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Abstract: Serengeti cheetahs are well protected from poaching inside Serengeti National Park, but 70% of 
cheetah cubs are killed by other predators, mainly lions. Within the National Park it is likely that adult 
survival will remain high while juvenile survival will fluctuate depending on predation pressure. At low lion 
density, the cheetah population has a very low risk of extinction. Recently, lions did suffer an extreme 
population decline on the plains by canine distemper. Currently, however, the lion population is 
rebounding dramatically. What do you do when one endangered species is killing off another in your very 
large reserve? 
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Serengeti Cheetah Viability and the Lion Factor

by Marcella Kelly*

Serengeti cheetahs are well protected from poaching inside Serengeti National Park. But is their population
viable in the long-term, especially considering that 70% of cheetah cubs are killed by other predators,
mainly lions, within the National Park? In combination with other factors that kill cubs (e.g. abandonment,

floods, fires), a cheetah cub born within the Serengeti National Park has only a 5% chance of making it to one
year old. For these reasons I became very interested in conducting a population viability analysis on Serengeti
cheetahs. I had already compiled data from a 25-year photographic index of Serengeti cheetahs (from 1969-
1994), and from this, was able to determine basic demographic parameters: longevity, reproductive success,
recruitment, adult mortality, adolescent mortality, litter size at independence, etc. Then, in collaboration with Dr.
Sarah Durant, we modeled the cheetah population using Sarah’s population model Popgen.

We first found the population growth rate is nearly equal to one
(l = 0.997), meaning that the population, on average, is self-replac-
ing and hence is not in imminent danger of crashing to extinction.
This is good news. But the population size itself fluctuates sub-
stantially and hence is subject to stochasticity, or vagaries of indi-
vidual vital rates or of the environment (i.e. good and bad years).
Therefore we included stochasticity in our model, allowing the com-
puter to randomly choose vital rates for good and bad years within
a reasonable range dictated by the variance we estimated in our
model parameters. This showed that despite having a growth rate
of nearly one, the cheetah population is still subject to extinction
under environmental stochasticity (extinction risk was 30% for the
next 50 years).

We also found that the extinction risk is most sensitive to
changes in adult survival, such that small increases or decreases in
adult survival cause big changes in extinction risk. However, be-
cause adults are well protected from poaching in the Serengeti,
adult survival is already very high (87%). The probability of in-
creasing adult survival is very low. Juvenile survival (0-1 year olds)
proved to have the next strongest affect on cheetah population
growth. Therefore, we went on to model the effect of different num-
bers of lions on juvenile survival and recruitment and to calculate
extinction risk (see figure). At low lion density (72 female lions), the
cheetah population has a very low risk of extinction. At average
and at high lion density (98 and 120 respectively), however, chee-
tah extinction risk is very high. That is a bit disconcerting. Recently,
lions did suffer an extreme population decline on the plains as one-
third of the population was killed by canine distemper beginning in
late 1993. Currently, however, the lion population is rebounding
dramatically.

All of this presents a very interesting conundrum for conserva-
tion and reserve management. What do you do when one endan-

Fig. Projected extinction risk under environmental stochasticity for
cheetah populations subjected to different lion densities. Low
lion density, 72 adult female lions, corresponds to the minimum
recorded over 20 years of lion study; while high density, 120
adult female lions, corresponds to the maximum recorded, and
average lion density is 98.

gered species is killing off another in your very large reserve? Cull-
ing lions to protect cheetahs is not an option. Most people go to
the Serengeti to see the king, and that king is the lion. Hence lion
culling would be extremely unpopular. Alternatively, it is very un-
likely that cheetahs would use any type of artificially constructed
den designed to protect cheetah cubs from lions. Increasing juve-
nile survival is also unlikely. Within the national park it is likely that
adult survival will remain high while juvenile survival will fluctuate
depending on predation pressure. Therefore, for Serengeti Plains
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cheetah conservation, it will be extremely important to continually
monitor lion numbers and their effect on cheetah cubs.

There is, however, another possibility. Cheetahs are highly mo-
bile in the Serengeti and they are capable of moving from the center
of the park out into surrounding game reserves in a matter of days.
In Namibia it has been suggested that cheetahs emigrate out of
protected reserves because these reserves have high densities of
other predators which are themselves likely to be seeking refuge
from hunting pressure in surrounding reserves. Additionally, litter
size at 10 months old in Namibia has been reported as 4.0, twice that
of the Serengeti indicating that cheetahs exhibit signs of predator
release and hence can potentially rear large litters in the absence of
predation.

Cheetahs perhaps provide a good example of a fugitive species.
They are excellent dispersers but poor competitors in comparison
to other large predators, always losing in direct competition for
food and suffering high mortality from predation. Sarah Durant has
shown that cheetahs do actively avoid lions, however, and that
they appear to seek out “competition refuges” with low densities of
lions and hyenas. Their mobility is likely the key to their continued
co-existence with other predators.

Conservation of cheetahs may rely on their protection outside
protected areas as well as within core areas of national parks. The
secretive and elusive nature of cheetahs may allow them to exploit
edges of parks where other large, aggressive, and gregarious preda-

tors are exterminated by human hunters. In game reserve areas sur-
rounding the Serengeti National Park, hunters and pastoralists pref-
erentially hunt other predators but rarely hunt cheetahs. Such buffer
zones would require minimal management effort and may then sup-
port high numbers of cheetahs. Aside from this possibility, we are
forced to conclude that cheetahs will remain at low density and at
risk of extinction even in protected areas where adult survival is
high if these areas support high numbers of other large predators.

Sarah has now begun radio collaring cheetahs in the woodland
areas surrounding the Serengeti Plains in order to determine the
basic demographic rates of these cheetahs. If reproductive success
is higher in the woodland areas than in the Plains, then perhaps the
woodlands are actually a source of cheetahs while the Plains, once
thought of as a cheetah stronghold, are actually a sink for chee-
tahs, relying on supplementation from other areas to remain viable.
Hopefully, Sarah will have results of her interesting work soon.

For further information on the population viability analysis con-
ducted on Serengeti cheetahs, see the June 2000 issue of Conser-
vation Biology or contact Marcella Kelly via email.

* Marcella Kelly, Department of Wildlife, Fish and Conservation
Biology, University of California, One Shields Avenue,
Davis, CA 95616, USA
Email: <mjkelly@ucdavis.edu>

Computer-aided Photograph
Matching: An Example from
Serengeti Cheetahs

by Marcella Kelly*

Increasing numbers of long-term studies have shown
that natural marks can be used to identify indivi-
duals using a photographic file index. Photographic

identification is a powerful method for obtaining infor-
mation on behavior, population size and life-history pa-
rameters in wild populations.

This method is non-intrusive and hence is particularly advanta-
geous in studies of threatened and endangered species. Yet han-
dling large quantities of photographs is time consuming and prone
to error. Computer-aided matching can speed up the process of
individual identification from photographs. I used a three-dimen-
sional (3-D) computer matching system on Serengeti cheetahs and
tested its accuracy. This matching system was developed by Hiby
and Lovell (1990, 2001) for marine mammals originally. This method
enabled me to determine demographic parameters for the cheetah
population which were useful in constructing a population viability
analysis (Kelly and Durant 2000).

Cheetahs of the Serengeti Plains were photographed beginning
in 1969. From 1969-1991 most photographs were not distinguished
in the field, creating a backlog of 10,000 photographs of unidenti-

fied individuals. I entered these photographs into the computer
and digitized the backbone, belly line, shoulder, and hip joint for
each animal. A 3-D model of the cheetah’s body is projected onto
the photographic image allowing the computer to line up its 3-D
model with the two-dimensional photographic image. This tech-
nique allows the user to enter photographs regardless of orienta-
tion of the animal to the camera. The model can be rotated and
rolled to line up with the image. Subregions of a cheetah’s coat
patterns are extracted and compared to others. Cheetahs with high
correlations between dark and light patterns score high similarity
coefficients and hence are a match.

I found the program to be extremely accurate. At similarity coef-
ficients of 0.500 the computer was nearly 100% accurate in predict-
ing a match. The number of missed matches by the computer was
only 6.5% when using a similarity threshold of 0.450. However,
missed matches can be further reduced by including more than one
photo of each animal. I also found that poor quality photographs
and those at skewed angles to the camera produced lower similarity
coefficients, resulting in more missed matches. However, it is still
useful to use such photographs as they often match to high quality
photographs.

Entering each photograph takes 1-3 minutes and comparing two
photographs takes 2-4 seconds. Hence, tens of thousands of com-
parisons can be run overnight. It only takes an hour or two to train
an operator to use the program. No reliance on observer memory is
required, making this method robust to user inexperience. This
method provides an accurate and fast way to deal with large quan-
tities of photographs of individuals and it can be modified for other
species with complex yet variable coat patterns.




