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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.
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Cats in Azerbaijan
by Yusif Mamedov
and Azer Karayev

Introduction
Azerbaijan, formerly a part of the Soviet
Union, is located in Transcaucasia on the
western side of the Caspian Sea. The coun-
try covers an area of 86,600km2 including
the enclave of Nakhichevan, which lies be-
tween Armenia and Iran. Azerbaijan has land
borders with Iran, Armenia, Georgia and
Russia (see figure). The human population
was 7,625,000 in 1997. The Greater Cauca-
sus and Lesser Caucasus Mountains oc-
cupy the northeast and southwest of the
country respectively. Peaks in the Greater

Caucasus reach 4,466m and their slopes
contain broad-leaved and coniferous forests
and an alpine meadow zone. In between
these two ranges lies a wide plain crossed
by the country’s major rivers, the Kura and
Araks.

In the extreme southeast lie the Talish
Mountains, much of which are covered in
dense forest and scrub. The Kura-Araks
plain is principally semidesert in character
and has a dry, subtropical climate, with an
average annual precipitation of 200-300mm.
Steppe vegetation covers the foothills and
lower mountain slopes, and a few fragments
of riverine woodland remain along the Kura
and Araks rivers. The Kura-Araks plain is
heavily developed and contains many set-
tlements, large numbers of domestic live-
stock, extensive cultivated areas and a net-
work of irrigation canals.

Conservation Measures
The Azerbaijan State Committee for Ecol-
ogy (ASCE) is responsible for protected ar-
eas and wildlife conservation. The main cat-
egory of protected area is state reserve, a
strict nature reserve corresponding to the
former Soviet era zapovednik. There are now
14 state reserves covering 191,200 hectares
in total and a further 20 protected areas
(zakaznik), which are temporary reserves
or ones in which more economic exploita-
tion is allowed. However, all protected ar-
eas currently suffer from acute under-fund-
ing that affects staff and equipment and re-
duces the effectiveness of the protected
area system.

Wild felids are protected by law but
poaching still occurs. Azerbaijan signed the
Convention on International Trade in En-
dangered Species (CITES) in 1998. The
Azerbaijan Society for the Protection of
Animals and other NGOs concerned with
wildlife conservation and the environment
have become increasingly active in recent
years.

Current Status of Cats

Tiger (Panthera tigris)
The Caspian tiger (P.t. virgata) formerly
occurred in the forested Talish Mountains
of southern Azerbaijan. According to
(Adygezalov, 1989) it was common in the
1860s and was still often encountered at the
end of the 1890s. The last known individual
was killed in 1932 near Prishib (Gadjiev &
Rakhmatulina 2000). There were several re-
ports of tigers killed in the Talish mountains
during the 1950s, but investigation showed
that these were in fact all leopards. Confu-
sion had arisen from linguistic similarities
between local and Azeri names for leopard
and tiger (Gadjiev & Rakhmatulina 2000).

Leopard (Panthera pardus)
Two subspecies have been reported in
Azerbaijan: P.p. ciscaucasicus in the Greater
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