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Chapter |

General Introduction



Brief Description

The cheetahAcinonyx jubatus) is unique amongst the cats as its taxonomic ipodlies
between the ‘big cats’ dPanthera and the ‘small cats’ oFelis (Hunter & Hamman
2003). Research into felid genetics shows thathestah is in fact more closely related
to the pumaRuma concolor) and the jaguarondHgrpailurus yaguarondi) (Durantet

al. 2008) than the ‘big cats’ that it superficiallyseenbles (O’Brieret al. 1987). The
cheetah stands alone within felid evolution as atreene specialist and the only
remaining sprinting cat. The cheetah displays mdiffering morphological features,
including semi-retracting claws, hyper-extendabpgns and unusual skull design,
which allows for greater inflow of air. These chagaistics enable the cheetah to be the
fastest mammal, with explosive bursts of speed,aasgdecialised hunter. While highly
adapted as a hunter, the cheetah has faced magyglss for survival within its history.

Original ancestors of the cheetah are believedatee tbeen as widespread as
Europe, Africa, Asia and North America (Hunter 2p0®lowever, environmental
pressures and global changes at the end of thetdtlene Epoch, more than 10,000
years ago, caused a period of mass extinction gReSiever 1998). Along with many
other species, the cheetah experienced an extiesadan numbers and its distribution
became limited to the African and Asian contine(@sBrien et al. 1985). Today,
cheetahs are found in the southern regions of @fiilecluding South Africa, Namibia,
Tanzania and Zimbabwe (Markeral. 2007 and Durangt al. 2008) as well as a small
population in Iran (Charruaet al. 2011).

Over the past few centuries, numbers of cheetate Feduced further due to
ever encroaching human civilisation (Marker & Dickm2003c). Loss of habitat to
farming in conjunction with hunting by poachersr(for and pet trades) has placed the
cheetah under further threat (Hunter & Hamman 2008g cheetah currently faces
extinction and has an International Union for Cowagon on Nature listing of
Vulnerable (Markeret al.2007) with an estimated population of 7500 and Als&n
subspecie#cinonyx jubatus venaticus believed to be as few as 70-110 and being listed
as critically endangered (Duragital. 2008) .

Biology

The cheetah is a diurnal animal that occurs inrsaada grasslands. It is a medium-sized

cat, as males weigh between 29-65 kg and femaleghvbetween 21-63 kg (Hunter &
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Hamman 2003). Their nose to tail length ranges ftgi#&-224 cm for the male and 170-
236 cm for the female (Caro 1994). Males stand #eh® high at the shoulder and
females stand 67-84 cm high (Hunter 2000). Onlynalsdegree of sexual dimorphism
is seen between the sexes and this monomorphianigse to the cheetah, with a high
degree of sexual dimorphism observed amongst ther darge felids (Hunter &
Hamman 2003). The cheetah is a slim animal, witrge rib cage and extensive lungs
to facilitate increased airflow and a hyper-extdneaspine to increase stride length.
They have evolved to be capable of intense bufssp@ed with reduced stamina as a
trade-off. Cheetahs are unable to maintain higledsprints over long distances and
only pursue prey at top speed for 300-500 metresverage (Hunter & Hamman 2003).

The gestational period of cheetahs is 90-98 dagidlaaverage litter size is 3-5
cubs, with a maximum of 9 (Laurenseinal. 1992). Cubs are reared by the mother for
approximately 18 months (Caro 1994). At this paonited-sex groups of siblings move
away from the mother but remain together for ahiert4-5 months (Laurensaat al.
1992). Females then move away from their brothdrghwtypically remain together,
forming coalitions (Caro & Collins 1987a and Ca@04). Cheetahs can live up to 21
years in captivity (Marker 2000) but this is corms@bly reduced in the wild, to
approximately 12 years (maximum) (Hunter & Hamm#&903. Females are able to
conceive at approximately 2 years of age and nmakgsire after 1 year, but they do not
usually breed until they are 3 years old (Wddal. 1993).

Associations Between Cheetahs and Humans

The cheetah was one of the first exotic animalsetikept in captivity (Rawlins 1972)
and they have been associated with human civibsdtr over seven thousand years
(Hunter & Hamman 2003). The earliest records depeir use for hunting and sport by
the Sumerians and Egyptians in about 3000 BC (Médfkaus 1997a and Saled al.
2001). In Ancient Egypt, the cheetah was also wpps&d as the goddess ‘Mafdet’ or
‘Runner’ (Jequier 1913, Osborn & Osbornova 1998 ktadek 1992), with frequent
symbols and hieroglyphs of cheetahs noted withimb® (Bonnet 1952). Cheetahs have
been kept as pets and game hunters for centuries the 18 Century, hunting with
cheetahs was popular for European nobility and gpert flourished until the 16
Century. However, the most detailed records of #asvity come from India where
maharajahs would use the cheetah for coursing. Stwurinvolved taking hooded

cheetahs into the fields to hunt, removing the hadekn a suitable prey had been
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chosen (Divyabhanusinh 2002) and allowing cheet@alpsirsue the prey. Once the prey
was captured, the Maharaja rewarded the cheetahafl killed a male gazelle or deer
but would punish it for killing a female (Divyabhasinh 2002).

During the reign of Akbar the Great (1556-1605Wwds reported that 1000
cheetahs were stabled at once and that over 9G8iatts were kept throughout his 50
year reign (Hunter & Hamman 2003). Unfortunateiftje focus was placed on the
cheetah’s reproductive biology (Hunter & Hamman 200n fact, it was noted that
within the stable of over 1000 cheetahs there wég @ane record of cheetahs breeding.
There was no apparent benefit in breeding cheetahthey had observed that captured
cubs generally made poor hunters. They preferreccawtinually replenish their
numbers with adult cheetahs from the wild (Divyatsinh 2002) as they recognised
the need for cubs to learn hunting skills from thabther (Divyabhanusinh 2002 and
Hunter & Hamman 2003). Hence, while the cheetah been kept in captivity and
associated with civilisation for thousands of yedittle focus had been placed on

captive breeding.

Cheetahsin Zoological Parks
The cheetah has been officially kept in zoologamlections since 1829 (O’'Briest al.
1985). There has been less research undertakdrednalogy and behaviour of captive
cheetahs than other cat species, such as lidastefa leo) and leopardsRantera
pardus) (Rawlins 1972), despite a similar length of capgiin modern facilities. Many
of the enclosures and husbandry practices develégrethe cheetah were based on
information from other felids (McKeown 1991)

During their early captive history, the cheetah heul exceptionally poor
breeding success rate (Marker-Kraus 1997a). The daientifically recorded birth of a
cheetah in captivity was in 1956 (Florio & Spine€l®67). However, it was not until
1970 that a zoo was able to successfully reatea bf cubs to adulthood (Rawlins 1972
and Marker 2000). Since then success has beendspoBabstantial breeding success
has only been achieved during the last decade @l1a&&kEchement 2010). Very few
zoos publish information on breeding attempts aai dn unsuccessful breeding trials
rarely reach the literature. Many reports of susfidsbreeding were published
throughout the 1970s, but these reports were glesiitters and events in isolation. No
facility reported a protocol for breeding cheetahat had been empirically tested.
Substantial research has been performed on thefilseaad limitations of captive

breeding programs (Allendorf 1993, Conway 1986 &ngderet al. 1996), but there
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has been minimal focus on the requirements of ehsespecifically (Caro 1993,
Grisham 1993, Marker & Grisham 1993 and Wadal. 1993).

Research on Wild Cheetahs

Research on wild cheetahs progressed at a fadkertlman captive programs for
cheetahs. This work began in 1969 (Bertram 197&) lams generally been based
throughout the Serengeti Plains in Tanzania arsomth Africa and Namibia (O'Brien
et al. 1986, Kellyet al. 1998, Kelly & Durant 2000, Marker 2000, Durasttal. 2007
and Gottelliet al. 2007). Research has included distribution and deaphic studies
(Kelly & Durant 2000, Durant 2000b and Purchasal. 2007); physiological studies
focused on genetics and morphological abnormal{®Brien et al. 1983, 1985, 1986,
Wildt et al. 1986, 1993 and Crosiet al. 2007 and 2009); male fertility (O'Briest al.
1986, Howardet al. 1993, Lindberget al. 1993 and Crosieet al. 2007) as well as
behavioural studies, including male social struet(fframe & Frame 1980; Caro &
Collins 1986, 1987a&b, Care al. 1989 and Caro 1994); female behaviour (Laurenson
et al. 1992 and Gottelli 2007); mother—cub relationskaps cub mortality (Laurenson
et al. 1992, Kellyet al.1998 and Durant 2000a). Many of these studies haea driven
by the need to understand the cheetah’s poor raptivd rate. While there have been
behavioural studies focusing on female cheetahs yating, reproduction has not been
extensively examined. This is primarily due to #eeretive behaviour of cheetahs, as
very few examples of mating have been witnessetianwild (Caro 1994 and Hunter,
T. pers. comm 2002). The lack of observed courtahigh mating places constraints on
research possibilities in this area.

More recently, extensive research has been pertbrore cheetahs within
Namibian farmlands (Marker-Kraus 1997a&b, Markeal. 2003c, Marker & Dickman
2003a&c, Marker 2008, Munsah al. 2004 and Teri@t al. 2003). Considerable census
information is kept on the Namibian population ppeoximately 3000 animals (Marker
2008) and research is being performed in ordeate she estimated 7500 animals that
remain (Durantt al. 2008). This research has included work in conjonctvith local
farmers to more accurately investigate the poputatihe focus initially was to obtain
as much information on current demographics as ilplessand determine the
morphological and physical condition of cheetahthinithis population (Markeet al.
2003a&b and Marker & Dickman 2003a). This reseagolbled better conservation

practices through the Cheetah Conservation Fund=G@d provided local farmers
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with alternatives to eradicating cheetahs fromrtfeimlands (Marker-Kraus & Kraus
1994, Marker & Dickman 2003c, 2004 and Markeal. 2003b&c). Through education
and the promotion of ecotourism, this work has sutgal new conservation efforts for
the cheetah (Markegt al. 2003b).

Recognising the Need for Help

Due to their vulnerable status and poor breedinress, it was recognised that a
sustainable captive breeding program for cheetassveeded to maintain a minimum
viable population (MVP) in the wild (Soulé 1987)hi$ captive-bred stock would
reduce exploitation of the dwindling wild populatiand provide a reservoir that could
be used to replenish suitable wild populations [&o0986, Caro 1993 and
Wielebnowski 1998). Hence, this population of captcheetahs “could act as a final
buffer against extinction and as a source of fum®ductions” (Caro 1993). The goal
of this breeding program was to achieve a selfasnisiy captive population, without
the need to supplement numbers from the wild.

Consequently, in 1971 the National Zoological Gasdeof South Africa
developed an extensive plan for the breeding oétethes in captivity (Brand 1980 and
O’Brien et al. 1985). This plan included setting up the Che®&ededing and Research
Centre at De Wildt, South Africa. Initially, therdee only had minor successes, with
low birth rates and high juvenile mortality. Howeyéhe plan was instrumental in
progressing two fields of research; the geneticsclodetahs and the behaviour of
cheetahs. Yet, while the research flourished, teeti@ continued to only have limited
breeding success and consequently the developrhargpecies survival plan (SSP) for
the cheetah was approved in 1983 (Wildt & Grish&93).

The aim of the SSP was to integrate reproductiemetic and behavioural
research (Wildt & Grisham 1993 and Wildtal. 1993). The development of the SSP
led to the entire North American population of ¢aptcheetahs (128 animals in 18
facilities) being declared a research populatidme physiology of this population was
studied intensively to determine if there were amyque or unusual characteristics
about cheetahs and to define any major reproduptioblems (Wildt & Grisham 1993
and Grisham 1997). In conjunction with this work oaptive animals, extensive
behavioural work on wild cheetahs was also undermathe hope that a complete
‘picture’ of the cheetah would be achieved (Car®3,9Frame & Frame 1980 and

Laurenson 1993).



Research performed within the SSP covered mangrdiit areas and specialists
from all fields took part. Scientists focused or tteproductive biology of captive
cheetahs (Lindburgt al. 1993 and Wildet al. 1993) as well as the behaviour of wild
cheetahs (Caro 1993 and Laurenson 1993). The lialagsearch included analysis of
seminal, vaginal and rectal samples (Howetrdl. 1993), assessment of reproductive
status and fertility (Wildet al. 1993) and evaluation of the diseases of captieetelns
(Munson 1993, Evermanst al. 1993 and Terioet al. 2004). Studies focusing on
reproductive fitness found that, while captive ¢hbe had a number of physiological
and behavioural abnormalities including malformguersn, par-ovarian cysts and
congenital defects (Wildtt al. 1983, 1986 and 1993), the cheetah was still dapatb
breeding. These results were not significantlyedéht from those of wild cheetahs,
with studies showing similar abnormalities (O’Brieinhal. 1985 and 1987). However,
SSP research studies did show that the cheetataybspa lack of genetic variability
and hence were more susceptible to disease (Haward1992 and Munson 1993).

Following this extensive study, two arguments weué forward to explain the
cheetah’s poor breeding success. Firstly, thathieetah had suffered a substantial loss
of genetic variability after moving through onemore bottlenecks in its recent past. It
was proposed that this loss of genetic diversitg watatively responsible for defects
and abnormalities that both prevented conceptiah a&so created a variety of birth
defects due to inbreeding. The second argumentopeapthat husbandry and captive
management were to blame for poor breeding suceéss and high juvenile mortality
in captivity. The researchers believed that behaaioproblems, particularly those of
females which led to neglect and maternal canrgbaliwere the major contributors to

low birth and survival rates. These two argumeritisb& discussed further.

Research on Genetics and Physiology

Bottlenecks, | nbreeding and Genetic Monomor phism
Captive environments are notorious for creatingetjenproblems. Inbreeding occurs
due to reduced possibilities for suitable mate cdele and can cause many genetic
problems, such as reduced genetic variability omdwygosity and inbreeding
depression when deleterious recessive alleles appele phenotype (Hedrick 1987).
O'Brien et al. (1983, 1985 and 1986) attribute the cheetah’s pomeding success to its
loss of genetic variability and suggested that ctheetah had passed through one or

more bottlenecks, where numbers had dropped dreaiigtiand inbreeding occurred.
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These bottlenecks may have been caused by cootramtithe geographical range of

cheetahs due to human encroachment and poachidgalem by the period of mass

extinction at the end of the Pleistocene (O’Brgtral. 1983 and Press & Siever 1998).

These bottlenecks resulted in a dramatic loss oéteinformation, severe reduction in

numbers (reported by O’Briest al. (1985) to possibly be as low as 10-12 individuals)
and possible inbreeding in the remaining population

O’Brien et al. (1985) strongly supported the theory that cheetedre suffering
from inbreeding depression, citing evidence of rtteeitreme level of homozygosity.
They examined 55 South African cheetahs and foural they were genetically
monomorphic at each of the 47 allozyme loci exachirshowing that the cheetah had
significantly less genetic variation than was seemther cats. This lack of genetic
variation led O’Brien and his colleagues to refbdt all cheetahs were as genetically
similar as siblings.

Due to the loss of genetic information, O’Brienal. (1985, 1986) argued that
the cheetah has been evolutionarily weakened. Quhie early to mid-1980s there was
an increase in the reporting of low genetic vaiigb{O'Brien et al. 1983, 1985, 1986
and Wildtet al. 1983, 1986). This body of research showed thattieetah had a loss
of vigour caused by inbreeding depression, andtthatwas the cause of many of their
reproductive problems.

Wildt and colleagues (1983 and 1986) also suppatttedtheory that loss of
genetic diversity was directly affecting the chiéé&taability to breed. Their studies in
1983 examined the morphological structure and motf spermatozoa of cheetahs and
found that it was highly irregular. They reportédttover 75% of the sperm of cheetahs
was malformed or irregular in some way. This carcbmpared to 29% spermatozoal
malformation in domestic cats (Wilét al. 1993). In another study, Wildt al. (1986)
compared sperm morphology, quantity and variousnbae productions in a selection
of North American captive cheetahs to the sperm haodnmones of free-ranging
Tanzanian cheetahs. They found no significant iiffees between the two groups, and
suggested that this helped to explain the low karid survival rates found in captive
cheetahs. They further surmised that this findirag &lso true for wild cheetahs, due to
their equally low survival rates.

Females were also considered to have a high nuail@rysiological problems
caused by genetic homozygosity (Witdtal. 1993). Captive female cheetahs can have
a high rate of aborted foetuses, still births anbddscwith congenital defects (O’Brien
1986 and Wielebnowski 1996). These defects weréuatitd to severe inbreedind.
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was concluded that maroybs that are born in captivity are either abandareeaten,
with cheetahs displaying a high level of materrahrgbalism (Laurenson 1993). As
very few cubs emerge from lairs in the wild (Lawgenet al. 1992), it was proposed
that this further supported the theory of mateoaanibalism (Wildet al. 1993).

Research on Behaviour

Behavioural Research in Zoos
Unfortunately due to many constraints such as @ame the number of animals needed
on exhibit, behavioural research is difficult todentake at zoological parks and
breeding facilities. Hence there are very few caghpnsive or longitudinal studies that
can be compared to longitudinal data recorded fileernwild (Augustuset al. 2006 and
Bertschingeret al .2008). Sexual interactions between male and ferdlaéetahs are
difficult to observe in captivity (Beekmaghal. 1997, Bertschingest al.1998 and 2008)
as in the wild. Initially, reports from captivityexe often anecdotal and not usually part
of a controlled experiment (Florio & Spinelli 19610968, Vallat 1971, Benzon & Smith
1975 and Brand 1980).

Considerable debate occurred on the elements ndedesliccessful captive
breeding and ranged from the social environmenetetns need to stimulate interest in
mating (Florio & Spinelli 1967, Vallat 1971 and MeBwn 1991) to levels of
aggression between male cheetahs to stimulategtitBom females (Benzon & Smith
1975).

Breeding Cheetahsin Captivity: Comparison to the Wild
The captive environment is usually very unnatusalmhany species and can cause many
behavioural problems, such as stereotypical bebavimatterns (e.g. pacing) or
destructive behaviours (e.g. self-mutilation) (Moen 1991). Caro (1993 and 1994),
Laurenson (1993 and al. 1992) and Wielebnowski (1998 and 1999) predicteat th
poor breeding success can be attributed to thevimeiral problems of cheetahs. It is
thought that poor breeding can be related to makereglect in the wild, with factors
such as environmental conditions in conjunctionhwptedator responses influencing
cub survival. Laurensodt al. (1992) noted that low cub survival rates in thedvale
due to predation from lions and spotted hye@eo¢uta crocuta). In comparison, the

reasons proposed for poor breeding in captivitystress and high juvenile mortality



from congenital defects, cannibalism and matereglett that may be due to husbandry
and management techniques (Wielebnowski 1996). ithide management practices of
captive cheetahs can lead to females being streasdchence stillbirths, abandonment
or cannibalism of young (McDougat al. 2006).

In captivity, cheetahs are usually unable to digpda natural repertoire of
behaviours as they are forced into unnatural satiaétions. Historically, males have
often been kept in isolation in order to reduceraggion, but males in the wild are
usually found in sibling groups (Caro 1994). Comety, females have been kept in
pairs or trios whereas they live in isolation iretvild. These unnatural holding
situations, disrupting male and female socialitgyntause undue stress (Caro 1993,
1994 and Augustust al. 2006). Brown and Wielebnowski (1998) also repodtdss-
related factors when studying captive female cheetand found evidence of
reproductive suppression in females forced to sbactsures. They found that females
living together ceased coming into oestrus andtthatsuppression could last for one or
two months to over a year in a small number of fesmia/Vhile only a small amount of
research has been done in this area (Brown & Wheleki 1998, Wielebnowski 1999
and Wielebnowsket al. 2002) these findings could have vast implicatiomsdaptive

breeding.

Effects of Captivity
There are also a large number of logistical prokldhmat could contribute to poor
breeding in captive cheetahs. Housing and encladesgn may cause lower breeding
success in cheetahs, as the enclosure environmeatsinnatural (Grisham 1997).
Usually these enclosures do not provide long viewslimbing areas, elements that
seem vital for cheetahs to maintain natural behavipatterns (Caro 1994). The
proximity to other carnivores/predators is alsosidared problematic. Cheetahs moved
away from enclosures of other large felids showaaked increase in breeding success
(Grisham 1997). Hence, housing conditions appesrgs significant as behaviour when
trying to determine the reasons for a lack of birggeth captive cheetahs.

Captive lifestyles are notorious for reducing b@h animal’'s behavioural
repertoire and activity budget. The lack of stimahd exercise in enclosures is a
concern for managers of captive cheetahs. In dapticheetahs tend to become
severely sedentary, resulting in weight gains thay also reduce breeding success.
Weight gain is also compounded by unnatural feed@éggmes. Caret al. (1987) found

that captive cheetahs were fed 25% more food thimholveetahs eat, yet they exercised
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considerably less. Rawlins (1972) has also repogiesblems with the captive
environment of cheetahs. He reports that a laghrieacy is a concern for cheetahs, as
they are shy animals and must be given the oppoytémr seclusion in the captive
environment to reproduce. The captive environmegtrss to be a likely contributor to

the myriad of problems faced by the cheetah.

Discussion
While initially a loss of genetic diversity, inbidiag depression and monomorphism
appear to be valid reasons for low breeding ratesaptive cheetahs, current evidence
supports the argument that inappropriate husbapthys a considerable role. The
theory of genetic-based reproductive problems reeshlmegated by captive cheetahs
that have bred quickly on release into the wildr(CE994). This discrepancy can only
be attributed to husbandry techniques and the teffexy have on reproduction in
cheetahs. In captivity, it has often been found thather cheetahs will abandon or eat
their young, particularly if the mothers have bdwmd-reared (Wielebnowski 1996).
However, these behaviours were not observed imsixte field studies of wild females
(Laurensoret al. 1992).

Wielebnowski (1996) also refutes the arguments @rien et al (1985 and
1987) that the homozygosity of cheetahs results@my birth defects and still births.
Wielebnowski found a marked increase in congedigdécts when parents were related,
in her research on the relationship between jugenthortality and genetic
monomorphism. This suggests that in spite of thedrygosity of cheetahs there could
still be significant effects of inbreeding depressiThis study demonstrates that there is
still enough genetic diversity in the cheetah tppsrt further study into their genetic
heritage, and hence there is a strong need forbstlkd and genetic bloodline
management.

Findings from Marker-Kraus (1997a), Grisham (19%f)d Wielebnowski
(1996) also suggest that there has been an incire#tse number of litters being born in
captivity over the last two decades. Work by O’Briand his colleagues on genetic
monomorphism cannot account for this increaseitésto no genetic variability would
result in minimal breeding success and not theedarésults that have been seen over
time. Nor can they explain the varying degrees wécess achieved by different
institutions as seen in studbooks (Marker 2000Matkeret al. 2007).
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Current Research: A Trend for Behavioural Solutions

Caro (1993, 1994) believes that while there havenbeany studies on wild cheetahs,
the level of study on captive cheetahs has beasapmbinting. Areas that need to be
examined include male coalition formation and dotigrarchy as well as female
behaviour and reproduction. Caro states that wdolme information can be inferred
from wild populations, captive populations need lie thoroughly analysed for
husbandry benefits and captive breeding programis. dnly when extensive captive
population studies are undertaken that institutguch as zoos will have the knowledge
to breed cheetahs on a regular and reliable basis.

In the mid 1990s, reports suggested that there wateus behaviours that were
displayed by female cheetahs leading into oesCaso 1994, Beekmast al. 1997 and
Wielebnowski & Brown 1998). These behaviours, whighy be indicative of oestrus,
included rubbing, rolling, sniffing, scent markingrooming and vocalising. These
behavioural indicators have not been studied extelysand no agreement has been
reached on the specific behavioural or indicatpesy No research has been conducted
on any male behavioural changes when females lgaaio oestrus are present.

While a considerable amount of research has bedarped on wild cheetahs,
there are still many research gaps, particularlyhm areas of captive behaviour and
management. Specifically, very little focus hasrbgesen to the importance of male
behaviour in the reproductive field. To date, éfdrave focussed on female behaviour
within the areas of oestrus and fertility as wslhaaternal behaviour and cub survival.

In this study, | aim to examine the behaviouraleréqre of the captive cheetah
to provide an extensive description of their bebakal suite. Once the numerous
captive behaviours have been explored, | aim t& labthe behaviours of male and
female cheetahs in the context of varying degrdesooiality and differing captive
management processes. Finally, | aim to look aemedponses to female behaviour to

determine if there are any behavioural changescthatl indicate female receptivity.
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