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| ntroduction

The cheetah Acinonyx jubatus has a very long history of being kept in capyivit
(Marker-Kraus & Grisham 1993), with records of humassociation dating back to
ancient Sumaria (Hunter & Hamman 2003). In spitéhef history, the cheetah has one
of the worst breeding success rates in zoologiegksp(Marker 2000 and Marker &
Echement 2010). Their poor record of breeding ptigay contrasts with the breeding
success of wild cheetahs (Laurenstral. 1992). Facilities that hold large numbers of
cheetahs, and have the ability to move animalsraioare having some breeding
success (Bertschingat al. 2008), but the majority of captive cheetahs arkl le
smaller suburban zoos with less than ten animatgaah facility (Markeet al. 2007). It

is in these institutions that the bulk of the clhb& genetic diversity is kept (Marker
2000 and 2004). These are the facilities that reelreed their cheetahs in order to
keep a viable and diverse population of cheetalkajptivity.

The first scientifically recorded birth of a chdetan captivity was in 1956
(Florio & Spinelli 1967 and Marker-Kraus 1997). \Wever, it was not until 1970 that a
Zzoo was able to successfully rear a litter of ctdbadulthood (Rawlins 1972). During
the 1980s and 1990s, success was sporadic, withuitderstanding of the reasons for
this poor success rate. More recently, breedingrhpsoved. However, the majority of
cheetahs born in captivity over the last 15 yeagehcome from a small number of
facilities (Marker-Kraus 1997, Marker 2000, 2004arer et al. 2008 and Marker &
Echement 2010). These facilities typically have Ermumbers of cheetahs and/or little
to no impact from public viewing (McKeown 1991, @Bovan 1993 and Bertschinger
et al.2008

Due to varied management and veterinary practitesan be difficult to
undertake behavioural research at zoological pankisbreeding facilities. As has been
found with wild cheetahs (Caro 1994), observatioihsexual interactions between male
and female cheetahs in captivity are limited (Beakwet al. 1997). Of the interactions
that are observed, it is typically those that leagregnancy that are reported but, even
then, reports are only occasional. Information asuccessful breeding trials remains
un-published and information on breeding is seecasionally in zoo publications
reporting single litters and events in isolatioo(® & Spinelli 1967, Manton 1970,
Vallat 1971 and Bircher & Noble 1997). These repowthich flourished in the 1970s,
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are typically anecdotal, as they are usually not paa controlled experiment and not
conducive to replication. At times these non-séienteports are very vague. Results
have been presented in terms of statements sut@nascrease in activity and certain
behaviours” and “male cheetah also displayed clanige specific behavioural
frequencies” (Bircher and Noble 1997), without népg the ‘certain behaviours’ or
‘specific behavioural frequencies’. Hence it appéahat many pregnancies result more
from chance than from specific hypotheses beingdes

Hypotheses for Breeding Cheetahs in Captivity
From these initial reports, numerous problems Witbeding cheetahs in captivity are
noted (Schwammer 2000). However, the reports amestat conflicting, with some
techniques for breeding cheetahs working in somglittas and very different
technigues working in others. Varied attempts hla@en made by zoological staff to
report their hypotheses on the cheetah’s inabititypreed reliably in captivity. Florio
and Spinelli (1967) reported that cheetahs needldx thoused with an uneven ratio of
two males to one female and that ‘long views’ frdmir enclosure were essential to
stimulate their behaviour. Manton (1970) reporteat &a single pair of cheetahs should
be housed together until mating and maintained jugt before birth. Vallat (1971)
reported the exact opposite of Florio and Spir(@li67), stating that male and female
cheetahs needed to be housed together at all wimlesn uneven ratio of one male to
two females, yet reported an associated high degfemggression. Opposing those
ideas, Rawlins (1972) reported that it was lackrofacy that was the major concern for
these animals, proposing that as the cheetah &yashy animal it must be given the
opportunity for seclusion in the captive environinienorder for it to reproduce. Lastly,
Benzon and Smith (1974 and 1975) believed thatuséiimg extremely high levels of
male aggression would gain female interest. Themaimty surrounding strategies, and
the resulting uncertainty of captive managers, app® be a likely contributor to the
difficulties associated with breeding cheetahsaptiwity.

In the 1990s, extensive research began on chedialis,in the wild and in
captivity. The North American population of captigleeetahs were used as a research
population by the Species Survival Plaan action group developed to try to solve the
cheetah’s breeding problem (Wildt & Grisham 199Bhrough this research, some
consensus on what was believed to be essentialeetenior breeding cheetahs in
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captivity was reported. These elements includeatsmi from other carnivores, long
views from their enclosure yards (McKeown 1991plason of the sexes (Benzon &
Smith 1975 and Wildet al. 1993) and the possibility of mate choice (Car84)9Much
of this opinion came from looking at the researchvald animals where the same
problems for breeding do not exist (Laurenson 1998hile the lack of sexual
interaction and resulting pregnancy in captive thlee had been attributed to a
confusing array of factors, the emphasis had noweatido considerations of female
physiology and behaviour (Laurenseinal. 1992 and Bertschinget al. 1998).
Conflicting results emerged from the research, veitime reports suggesting
ovulation is induced by male aggression (Benzonndit!s 1975 and Wildet al 1993).
Other reports suggested that as mating inducesatbomlin the domestic caf¢lis
cattug something similar might operate in the cheetaérighingeet al. 1998). Brand
(1980) reported that male and female cheetahs neebtle separated and then
periodically reintroduced to each other, to stinmlavulation. McKeown (1991)
concurred, reporting on the importance of varietgt aot housing the sexes together for
more than 4-5 days. Recent research shows thatisestcyclic and not dependent on
the presence of males (Brovat al. 1996, and Wielebnowski & Brown 1998). This
research also shows that oestrus can be tracksmme female cheetahs using changes
in faecal oestradiol concentrations (Browh al. 1996 and Wielebnowski & Brown
1998) and that minor changes to behaviour can hednéor some individuals
(Wielebnowski & Brown 1998 and Wielebnowski 1999).

The Problems of Breeding Cheetahsin Captivity

One of the major findings of the Species SurviviEnPresearch program was that
cheetahs held in captivity display a variety offetént behavioural and physiological
problems than what is seen in the wild populatibauenson 1993 and Wildt al.
1993). Historically, cheetahs in captivity have thé&ept in unnatural holding situations.
Until recent times, due to lack of knowledge of &a@bur and their particular needs,
many zoos and conservation parks have held fenmaetahs in groups and kept male
cheetahs isolated (McKeown 1991). Research from widpulations has shown that
male cheetahs are often social, forming coalitioinisoth related and unrelated animals
and holding territories in these coalitions (CaroC&llins 1986, 1987a&b and Caro
1994). This behaviour is contrasted by the femalbikh are typically solitary, only
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coming together with males to mate (Caro 1993, 1994 socialising with cubs
(Laurensoret al. 1992).

These differences need to be considered when hpohieetahs. It appears that
zoos are often slow to incorporate research resutibstheir practices. Therefore, the
development of zoological programs, including fegdschedules, social groupings,
exhibits, enclosures and animal houses, is oftesedan out-of-date information.
Animals are housed according to what is desiratdefa public viewing perspective
rather than what suits the animal (McKeown 1991 @fdonovanet al. 1993). Larger
facilities that have placed their primary focus breeding animals and are not
dependent on public viewing, have reported grestiecess in breeding cheetahs, as
they do not have the same constraints seen in swnyban zoos (Marker 2002).

Separation of the Sexes

A number of institutions have had one or two susttgsoreeding attempts, but then
have long periods without breeding success (Makkaus 1997). The common
element for many of these institutions is that sle#es have been housed separately.
This separation has varied, from a single meshefgust preventing physical contact
between the sexes, to housing the sexes on diffsiggs of a park in order to separate
the animals by visual, olfactory and auditory meévallat 1971, Brand 1980 and
McKeown 1991).

Separation of the sexes is known to be a requirefeemany species, both in
the wild and in captivity, for a number of reas@@sutton-Brock 1989). Some species
are purely solitary and to live socially, eitherthvthe same sex or opposite sex, is not
natural (Mellen 1991). Other reasons for separatiothe sexes include suppression of
reproductive cycles (Wildtet al. 1993 and Brown & Wielebnowski 1998),
synchronisation of oestrus (Say al. 2001), or to provide stimulation and opportunity
for mate choice (Hoefler 2007).

Reports of cheetahs mating in the wild are lim€dro 1994 and Gottelét al.
2007). However, of the information that is availgbit appears that males search for
females using olfactory cues, consort in their hoarges, observe and possibly guard
them until they are receptive and then, if accefedthe female, they are able to mate
(Caro & Collins 1987b, Laurensaet al. 1992, Caro 1994, Hunter 2000 and Kelly &

Durant 2000). In recent research the female chédetatbeen examined for promiscuity
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and multiple mate choice (Gotteléit al. 2007). While there has been considerable
research on the role played by female cheetahligssratea, male cheetahs have received
comparatively little attention (Caro 1993 and RMizandaet al1998).

Aims

The aim of the current study was to stimulate ggein courtship and mating in male
cheetahs by creating a semi-natural environmenty Mitle research has been
performed on male responses to female cheetahscypary in captivity. Therefore
this study proposed to create an environment thatiged males with the opportunity
to investigate multiple females, so their respdosearious options could be determined
and behaviours observed. The male cheetahs at MoAaplogical Park (MZP) had
previously shown no interest in females and the lteen no signs of courtship while
housed in the same enclosures. Creating a sindlaalssituation to what has been
reported from the wild may succeed in producingri@st in courtship.

One of the primary ways of investigating whethgerest in courtship could be
stimulated was to separate the males and fematkpramide a short period of isolation
prior to re-initiating contact. The males and feesalvere also prevented from observing
one another during physical isolation via the camdion of a visual barrier between
their yards. Mate choice options were also usedtempt to stimulate interest. While
running trials, both sexes were able to observetiphell potential partners. If male
cheetahs were able to investigate multiple femdeseceptivity then it may increase
the chances of stimulating interest.

Male cheetahs were also provided with an opponutot choose between
investigating the female lock-away yards, or ifytheere not interested in investigating
the females, returning to their night-yard at amyet The choices provided made it
obvious when males were disinterested in the fesnale

It is hypothesised that changing the social situlaéind environment of cheetahs
to create a more natural situation for consortirgi\ stimulate an interest in courtship
behaviours. Separation of the males and femalesewaiined to determine if males
would be considerably more interested in invesingaand mating when reunited with

females. In the wild, male cheetahs walk throudieraale cheetah’s home range and
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find an oestrus female. While it is very difficult replicate a similar experience in

captivity, it may be a key to improving breedingsess.

M ethods

Animals and Facility

Animals used in this experiment included four oé tfive male cheetahs (Induna,
Ndonda, Izipho and Nyomfoza) and all three feméaleetahs (Pinda, Lula and Bopha)
held at MZP. A female cheetah from Perth Zoo (Zlyavas brought in on breeding

loan for a short time at the end of 2002 and wss @icluded in the study.

Apparatus /Materials

Equipment used to observe cheetahs includBealistic’ Minisette—20 tape recorder,
anOlympu$ C-740 digital camera and a JVC GR-520"Exideo camera.

As there was no possibility of completely sepamatihe males and females
within the zoo facility, the means of separationl iba be in the form of a physical and
visual barrier. This barrier was erected betweghtyards A and B, as yard A was the
largest and allowed direct access to the racewathaoanimals could move into the
main enclosure. Using yard A for male cheetahs m#gwsy could be moved into the
exhibit with limited visual access to the otherdsam the facility.

A barrier was constructed, consisting of a corredaton fence, 25 metres long
by 2.5 metres high. The smaller night-yards, B,n@ B were also separated from one
another using brush fencing and shade cloth tokblsual access as much as possible.
These barriers were constructed in late 2001, rdadythe beginning of the data

collection in 2002 (Figure 1).
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Figure 1.Night-yard and lock-away map. (Tan indicates brudshcing and blue

indicates iron fencing).

Procedure

Males and females were totally excluded from edtierofor a month after the
visual barriers were erected to provide some tiorate separation to have an impact.
Males were housed in the main exhibit during thg aad in yard A overnight. Females
were placed into each of the different night-yaadgollows. Lula was in yard B, Pinda
was in yard C and Bopha was in yard D (Figure 1pHgoand Lula were further

separated from one another by placing Pinda betwkem. Females were not
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completely visually separated, but these yardsaéat of shrubbery providing many

areas of seclusion. For the short time MZP housederth female Zilkaat (November
to December 2002), she was placed into yard C andaPwas moved across the
raceway into yard E. For five days prior to the ibhagng of trials, the males were

housed and fed in their exhibit rather than retgrb night yard A. This eliminated the

need for them to come near the females and proddgeater separation (olfactory and
auditory) just before the start of the experimentatk. Females were kept in their lock-
away areas overnight to maximise any depositioscents, including fresh urine and
faeces, for the males to investigate in the lockyaareas.

The key requirement from the staff at MZP was adbgh cleaning of each
female lock-away after each trial. As it was impattto provide fresh samples for the
males to investigate each day, each yard needeel timoroughly cleaned by rinsing the
floor, washing all hard objects and changing thavetedding.

Throughout the experiment, behaviours were recordstig a small tape
recorder. The method of recording was continuousar{id and Bateson 2000).
Behaviours were spoken into the recorder and tterstribed as soon as possible after
the session. A video recording of each period was @roduced to improve the
accuracy of the results. Recording was performeuh finside lock-away areas for yards
E and F and also along the race so that all chestale visible at any one time (Figure
1). Males were given access between 07:30 h ar@D 10every morning. During this
time, responses towards both the females and ke otales, if any, were recorded.

All males were to given access to the lock-awapsua the female night-yards
for 30 minutes each morning. The males as a groape vallowed to roam freely
through the lock-away yards and their levels odriest in the females were assessed. As
before, the males were not allowed to have acaedket female, only being able to
interact through the mesh fence. If, after 30 mesuith the females, there was no
interest shown by either sex, the males were aliolack out into the main enclosure.
If there was interest shown by either sex, thellefehis interest was assessed and a
decision made on whether the male showing the mtetest was allowed access into

that females’ night-yard.
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Results

Males were examined for 185 observation periodsnduthis study. During these
observations a number of behaviours were seendor deequently and also fluctuate
over the observation periods. Surprisingly, behargcsuch as Fighting, Spraying and
Grooming that had frequently been observed whemaxag the males, were no longer
being displayed now they were investigating the dlm®s. Data were examined to
determine which of the behaviours were observethittiple males from the group.
Behaviour frequencies varied within each varialslevall as between individual males,
therefore six key behaviours were selected for yamalfrom the data set. These
behaviours were Sniffing, Chassé, Stutter CallnfyyiCalling and Pacing. Five of these
behaviours were selected due to the frequency wthieh were observed and the sixth
behaviour, Stutter Call, was selected as it ocduperiodically but with considerable
changes in frequency over time. Its occurrence &gp@ared to covary with the increase
or absence of a number of the other key behavidurese behaviours were explored

using line graphs to compare males over the study.
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Figure 2.Absolute counts for Sniffing observed for individuales over the study
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Sniffing was the key behaviour observed for malegestigating the female
lock-away yards (Figure 2). As females had spesit thights in these yards, it is likely
these yards contained olfactory signals for thees&d investigate. All males displayed
this behaviour, but the variation between malesgedndramatically through the
observation periods, ranging from nil occurrences Some observation periods for
Nyomfoza (Figure 2d) through to 46 for Induna (Fgy2a). Nyomfoza was the only
male observed to enter the lock-away area anddagniff in an observation period.
Other male’s rates of Sniffing were observed tatflate strongly over the study and it
was evident that there appeared to be an elemerydicity to this behaviour,
particularly for Induna and Ndonda.

Figure 3 depicts the observations for all male€bassé (see Chapter 3). This
behaviour was only observed while males were watcfemales and it was noted as a
key behaviour. Males would observe a female innigint-yard and move laterally back
and forth whilst watching her. The male appearegitea and this behaviour was
frequently observed in association with Sniffingytgr Call, Drooling and Penis
Exposure. Again the observations for Chassé shoapparent cyclicity, with Induna
and Ndonda showing large fluctuations over timgha (Figure 3c) also showed
cyclical patterns in expression of Chassé, witthaigevent numbers in the second part
of the study but with generally lower levels of eegsion than Induna (Figure 3a) and
Ndonda (Figure 3b).
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Figure 3.Absolute counts for Chassé observed for individuales over the study
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Correlations between all males on these behaviaere calculated. As there
were a number of behaviours that appeared to thtetregularly, it was important to
know if there was a relationship between males letthg those behaviours. Table 1
shows the correlations between all male pairs fuffiSg and Chassé.

There were strong relationships evident betweenrlagNdonda and Izipho on
both behaviours, with the strongest relationshipwben Induna and Ndonda on
Sniffing. However, Nyomfoza behaviour did not cdaite with the other males.

Table 1.Correlation coefficients and associated statistisajnificances (in brackets)
for Sniffing (values above the diagonal) and Chgsaéues below the diagonal) for the

male pairs in the study. Significant values arbatd type.

Induna Ndonda Izipho Nyomfoza

Induna -- 0.821 0.452 -0.088
(<0.001) (<0.001) (0.233)

Ndonda 0.799 -- 0.436 -0.094

(<0.001) (<0.001) (0.204)
Izipho 0.460 0.330 -- -0.022

(< 0.001) (< 0.001) (0.765)
Nyomfoza 0.094 0.081 0.151 --

0.205) (0.270) (0.040)

Stutter Call (see Chapter 3 for a description) basn reported as a call to
convey excitement and also sexual interest (Wigelski & Brown 1998). This call
was observed at various times during the studyalt observed to occur in short bouts,
with an almost complete absence of the behaviouwdsn the bouts. Figure 4
illustrates the incidences of Stutter Call over sihedy. Again there is cyclicity in this
behaviour, with peaks occurring at the same timpeaks were evident in Sniffing and
Chassé.
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Figure 4.Absolute counts for Stutter Call observed for ifdlral males over the study
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While Induna and Ndonda displayed this behavioubauts over the entire
study period, Izipho only began to Stutter Callidgrate 2002, and even then counts
were much lower than for Induna and Ndonda. Nyomfdizl not produce a Stutter Call
throughout any of the observations.

Figure 5 graphs incidences of Lying over the obegon period and it is
apparent that this behaviour exhibited very differpatterns than seen with the other
behaviours analysed above. Lying was noted wheesna longer appeared interested
in looking for or observing the females behaviourimvestigating their lock-away
yards. Observations of this behaviour for Indund Bidlonda were relatively low and
remained relatively stable over the study. Oncemiaccess to the female lock-away
yards both remained relatively active. However, ijaza displayed a considerably
higher frequency of this behaviour than the othates1 Again, the behaviour remained
stable over the study. Izipho differed from otheales as he showed a higher degree of
variability over the study for Lying and a distirs¢crease in this behaviour in the last
four months of the study.
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Figure 5.Absolute counts for Lying observed for individuales over the study

The relationship between males was explored furtieng correlations for
Stutter Call and Lying. Table 2 illustrates theat®inships between male pairs for these
behaviours. Strong correlations were found betweeluna, Ndonda and lzipho for
Stutter Call. Nyomfoza was omitted from this anesyss he did not produce a stutter
call in the study period. The relationships betwesales for Lying are not as clear.
There are positive correlations between IndunaNshehda, and Induna and Izipho, for

this behaviour.
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Table 2.Correlation coefficients and associated statistisajnificances (in brackets)
for Stutter Calling (values above the diagonal) drying (values below the diagonal)

for the male pairs in the study. Significant valaes in bold type.

Induna Ndonda Izipho Nyomfoza

Induna -- 0.749 0.387 a
(<0.001) (<0.001)

Ndonda 0.332 -- 0.229 a

(<0.001) (0.002)
Izipho 0.312 0.055 -- a

(<0.001) (0.456)
Nyomfoza -0.016 -0.064 -0.133 --

(0.830) (0.387) (0.070)

a= could not be computed as Nyomfoza did not dysiles behaviour.

Calling was observed frequently from male cheetdhang the trials and
primarily consisted of the separation/distress ca#lde by cheetahs when they are
separated. Males were generally observed to mase ttalls when all other males were
at least two metres away from them and when otreesnwould move through the
lock-away yards leading to a physical barrier betwthe ‘Calling’ male and the others.
Figure 6 shows the results obtained for Callingrate study. Calling was observed
from males which were generally not observing #radles.

Minimal Calling was observed from Induna and NdorBigures 6a & b) over
the study, but this behaviour was observed fredydram Izipho (Figure 6c) during
the earlier parts of the study, and throughoutstuely from Nyomfoza. Interestingly,
over the study it was seen that Calling reducedsidenably for Izipho. His rate of
Calling started at a level similar to that of histher Nyomfoza (Figure 6d), but by the
end of the study his results were similar to Indumad Ndonda. Conversely,
Nyomfoza’'s Calling was seen to increase over theystwhere it was seen that the

behaviour began to reduce for Izipho.
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Figure 6.Absolute counts for Calling observed for individuzles over the study

Finally, Figure 7 depicts the behaviour of Pacing &ll males over the study. This
behaviour was observed frequently during the olagenv periods and expression rates
varied between the males. Pacing was seen to #itectuithin individuals, but there was
no apparent cyclicity. Results for Induna and Ndomeere lower than the other two
males and remained constant over the majority @stbhdy. However, increased Pacing
was observed in Induna at the very end of the stAdgin, it was evident that as the

observations of Pacing increased for Nyomfoza, tledyced for 1zipho.
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Figure 7.Absolute counts for Pacing observed for individuales over the study



Finally, Table 3 examines the relationship betwpairs of males for Calling

and Pacing behaviour.

Table 3.Correlation coefficients and associated statistisanificances (in brackets)
for Calling (values above the diagonal) and Pac{aglues below the diagonal) for the
male pairs in the study. Significant values arbatd type.

Induna Ndonda Izipho Nyomfoza

Induna -- 0.093 -0.006 -0.100
(0.208) (0.935) (0.176)

Ndonda -0.076 -- 0.337 -0.227

(0.307) (<0.001) (0.002)
Izipho -0.192 -0.002 -- -0.408

(0.009) (0.981) (<0.001)
Nyomfoza 0.212 0.029 -0.291 ~=

(0.004) (0.694) (<0.001)

Table 3 shows that there were fewer correlationadzen males for Calling and
Pacing than for the previously analysed behaviodiisere are strong positive
correlations for both Calling and Pacing for thethers 1zipho and Nyomfoza and there
is a positive correlation for Calling between Ndarahd 1zipho. Ndonda and Nyomfoza
showed a negative correlation on Calling and th&aeing was negatively correlated
between Induna and Izipho.

Male Behaviours and Female Tail Rolling

Due to cyclicity in a number of the male behavicaieve, it was important to compare
the patterns of Tail Rolling expression observedeimale cheetahs. As it was found
that Tail Rolling was highly cyclic and likely toeba good indicator of oestrus in the
female cheetah (Chapter 4), it was important toifsges potential indicator of oestrus
was a driver of male behaviours such as Sniffind) Stutter Call. Male behaviours were
examined to see if their expression were linkefetnale Tail Rolling. It was initially
noted from scanning the data that female Tail Rglpatterns were observed 12 to 24
hours before males began to display interest irafesn An accurate time frame was not
established with certainty as there was only on&efieanale interaction period during
the mornings. Males were not seen to show intemeeest before this increase in Tail
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Rolling began. Correlations were performed for mb&haviours and female Talil

Rolling.
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Figure 8.Scattergram of absolute counts per observationgaeby Induna Sniffing
versus combined (Pinda and Lula) Female Tail Rgllin

Figure 8 shows the correlation of Induna’s Sngfievents to female Tail
Rolling, for Lula and Pinda combined. As Induna @tdibnda produced very similar
results and patterns of Tail Rolling, Induna wasdum the following analysis. It was
evident that there was a positive relationship ketw these behaviours. These
behaviours were explored further by examining $rgffagainst Tail Rolling for each
female separately.

Figure 9 illustrates the relationship between malBniffing and Pinda Tail
Rolling. The blue data points represent the Sraftoy Induna at times of Tail Rolling
by Pinda. The pink data points indicate countsroffiag when Lula was not exhibiting
Tail Rolling and may therefore be responses to &indhe absence of cues from Lula.
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representing responses to Lula and pink data poiafgesenting responses to Lula

when Pinda was not Tail Rolling.

Figure 10 illustrates the relationship betweenumal Sniffing and Lula Tail
Rolling. The blue data points represent the Sriftoy Induna at times of Tail Rolling
by Lula. The pink data points represent elevateatfi®gmwhen Pinda was not exhibiting
Tail Rolling.

Izipho’s behaviour was then compared to the femalesl Rolling. It was
evident that Izipho’s behaviour changed dramatycaller the study. At the beginning
of the study Izipho showed low levels of SniffingdaChassé, and high levels of Calling
and Pacing (see Figures 2c, 3c, 6¢, and 7c). Hawéewards the end of 2002this
began to change and Izipho showed increased r&t8siffing and Chassé, began to
Stutter Call and reduced his rates of Lying andi@a(see Figures 4c and 5c).
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Figure 11.Observations for Izipho Sniffing versus Tail Rd@lifor Pinda and Lula
combined. Blue points represent the results fromeplation period January to May
2002 and red points represents the results fromeagion period June 2002 to
February 2003. The?rvalues for the two periods are given in the lowight hand
corner and the lines are best fit linear regressidiited separately to the two time
periods.
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Figure 11 shows the relationship of Izipho Snifio female Tail Rolling, along
with r* values, which indicate the proportion of variationbehaviour attributable to
correlation. It can be seen that there is a corsinde change in his behaviour between
the first and second halves of the study. InitiaByiffing showed little correlation to
female Tail Rolling behaviour {r= 0.059), with results shown in blue remaining low
However, after June 2002 there is a strong coioelab female Tail Rolling @r=
0.317), with results shown in red.

These results suggest that when Tail Rolling byl®iis taken into account, the
correlation between Lula’s Tail Rolling and Induaad Izipho’s Sniffing increases
substantially. This was also the case with Stuftel for Induna, but not for Izipho.
This analysis helps to explain the results seethengraphs above (see Figures 10 and
11) and strongly suggests that Induna and Iziphe wesponding separately to signals
from both Lula and Pinda. It also strongly suggdabts Tail Rolling behaviour, or
associated signals, of both females was influenitiegnales’ behaviours.

Table 4.Bivariate and partial correlation coefficients beten the behaviours Sniffing
and Stutter Call by Induna, 1zipho and Nyomfoza 8ndfing and Stutter Call by Tail
Rolling for Lula. Bivariate correlation did not adg§t for Pinda’s Tail Rolling, whereas
this was taken into account for the partial cortgda. Significant values are in bold

type.

Lula Tail Rolling Lula Tail Rolling
Corrected for Pinda Tail
(bivariate correlation)  Rolling (partial correlation)
Induna Sniffing 0.494 0.724
(<0.001) (< 0.001)
Stutter Call 0.491 0.604
(< 0.001) (<0.001)
Izipho Sniffing 0.249 0.421
(0.001) (<0.001)
Stutter Call 0.277 0.250
(<0.001) (< 0.001)
Nyomfoza Sniffing .0.077 -0.020
(0.300) (0.788)

213



[o]
5 o
o] o o] (o] O
1]
=
=
=
u!’:!d_ oCoQOo000C00 (o] 8] o] O
o
[ ]
2
E QQOQOQOQO QD00 jsReNalsgel Q
=]
-
=
2 00D0DCOO00 0000000 OO0 o o)
00000000 0O oo s} oo o oo
0 coOCOo00 oo O o] o009 O o000 O
I T T I T
0 10 20 30 40

Total Tail Rolling Combined

Figure 12.Scattergram of Nyomfoza Sniffing and Female TallifRp(combined for
Lula and Pinda).

Figure 12 shows the relationship of Nyomfoza Sngfto female Tail Rolling
for Pinda and Lula combined. Nyomfoza displayedy\dfferent patterns of behaviour
to the other males during the study. It can be $keanthere is considerable variability
in the data. It is evident from the graph that ¢hés no relationship between
Nyomfoza’'s behaviour to female Tail Rolling. Thisasvexplored further by carrying
out a bivariate correlation between Nyomfoza’s férgfand Lula’s Tail rolling, as well
as a partial correlation controlling for Pinda’silTRolling (see Table 4). It is evident
that Nyomfoza’s expression of Sniffing is unrelatedemale Tail Rolling, contrasting
strongly to the other males. The analysis of St@tdl was not performed as Nyomfoza

did not produce this call during the study.

Finally the relationship of male Pacing and Callittg female Tail Rolling

(combined) was examined.
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Table 5.Correlation coefficients for males for the behavewf Calling and Pacing
and female Tail Rolling Combined, with significaeatrelations in bold type and exact
significances indicated in brackets.

Male Behaviour | Correlation with Tail Rolling Comieith
Induna Calling .0.318
(<0.001)
Pacing 0.025
(0.738)
Ndonda Calling -0.281
(<0.001)
Pacing | 9355
(<0.001)
Izipho Calling -0.137
(0.063)
Pacing | 9112
(0.131)
Nyomfoza Calling 0.007
(0.920)
Pacing 0.040
(0.587)

There are a number of strong negative relatiossbipmale’s behaviours to
female Tail Rolling (Table 5). Significant corratats are highlighted in bold type, and
the negative sign of these coefficients indicateat tthese behaviours decreased
significantly when female Tail Rolling increased. i$ noteworthy that significant

correlations were not found for Izipho or Nyomfoza.

Female Tail Rolling and Male I ntroductions
As the male behaviours of Sniffing, Chassé andt&t@all were strongly correlated
with Tail Rolling behaviour observed in the femalegreases in these behaviours were
used as a guide to perform male/female introdustitntroductions were based on both

increases in male behaviour and the absence dttardear responses from the female

215



being investigated. Introductions performed durtting study period primarily involved
the males Induna or Ndonda to the female Pinda.

The first instance of mating was observed on thef/February, 2003 between
Induna and Lula. This mating occurred while botimeats were displaying high levels
of key behaviour components. Lula displayed 20 Raills in the hour preceding the
male investigation period and Induna displayed exaf Sniffing = 46, Chassé = 25
and Stutter Call = 54. No instances of other kdyalv@urs were recorded during the 30
minute investigation period that occurred immedyatdter observations on Lula. The

data collection for the study ended after this ntati
Discussion

There has been much debate on the problems ofathbeteding, with vastly different
issues arising from the research on wild cheetagrénsoret al. 1992 and Caro 1994)
compared to research on captive cheetahs (Flori®p&elli 1967, Benzon & Smith
1975 and Wielebnowski & Brown 1998). The captivevimmnment is usually very
unnatural and husbandry practices can mean thattalhe are constrained from
displaying a natural repertoire of behaviours, @oiften as a result of being forced into
unnatural social situations (McKeown 1991). Theseatural holding situations disrupt
male and female social behaviour and may cause eursftess and impact on
reproductive success (Caro 1993, 1994, Watdil. 1993, Brown & Wielebnowski 1998
and Wielebnowski & Brown 1998).

Little is known about the male cheetah in captivityth information from wild
animals being the primary source of information rCa4993 and 1994). Even then,
reproductive behaviours of the male cheetah remanter studied, as courtship and
mating is very difficult to observe in the wild atah (Caro 1994 and Gottedi al.
2007). Aspects of male libido and mate choice rfagtier study (Caro 1993 and Wildt
et al. 1993). Previous reports from zoos have indicatednteed for male aggression to
stimulate a female’s receptivity and allowing heatenchoice (Florio & Spinelli 1967
and Benzon & Smith 1975). More recently, promisc@hd mate choice have been
examined in populations of wild female cheetahsnfrthe Serengeti (Gottelkt al.
2007). This study found that females would mate wthltiple males, both within a
coalition and from different coalitions, within oneeceptive cycle. Gottelli and

colleagues proposed that this was due to multigterpity improving the fitness of the
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cubs and allowing them to ‘hedge their bets’ acthssguality of the males. The current
study aimed to explore the roles of males in mat@ae by examining the behaviours
that males displayed towards receptive and norpteeefemales.

Key Male Behaviours

| observed the males to exhibit many behavioursnduthe study; six key behaviours
were selected for analysis based on their frequandyalso the patterns in which they
occurred. Those key behaviours were Sniffing, GhaStutter Call, Lying, Calling and
Pacing. Behaviours such as Fighting and Sprayimg tiad been observed in high
frequencies from the male group (see Chapter 5¢ wigserved rarely while males were
investigating females. Due to the low and sporadiservations on these behaviours
they were not included in the statistical analyses.

The behaviours of Sniffing, Chassé and Stutter ®atke analysed for all males,
and behavioural similarities between males weresdhoparticularly for Induna and
Ndonda. Induna and Ndonda displayed the highess rat all three behaviours, with
fluctuations following very similar and cyclic peaths. Considerable increases in
behaviour expression were observed for Izipho froitk-2002. Prior to this time Izipho
had not displayed Stutter Call within his behavadurepertoire. Nyomfoza differed
from all of the other males, showing low rates dtirof these behaviours and failing to
make a Stutter Call over the study.

The behaviours of Lying, Calling and Pacing exleiditvery different trends.
Observations of these behaviours remained lowHerstudy for Induna and Ndonda,
and were not seen when investigating female sigitafsho showed a steady decrease
in these behaviours from mid-2002. Nyomfoza disptayhe opposite trend to his
brother 1zipho, where his expression of these hielay increased from mid-2002 and
peaked in 2003. These behaviours showed very fevelations among the pairs of
males, but significant negative relationships welgserved between lzipho and
Nyomfoza on the behaviours of Calling and Pacihgvds evident that the behavioural

patterns for these two males were moving in oppaiections.
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Male Reactions to Female Tail Rolling

Due to the cyclicity in male behaviours, the bebaws of Sniffing, Chassé and Stutter
Call were examined with respect to female Tail Rgllas this had been previously
reported to show cyclicity and may be an indicatboestrus (as described in Chapter
4). Increases in male Sniffing, Chassé and St@dl were highly correlated with
elevated levels of female Tail Rolling. For the eslnduna, Ndonda and Izipho, there
were patterns cycling over the study that coincideth what was observed for the
female Pinda. Pinda displayed a high level of cywliin Tail Rolling and Tail
Swishing. Peaks in this behaviour were observedlagy and there was considerable
evidence to suggest that this behaviour may bedaoestrus.

Male Sniffing/Stutter Call behaviours were analyssdhey appeared to follow
a similar trend to Tail Rolling behaviour obseniademales. Strong correlations were
found. Scores were then corrected for Tail Rolimgndividual females and it was seen
that the correlations to individual female Tail Ra were strengthened when the other
females’ data was accounted for using partial ¢atios. These relationships indicate
that male cheetahs are responding to the femaédgiiiour and males did not Stutter
Call outside of the times when females were disptaglevated levels of Tail Rolling.

Nyomfoza was the only male which failed to dispBytter Call and he was
also the only male which failed to show Sniffingan observation period. This lack of
Sniffing and general disinterest in investigatiig tfemale yards isery interesting.
Multiple males would observe and investigate a ipadr females’ yard without
creating any increased levels of aggression. Toerehis lack of interest appears to
reflect an issue particular to Nyomfoza rather thare imposed by hierarchical
relationships, or threat from other males. Thiserit not appear to respond to female
cues in any way.

Iziphos’ behaviour paralleled Nyomfozas’ behaviomitially showing similar
levels of disinterest at the beginning of 2002. Kgel of interest in investigating
female olfactory signals changed considerably a@kerstudy, and by the end of 2002
Izipho was displaying high rates of behaviour samib Induna and Ndonda.

The behaviours of Lying, Calling and Pacing did rgpear to show any
cyclicity during the study period. However, therere&y multiple patterns observed

within the data. Initially, in response to Tail Rog, it was observed that there were
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strong negative correlations with Calling and Pgdar Induna and Ndonda. It was
evident that when these males showed interestviestigating olfactory signals from
the females, Calling and Pacing reduced signiflgaiihis response was also suggested
by the data for 1zipho on Calling. The correlatwwas not statistically significant, but
scores followed the same trend seen in the othé&sm&orrelations were not seen for
Nyomfoza, again displaying very different patteoh®ehaviour to the other males.

The males showed very different responses whersimgating females. Induna
and Ndonda showed strong similarities in their be@has over the study. The
behaviours of these males also remained very stabée the study, with trends
changing little from early 2002 to 2003. As wasrsgeChapter 5, Induna and Ndonda,
while unrelated, have spent the longest time tagetiihese males appear to have
formed a coalition where Induna appears to be damiand the relationship between
these males on behavioural expression is relatstalyle.

Izipho and Nyomfoza initially displayed very sianmltrends in behaviour. These
trends were markedly different to those observedinduna and Ndonda. High
frequencies of consistent Lying, Calling and Paciveye observed and there was no
evident cyclicity as had been seen with the othalesn However, these trends diverge
and lIziphos’ behaviour became increasingly like pila¢terns observed in Induna and
Ndonda. As lziphos’ behaviour began to comparehesé two males, his interest in
investigating the females increased. Increasediggiaind Chassé were observed, and
in December 2002 he was heard to Stutter Call Her first time. Concurrently, his
Lying, Calling and Pacing behaviours were reduced.

Conversely, Nyomfozas’ behaviour moved away fromttend displayed by the
other males. He displayed a lack of interest iregtigating the females. As the study
progressed, this disinterest became more pronousrogdNyomfoza would often lie by
himself while the other males would investigate temale lock-away yards. As was
stated in Chapter 5, Nyomfoza experiences and nuofbleealth problems during the
study period. These health problems may possibhg baen a contributing factor to the

distinct difference in his behaviour when compaxethe other males.

Coalition Formation as a Driver of Male Behaviour Patterns

Throughout the study period it was observed thdestrmed coalitions and that these

coalitions were affected by events occurring wittina facility (as described in Chapter
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5). A possible reason for the changes in Iziphagidviour during the trials was his
acceptance into a coalition with Induna and Ndomdareported in Chapter 5, Izipho
showed large changes in a number of behavioursign with these males, including
increased Fighting, Grooming and Lying. These ckanig behaviour began during
2002. Again, there was a shift in his behaviounfnmid-2002 to follow similar patterns
to these males.

There is some indication that male responses t@alisrare related to coalition
membership, with the data suggesting that particpan a coalition makes males more
likely to respond to female cues. The increaseélle¥ response to female olfactory
signals from the males in a coalition may be diyectlated to their level of coalition
membership. This membership may be either primia¢esto respond to female cues,
or it may be indirectly related to other factorsicls as a sick male or ‘floater’,
displaying both lack of interest and a lack of g#pation in a coalition. This lack of
participation was seen from Nyomfoza, being the/ oméle in the current study that did
not respond to female cues. It was noted in Chdptbat Nyomfoza had a number of
health problems during in the study, and was exdudrom the coalition. This
exclusion may have contributed to his lack of iestrin female cues. His status as a
solitary male or ‘floater’ appeared to begin in R2G02 and had been consolidated by
2003. Nyomfozas’ complete lack of interest in tméles is a comparison to the strong
changes in the behaviour of the other males towfmsles. While it is not possible to
determine the direct cause from the current dagppears that being part of a coalition

Is important for generating interest in females.

Conclusions

Responses of male cheetah to female olfactory lsigmeere seen to fluctuate
considerably over the study. Males displayed vayyiesponses to these cues, with
differences noted between and within each maldwweur. Key behaviours indicating
male response were Sniffing, Chassé and Stuttdr Tatse behaviours were highly
correlated to Tail Rolling in the females, suggesgtihat these behaviours indicate
responses to the females state. The behaviouralbh@ and Pacing occurred in the
absence of these behaviours, suggesting they tediealack of interest in females.

Over the study, Induna and Ndonda responded cendlisto female cues. Their

behaviour was highly correlated, showing regulapomses to changes in female cues.
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The changes observed in Izipho’s behaviour wheastigating female cues appeared to
be dependent on the relationship he had with atiedes. During the study it appeared
that Izipho’s behaviour, while initially similar tbis brother Nyomfoza, became more
like Induna and Ndonda. He initially showed lowesabf Sniffing and Chassé and did
not Stutter Call, while displaying high rates ofll@g, Pacing and Lying. During the
study these behaviours changed, with steady ineseas Sniffing and Chassé, the
introduction of Stutter Call and a steady declmé€alling and Pacing. These changes
were noted to coincide with 1zipho becoming a memntfea coalition with these two
males.

The behaviour of Izipho was a stark comparisoiNyomfoza, showing very
different behavioural patterns over the study. inkver appearing to show interest in
investigating females, the increase in Calling &ading for Nyomfoza over the study
was distinct. This increase in behaviour occuredthe@svas slowly excluded from the
coalition. The changes in Izipho’'s behaviour sugdhkat inclusion in a coalition is
important for males for successful reproductionagipears that membership of this
coalition instigated his interest in investigatiegnales

These findings are important for managing cheeatataptivity. Understanding
the reasons for a coalition’s response to femalesyportant because if being part of a
coalition is important for male cheetahs to resptmdemale olfactory signals, then
holding males in groups becomes an important gjydi® cheetah husbandry. It is also
possible that males are primed for reacting to fensaes by living in a coalition. As
Izipho was gradually integrated in the coalitiore see an increase in his response to
female cues. Therefore it is evident with the clesng his behaviour that his change in
status is having some effect. It is also possih#t temales need to be able to actively
choose between males and might therefore be mareptiee if males occur in
coalitions. Hence, while the exact driver(s) may get be known, keeping male
cheetahs in coalitions appears to be a valuablddoareating successful introductions

for cheetahs in captivity.
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