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Abstract 
This project has been initiated by the De Wildt Cheetah and Wildlife Centre who are currently 

engaged in implementing of a national population management plan for the cheetah in order to ensure that 
there is gene flow between the subpopulations that exist in protected areas.  The aim is to verify if 
scatology can be used as a tool to genotype cheetah from wild populations in South Africa. Molecular 
scatology is a relatively recently developed non-invasive technique for obtaining genetic information on 
wild mammal populations.  This technique is of special interest when studying rare, nocturnal or elusive 
species because there is no need to capture or harm the animal.  With the aid of certain molecular 
approaches that can be used on faeces, in conjunction with conventional analyses, the genetic structure, 
demography and life history of specific populations can be determined. 
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Introduction  

The cheetah, Acinonyx jubatus, is a member of the Felidae.  It is recognised as being the fastest 
land animal that is especially designed for sprinting.  Its semi-retractable claws, enlarged heart muscles, 
enlarged adrenals and elongated legs are among many of the characteristics that enable this cat to reach 
top speeds (O’Brien, 1994).  

The cheetah once ranged throughout Africa and Southwest Asia.  Currently, it is almost exclusively 
found in sub-Saharan Africa following either complete extermination or near extinction from the 
remainder of its historical range (Nowell & Jackson, 1996).  A small remnant population still exists in 
northern Iran and isolated populations consisting of no more than 50 mature individuals in North Africa 
(Cat Specialist Group, 2002).  Today the global population is estimated to be less than 10 000 breeding 
individuals with no subpopulation consisting of more than 1000 breeding individuals (Cat Specialist 
Group 2002).  The South African cheetah population consists of less than 1000 animals with 
approximately 250 in captivity, 350 on reserves and 200-400 roaming free (Bouwer, 2003). 

Due to limited cheetah numbers, they have been listed as an endangered species under the 
protection status of CITES Appendix 1 (Convention on International Trade in Endangered Species of 
Wild Flora and Fauna, 1973).  An Appendix 1 quota system was established under CITES in 1992 for live 
animals and trophies, with annual quotas for cheetah allocated as follows: 150 (Namibia), 50 
(Zimbabwe), 5 (Botswana). Hunting of cheetah is prohibited in South Africa and a number of other 
African countries (http://bigfive.jl.co.za/index.htm). 

In the past, the removal of live cheetahs from the wild into captivity, sport hunting, and the fur 
market all contributed to a decline in numbers of the species (Massicot, 2005).  Potential threats to the 
cheetah today include hunting, a change in land management practices (May, 1995), fragmentation of the 
population, shooting and trapping by farmers, competition with other predators (Nowell & Jackson, 
1996), illegal trade and ignorance (Cilliers, 2005, personal communication; ncmp@dewildt.org.za). 

Cheetahs are extremely difficult to census due to their elusive nature and as a result there is only a 
limited amount of information regarding the status of cheetah populations across Africa.  With limited 
data regarding the number, distribution and genetic structure of cheetah, it is not possible to identify and 
address potential threats and to plan effective conservation strategies.  Due to cheetah being so elusive, 
direct observation of the animal is difficult but the need for genetic, demographic and life-history 
information for species facing extinction is more vital than ever (Kohn & Wayne, 1997). 
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Cheetah conservation 
There are a number of non-governmental centres in South Africa dedicated to cheetah conservation; 

such centres include the De Wildt Cheetah and Wildlife Centre, Cheetah Outreach and Hoedspruit 
Cheetah Centre.  The De Wildt Cheetah and Wildlife Centre is dedicated to ensuring the breeding and 
long term survival of the cheetah.  They have implemented many projects to ensure the success of their 
mission.  One such project is that of education.  The De Wildt education team aims to reach children and 
families that might come into contact with cheetah on the farms where they live or work (Bouwer, 2005, 
personal communication) 

The Wild Cheetah Project is also one of the De Wildt Cheetah Centre’s conservation efforts.  Their 
team travels to farms in the Limpopo province teaching the farmers in the area how to manage cheetah on 
their farms.  Many farmers are under the impression that cheetah are responsible for most of their stock 
losses.  Research to date has concluded that cheetah do sometimes prey on farm stock but because the 
cheetah have such a large home range (Cilliers, 2005, personal communication), often exceeding 800 - 
1,500 sq km (Massicot, 2005), it will not stay on a specific farm for an extended period of time, therefore 
not usually contributing to a substantial loss of profit.  Most stock losses are due to predation by caracal 
and jackal (Cilliers, 2005, personal communication).   

The Wild Cheetah Project team is involved in farmers’ conferences and makes use of any other 
occasions to teach the farmers more about the cheetah and cheetah conservation.  They are also involved 
in the capture of certain cheetah which may be in danger or are ‘problem cheetah’, that are subsequently 
relocated to a suitable protected area (Cilliers, 2005, personal communication). 

With an ever-decreasing cheetah population, the number of viable breeding individuals declines, 
reducing the size of the cheetah gene pool.  This can have extremely negative consequences because there 
is an increased risk of inbreeding and inbreeding depression.  Inbreeding results in physical and 
reproductive abnormalities such as increases in abnormal sperm, a rise in infertility, a lower birth rate and 
a weakened immune defence system (O’Brien, 1992).   

Molecular scatology is a recently developed non-invasive technique for obtaining information on 
wild mammal populations.  This technique is of special interest when studying rare, nocturnal or elusive 
species because there is no need to capture or harm the animal.  With the aid of certain molecular 
approaches that can be used on faeces, in conjunction with conventional analyses, the genetic structure, 
demography and life history of specific populations can be determined (Kohn & Wayne, 1997). 
 
Molecular scatology 

Non-invasive methods for gathering genetic information are vital for the study of species that are 
elusive, nocturnal, wide ranging or highly endangered because they can be implemented without having 
to capture or harm the animal (Creel et al., 2003).  One such approach is the analysis of faeces 
(scatology). These are readily available and have the potential for easy collection.  By using the technique 
of molecular scatology, it may be possible for DNA to be purified from the faeces and for specific DNA 
sequences to be amplified using the polymerase chain reaction (PCR, Saiki et al., 1985).  Molecular 
markers are available to determine individual identification through microsatellite DNA fingerprinting 
and to determine sex.  Comprehensive sampling can allow estimates of home range, reproductive 
patterns, kinship structure and population size (Kohn & Wayne, 1997). 

In the past, a variety of sources of DNA such as hair, bones, feathers, saliva, skin and nails have 
been collected for non-invasive genetic analysis but these samples were often difficult to obtain (Kohn & 
Wayne, 1997).  Faeces contain gut mucosal cells from the intestinal lining and therefore DNA from the 
host can be isolated and analysed.  Once the DNA is purified from the faeces, specific DNA sequences 
are amplified using PCR.   

This project has been initiated by the De Wildt Cheetah and Wildlife Centre who are currently 
engaged in implementing a national cheetah population management plan for the cheetah in order to 
ensure that there is gene flow between the subpopulations that exist in protected areas.  This project will 
verify if scatology can be used as a tool to genotype the cheetah population.  Should it be successful, it 
will make a substantial contribution in aiding the cheetah population management plan. 
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Research aim 
The aim of this project is to apply scatology as a non-invasive tool for the conservation of cheetah 

to facilitate the metapopulation management plan by providing useful genetic information on the cheetah 
found at specific localities. 

By isolating the DNA from scats and using a reference sample to check it, it is possible to 
determine the species and sometimes the identity of an individual animal (Farrell, 2001).  Species-specific 
genetic markers are used to identify and survey elusive individuals.  These markers also aid in verifying 
the species identification because scats found can often not be reliably identified on appearance alone 
(Paxinos, 1997).  

Microsatellite loci that have been used on faecal DNA can be analysed to establish paternity and to 
document relatedness in natural populations (Kohn & Wayne, 1997).  Patterns of genomic diversity for 
ninety feline microsatellite loci in certain populations of cheetah, lions and pumas were assessed by 
Driscoll et al. (2002).  They found that it was possible to use microsatellites to interpret historical 
population contractions.  Their results agreed with earlier suggestions of a population bottleneck in 
cheetah in the late Pleistocene period (O’Brien et al., 1983).  In a study by Gilbert et al. (1991), 
minisatellite variation was used to quantify the extent of genetic variation in several lion populations that 
differed in their natural history and levels of inbreeding.  They found that reliable estimates of genetic 
diversity, of parentage, and of individual relatedness could be achieved in free-ranging populations 
(Gilbert et al., 1991).  Research such as this proves that molecular genetics can play an important role in 
the field of conservation and population management.  

Dietary habits can also be determined non-invasively through the analysis of scats, therefore by 
amplifying the DNA, one not only identifies the individual itself, but also the food it has ingested (Höss et 
al., 1992) and in doing so, identifies their preferred prey.  A study by Farrell (2001) used scats to 
determine the preying habits of the puma (Puma concolor) and the jaguar (Panthera onca).  Similar to the 
cheetah, these large felids were being persecuted by cattle ranchers in Venezuela for alleged predation on 
livestock.  By determining the prey and managing it properly, the attacks on the livestock could be 
reduced, consequently reducing the persecution of the puma and the jaguar (Farrell et al., 2000).   

DNA in faeces is present in low quantities and is often degraded resulting in a lower quality DNA.  
This lower quality and quantity can result in errors such as allelic drop-out and false alleles (Frantz et al., 
2003).  By amplifying shorter DNA segments more consistent amplifications are obtained compared to 
the amplification of longer DNA segments.  Mis-typing of individuals is also a potential problem, 
therefore it is important to perform multiple extractions and PCR amplifications from the faecal samples 
(Kohn & Wayne, 1997).  Genotyping errors have the potential of creating several genotypes per 
individual which can cause an overestimation when trying to determine population size.  Overestimation 
can be reduced by using the minimum number of loci needed to attain a low probability of identity among 
samples from different individuals, reducing the chances for creating false genotypes (Creel et al., 2003).  
A maximum-likelihood method to assess genotype reliability and minimize the number of PCR replicates 
used has been developed.  This model is based on the assumptions that: a) both alleles at a heterozygous 
locus are equally likely to drop out, b) allelic drop-out rates are even across loci, and c) all false alleles 
can be detected and eliminated from the data set.  It is important that these assumptions are met in the 
data set under investigation for the model to be accurate (Frantz et al., 2003). 
 
Material & Methods  

The faecal samples from 19 known cheetahs at the De Wildt Cheetah and Wildlife Centre were 
collected over a period of 14 days and classed as ‘fresh’, 4-days-old and 14-days-old.  The samples were 
immersed in ethanol and placed in a refrigerator at 4 °C.  Corresponding blood samples were obtained for 
comparison with faecal samples.  The blood was stored in a –20 °C freezer.  Extractions from the faecal 
samples were performed using the QIAamp DNA Stool Mini Kit (QIAGEN GmbH, D-40724 Hilden).  
DNA extractions of the blood were performed using the Qiagen Tissue Kit.  The samples were quantified 
using a nanodrop. When collecting samples in the wild, it can become difficult to associate a particular 
faecal sample with a specific species.  In order to determine the success of cheetah DNA extraction, a 
cheetah specific primer was designed using the control region of the cheetah mitochondrial DNA.  The 
primer successfully amplified for all the faecal samples, proving that the DNA extraction was a success.  
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DNA was also extracted from blood samples of chicken, horse and humans.   No amplification was 
detected, indicating that the primers were in fact cheetah specific. 

A set of 12 microsatellite markers was chosen and optimized for PCR.  The microsatellite loci 
included those accepted and recommended by the ISAG (International Society for Animal Genetics) for 
DNA profiling.  The acceptability of the microsatellites was based on the following criteria: (1) high 
polymorphic information content (PIC) values, (2) international comparability and (3) comparability with 
two other South African laboratories conducting research on cheetah. 

PCR and separation of microsatellite alleles on an automated DNA analyzer (ABI3100) will be 
carried out with both blood and faecal DNA and the results will be analyzed in order for a standard to be 
established.  This process will be repeated with additional samples from the wild cheetah population and 
the results will be compared with the standard. 

 
Conclusions  

Studies on a variety of species have been done and these have concluded that faecal DNA analysis 
as a non-invasive technique is an effective method for detecting and identifying the species of interest and 
estimating the genetic composition of specific populations.  According to the results achieved from this 
study to date, it can be concluded that it is in fact possible to extract cheetah DNA from their faecal 
samples.  By using a species-specific primer the scat samples can be assigned to a particular species.  
Another function of this primer is to confirm that the DNA extracted is from the predator and not that of 
its prey. 

As a non-invasive technique, faecal DNA analysis ensures that the collection of samples can be 
done without harming, disturbing or causing the animal any unnecessary stress.  It has also been found to 
be an extremely effective way of collecting biological information of elusive, nocturnal and endangered 
species (Dallas et al., 2003).  This information will help to establish management strategies in order to 
preserve these animals in an ever-decreasing habitat due to the rapidly increasing human population. 
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