and territorial behaviour, ands whe predominant individual
involved in fights among males, he was consideneddominant male within this newly
formed coalition. Ndonda and Umballa also displayeldvated levels of these
behaviours, while Izipho and Nyomfoza failed to wherritory marking or aggressive
behaviour. Increased Grooming was observed betwwethers compared to the
unrelated males.

At the end of 2001, this coalition of males wascfured when Umballa was sent
to New Zealand. This action appeared to cause @euof behavioural changes within
all of the males in the group. Induna showed changéehis Spraying behaviour, and
increased levels of Spraying and Grooming were rolesein Ndonda. By mid-way
through 2002 changes were also evident with Izipli@haviour. While previously he
was not noted to spray or fight, these behavioteadsly increased over the study.
Increased Grooming and Lying together was alsodhfate Izipho. Concurrent to these

changes, variations were also noted for Nyomfomgtadually became excluded from
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the remaining males, with instances of Lying aneédamning ceasing altogether. The
behaviours of Fighting, Grooming and Lying are di&sed further.

| also examined key events within the facility assqble drivers of male
behaviour There were a number of changes with fenchkeetahs held at Monarto
Zoological Park that appeared to correspond to gdmrnn male behaviour. Male
behavioural changes were particularly related téingaand births within the facility,
but there were also changes that correspondedoitir husbandry events.

Fluctuations in male behaviour were observed whatesnand females were
initially separated. This was expected, as maléstinair first opportunity to establish in
an all-male group with associated changes in behesi Males displayed considerably
more Spraying and Grooming behaviour at this tiBgkes in the overall behavioural
patterns were observed, with males appearing ® tiake to adjust to living in an all-
male group. These fluctuations in behaviour settlgoroximately 2-3 months after the
initial peak in activity.

Male behaviour also changed substantially when ahéicial insemination
procedure was performed. This procedure also abéadcwith the removal of Umballa
from the facility. Changes in behaviour were obwgialuring early 2002. As seen by
Earley and Dugatkin (2006) with their work on swisd, dominance orders can
emerge after long static periods. The males haccapd to be settled in their
behaviour. However, by sending Umballa out of thality, the social order seemingly
became unstable and was followed by a period afjusament. At this time there was
increased Spraying and Tail Twitches and the petef male behaviour appeared to
change considerably.

Further changes were observed when females weredniovand out of the
facility including when Bopha was sent to Victorand when Zilkaat was introduced
for two month periods at the end of 2001 and 2G0Zctuations in behaviour were also
observed when the females were isolated from e#utr @uring the male receptivity
experiments (see Chapter 6). Through a number ¢é-female introductions, mating
and births occurred with indications of impactsneale behaviours. These were further
emphasised by a change in behaviour that was litdckéle release of a litter of cubs
into the yard adjoining the main enclosure.
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Key Behaviours

Males were assessed based on the relationshipséhéyvithin pairs and trios
within the facility. Relationships between IndumaddNdonda remained relatively stable
over the study. However, there was a distinct changdzipho’s behaviour during mid-
2002 when he was observed Fighting for the firsteti Fighting increased through to
2004. The sudden onset of Fighting for 1zipho mayenbeen caused by an interest in
courtship and mating. Through the male receptiekgeriments run concurrently to this
study, (see Chapter 6), Izipho was given accesedeptive female cheetahs. It is
particularly noteworthy that peaks in Fighting witlaipho coincided with key
husbandry events, including both mating and births.

Peaks of behaviour at these times also occurrednthrna and Ndonda. The
trend of this behaviour appears to fluctuate fredgyewith changes happening rapidly.
Spikes in Fighting behaviour coincided with evengtating to the females, with
increases seen particularly at times of matinghkand also when cubs were released
into their exhibit.

Grooming was relatively common among males untd ioilate 2002. By 2004
the behaviour had almost ceased. Grooming had t&atively high between Izipho
and Nyomfoza during 2001. However, from mid-2002saf Grooming between these
two males dropped considerably. By 2004 Nyomfoza wacluded from almost all
Grooming activities.

As seen for Fighting, Grooming behaviour appearspikes with the frequency
of behaviour fluctuating very quickly at times chgithe study. Peaks occurred when
males were separated from females, when Umballaevasved from the group and at
times of mating and birth. There were variationtnMeen pairs, with different pairs
seeming to respond to different events.

The behaviour Lying was the most distinct and wakka any of the other
behaviour patterns. Observations for this behavabianged slowly over the study, and
did not spike like the other behaviours. There waasoverall reduction of Lying
behaviour at the beginning of 2002. While high frexcies were initially recorded
between lIzipho and Nyomfoza, this changed overstbdy. The change in trend can
possibly be attributed to the breaking up of théentaalition when Umballa was sent
out of the facility. Changes to a hierarchy aftéorag static period can cause a number
of behavioural fluctuations (Ensminger & Crowley0Z). This change could possibly

be the contributing factor for the substantial d@observed in the males’ behaviour.
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Nyomfoza: Declining Health and Change of Status
While many similar patterns of behaviour were obsdrfor the males, Nyomfoza’s
behaviour was the most distinct. Nyomfoza had reggeéur ball problems, causing
gastric distress prior to the study and early du@001. These problems would result in
him being kept in the night-yard on occasion fotevimary treatment. He was also
injured during early 2002. This injury kept him tine night-yard for a week. Due to
Nyomfoza showing signs of severe distress on beiih@lone, he was not isolated from
all the males. His brother 1zipho was removed fribim other males and was kept with
him for company.

During late 2002 it was apparent that Nyomfoza weisig excluded from the
coalition to effectively become a ‘floater’ as deked by Caro and Collins (1987a) and
Caro (1994). Unlike Caro, who could not be sure tiweill health or ‘floating’ came
first, for Nyomfoza the sequence of events wasrele&le was initially a member of the
coalition, albeit a subordinate one, but as hidthedeclined over the study he was
slowly excluded from the group. By 2003 he was edetl from most social activity,
including behaviours such as Lying and Grooming. B4 Nyomfoza chose to
remove himself from the other males, electing tagiay from them when in the main

enclosure.

Trio of Males

While Induna, Ndonda and Izipho were all unrelatidy formed a close bond. By
2004 this coalition had fully developed and thegrgpa considerable amount of time
Lying and Grooming. This relationship was very eliéint to the relationship observed
between the brothers Izipho and Nyomfoza. Initialiile the third brother Umballa
was at MZP, they spent a substantial amount of together. However, after Umballa
was sent to New Zealand, the relationship betwegrhd and Nyomfoza began to
deteriorate. Further illness in Nyomfoza appeacetreak the bonds between the two
completely. Izipho moved away from Nyomfoza, chagsto spend his time with
Induna and Ndonda. While Induna, Ndonda and Iziweoe past the age Caro (1994)
believed is suitable for coalition formation, thegpeared to bond with each other. By
2004, Grooming between the males was observedhavimair Caro (1994) reported as
an indicator of acceptance of a new member.

There are a number of possible reasons why Izghluse to bond with Induna

and Ndonda rather than his brother. Firstly, witlargyes to the group (when Umballa
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was removed) there was a period of re-adjustment r@rordering of the males.
Secondly, Induna and Ndonda were a stronger chafiedlies than his sickly brother
Nyomfoza, hence he may have chosen to align hims#ifthe stronger males. Thirdly
it is possible that Nyomfoza was electing to rembireself due to his declining health,
leaving Izipho the choice of remaining solitary a@roosing to spend time with the
remaining males. One further possible explanatoriife changes in 1zipho's behaviour
throughout 2002 concerns the male receptivitydrigee Chapter 6). Izipho began to
display an interest in females throughout the rixegyptrials. At this time the levels of
Fighting and Lying with males also increased. Inipthanged his social bonds to
Induna and Ndonda instead of his brother Nyomfazach resulted in Nyomfoza being
ostracised from the coalition. The change in Iziplo@haviour and his social groupings
may have all been triggered by movement of Umbaila of the facility. Umballa’s
removal changed the group dynamics.

Overall, there was a considerable change in thebetr of this group of
cheetahs from mid-2002. As will be explored furtireicChapter 6, this also coincided

with 1zipho’s increased interest in females.

Conclusions
Over the study period males showed a higher ande momplex patterning in their
behaviour compared to females. All males displayadying behavioural trends,
suggesting that if there was a similar driver thdaours, males responded differently
to that driver. Some similarities were noted fog tirothers, but Nyomfoza was unique
among the males and displayed a very different\debeal pattern. Males appeared to
form coalitions which changed during the study @eriinduna and Ndonda spent the
longest time together without interruption andialiy formed a pair. The increased
levels of spraying and aggression displayed by hadsuggested he was the dominant
male in the pair. This dominance was later refi@etehis breeding status. Izipho then
formed a group with Induna and Ndonda and thisensn a steady increase in Lying
behaviour for this trio.

The dynamics of the male group changed over thaystizipho in particular
changed his alliance during the study, which apxk#o coincide with the removal of
Umballa. Izipho could either remain with his bratidyomfoza or bond with the
dominant male Induna, already paired with Ndondghio’s alliance shifted to Induna
and Ndonda and hence Nyomfoza became a ‘floalkgybmfoza’s multiple health

issues may have played a significant role in thenge.
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Many patterns of male behaviour appeared to bdecklto key events in the
facility such as husbandry changes and mating. Beheal trends showed great
variability over the study. Behaviours either ocedras sharp spikes, with behaviour
frequencies changing rapidly, or as long, slowdsgwith frequencies of observations
changing over months or years.

Behaviours such as Fighting and Grooming occurgedpgkes. Frequencies of
these behaviours changed rapidly, and peaks ire thefaviours corresponded to
mating and births in the facility. The behaviourlgfing was very different to other
behaviours with increasing/decreasing trends slalignging over time. Lying is very
different as it becomes stable over time, whilehkigg and Grooming were highly
variable. Overall, it was apparent that males wdnddseen Lying with each other much
sooner than they would groom each other. The saswdtiwas reported by Caro (1994)
in his wild studies. Fighting occurred regularlydabhwas apparent that the males were
still sorting out the hierarchy. Fighting and Graongiincreased for the trio towards the
end of the study, suggesting that the males wevegaaising their group. Fighting
between Induna and Izipho began in mid-2002 andeased through 2003-2004.
Interestingly this increase in Fighting led up topho mating in November 2004.
Aggression-related behavioural variation in males not females, is not surprising
given that males live in coalitions where we wowdpect to see dominance
relationships that may influence mating.

Until the current study, we had little understamdiof how male cheetahs
socialise in captivity, extrapolating informationofn various wild studies (Caro &
Collins 1986, 1987a and Caro 1989, 1994). Thisystudcaptive male cheetahs shows
that not only do coalitions of males form in cajiivbut that the relationships within
these coalitions vary. Mature unrelated males, frestage of 20 months, were seen to
not only to accept the presence of each otherpweun¢é seen Lying and Grooming one
another. The ages of these males were consideslddy than those previously reported
from studies on wild males (Caro 1994), suggesthmg older males can be safely
introduced to form coalitions in captivity. Maleske also seen to vary in their social
status in captivity, with the majority of males fang a coalition yet one male
becoming a ‘floater’. Considerably different belmwial patterns were observed for this
male, who over the study chose areas of seclusioemove himself from other males.
While initially a member of the coalition, repeatdidesses and injury resulted in his

exclusion from grooming activities and therefor@asion resulted.
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Management and husbandry practices can have a mggact on the behaviour
of captive cheetahs. Housing decisions can draaiptiaffect the social dynamics and
behaviour of male cheetahs. The current study shitwat while aggression-related
behaviour was common and coalitions were dynarhis,kind of behaviour is natural,
given the existence of coalitions in the wild. Hasbry practices may need to allow
aggressive behaviour and the formation of coaltiaa these seem to be elements that
are observed in wild cheetahs. Allowing captiveaethhs to act upon the same social
instincts as wild cheetahs appears to be benefaria may even play a role in

enhancing breeding in captivity.
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