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1. General Introduction  

This doctoral thesis is organised in four chapters with Chapter 1 being a 

general introduction into the topics investigated in this study. Chapter 2 

presents and discusses findings on the reproductive activity and the breeding 

success of free-ranging female cheetahs on Namibian farmland. In Chapter 3, 

possible mechanisms for the discovered differences in reproductive activity 

between free-ranging and captive female cheetahs are investigated. In 

Chapter 4 results on the health status and of a serological survey on 

Namibian cheetahs are presented. 

The cheetah in southern Africa (Acinonyx jubatus jubatus) belongs to the 

order of Carnivora, family Felidae and is as one of five subspecies recognised 

(Marker 1998). The distribution of cheetahs 2000 years ago was much wider 

than at present and covered most parts of Africa and the arid zones from India 

through Iran to Arabia (Joubert 1984; Caro 1994; Hunter & Hamman 2003). In 

Africa, the estimated cheetah number has declined from about 100.000 in 

1900 (Myers 1975) to currently about 15.000 individuals in 29 African 

countries (Marker 1998), with Namibia containing the largest population of 

3.100 - 5.800 individuals (Hanssen & Stander 2003). As a consequence of 

their drastic decline, the cheetah was listed in 1975 in Appendix I of the 

Convention on International Trade in Endangered Species of Fauna and Flora 

(CITES 1984), granting it the highest protection status for international trade, 

and the International Union for the Conservation of Nature (IUCN) classified 

the species in 1986 as Vulnerable (IUCN 2004). 

In the 1980s, a number of studies on the genetic characteristics of cheetahs 

were conducted. Studies on the basis of allelic isozymes (O'Brien et al. 1983; 

O'Brien et al. 1985), soluble proteins (O’Brien et al. 1983), skin grafts (O’Brien 

et al. 1985), fluctuating scull asymmetry (Wayne et al. 1986), major 

histocompatibility complex (Yuhki & O'Brien 1990), mitochondrial DNA 

(Menotti-Raymond & O'Brien 1993; Freeman et al. 2001), hypervariable 

minisatellite loci (Menotti-Raymond & O’Brien 1993) and microsatellite DNA 

(Menotti-Raymond & O'Brien 1995) came to the result that the cheetah is 

genetically monomorphic. Although several authors have criticised some of 

the methods, analyses and interpretations of these studies (e.g. (Willig & 

Owen 1987; Merola 1994; Caughley 1994) it is generally accepted that the 

cheetah shows a low level of genetic variation. As an explanation for this lack 

of genetic diversity it has been suggested that at the end of the late 

Pleistocene about 10.000 years ago, when large numbers of mammal species 

became extinct, the cheetah population went through one or several 

population ‘bottleneck(s)’, reducing its number drastically (O'Brien et al. 1987; 

Menotti-Raymond & O'Brien 1993). The surviving individuals were assumed to 

have formed the founder population(s) of the present cheetahs, which are 

suggested to be inbred descendants of the founder animals (O'Brien et al. 
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1987). It was further suggested that the more recent population decline during 

the last one hundred years, owing to various anthropogenic activities, led to 

further inbreeding between related individuals in small isolated populations 

(O’Brien et al. 1987). Since it is currently not possible to obtain direct 

evidence to test the proposed ‘bottleneck hypothesis’, indirect evidence has to 

be used to test this idea. Inbred individuals are known to suffer from a variety 

of drawbacks owing to reduced heterozygosity. Such drawbacks generally are 

1. Low reproductive performance (e.g. Wildt et al. 1993) – first part of Chapter 

2 and Chapter 3 

2. High juvenile mortality (e.g. Ralls et al. 1979; Hedrick 1987) – second part 

of Chapter 2 

3. High susceptibility to infectious diseases (Evermann et al. 1988) – Chapter 

4. 

 

In the following sections these three aspects are briefly discussed and the 

hypotheses and predictions investigated in this thesis presented. 

 

1.1 Low reproductive performance  

Cheetahs in captivity are known for their low reproductive performance. In 

North American zoos regular breeding success was an exception for a long 

time (Marker & O'Brien 1989). A comprehensive study revealed that only a 

third of the females ever produced offspring and that a third of the females 

showed minimal or no ovarian activity (Wildt et al. 1993). This comparatively 

low reproductive performance for a captive felid was suggested to be the 

consequences of inbreeding and genetic monomorphism of cheetahs (Marker 

& O'Brien 1989; Wildt et al. 1993). Subsequent studies, however, suggested 

that the difficulties of founding a self-sustaining cheetah population in captivity 

are likely to be due to inappropriate husbandry and management conditions 

(Wielebnowski 1996).  

Since most data suggesting a low reproductive potential in cheetah females 

originated from captive individuals, previous studies could not differentiate 

whether the low fertility in females was mainly due to consequences of 

genetic monomorphism or to inappropriate husbandry and management 

conditions. Such a differentiation is possible when investigating free-ranging 

cheetahs in their natural habitat. A previous study on free-ranging female 

cheetahs in the Serengeti National Park, Tanzania, suggested that husbandry 

conditions may impair female reproduction, since all free-ranging adult 

females (N = 14) in the study reproduced (Laurenson et al. 1992).  

Thus, if reproduction of female cheetahs is affected by husbandry conditions, 

free-ranging female cheetahs should show active reproductive organs and 
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high fertility. In Chapter 2 of this thesis the reproductive activity and fertility of 

free-ranging female cheetahs on Namibian farmland was investigated. Data 

on the reproductive organs were obtained from immobilised animals using the 

minimally invasive technique of ultrasonography (Hildebrandt & Göritz 1998). 

Results were compared with respective data from female cheetahs kept in 

captivity in enclosures in their natural habitat in Namibia. If captivity in general 

affects reproductive performance, then also captive cheetahs kept in 

enclosures in their natural habitat were expected to exhibit a lower 

reproductive performance than their free-ranging counterparts.  

In Chapter 3 predictions derived from previously hypothesised mechanisms 

for reduced reproductive activity in captive cheetah females were investigated 

in detail. In cheetah females kept in zoos or in their natural environment, the 

occurrence of periods of anoestrous as well as reproductive inactivity has 

been previously demonstrated (Wildt et al. 1993; Brown et al. 1996; Jurke et 

al. 1997; Wielebnowski & Brown 1998; Wielebnowski et al. 2002; Terio et al. 

2003). Such irregularities were suggested to be caused by unnatural and 

stressful conditions in captivity (Brown et al. 1996; Jurke et al. 1997; 

Wielebnowski et al. 2002) or be triggered by an endogenous circannual 

rhythm related to onset and intensity of the rainy season in their African 

regions of origin (Terio et al. 2003). Recently, a model of ‘asymmetric aging’ 

has been developed (Hermes et al. 2004) to explain reproductive failures in 

captive white rhinoceros (Ceratotherium simum sp.) (Hermes et al. 2004; 

Hermes et al. 2006) and African and Asian elephants (Loxodonta africana and 

Elephas maximus) (Hildebrandt et al. 2000). This model suggests that 

reproductive organs in non-breeding captive females may experience 

accelerated aging compared to breeding captive or breeding free-ranging 

females owing to continuous maturation of follicles, ovulation and luteal 

phases of the former. During this asymmetric aging process, the reproductive 

organs might develop pathologies and at the end of the process ovaries might 

turn into irreversible acyclicity.  

To investigate whether the reproductive inactivity in captive female cheetahs 

in Namibia is due to stressful captive conditions the size of the adrenal 

glands, an indicator for a stress response, were measured in free-ranging and 

captive cheetah females using ultrasonography. To test the idea of a 

circannual rhythm underlying the reproductive irregularities in captive 

Namibian cheetahs, ultrasonographic results on the reproductive tracts were 

related to the rainy season in Namibia. To investigate whether the model of 

asymmetric aging is applicable for captive cheetahs, the reproductive organs 

of free-ranging and captive Namibia cheetah females were examined with 

ultrasonography to detect pathologies and liquid filled structures in close 

proximity to the ovaries.  
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1.2 High juvenile mortality  

Between 1956 and 1982 cub mortality in three cheetahs breeding centres was 

reported to be on average 29.1% by the age of 6 months (O’Brien et al. 1985). 

This relatively high cub mortality compared to other exotic animal species was 

also suggested to be the consequence of the genetic monomorphism of the 

cheetah (O'Brien et al. 1985). However, the analysis of the underlying data 

has been questioned repeatedly and re-calculation of these data and analysis 

of new data revealed that cub mortality differed for inbred and non-inbred 

offspring, suggesting that cheetahs do have substantial variability of those loci 

influencing cub survival (Caughley 1994; Wielebnowski 1996). Furthermore, it 

was observed that breeding success varied highly among breeding facilities, 

indicating that husbandry conditions had an influence on cub mortality rates 

(Wielebnowski 1996). 

Studies on free-ranging cheetah cub survival are rare and the only long-term 

study existing so far was conducted in the Serengeti National Park, Tanzania 

(Laurenson 1994; Caro 1994; Kelly et al. 1998). It was shown that this 

population suffers from high cub mortality due to predation by lions (Panthera 

leo) and spotted hyenas (Crocuta crocuta). This factor accounted for 78% of 

cheetah cub deaths, largely contributing to the low survival of cubs (5 %) to 

the age of independence (Laurenson 1994). Whilst this result is very 

interesting, it does not allow to identify whether inbreeding / genetic 

monomorphism contributed to the low survival of the cubs. 

On Namibian farmland, large predator species such as the African lion, 

spotted hyena and African wild dog (Lycaon pictus) were removed by people 

with the onset of commercial farming in the beginning of the 20th century. 

They were thought to be responsible for killing large numbers of livestock and 

were therefore eradicated (Marker-Kraus et al. 1996). As a result, the major 

competitors accounting for the death of a significant proportion of cheetah 

cubs in East Africa do not occur in the habitat of most cheetahs in Namibia. In 

Chapter 2, cub survival and litter sizes of free-ranging cheetahs on Namibian 

farmland were investigated in the absence of competitors, predicting that in 

Namibia on average more cubs reach independence and larger litter sizes 

can be observed than in Tanzania.  

 

1.3 High susceptibility to infectious diseases 

The high prevalence of diseases in captive cheetahs has been of concern in 

the past, because several uncommon diseases were described (Munson 

1993). An outbreak of feline infectious peritonitis (FIP) in a captive cheetah 

population in a North American zoo was responsible for the death of 60% of 

the population and has repeatedly been explained by the cheetah’s limited 

immunocompetence as a consequence of genetic impoverishment (O'Brien et 



 5 

al. 1985; Evermann 1986; Evermann et al. 1988; Heeney et al. 1990; Munson 

1993). This interpretation was consistent with the subsequent finding that the 

cheetah has a low genetic variability at class I loci of the major 

histocompatibility complex (MHC, Yuhki & O’Brien 1990), which encode 

peptides that mediate the immune response to viral infections. However, 

several authors have questioned the link between the FIP outbreak and 

cheetah genetic monomorphism, and suggested that rather the artificially 

increased density and stressful husbandry conditions may have led to the 

disease outbreak in this solitary living species (Merola 1994; Caro & 

Laurenson 1994).  

Whether cheetahs are vulnerable to infectious diseases has not only 

implications for husbandry management but also for the conservation of free-

ranging cheetahs. In Chapter 4 the health status and the prevalence of 

antibodies against viruses likely to be relevant for felids was investigated. If 

cheetah immunocompetence is limited as hypothesised, then free-ranging 

cheetahs should find it difficult to mount a competent response to the 

challenge of viral infections. If it is husbandry conditions that led to the 

observed outbreaks in captivity, then free-ranging Namibian cheetahs should 

be in good health and show no symptoms of acute viral infections. Due to the 

possible accumulation of antigens inside the enclosures of captive Namibian 

cheetahs and an increased exposure to domestic animals that may act as 

pathogen transmitters it was also expected that captive individuals show a 

higher prevalence of antibodies against pathogens than free-ranging ones. To 

investigate whether other free-ranging carnivore species might act as 

pathogen transmitters, the prevalence of viral antibodies in free-ranging 

leopards, caracals and jackals was also tested.  

The health status of free-ranging Namibian cheetahs was investigated in more 

detail by comparing the nutritional status and body mass index (BMI) of males 

and females. An analysis of published data from the Serengeti National Park, 

Tanzania (Caro et al. 1987), revealed no difference in the body mass index of 

males and females. Since litter sizes in Namibia turned out to be substantially 

higher than those observed in Tanzania (Chapter 2), the reproductive effort by 

Namibian females might exceed that of Tanzanian females. It was therefore 

expected that Namibian cheetah females were likely to have a worse 

nutritional status and a lower body mass index than Namibian males.  
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