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| ntroduction

Throughout recorded history, the cheetakifonyx jubatushas been one of the few
exotic animals that has had a long standing agsaciaith people (Hunter & Hamman
2003). Records have placed them as companion anasdiar back as ancient Sumeria
and Egypt, approximately 3000 BC (Marker 2000 antklset al. 2001). Furthermore,
documentation exists of cheetahs being kept irbleta by Maharajahs for hunting
purposes (Divyabhanusinh 2002). In recent timesctieetah has been officially kept in
zoological parks and captive facilities since 18R@wlins 1972). However, in spite of
this long captive history the cheetah has had aareably poor breeding success rate
(Marker & Grisham 1993 and Bircher & Noble 1997heTfirst successful breeding in
modern times was reported in 1956 (Rawlins 197&)jtbwas not until 1970 that a litter
of cubs was reared successfully. Since that tineeding has been sporadic, with few
facilities reporting repeated success (Marker-Ki&usrisham 1993 and McKay 2003).

Ex situpopulations of cheetahs have come under a coasigeamount of study
from the 1960s to the early 1990s (Eaton 1974, ¥éilchl. 1983, Caro & Collins 1986,
Caro 1989, Caret al. 1989, Laurensoat al 1992 and Caro 1994). Extreme differences
in the breeding success of wild and captive chedbtale been noted, with Caro (1994)
and Laurensort al. (1992) reporting a breeding success rate of 95%wilal females
and Marker and colleagues (Marker-Kraus 1997, Mag@0, 2002 and Marker &
Linn 2009) reporting a breeding success rate ofragmately 4% for females in
captivity during the 1990s and 2000s.

Intensive physiological and genetic studies havenbeerformed on wild
cheetahs throughout the 1980s and 1990s (O’Brieal. 1983, 1986 and Wildét al
1993). In 1988 a study of the cheetah by the Speirvival Plan (SSP) was developed
in order to perform an extensive examination on Nwoeth American population of
captive cheetah (Wildt & Grisham 1993). The workieé SSP was performed between
January 1990 and June 1991 (Grisha@97) and covered many areas of inquiry.
Studies indicated that while there were a numbear@malies within the cheetah’s
reproductive system, these physiological probleraeewot preventing breeding (Wildt
et al. 1993). For female cheetahs, no obvious evidencpitaitary dysfunction was
found and the reproductive tracts were anatomicalynd (Howarckt al. 1993). While
approximately 50% of females had parovarian cyiiis, did not appear to have an

impact on the cheetah's ability to breed. In fatthe 14 proven breeders examined in
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the study, 13 had parovarian cysts. Hence, tharesers concluded that the cysts were
not likely to be playing a key role in the cheetahability to reproduce. Furthermore,
Donoghue and colleagues (1992) found that thereapd to be little to no structural
evidence of oocyte dysfunction, unlike the strugtand functional problems observed
with cheetah sperm (Wildét al. 1993). The studies from the SSP illustrated the
similarities of the captive cheetah populationtte tlata recorded for the wild cheetah
population (Laurenson 1993 and Caro 1993). Thesslasities provided evidence
which supports the argument that behaviour, reprigl physiology and management
are important to improving breeding in captive d¢hbs.

In the last two decades the focus on cheetah bhgduas diverged into two
major streams of inquiry: assisted reproductiomnegues (Wildtet al. 1993, Howard
et al. 1992, 1997 and Wildt & Roth 1997) and behaviourareiing captive
management techniques, environmental factors anthoti® to improve breeding
success (Caro 1993, Wilet al. 1993, Brownet al. 1996, Brown & Wielebnowski
1998, Wielebnowski 1998, Wielebnowski & Brown 1988;Kay 2003 and Teriet al.
2003 and 2004).

Assisted reproduction techniques for the cheetale hexamined the use of
artificial insemination and hormone therapy formstlating ovulation and female
receptivity (Wildtet al. 1981, 1993, Wildt & Roth 1997, Howadd al. 1992, 1997 and
Brown et al. 1996).Wildt et al. (1993) found in their extensive study of 68 fersaleat
more than 50% of the surveyed females were reptivélie inactive at the time of
examination. Their study (based on laproscopic éxamons and single assay of
ovarian steroids) tentatively concluded that thendke cheetah was primarily a
stimulated ovulator. Wildt and his colleagues dégart that some females would have
occasional non-stimulated ovulation periods. Thétglof the cheetah to spontaneously
ovulate was also found by Asa al. (1992). Wildt and colleagues (1993) also reported
that the female cheetah displayed periods of armestThis finding is different from
most other species of large cats, with lidtenthera leo(Schmidtet al. 1979), tigers
Panthera tigris(Sealet al. 1985) and leopardBanthera pardugSchmidtet al 1988)
all having a regular defined oestrous cycle, rap@iom 20-30 days.

Due to these findings Wildt and his colleagues @9%und that the cheetah
was an ideal candidate for assisted reproductiohniques and that these procedures
were valuable in order to utilise animals that vdonbt otherwise have the opportunity
to breed. One of their main concerns with cheet&edng, was that while there had
been an increase in breeding success in recers (iMarker-Kraus & Grisham 1993),
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the actual number of breeding individuals was reducin particular, facilities were
only holding one breeding male with the other maé&msaining idle and not passing on
their genetic material (Wildtet al1993). Assisted reproduction would allow for
collection of non-utilised male and female gametesnable an increased genetic bank
of information that could be used in the futureisTtvould provide more options to
conservation managers.

Management techniques have also been explored irat@mpt to solve
reproductive problems with the cheetah, as welnasy other species (e.g. Allendorf
1993, McCormick 2003 and Mitchell & Chasmer 2008judies on management and
behaviour in captivity are important, not only tetekrmine breeding techniques, but also
to create optimal housing conditions, feeding sakesdand to provide activities to stave
off boredom (Brand 1980, McKeown 1991 and BircheilN&ble 1997). By creating
natural environments, researchers are able to tikein captive research populations to
wild populations, which could be very useful in erdo learn more about a species.
Wildlife managers and researchers attempt to pm@ducatural repertoire of behaviour
within zoos by providing behavioural enrichmentiaties for animals to break up their
daily routine, such as natural feeding regimes gusiarcass feeds and novel ways of
delivering the daily meal (Augustu al. 2006). By examining individual cheetahs in
captivity, vital information is obtained for managent practices. Wielebnowski (1999)
has described differences in temperament/persgnalindividual cheetah in captivity.
This idea of individual variation among animals lcbbe of great importance to areas
such as captive management (McDougalkl. 2006), as differing techniques may need
to be implemented when handling specific individuah a stressful environment.
McKay (2003) also reported the value in examinindividual ‘personalities’ among
cheetahs and the benefits that were achieved weepeks had close relationships with
the animals, which included increased breedingesscdJnderstanding key behaviours
and providing for specific animals needs is nownses a part of good captive
management.

As a result, zoos traditionally prefer non-invasitechniques for managing
husbandry problems. Unfortunately, this conserest®ss can result in zoos using a
‘wait and see’ approach to breeding. There is a&g#meluctance in zoo communities
to undertake any practice or procedure that magepta perceived undue risk on an
endangered species (Wilet al. 1993). With this in mind, the ability to creatdigent
non-invasive methods of oestrus detection is cltubim captive breeding and
management (Asat al. 1992, Brownet al. 1996, 1997, Wielebnowslt al. 2002 and
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Terio et al. 2003). Hence, understanding the mechanisms foodeptive cycles, the
factors that influence those cycles and the belia@iand physical manifestations that
they take are integral to sustained captive brgedtany environmental factors, such
as seasonality, photoperiods and lunar cycles ffantdhe expression of oestrus (Roy
et al1980, Hansemet al. 1983, Hansen & Hauser 1984, Orihuela 2000 and Detal.
2006) with external time cues, or zeitgebers, plgya vital role for all organisms and
environments (Sharma & Chandrashekaren 2005). Bg@ad housing of species can
also affect biological rhythms, causing oestruspsegsion (Wielebnowslet al2002)
and oestrus synchronisation (Orihuela 2000 ande$ai2001). Captive managers need
to be aware of many factors that can influencerépeoductive cycles of their animals
and in recent times there has been a trend towaadisgical research in conjunction
with behaviour to provide further information.

Reproductive cycles have been investigated usirginah cytology of hand
reared cheetah (Asat al. 1992). While this may be a successful form of rtarmg, it
may not be a valuable technique for facilities tiratintain a ‘hands-off’ approach to
cheetah management. Faecal steroid monitoringcisnbieg more widely used, as itis a
completely non-invasive way to follow the hormoriklctuations of animals. This
technigue has been developed for cheetah and ugiethigh levels of success (Brown
& Wildt 1997, Jurkeet al. 1997, Brownet al. 1996, Tericet al.2002 and Wielebnowski
& Brown 1998). The study by Browet al. (1996) indicated that faecal steroid analysis
is a very useful technique. Unlike the invasiveal@scopic examination of the female
ovaries and single sample blood assays that Wildt (1993) used, faecal steroids can
be collected and compared over long periods of.tifine faecal steroid analysis found
cyclicity in hormones and reported a period of #2-days between cycles, with
additional periods of anoestrus where hormone $efaled to fluctuate and remained
low. Asaet al. (1992) also reported a 12-14 day cycle and supgdhe idea of regular
oestrus cycles in the cheetah.

Wielebnowski and Brown (1998) examined changes@tdl steroids that mark
oestrus in female cheetahs while observing changebehaviour that could be
associated. Females were observed for 5 to 22 wééks study found that there was
not one single behaviour linked to oestrus, instaadumber of behaviours showed
subtle changes within multiple individuals. Untili&&bnowski and Brown's work,
detailed research on captive cheetah's behaviosr waaommon. In the past, only
anecdotal reports were generally published on theding behaviour of cheetahs (e.g.
Florio & Spinelli, 1967, Manton 1970, Vallat 197Rawlins 1972 and Benzon & Smith
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1975). It is only recently that research has beeaderttaken on captive cheetah
behaviour (Brown & Wielebnowski 1998, Ruiz-Miranea al. 1998, Wielebnowski
1999, McKay 2003, Augustuet al.2006 and McDougakt al. 2006)

Further work by Wielebnowsleat al. (2002 and Brown & Wielebnowski 1998)
suggests that social management of the cheetathaveyan impact on their behaviour
and physiology, with evidence for oestrus suppogssbserved when female cheetahs
are housed together in un-natural situations. HeWielebnowski and Brown (1998
and Howardet al. 1992) report that by using faecal analysis to trdeknale
reproductive cycles, an accurate measure of feoederus can be achieved. While the
use of faecal steroids to determine oestrus cyidesertainly accurate (Browet
al.1996), it is not always a practical or cost effeetivay to determine the receptivity of
cheetahs in small zoos and breeding centres, pkantig over extended periods of time
(Wildt et al. 1993). The time taken to collect samples and aeafgsults is valuable
time lost for breeding introductions. Thereforee theed for a behavioural cue is
important in order for management personnel to mastantaneous decisions on

breeding introductions (Wielebnowski & Brown 1998).

Aims

The current study examines whether there is ableliaehavioural cue to oestrus in the
cheetah. Such a cue could be used to aid in theoppgte timing of introductions
between male and female cheetahs, hence remownguiisswork from pairings in a
captive facility.

The primary focus in this study is to perform a goenhensive analysis of
female cheetah behaviour over an extended peridonef Previous studies that have
examined the possibility of behavioural marker@eéstrus have typically covered only
a subset of behaviour. Asat al. (1992) performed a short behavioural study in
conjunction with vaginal cytology. They examinech@eiours such as calling, licking
and spraying, yet did not observe tail movementgel&inowski and Brown (1998)
performed a study of female behaviour in conjunctith their faecal steroid analysis
work. This study covered a wider variety of behavsothan Asa and her colleagues, but
only tail flicks (Tail Twitches in this study, s€hapter 3) were analysed out of all the
tail movements displayed by the female cheetahsdtsudies were also performed
over a relatively short period of time, with chdet@xamined between 1 and 5 months.

Here, | explore whether there may be behaviourakera that coincide with the oestral
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cycle by investigating a wider range of female ¢hbkg behaviour and how these
behaviours change over extended periods of time.

As a further goal, | also aim to explore any negatonsequences for cheetah
housing. As the female cheetah is solitary in tild,Wwexamine if there is an impact of
housing female cheetah in seemingly unnatural kettizations, such as in pairs, trios
or with males. It is known that different animaksges vary in how well suited they are
to captivity and breeding programs, due to themegal temperament and behaviour
(Novak & Suomi 1988, Sabalones 1995, McKay 2003 Mie®ougall et al. 2006). So
therefore the current study also investigates mdy differences in the behavioural
repertoire of female cheetahs, but the differenoetsveen individual animals when

determining cues to oestrus.

M ethods

Animals and facility

The primary study animals were four female capbwen, adult cheetahs (ages ranging
between 3 years 5 months and 5 years 5 montheaifdgst recording). Three of these
animals (Pinda, Lula and Bopha) were parent-reatédoedspruit Endangered Species
Centre (South Africa) and maintained at Monarto ldgwal Park (MZP), South
Australia for the majority of the study. The foufdmale (Zilkaat) was hand raised at
the De Wildt Breeding Centre (South Africa) and miained at Perth Zoo, Western
Australia. The Perth-based female was held on brgeldan at MZP for two short
periods during 2001 and 2002. Bopha was transfestgdof MZP in April 2002 on
breeding loan.

The majority of observations, manipulations andcdatllection were performed
between January 2001 and February 2003, with amtalsshort breaks taken during
this time. Four female cheetahs were observed fdotal of 1032 hours. These
observations were primarily on Pinda and Lula, lesy/twere housed at MZP for the
entire study period. Each of these animals wasrebdefor over 370 one-hour study
periods. Bopha was also housed at MZP for a coreitke period of time, and observed
during 235 one-hour study periods. Zilkaat, the dEmcheetah from Perth Zoo was
studied for 48 study periods within her two sheatys. As Bopha and Zilkaat’'s data sets
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are not as comprehensive as those of Pinda and thdg were not included in all
analyses.

Four social conditions were used during the stithese were social with males
and females (where the sexes were housed toge#rarapently both on and off
exhibit), social with females (where all femalesrevboused together both on and off
exhibit), solitary with minimal male contact (whefemales were kept off exhibit in
individual lock-away and night-yards and were oabje to view males as they moved
on or off exhibit) and solitary, with a 30 minutéservation period of males (where
males were introduced to the females’ lock-awaylydao explore and examine scents
left by the females). Females were further isoldteth each other at the end of 2001
with the construction of visual barriers betweeaitinight-yards. However, the Perth
female Zilkaat was held in a lock-away and nighteylay herself. She was only allowed
contact with other cheetah through chain link fensee Chapter 2 for a description of
the enclosure).

Monarto Zoological Park held five male cheetahsrduthe study period. For
the majority of the study, the sexes only had kaivisual contact with each other,
usually restricted to the time when males were mgvo and from their exhibit (less
than 2 mins at 10:30 h and 16:30 h each day). Qutie study, major male to female
contact occurred within the first 6 months, whenlesaand females were housed
together in various combinations. After this timegle and female contact consisted of
a parading period during parts of the study whleerhales had visual access to the
females for approximately 30 minutes each mornioccyrring between 7:30 h and
10:00 h). This contact occurred primarily througiaio-link fences, allowing full visual
access between the sexes. On these days the rsadsad their usual short period in
the afternoon for visual contact (less than 2 naind6:30 h) when they were brought
off of exhibit. At this time they were not parad@éssed the females, but there
momentary visual contact (less than 2 minutes)caacur as at other times. At all
times males were housed within auditory range effémales. Occasionally, during the
later periods of the study, males were introducetemales for short times (1-3 days).
A full description is given in Chapter 6.

Parallel data were collected for the males at #ggriming of the study and then
at various times during the remainder of the stgslse Chapter 5), to provide a
comparison between the sexes. As one of the priar@as of interest was to determine

if there were any obvious behavioural changes d¢wee that could be attributed to
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oestrus, it was also important to track male behavio identify any behavioural

changes that could not be attributed to sex.

Apparatus/Materials

The husbandry practices and enclosures operatinggdthis study are described in
detail in Chapter 2-General Methods. Equipment uk®dthe observation of the
cheetahs was Realistid7 Minisette — 20 tape recorder and @lympug/ C-740 digital
camera. Charts of lunar cycles and the moon’s lastence for the MZP area during
the study period were obtained from the Bureau of etddrology
(http://'www.bom.gov.au).

Procedure

Collection of Behavioural Data
Initially 1 used focal sampling, with each animaditig observed for seven hours (not
included in the current statistical analysis) tded®ine a general list of behaviours.
Observation times were sampled over the day, im¢hearliest starting at 06:30 h and
the latest finishing at 19:00 h. The method of rdow was continuous (Martin and
Bateson 2000 further details are given in Chapjearl the results of this study are
described in Chapter 3.

Throughout the experiment, behaviours were recordstig a small tape
recorder. Behaviours were spoken into the recoathetr then transcribed as soon as
possible after the session. All recordings weremakom the enclosure fence line (see
Chapter 2), moving to different positions to maimtaisual access to the study animal.
My movement along the fence-line was a normal agetwwe for cheetahs, to the point
where | was almost always ignored. Before dataectbbn for this current study, I
performed an additional four hours of observationsboth Bopha and Lula from a
distance of 100 metres using binoculars. Non-siegiscomparisons of these data with
the initial ethogram data suggested no obviouwdiffces in activity type or frequency.
The examination of behaviours also included notiver activity levels for each study
period. General activity levels were assessed basélde entire hour of recording. Each
hour was given a score out of 3 based on low, nmedind high levels of movement and

behaviour (Martin & Bateson 2000 and Wielebnow<$99).
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| observed each animal four times per week as anmim, for one hour per
observation period. The females Pinda, Lula anchBopere observed between January
2001 and April 2002. Pinda and Lula were observsvéen April 2002 and February
2003. Zilkaat was observed during October and Déeerd001 as well as November
and December 2002.

Hormonal Component
Artificial Insemination
In 2001 MZP and Perth Zoo decided to collaboratammrtificial insemination project
using the Perth female (Zilkaat), one MZP femalald). and males from MZP.
Between the 29 of November and the"2of December 2001, Lula and Zilkaat were
given injections of pregnant mare’s serum gonagtrgPMSG) and human chorionic
gonadotropin (hCG) as a part of this project. Trecpdures used here were the same as
described in Howardt al (1992). These injections provided an opportutotgompare
any behavioural effects of the treatment since femoales were given the treatment and
two were used as a control. Observations were pee® on all females during these
days.

A small number of faecal samples were collectedindurthe artificial
insemination project so that steroidal assays cduwdd used to assess cheetah’s
reproductive status. However, these samples wanigleatally destroyed while in the

care of MZP veterinary staff.

Statistical Analysis

Behavioural data were analysed using SPSS (StalisfPackage for the Social
Sciences) Version 16. If assumptions for parametests (such as normality or
homogeneity of variances) were not met then noaspatric analyses were used.

A problem arises in behavioural data analysis d&rge number of different
behaviours were exhibited and it is likely thatfeliént behaviours are not expressed
independently of each other. As a consequenceyaepanalyses of all the different
types of observed behaviours could entail substimype | error problems. To help
overcome this problem, | used Principal Compondmtalyses (PCA) to determine if
any underlying factors influenced the expressionmaiitiple behaviours that might
result in correlations of behaviours. When carryimgt PCA, principal component

scores for each observation for each individualewssved as regression scores and
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these were used to explore any temporal patterosrielated sets of behaviours. Where
appropriate, subsequent and more-detailed analyses focussed on a small set of
behaviours that were loading most strongly ontopttirecipal components of interest. In
particular, the Shannon-Weaver Index was used amae the diversity in behaviours.
While initially developed to measure diversity iogulations (Krebs 1989), it is also
useful when measuring diversity in behaviour (Ma@ok 2003) as it examines
evenness in the distribution compared to richnédiseosample.

Results

Primary Analysis

Multivariate behavioural analyses

Pinda

| began my analyses of Pinda’s behaviour usingciyah Components Analysis (PCA).
| used the entire data set (from tH& & February 2001 to the"6of February 2003),
comprising 375 separate observational periods. HGA was used to extract factors
with eigenvalues >1 and the initial solution wabjeated to Varimax rotation. The
resulting four principal components are listed sble 1 along with their eigenvalues,
proportion of variation and cumulative variatiorp&ined.

Table 1.Principalcomponents extracted with eigenvalues and per aration and

cumulative variation explained for Pinda.

Principal Eigenvalue Variation Cumulative

Component Explained Variation
Explained

1 2.405 19.780 19.780

2 1.358 11.202 30.982

3 1.111 9.566 40.548

4 1.091 9.167 49.715
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Behavioural variable loadings for the rotated P@RIon are given in Table 2,
where positive and negative loadings are givereémh variable with the four principal
components for Pinda’s behaviour.

Table 2.Rotated Component Matrix for Pinda. The key vagabloading onto each
component in bold type.

Behaviours Components

1 2 3 4
Tail Swishes 0.932 -0.030 0.046 -0.138
Tail Rolling 0.929 -0.011 0.065 -0.130
Rolling 0.472 0.202 0.168 0.160
Activity Level 0.426 -0.180 0.003 0.096
Rubbing Body 0.330 0.148 -0.112 0.096
Calling 0.052 0.705 -0.180 -0.002
Lip Licking 0.003 -0.695 -0.262 -0.042
Grooming 0.087 0.113 0.616 -0.279
Rubbing Face 0.184 0.091 0.578 0.188
Spraying 0.252 0.235 -0.532 -0.063
Scratching -0.036 0.218 0.034 0.748
Tail Twitches -0.142 0.379 0.022 -0.584

Inspection of the first principal component (PCa)Tiable 2 suggests that for
most behaviours with absolute loadings greater than loadings were positive. This
indicates that these variables were positivelyatated. This may reflect variability in
overall activity level. This component had very thipadings from Tail Rolling and
Tail Swishes, with lower loadings from Rolling aAdtivity Level. There was an even
lower loading from Rubbing Body and weak loadingsf the other behaviours.

The two behaviours that loaded most heavily onte #econd principal
component (PC2) were Calling and Lip Licking (TaRle These two variables have
opposite loadings, such that as Calling increakgs,Licking decreases. Grooming,
Face Rubbing and Spraying behaviours loaded mastiliieonto the third principal
component (PC3), but whilst Grooming and Face Rupliad positive loadings,
Spraying had a negative loading. Finally, the foucbmponent (PC4) received its
highest loadings from Scratching and Tail Twitchii@pese loadings were in opposite

directions which indicates that these behaviourd te be negatively correlated.
81



Behaviours Over Time
Due to the large number of variables and the vanye number of observation periods,
| began this analysis by exploring how key behardoassociated with the principal
components discussed above varied over time.testéy looking at the variables most
strongly associated with PC1. This component shaawéemely heavy loading for Tall
Rolling and Tail Swishing.

These two behaviours are highly correlated (Pe&<0arrelation, r = 0.972, P
< 0.01, 2-tailed) (Figure 1). In fact, Tail Swisbinvas never observed without Talil
Rolling co-occurring, but there were many times wtee Tail Swishing event was
associated with multiple Tail Rolling events. Duoethis close relationship, | used Tail

Rolling in the following analysis.
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Figure 1.Scattergram of absolute counts for Tail RollinghwTail Swishes by Pinda.

Note that many circles represent more than oneresisen and the total number of data

points plotted is 750.
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Figure 2. Absolute counts for Tail Rolling by Pinda, plottegainst days since
recording began (recording started on th€ 6f February 2001 and finished on th€ 6
of February 2003).

Figure 2 shows Tail Rolling plotted over time, whiezach case represents a
day’'s observation. Tail Rolling was observed thioug the entire study for Pinda.
However, spikes in behaviour were observed to ogqoerodically, and cycled
repeatedly.

To examine how consistent the cyclical nature af Ralling was over time, |
performed an autocorrelation analysis for Tail Rgllby Pinda, using lag periods of 1-
60 days. The resulting autocorrelation coefficidntseach lag period indicate that Tail
Rolling is indeed cyclical, with peaks and trough®wing a periodicity of about 12-14
days (Figure 3). The duration, in terms of lag sme& much shorter for positive
correlations than for negative correlations (Fig@)e This change in time periods
corresponds to the duration of increased Tail Rglland suggests that increased tall
movement occurs over shorter periods than lowmaWvement. Secondly, there appears
to be some bimodality in the periods of negativeralation, indicating that further

temporal patterns occur during periods of low Ralling (Figure 3).
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Figure 3.Autocorrelation of Tail Rolling by Pinda over lagne. The y-axis is in units
of the correlation coefficient and the x-axis isunits of lag days. The two horizontal
lines indicate the upper and lower 95% confidenioat$ for statistically significant
correlation coefficients, so that lag times withrdaxtending beyond these lines can be
regarded as exhibiting significant positive or ngga correlations.

The autocorrelation analysis of Tail Rolling wasritfurther broken down into
the two separate years (2001 and 2002) of the stdging 2001 a large number of
husbandry changes occurred for Pinda. During tis¢ ialf of 2001 Pinda was moved
around the facility, being housed in various socm@hditions with males and females
(see Methods above). For the second half of 200idaPwas housed in semi-solitary
conditions in an individual enclosure with only wéd access to all other females.
Throughout 2002, Pinda continued to be held irtagliconditions, but visual access to
other females was limited. The autocorrelation ysialfor 2001 (Figure 4) and 2002
(Figure 5) indicates significant cyclicity in TaRolling. However, the longer-term
stability in periodicity is greater in 2002, as shmoby the more even spacing of peak
correlation values as a function of lag time. Thigygests a much higher level of
cyclicity in 2002 than 2001. This may be the resfithousing changes as Pinda
experienced much less change to her environmeB0@2 and was visually removed

from male and female cheetahs within the facility.

84



1.0

1 M
]

uu ol T
i 1 ] il

0.0 |-||

Tail Rolling

-0.57

-1.04

r1r 17117 17T 17T 17T T 17T T 71T 71T 1T 71T 17T 17T 17T 17T 7T 17T 1T T 17T 17T 17T 1T T 171
1 35 7 9111315171921 232527293153335373941434547495153555759
Lag Number

Figure 4.Autocorrelation of Tail Rolling by Pinda in 2001esag time. The y-axis is
in units of the correlation coefficient and the xsais in units of lag days. The two
horizontal lines indicate the upper and lower 95%nfidence limits for statistically
significant correlation coefficients, so that lagies with bars extending beyond these
lines can be regarded as exhibiting significantifpes or negative correlations.
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Figure 5.Autocorrelation of Tail Rolling by Pinda in 2002esag time. The y-axis is
in units of the correlation coefficient and the xsais in units of lag days. The two
horizontal lines indicate the upper and lower 95%nftdence limits for statistically
significant correlation coefficients, so that laghes with bars extending beyond these

lines can be regarded as exhibiting significantifpes or negative correlations.

Calling was the behaviour most heavily loaded dP@2, over time for Pinda
(Figure 6), but it does not show the marked cytlmattern that was seen for Tail
Rolling. However, there are some spikes in thisabeur that do not appear to be
random events. In particular, on day 654"{b8 November 2002) Pinda is seen to call
five times. On that particular day she was intratludo a male — Ndonda. This
introduction was performed based on his behavioat,on hers, and resulted in him
frequently chasing her around the night-yards. W/I&hlling did not appear to show
any patterns, evidence for a true cyclical patierfurther explored below using an

autocorrelation.
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Figure 6.Absolute counts for Calling by Pinda, plotted agdidays since recording
began (recording started on“3of February 2001 and finished orl" ®f February
2003).

86



0.5

Calling

-1.0+

rr1r 1717 17T 11T 1T 1771 T 1T 1T T T T T T 1T 7T T T T T T T T T°71
1 357 5111315171921232527259313335373541434547455153555758

Lag Number

Figure 7.Autocorrelation for Calling (with 95% Confidencentits) by Pinda over lag
time. The y-axis is in units of the correlation ffméent and the x-axis is in units of lag
days. The two horizontal lines indicate the upped sower 95% confidence limits for
statistically significant correlation coefficientsp that lag times with bars extending
beyond these lines can be regarded as exhibitiggifstant positive or negative

correlations.

The autocorrelation analysis did not indicate al®arcpatterns as correlations
only marginally exceed the confidence limits inewflag cases, and there was no
evidence of clear periodicity in correlation valEgyure 7).

As was seen for Calling, there was no apparentiatyclobserved within
Grooming (Figure 8), though the incidences of gromnvary enormously throughout
the study. Grooming was the behaviour most hedodged on principal component 3.
There is one period (approximately days 360-460¢r@lgrooming is elevated. These
days represent March through to May 2002. An autetation analysis performed for

Grooming found no indication of any periodicityamy significant correlations.

87



Grooming
=
(]
|

T I T I I | I T T T T T T T T T | I T
1 31 63 93 121 151 181 224 255 290 369 402 438 468 502 535 620 656 711

Days

Figure 8.Absolute counts for Grooming by Pinda, plotted agadays since recording
began (recording started on™3of February 2001 and finished orl" &®f February
2003).
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Figure 9.Absolute counts for Scratching by Pinda, plottediagt days since recording

began (recording started on“3of February 2001 and finished orl" ®f February
2003).
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Scratching was the behaviour most strongly loadimig principal component 4
(Figure 9). This behaviour was only seen very oocesly, with each example
occurring in isolation. There is no obvious tempgattern within this behaviour and

due to the limited occurrences, no autocorrelatas performed.

Lula

| began my analyses of Lula’s behaviour using RpadcComponent Analysis (PCA).
The entire data set (froml%f February 2001 to™7of February 2003), comprising 374
separate observational periods, was included sahalysis. As with the data on Pinda,
PCA was used to extract factors with eigenvaluesand the initial solution was
subjected to Varimax rotation. The four princigaimponents for Lula are listed in
Table 3 along with their eigenvalues and proportafnvariation and cumulative

variation explained.

Table 3.Principal components extracted with eigenvalues pad cent variation and

cumulative variation explained for Lula.

Principal Eigenvalue Variation Cumulative

Component Explained Variation
Explained

1 2.725 22.705 22.705

2 1.255 10.455 33.161

3 1.180 9.830 42.990

4 1.113 9.273 52.264

Behavioural variable loadings for the rotated solut(Table 4) indicate the
primary positive and negative loadings for eachtred four components for Lula’s

behaviour.
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Table 4.Rotated Component Matrix for Lula. The key variableading onto each

component are in bold type.

Behaviours Components

1 2 3 4
Tail Swishes 0.974 0.069 -0.007 -0.023
Tail Rolling 0.969 0.064 -0.005 -0.013
Rolling 0.297 0.080 0.013 -0.018
Activity Bevel 0.182 0.154 0.087 -0.091
Rubbing Body 0.005 0.025 0.019 -0.021
Calling -0.041 -0.014 0.009 0.993
Lip Licking 0.128 -0.006 -0.045 0.018
Grooming 0.017 0.047 0.007 0.035
Rubbing Face 0.106 0.980 -0.003 -0.015
Spraying -0.016 0.002 -0.006 -0.027
Scratching -0.010 -0.002  0.995 0.009
Tail Twitches 0.003 0.038 -0.040 -0.048

The first component had very high loadings froml Ralling and Tail Swishes
(Table 4), which was very similar to analysis ohd’s behaviour. Lower loadings
were obtained for Rolling, Activity Level and Lipidking. All other behaviours had
even lower loadings towards this component. Theabielr that loaded most heavily
on the second component was Rubbing Face (Tablé&@d)other variables loaded
strongly onto this component. The third componerad Fsignificant loading of
Scratching. Finally, the fourth component showsgh lloading for Calling. As was also
seen from PC 2 and 3 for Lula, there was only aaevariable within the component,
with all other behaviours showing low correlatiaiosthe key component behaviour.
While PC1 showed similarities to what was found Rinda, the remaining three

components are quite dissimilar to Pinda’s analysis

Behaviours Over Time
Again, due to the large number of variables andvétry large number of observation
periods | explored how the principal componentsaeted for Lula’s behaviours varied
over time. | started by looking at the two variabktrongly associated with PC1, Tail
Rolling and Tail Swishing. | performed a correlatibetween Tail Rolling and Tail

Swishing by Lula.
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Figure 10.Scattergram of absolute counts for Tail Rollinghwitail Swishes by Lula.
Note that many circles represent more than one rebien and the total number of
data points in this graph is 746.

Tail Rolling and Tail Swishing are highly correldtéPearson’s Correlation r =
0.980, P < 0.01, 2-tailed) (Figure 10). Due to \tkey close relationship between these
two variables, | used Tail Rolling in the followiragpalysis.

Spikes of Tail Rolling by Lula occur at differemines within the study (Figure
11). Periods of cyclic behaviour were apparentt{gpalarly between days 420-580) and
some peak events appeared to be associated witardry practices for the cheetah at
MZP (see also Figure 25). These events appearlateran attempt at an artificial
insemination (¥ of December 2001 seen as approximately day 30Bigare 11),
where Lula began the hormone therapy consisteft this process (see results further
below). Peaks of Tail Rolling also coincided withiraals being removed from the park
(Bopha was removed on approximately day 420 andadil was removed on
approximately day 700). A reduction in Tail Rollirgehaviour coincided with the
arrival of animals into the park (with Zilkaat camgi back into the facility at
approximately day 640). The final peak of Tail Rajl on day 720 corresponded with
the time of courtship and mating on tH& f February 2003 and the end of the current

data collection.
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Figure 11.Absolute counts for Tail Rolling by Lula, plottedjainst days since
recording began (recording started orf ®f February 2001 and finished o bf
February 2003 with the artificial insemination (Aprocedure occurring on "3 of

December 2001).
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Figure 12.Autocorrelation of Tail Rolling by Lula over lagrte. The y-axis is in units
of the correlation coefficient and the x-axis isunits of lag days. The two horizontal
lines indicate the upper and lower 95% confidenioat$ for statistically significant
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correlation coefficients, so that lag times withrdaxtending beyond these lines can be
regarded as exhibiting significant positive or ngga correlations.

As for Pinda’s Tail Rolling analysis, | analysed@orrelations on Tail Rolling
by Lula (Figure 12). This analysis strongly indesfTail Rolling cyclicity. As was seen
with Pinda (Figure 3), Tail Rolling cycles, withades occurring at intervals of about 12
days. Conversely, there is much less structurirag teeen with Pinda, with longer
periods of positive correlation and no periods tdtistically significant negative

correlation.

Due to the vast differences in Lula’s Tail Rollibghaviour between 2001 and
2002, | performed the autocorrelation analysis fmach year separately. The
autocorrelation analysis indicates a lack of patten Tail Rolling by Lula during 2001,
with only two instances where correlation coeffitgeexceeded the values required for
statistical significance, and with no evidence y abvious behavioural cycles (Figure
13).

1.0

0.0 o n 0 n o [0 o o ool [

- - unﬂ nﬂ ” O_ o -
il r- W™ w- 7 -5

Tail Rolling

-0.57

rT 1717177 7o 1v 17 7T 17T 17T 17T 7T T T T T 1T T 1T T T1T1
111315171921 2325272931 333537359414345474951555557 59

,_._
w—
wn]
.
o

Lag Number

Figure 13.Autocorrelation of Tail Rolling (with 95% Confidend.imits) by Lula in

2001 over lag time. The y-axis is in units of tber@ation coefficient and the x-axis is
in units of lag days. The two horizontal lines cade the upper and lower 95%
confidence limits for statistically significant cefation coefficients, so that lag times
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with bars extending beyond these lines can be deghras exhibiting significant

positive or negative correlations.

In contrast to the analysis for 2001 behaviour, daécorrelation analysis of
behaviour in 2002 suggests a much higher levetrattring and evidence of cycling
in Tail Rolling (Figure 14). Here we see a stroggling between positive and negative
correlations up until a lag time of about 23 ddgserestingly, longer lag times mostly
involved negative correlations, and while not statally significant, this is likely due

to the appearance and then disappearance of olsyolisg in 2002 (Figure 11).
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Figure 14.Autocorrelation of Tail Rolling (with 95% Confidend.imits) by Lula in
2002 over lag time. The y-axis is in units of tber@ation coefficient and the x-axis is
in units of lag days. The two horizontal lines cade the upper and lower 95%
confidence limits for statistically significant eefation coefficients, so that lag times
with bars extending beyond these lines can be daghras exhibiting significant

positive or negative correlations.

The most heavily loading behaviour onto PC2 waskiupFace (Figure 15). It
is apparent that while Rubbing Face is quite freq@nd also variable in expression,
there is no apparent cyclicity as was found for PThis behaviour increases in
frequency in the second half of the study (fromuday 2002), corresponding to the
time when Lula was involved in the artificial inseyation trial.
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Figure 15.Absolute counts for Rubbing Face for Lula, ploteghinst days since
recording began (recording started off' ®f February 2001 and finished or" df

February 2003 with the artificial insemination (Aprocedure occurring on"3 of

December 2001).
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Figure 16.Autocorrelation of Rubbing Face (with 95% confiderinits) by Lula over
lag time. The y-axis is in units of the correlatiorefficient and the x-axis is in units of

95



lag days. The two horizontal lines indicate the erpand lower 95% confidence limits
for statistically significant correlation coeffigiés, so that lag times with bars extending
beyond these lines can be regarded as exhibitiggifstant positive or negative
correlations.

The autocorrelation indicates some mild cyclingt this relationship is not as
strong as for Tail Rolling (Figure 16). Rubbing EBaanly shows significant positive
correlation across the lag times but frequently tvége 95% confidence limits for the
analysis.

The most heavily loading behaviour for principahmmonent 3 was Scratching.
This behaviour was seen more frequently for Lulgyfe 17) than for Pinda (Figure 9),
and there was no discernible cyclic pattern obsemnwghin this component. The
behaviour does increase in frequency from approtaipalay 305, as seen with Tail
Rolling and Rubbing Face. Due to the small numib@bservations, an autocorrelation

was not performed for this component.
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Figure 17 Absolute counts for Scratching by Lula, plottediagiadays since recording
began (recording started ori%of February 2001 and finished off' f February 2003
with the artificial insemination (Al) procedure agcing on 2 of December 2001).
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Figure 18.Absolute counts for Rubbing Body by Lula, plottefhiast days since
recording began (recording started orf ®f February 2001 and finished o bf
February 2003 with the artificial insemination (Aprocedure occurring on"3 of
December 2001).

Finally, the most heavily loaded behaviour for pipal component 4 was
Rubbing Body. This behaviour was observed freqyertut there was no apparent
cyclicity observed (Figure 18). Peaks of behavioocurred during July-August 2001
and June 2002 to February 2003 (the end of reagydit the end of June 2001, female
cheetahs were isolated from both male and femadetahs on a permanent basis, with
each female being housed in their own enclosurese®s with other behaviours in the
previous components, the frequency of Rubbing Bodkeases in the later part of the
study, from approximately day 300, which is coneadéy different between 2001 and
2002.

An autocorrelation was performed for Rubbing Bodyorder to examine any
possible cyclical expression of this behaviour. Baéocorrelation did not indicate any
clear evidence of cycling, and although there ameslag periods where correlation
coefficients exceed critical values, these do mens to have any clear periodicity to
them (Figure 19).
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Figure 19.Autocorrelation of Rubbing Body (with 95% confidedienits) by Lula over
lag time. The y-axis is in units of the correlatiomefficient and the x-axis is in units of
lag days. The two horizontal lines indicate the empand lower 95% confidence limits
for statistically significant correlation coeffiais, so that lag times with bars extending
beyond these lines can be regarded as exhibitiggifstant positive or negative

correlations.

Changesin Behaviour Associated with Artificial insemination

The above analyses suggest that for all four reptatve behaviours (i.e.
associated respectively with each of the four H§s) ula increased considerably in
frequency in the second half of the study. Thisrease in behaviours seemed to
correspond to Lula receiving the hormone treatnfentthe artificial insemination
procedure. As these changes appear to involve & wmkctrum of behaviours,
involving all four principal components, | exploréie behavioural variation further by
taking a behavioural diversity-over-time approachised the Shannon-Weaver Index
(Krebs, 1989) for this exploration.

As | noted in Methods, the Shannon-Weaver Index deagloped to measure
diversity in populations by looking at species nemsband their relative abundance
(Krebs 1989), but it can also be used to measwersity in behaviours (McCormick
2003). It not only looks at the number of behavepuout the evenness in how they are

distributed and it is useful in comparing the riees/evenness in sample composition.
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In order to calculate the Shannon-Weaver Indexemofagion days were grouped into
50-day periods, starting from day 1 of observatidherefore all observations from
observation day 1 to 50 formed period 1, and oladEms occurring between days 51
and 100 formed period 2. Observations were groupedhis way through to

observations past 700 days from the beginninge&thdy, period 15.
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Time (grouped in 50-day periods)

Figure 20.Shannon-Weaver Index for Lula plotted against dgiysiped into 50-day
time periods.

The Shannon-Weaver Index over the 50 day periodsLfita suggests that
almost all scores are grouped between 1.93 and ghbving a relatively high richness
and evenness of behaviour (Figure 20). The exagpdidhis is for observation period 7
and, to a lesser extent, period 15, where the eshrof behaviour is considerably
reduced. These periods correspond to artificiaénmaation (period 7) and mating
(period 15).

As Tail Rolling and Tail swishing were previouslyuihd to be associated with
Al treatment and mating, | decided to explore whiblanges in behaviour corresponded
to these decreased Shannon-Weaver values. Lulaik Raling and Swishing
combined, is contrasted with all other behaviounslgsined for each of the 50-day time
periods in Figure 21. Again, a marked change iralehur can be seen during period 7.
Here we see that while there is an increase in Ralling and Swishing there is a
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substantial decrease in all other behaviours Tiherotinusually low value for the

Shannon-Weaver Index is period 15 and this alsoesponds to an increase in Tall
movements and a decrease in all other behaviomnbiced (Figure 20). However, the
increase in tail movements is much higher tharpésrod 7. An increase in Tail Rolling

and Swishing was also seen during period 10. Hokyendike periods 7 and 15, equal
increases in all other behaviours were seen atirttee This period corresponds to the
time Bopha was removed from the facility.
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|
8
Time (grouped in 50-day periods)

Figure 21.Absolute counts for Tail Rolling and Swishing fadd contrasted with All
Other Behaviour plotted against days grouped irdag-time periods.

These results for Lula were then compared agairedsaores of behavioural
diversity using the Shannon-Weaver Index for Pitml@xamine whether the changes
observed in Lula, seemingly influenced by the hartentreatment, were absent in Pinda
where no hormone treatment was administered.

The Shannon-Weaver Index for Pinda, also calculfated daily records pooled
into 50-day periods is shown in Figure 22. Thera iswer index observed for Pinda

than Lula, and the 50-day scores show less vamidbo Pinda than Lula. The index
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over these periods also shows a higher degreendrglevariability than was seen for
Lula, where scores were tightly grouped.
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Figure 22.Shannon-Weaver Index for Pinda plotted against adagsiped into 50-day
time periods.

Pinda’s Tail Rolling and Swishing was contrastethvall other behaviours for
each of the 50-day time periods and a differentepatwas seen for Pinda (Figure 23)
than was for Lula. Tail Rolling and Swishing as W&t all other behaviours have
almost ceased in period 7, with very little behavibeing displayed. A reduction in all
behaviours in seen in period 15, although not éodhme extent as in period 7. While
Lula’s behaviours opposed each other at thesegsri®inda’s behaviours all trend in
the same direction.
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Figure 23.Absolute counts for Tail Rolling and Swishing casted with All Other
Behaviour by Pinda plotted against days groupe8idrday time periods.

Female Tail Movement Behaviours
Each female displayed a large variation in tail eraent behaviours. These behaviours
included twitching the entire tail, twitching thalttip, rolling the tail from the base and
Tail Swishing. Each female cheetah had a distiectail swish pattern. Each of these
tail swish patterns was specific to the individaald was repeated at various times
during the study. As a component to Tail Swishiegch female showed Tail Rolling,
where the tail was rolled away from the anal-gémggion. Tail Rolling was observed
in isolation to other behaviours for three of toerffemale cheetah, but it was always
seen as a component of each individual’s tail syweterns. It is therefore important to
look at Tail Swishing as well as Tail Rolling asistan exaggerated movement and

visible from the distance.

Componentsto the Tail Swish
| defined three body regions where the various el@mof the tail swish could take
place. These regions were referred to as the uppdrand lower regions. The upper
region was defined as anywhere above the rump/batke cheetah, the mid region
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was the rump, including the area from the top ef lhmp to the area where the hind
legs visibly separate, and the lower region wasattea from the bottom of the mid-
section to the ground/end of the tail. Observativese conducted from a direct rear
view of cheetahs when the region was determined.

Tail Swishes all began from the relaxed positioithwhe tail hanging between
the legs. Tail swishes consisted of large rhythmations, exaggerated motions or fast
flicks to the side. Rolling the tail from the ba$e the side) and exposing the anus was
linked to swishes in all females. Individual TawiShing patterns were observed in all
four females, with each female displaying a sepagiatl distinct pattern. One swish was
considered to be complete if the tail remainedhia telaxed position for at least two
seconds. Patterns of swishing were seen to varyeeet animals, with peak swishing
lasting between 2 and 4 days. Further details divithual's behaviour are described

below.

Individual Tail Swish Descriptions

Pinda

Pinda’s tail swish changed by becoming more abhtesglionce the males began to be
paraded as a group past the female enclosurey @atbber 2001, see Chapter 6).
Originally she moved her tail through all threeiomg, but this was abbreviated to
include only the mid and lower regions. Each swagposed her anus/genital region as
the tail was lifted and rolled to the right, paused then fell down moving to the left of
her body and then back to the right before retyrim the relaxed position. In the
abbreviated form, the tail would roll from the bas® then be swished around to the
side of the body (often slapping the body) in thie negion. It would then fall to the
opposite side, through the lower region and thaxk lba the relaxed position. Pinda was
seen to always roll her tail with every swish ($aegure 2), and as these behaviours
have been shown to be strongly correlated, TailiiRphas been used for the following
analysis. Pinda’s Tail Rolling was plotted agaidays and key events, when she was

isolated from other animals, are noted using arr@gure 24).
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Figure 24.Absolute counts for Tail Rolling by Pinda plottedamst days. Initially,
Pinda was housed with a group of both males andliesn It was not until July 2001

that she was isolated.

Lula

Lula’s tail swish occurred within the mid and lowegions and consisted of rolling
from the base and then holding the tail to the sillge twitching and curling the lower
quarter of the tail. The twitching was very rapamost as in a vibration. Lula also
twitched her tail tip without the swish behaviodiowever, this did not correspond with
Tail Rolling or Tail Swishing. Lula’s Tail Rollingvas plotted against days as well as
key husbandry events during data recording (Figlk. Tail Rolling spiked
dramatically when she was given the Al hormoneapg(PMSG and hCG) as well as

when animals were moved out of the facility.
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Figure 25.Absolute counts fofail Rolling by Lula plotted against days. InitalLula
was housed with a group of both males and fem#lesas not until July 2001 that she
was isolated.

Bopha

Bopha’s tail swish moved through all three regida®m the relaxed position, her tail
would roll from the base and typically swish to tight (occasionally seen to the left),
usually up and partly over her back. The tail wothidn fall back through the mid-
section to the lower region, twitching after it ped the relaxed position and on to the
left side of her body. The tail would then retumthe relaxed position. As was seen
with Lula, Tail Twitching occurred at other timesdawas not correlated with Tall
Swishing or Tail Rolling. Bopha'’s Tail Rolling wadotted against days (Figure 26) and

she was removed from the facility at the end of éd2002.
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Figure 26.Absolute counts for Tail Rolling by Bopha plotteghist days. Initially
Bopha was housed with a group of both males andlé&smIt was not until July 2001
that she was isolated. (Observations for Bopha eémae3d" of March 2002 as she was
sent to Werribee, Victoria on breeding loan).

Zilkaat

Zilkaat’s tail swish moved through the mid and lowegions. Beginning by rolling

from the base, the tail would move to either sidd be held slightly hooked on that
side (usually with a twitch-like vibration) beforeoving back to the relaxed position.
Zilkaat also twitched her tail at different timesrohg the study, not related to Tail
Swishing or rolling behaviour. The two short st@yikaat had at MZP as well as the Al

procedure increased Tail Rolling dramatically (Feg@7).
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Figure 27 Absolute counts for Tail Rolling by Zilkaat plottagainst days. (Zilkaat was
on breeding loan from Perth Zoo and had two shtays at Monarto Zoological Park

where observations could be performed)

Each female displayed varying levels of Tail Ralisehaviour. Pinda displayed
regular cyclic behavioural events for the lengthtloé study, while Lula displayed
elevated periods of Tail Swishing related to evémtsaptivity and changes in her social
surroundings. Bopha displayed a lesser level oliagcin her Tail Rolling behaviour
and Zilkaat showed cyclicity during her two shagys at MZP.

Lula’s Tail Rolling behaviour differed strongly frothe other females. Initially
a spike in Tail Rolling was observed during thefiaral insemination process, with a
peak number of 31 tail rolls observed dfi & December 2001. The second change
occurred after Bopha was sent to Werribee Open &&og in Victoria on breeding
loan. Lula and Bopha had spent a considerable arafutmeir time housed together
since their arrival at MZP, either in the same bitor in adjoining yards separated by a
chain-link fence. While in these yards, the two &8 spent the majority of their days
within five metres of each other, often lying agaithe fence next to each other. After
the removal of Bopha, Lula appears to show cygliait her Tail Rolling behaviour.
However, this cycling gradually declined over siomths, ceasing altogether when
Zilkaat was re-introduced into MZP. Finally afterlkdat returned to Perth Zoo in

December 2002, Lula was seen to show cyclicityaihrolling up to #' of February
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2003. At this time she was mated. All Tail Rollibghaviour ceased soon after mating

and shortly after it was ascertained that Lula pragnant.

Luminescence

Periodicity in Tail Swishing and Tail Rolling wap@oximately 12-14 days (see
above), which is close to half the duration of linear cycle. As there is evidence that
lunar cycles might act as a zeitgeber in reprostactiycles of some mammals (e.g.
Dixon et al. 2006 work on badgers), a possible @dence between the lunar cycle and
patterns of female cheetahs’ tail movements wasoexg. | compared female cheetah

tail movements with the levels of luminescencehefinoon.
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Figure 28.lllumination of the moon plotted against lag timedays. (Data from the
Bureau of Meteorology (http://www.bom.gov.au).

The cyclic nature of the luminescence of the maomaasured by the Bureau of
Meteorology for the MZP area was plotted against ldg number of up to 60 days
(Figure 28). The periodicity of this cycle is stghyp marked, as expected, with peak
luminescence occurring every 29.5 days. This lagp tis not seen with either Pinda or
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Lula, with Pinda displaying a lag time of approxeigi3.5 days (Figure 3) and Lula
displaying a lag time of approximatelyl2 days (Fegli2).

| then looked for a correlation between Tail Rajliand Illumination. Pinda had
a Pearson’s correlation coefficient of r = 0.826<@.01, suggesting a correlation
whereas Lula had a correlation coefficient of r 858, p = 0.316, suggesting no
evidence of a correlation. While the result ford@ins suggestive of a correlation, it is
possible that this represents non-causal coincaleesulting from an endogenous

behavioural cycle that is approximately half thithe lunar cycle.
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Figure 29.Absolute counts for Pinda’s Tail Rolling comparediuminescence for the
study (where luminescence is represented by bldemos and Tail Rolling is

represented by black bars).

The lack of a causal relationship between the lgyale and the tail movement
cycle is evident for Pinda (Figure 29) and for L(F&gure 30). It can be seen that peaks
in Tail Rolling occur at various times of the lur@fcle. Therefore lunar luminescence
does not appear to impact on the increase or dexre& Tail Rolling behaviour
exhibited by cheetahs. The significant correlabtserved for Pinda is most likely due
to a non-causal coincidence in the phase of batiablas for part of the observational

period.
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Figure 30.Absolute counts for Lula’s Tail Rolling comparedltminescence for the
study (where luminescence is represented by bldemos and Tail Rolling is

represented by black bars).

Tail Movement Cycles Between Individuals
Finally, | examined the relationship of Tail Rotiimand Tail Swishing between female
cheetahs. | compared females as a final check stgai@ possibility that the lunar cycle
was driving their behavioural cycles. If this wae ttase, then all females should have
oestrus cycles that are correlated over time, sineg were all exposed to the same
levels of luminescence stimuli. The relationshigtween animals (Pinda, Lula and
Bopha) on both behaviours is outlined in Tableitkaat was excluded from analysis as
data was only obtained for her over two short kyj@s opposed to data collection for

the other females, obtained over a considerablydoperiod of time.

110



Table 5.Correlations between individuals for Tail Swishiagd Tail Rolling (values
above the diagonal give correlations between imtligls for Tail Swishing, and values
below the diagonal give correlations between irdlrals for Tail Rolling) where the

correlation coefficient is reported in plain fon@ probability is reported in brackets.

Lula Pinda Bopha
Lula - -0.066 0.087
(0.202) (0.182)
Pinda -0.083 -- -0.060
(0.202) (0.363)
Bopha 0.070 -0.083 --
(0.182) (0.363)

There are no significant relationships betweerfehgales for either Tail Rolling
or Tail Swishing (Table 5). This suggests that gachale’s Tail Rolling and Swishing
behaviours are independent of each other and hieag tvas little or no synchronicity

between the animals in their tail movement behasgiou

Discussion

While the breeding success of cheetahs in capthvity improved over the last few
decades, this success has occurred mainly in |dagéities that hold many animals.
Little is still known about behaviour linked to &es in female cheetahs, and even less
is known about the ways to determine if a femaley rha receptive, other than by
steroidal assays.

Previous studies have looked at the physiology gamktics of the cheetah to
explain poor breeding success rates. Research éoySgiecies Survival Plan (SSP)
examined the North American cheetah populatioreterthine the key problems for the
cheetah (Wildt & Grisham 1993). It was discovergdhildt et al. (1993) that while the
cheetah had a number of reproductive abnormalities was not preventing them from
breeding. In fact, there were no obvious differencbserved between proven breeders
and non-breeders. They concluded that the cheesahaw induced ovulator, typically
needing stimulation or male interaction to come ioéstrus. Further studies by Asia
al. (1992) and Brownet al. (1996), tracked hormone levels over time and found
cyclicity in hormonal fluctuations that occurredeey 12-14 days, with occasional
periods of anoestrus where this cycling ceased hamrdhones remained low. These
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cycles have been shown to be stable for some femealeile fractured cycles with
periods of anoestrus have occurred in other fem@eswn et al. 1996). Brown and
Wielebnowski (1998) showed that housing femalesnnatural social pairings led to
the suppression of oestrus. Suppression of oeamng individuals housed together
appears to be a strong factor, hence potentialiging periods of anoestrus. Yet, while
the knowledge of the female cheetah’s oestrus syislencreasing, a key behavioural

marker of oestrus has remained elusive.

Principal Component Analysis and Correlated Behavio

In an initial examination of female cheetahs' bébawy | found high levels of
variability in the frequency of behaviours. Thesectuations were seen over short
periods of time, such as weeks, as well as ovegdomperiods of time, allowing
comparisons over several years. Different behasionere observed to fluctuate
differently between individuals and sometimes #edent rates within individuals. My
behavioural data was examined using Principal Caomapb Analysis (PCA), which
uncovered some interesting relationships and patténat had not been otherwise
apparent. In each female cheetah, the first founcgral components combined
explained about 50% of the observed behaviour.fifsieprincipal component for both
Pinda and Lula's behavioural data was almost éntgsociated with tail movements,
particularly Tail Rolling and Tail Swishing. | witliscuss this in more detail below, but

firstly | will consider the three other components.

Principal Components Two to Four
There were some marked differences between PindalLaia in the behavioural
composition of the ¥ to 4" principal components. There was a considerablydrig
level of structuring to Pinda’s behaviours, witlgrsficant loadings from a number of
variables within each principal component (PC).sTit@sult is very different to what is
seen with Lula, with only one variable showing gngicant loading in each of the
principal components 2-4. The behaviours heavifdéxd onto components 2, 3 and 4
do not correspond between individuals and compen@rables 2 and 4). This result is
consistent with the findings of Wielebnowski ando®n (1998), who found a high
level of variability in behaviour between individuenimals. In their study, differences
were found in behaviours correlated with faecatrael$ol concentrations but no single

behaviour in common was observed to fluctuate anwashigiduals.
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Rubbing Face and Scratching were the only behavitmuhave heavy loadings
for each female in different components; compon8rdad 4 for Pinda and components
2 and 3 for Lula. For Lula, these were the onlyaweburs loaded onto the components.
However, Pinda showed a higher level of structuimger behaviour, with component
3 indicating that Grooming increased with Rubbiracé while Spraying decreased.
Component 4 for Pinda depicted a reduction in Tavitching with an increase in
Scratching. Wielebnowski (1999) reported that thess no significant correlation
between Tail Twitching and oestrus. The currentiltessupport this finding, with Tail
Twitching not significantly loading onto any PC foula. The other behaviours loaded
onto the components occurred at different frequeenand seem to correlate with each
other in different ways, depending on the individaaimal being assessed. Lula also
showed a marked difference in the behaviours loam#d components 2, 3 and 4 at
different times of the study, with a general ineean all behaviours displayed from
2001 to 2002 (Figures 15, 17 and 18).

Principal Component One-Tail Rolling and Tail Swishing
Approximately 20% of the observed variation in bebar for Lula and Pinda was
explained by PC 1, and for both females this wasy \v@rongly linked to tail
movements. Tail Rolling and Tail Swishing by fensaleere observed to fluctuate over
the study period and the strong correlations betwkgl Rolling and Tail Swishing
illustrated the importance of the relationship be#w these two behaviours. Tall
Swishing rarely occurred without Tail Rolling, s@sting that they are functionally
linked. The components extracted by PCA are sieditt independent of each other,
exhibiting no covariation (Sokal & Rohlf 1995).i¢ttherefore interesting that both Tail
Rolling and Tail Swishing showed very low loadingsto the 2¢ to 4" principal
components, and were also the only behaviours &dl lloeavily onto PC 1. This
indicates that that while these two behavioursngfiyp covary, they do not appear to be
linked to other behaviours.

The autocorrelations for Pinda and Lula indicategdadifferences in Tail
Rolling from the first to the second half of thedy. During the first half of the study
(2001), the animals were moved around considerabotg housed in various
combinations, housed socially in large groups alsd avith male cheetah. While
Pinda’s Tail Rolling appears to be cyclical throaghthe study, the autocorrelation
suggests that there is less structuring througt2®@®l, with bimodality within the

negative correlations. This bimodality indicatedther structuring within Tail Rolling
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at this time. During 2002 however, this bimodalitisappears and the evidence for
cyclicity becomes stronger.

During 2001 there was almost no evidence of cyglici Lula's tail movement
behaviour, in strong contrast to Pinda's resultsitRe and negative autocorrelation
values consistently failed to meet the 95% configelimits, and values appeared to be
sporadic. However, a cyclic pattern was formin@@®2. This change in Tail Rolling,
from a seemingly haphazard pattern to a cyclic epattoccurred after artificial

insemination, which suggests a possible link topiteeedure and possibly oestrus.

Artificial I nsemination
Further analysis was performed to determine if dheicity of Tail Rolling could be
linked to oestrus. Patterns of behaviour were itigated in relation to an artificial
insemination procedure. As there was no faecabistesnalysis performed for this
study, the hormones given through the artifici@leimination process provided a small
gauge to compare changes in reproductive statish&haviour.

Two of the four female cheetahs were involved wiité artificial insemination
program. Lula and Zilkaat were given serums to sl@te ovulation, while Bopha and
Pinda were not treated. Increased Tail Rolling &adl Swishing behaviour was noted
for the two females treated with the hormone inggrs. Examination of the animals
determined the presence of fresh luteal scarrigciwprovided physical evidence that
the hormones had taken effect (Pers. comm. C. Marag Senior Veterinarian, Perth
Zoo and S. Bigwood — Senior Veterinarian, MZP).

Lula showed a marked change in her behaviour frppraximately day 300,
which corresponds to the time that she was givemabnpes for artificial insemination
(Figure 11). At this time, the frequency of behav®increased dramatically and cyclic
Tail Rolling and Tail Swishing began — behaviourattwere rarely seen previously for
Lula. This extreme change in behaviour is evideoncguggest that the hormones given
to Lula had an impact on her behaviour. Similaultsswere observed for Zilkaat, with
Tail Rolling behaviour increasing significantly aftthe hormone therapy. As she was
hand-reared, it was possible to physically mantgulthis animal throughout the
process. After the hormone therapy, Zilkaat becasrg sensitive to any touching of
the rump/tail area and repeatedly laid down inedbsis’ type position in the presence
of her primary keeper.

Although hormonal treatment involved only a singistance for two females, it

does allow a valuable comparison of Tail Rollinghese animals. The increases in Tail
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Rolling and Swishing before and after, and the @ased changes, support the
possibility that tail movements are a cue to oasimwcheetahs.

The artificial insemination also brought to ligmagher interesting finding. After
being given the hormone therapy, Lula’s entire beha patterns changed. Lula had
previously displayed lower overall levels of belwawi and less structuring than Pinda.
Lula now began displaying behaviours that she hadpreviously exhibited, such as
cyclic Tail Rolling (Figure 11), increased Face/Bdfubbing (Figures 15 and 18) and
increased Scratching (Figure 17).

The sudden change in the behavioural repertoirgesig that Lula may have
been in a long period of anoestrus. This may haenlraused by suppression of her
oestrus cycling behaviour as a result of being bdwsgith males and other females for
long periods of time. Similar findings have beepared by Brown and Wielebnowski
(1998). The comparison of Lula to Pinda suggesiswhile Pinda’s cycling behaviour
was quite stable, only showing a possible shortodeof possible anoestrus when
housed with the males, Lula appeared to be corshtiemore sensitive to changes in
her social situation as well as her environmentar@es in her behaviour appear to
coincide with a number of social changes throughbetstudy. When given hormone
therapy, cyclicity of Tail Rolling occurred. Yet wh Lula was housed next to Bopha,
with which she was very social, there was no ewdeof cyclicity. When removed
from Bopha, cyclic Tail Rolling was again evidehater in the study, cycling ceased
when Lula was housed next to Zilkaat, but starggmirasoon after Zilkaat was returned
to Perth Zoo. The current results support the figdiof Wielebnowsket al. (2002)
who reported that social housing of female cheetahlead to oestrus suppression. The
current study provides evidence of long periodswugpression and anoestrus in Lula,
while oestrus only appeared to be suppressed daRuten she was housed with males.

Wielebnowski and Brown (1998) studied the possipitif behavioural cues to
indicate oestrus. They reported considerable vanabdf behaviour over their study,
with some behaviours such as “rub, roll, objectffsmheow-chirp and urine-spray”
correlating to increases in oestradiol concentmatioYet they did not conclusively
correlate any behaviour with key events such asrusesThey found that there was
considerable variation between individual animasweell as variation related to age.
Their study did not explicitly examine tail moventersuch as Tail Rolling or Tail
Swishing, but did focus on behaviours such asng)livocalisations and spraying.

However, they did note that the “tail is usuallyeeted to one side” (p. 198) in reference
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to lordosis and mating positions. This descripi®sgimilar to the behaviour | call Tail
Rolling.

| observed both tail movements, Tail Rolling andl Bavishing, for each of the
four female cheetah over the study. Each individdaplayed the same rolling
behaviour but a unique variation of the swish mosemThese tail movements were
observed frequently, but Tail Rolling was the obghaviour that could be consistently
tracked over all four individual females. Tail Shirsg was also observed without Tail
Rolling in three of the four females, and thereftite behaviour of Tail Rolling was
used predominantly in the analysis. However, dubedighly visible action of the Tail
Swish it may act as a possible aid for captive rmgarseato determine key events and to
be used as a cue to oestrus.

Mating

Additional supporting evidence for Tail Rolling bgia cue to oestrus came at
the end of the study. On thd" ®f February 2003, Tail Rolling began to increase
considerably for Lula, and was elevated to 20 evqdr hour of observation from
approximately 1-2 times per hour on previous ddigure 25). Two days later she

successfully mated.

Cyclicity Measured Against Luminescence
Lastly, the cyclic nature of the Tail Rolling wasrther analysed by comparing the
cyclic patterns to the lunar cycle. Hansen and eegilies (1983), Sharma &
Chandrashekaren (2005) and Dixon and colleaguedsj2®ave shown how external
time cues, or zeitgebers, can influence the remtbdri cycles of both nocturnal and
diurnal species. As Tail Rolling was observed cstesitly at 12-14 days, | felt it was
important to examine any possible external driverthis behaviour. As Pinda was the
only female that displayed regular cyclicity foretmajority of the study, | could not
eliminate the possibility of lunar cycles affectitigghaviour. Tail Rolling analysis
showed that while there was a consistent pattemilssi to the lunar cycle, this
similarity was due to the average periodicity toe female cycle being 12-14 days.

On closer examination of Tail Rolling for each fdejait was seen that
behaviours failed to match the lunar cycles ouaetil also found differences between
the individuals, with data points for Pinda, LuledaBopha failing to show a correlation.

The lack of correlation between females suggessttiere was no common external
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cause that linked the females’ Tail Rolling cydlciThis further supports Tail Rolling

as a possible marker for oestrus.

Tail Rolling asa Marker of Oestrus
Oestrus in most of the ‘great’ cats occurs cydicébchmidtet al. 1979, Bonneet al.
1981, Seakt al. 1985 and Schmidtt al 1988) with cycles ranging from 20-30 days.
The results observed from Pinda and Lula show gtoyeling of Tail Rolling and Tall
Swishing. This distinctive pattern is only seentlogse behaviours. The cyclicity of tail
rolling is consistent and observed over a 12-14 dayiod. This time period of
behavioural fluctuation is consistent with the tegngf cycle reported over many studies
on the cheetah, including those examining bioldgsaays (Asateal. 1992 and Brown
et al. 1996). Zilkaat also showed a cycle of 13 days fall Rolling over her 2 short
stays at MZP. This cyclicity was also reported lgy brimary keeper in the months
leading to her second stay at MZP (Pers. commr,3¢aB8® of November, 2002). This
result, teamed with the considerable rise in TailliRg behaviour seen during artificial
insemination and when Lula was successfully matasdfainly suggests that Tail
Rolling is a possible marker for oestrus in cheetah

Finally, there were no correlations found betwesmndles for Tail Rolling. This
indicates that there is no further influence ofeemél practices or management within
the facility on Tail Rolling. As all three femaleRinda, Lula and Bopha, were subjected
to the same husbandry routine, if there were somdenlying factor driving Tail
Rolling, the behaviours would correlate. Instead, see little to no synchronicity, with

vast differences in Tail Rolling behaviour.

Cues to Oestrus for Captive Management

The cyclicity of Tail Rolling behaviour certainlyuggests that this behaviour is a
relevant marker for oestrus in the cheetah. WHitst Rolling appears to be the most
important factor in determining oestrus, it is UBuanot as visible as the highly
demonstrative tail swish. Hence, as it was foundt tthe behaviours are closely
correlated, it is important to take into accoung tntire tail swish behaviour. For
management of cheetah in captivity, the swish bielacan help to provide the visual
aid needed by staff to monitor their animals andigoen introductions.
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Conclusions
In the last 15 years, breeding successes haverbeenconsistently noted in the larger
South African facilities of Hoedspruit, Pretoria-d&ldt and Oudtshoorn (Markest al.
2007 and Bertschingeat al. 2008). Yet these facilities not only have the bienef
large open spaces to house cheetah (closely repireséheir normal home ranges) but
are typically not dependant on visits from the pufiVickeown 1991). Hence, they can
provide different conditions compared to the averagburban zoo where the majority
of the captive cheetah's genetic diversity is liBldrker-Kraus & Grisham 1993).

While providing vital information on the cheetahetresearch performed by the
Species Survival Plan has still been unable toestihe mystery of captive cheetah
breeding and achieve successful and frequent mmgedroughout a range of facilities
(Wildt et al. 1993, Tericet al. 2004 and Augustust al. 2006).

The current study’s primary goal was to determihe ibehaviour could be
linked to oestrus in cheetahs. This would allowdbeelopment of a behavioural key to
determine receptivity in the female cheetah. Tleg ils important to assist management
staff in performing introductions between the sew&h minimal risk to the animals.
Reliable methods, such as behavioural indicatorsestrus are needed to improve the
breeding chances of captive species. Wildt andcbileagues (1993) were concerned
with the drop in the effective population size lo¢ tcheetah in captivity, with very few
animals breeding and passing on genetic informaitidnile some facilities are having
breeding success, more and more of the studbogkstdbe same individuals siring
litters, rather than multiple individuals from wittheach facility (Markeet al. 2007).

The current study also aimed to investigate houtengale cheetah in unnatural
social situations. | found that housing femalesatycmay cause oestrus suppression,
varying from mild suppression when housed with mdier some individuals (i.e.
Pinda) to total suppression of behaviours in ofkerales (i.e. Lula). Limiting visual
access and providing females with separate en@sscould improve the levels of
observed suppression, as was seen from manipulafianimals within MZP. The
suppression of oestrus may be adding to the prabliaced by captive cheetah and
compound the problem of fewer individuals breedingcessfully.

With the vast body of research on cheetahs ovela#i€20 years, we now know
that the breeding problems faced by the cheetak hasignificant social/behavioural
component. Further research is needed to confirmable cue to oestrus and to
determine at what point social housing becomeshbl@m for the female cheetah. This

is crucial to the breeding success of cheetah allenfacilities like suburban zoos.
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