
 

ISSN 1062-3590, Biology Bulletin, 2007, Vol. 34, No. 4, pp. 361–366. © Pleiades Publishing, Inc., 2007.
Original Russian Text © I.G. Khorozyan, A. Cazon, A.G. Malkhasyan, A.V. Abramov, 2007, published in Izvestiya Akademii Nauk, Seriya Biologicheskaya, 2007, No. 4,
pp. 437

 

−

 

443.

 

361

 

The leopard (

 

Panthera pardus ciscaucasica

 

) is the
only species of large cats that has survived in the Cau-
casus. In the early historical period, the leopard was
widespread in this region, and its range extended to the
Ciscaucasian plains (Vereshchagin, 1959). Until the
mid-19th century, the leopard could be often encoun-
tered in Caucasian forests, brush thickets, and hardly
accessible rock massifs with little snow, provided these
areas were inhabited by its prey: the chamois (

 

Rupica-
pra rupicapra

 

), bezoar goat (

 

Capra aegagrus

 

), West
Caucasian tur (

 

Capra caucasica

 

), East Caucasian tur
(

 

Capra cylindicornis

 

), roe deer (

 

Capreolus capreolus

 

),
and wild boar (

 

Sus scrofa

 

) (Dinnik, 1914; Geptner and
Sludskii, 1972; Sludskii, 1973).

In the mid-19th century, the leopard population
began to decline. In some areas, these animals disap-
peared because of hunting, deterioration of food
resources, and habitat loss. Judging from changes in the
number of trophies, the leopard was exterminated in the
former Kubanskaya Okhota (Imperial Kuban Hunting
Grounds) by the early 1920s; on the Black Sea slope of
the Greater Caucasus, in Karachai-Cherkessia, and in
the Teberda Reserve by the late 1950s (Nasimovich,
1941; Kotov and Ryabov, 1963; Geptner and Sludskii,
1972; Sludskii, 1973; Penzikov, 1986); and in northern
Armenia by the mid-1970s (Khorozyan and Abramov,
2005). Since the 1980s, only two leopards were taken
in the whole North Caucasus (Spasskaya and Said-
alieva, 1983; Lukarevsky et al., 2004). A resident leop-
ard population has survived only in Armenia and Azer-
baijan. Its present-day range in Armenia covers the
Meghri, Bargushat, and Zangezur ridges, from the
Khosrov Reserve to the Iranian border; in Azerbaijan, it

is confined to the Talysh Ridge in the southeast and the
Zangezur Ridge in Nakhichevan (Khorozyan et al.,
2005). According to preliminary estimates, the total
population size does not exceed 30 ind., with 10–20
ind. inhabiting Armenia (Khorozyan and Abramov,
2005; Khorozyan et al., 2005). The leopard is on the
Red Lists of all Caucasian republics as an endangered
species.

The study of leopard by means of direct observa-
tions is difficult because of its great rarity and stealthi-
ness. It is more feasible to use methods based on the
analysis of indirect evidence of its presence, such as
scats, footprints, and scrapes. In dry mountain habitat
of Armenia, scats are well preserved and remain identi-
fiable for a long time. Moreover, they can provide infor-
mation on animal diet, distribution, space and habita
use, population structure, and individual hormonal and
genetic characteristics (Putman, 1984; Kohn and
Wayne, 1997; Monfort, 2003). Conversely, footprints
and scrapes are poorly detectable on the dry, hard
ground and disappear within a short time. In addition,
in sparse population scrapes are used mainly as territo-
rial markers in the mating period; i.e., their occurrence
is limited in space and time (Lukarevsky, 2001).

Correct species identification of scats found in
nature is an important component of ecological studies.
It may be performed visually, by biochemical (TLC of
fecal bile acids) or genetic (DNA analysis) methods
(Dalen et al., 2004; Nagata et al., 2005), or using spe-
cially trained dogs (Smith et al., 2001; Harrison, 2006).
Visual identification is not always reliable, especially in
areas inhabited by several sympatric species, and
should be confirmed by other methods (Prugh and Rit-
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land, 2005). TLC of fecal bile acids is widely used for
the identification of carnivores and, in particular, large
cats in South America (Jimenez et al., 1996; Capurro
et al., 1997; Fernandez et al., 1997; Taber et al., 1997;
Cazon and Suhring, 1999), North America (Major
et al., 1980; Johnson et al., 1984), and Equatorial Africa
(Ray and Sunquist, 2001).

In this study, we present the results of TLC applica-
tion to the identification of Caucasian leopard (

 

P. par-
dus ciscaucasica

 

) scats and discuss various aspects of

the use of this method in studies of the leopard popula-
tion in Armenia.

MATERIALS AND METHODS

To estimate the possibility of identifying scats of the
leopard and other large carnivores inhabiting the same
areas in Armenia (the lynx 

 

Lynx lynx

 

 and wolf 

 

Canis
lupus

 

) by means of TLC, we initially analyzed samples
of known origin taken from four leopards (pedigree
nos. 330, 295, 306, and 289) and two lynxes (nos. 327
and 220) kept in the Exotic Feline Breeding Compound
Inc. (Rosamond, California) and two wolves from the
Yerevan Zoo (Armenia). Scats of the brown bear (

 

Ursus
arctos

 

), which also occurs in the areas inhabited by the
leopard, can be easily distinguished visually and are not
considered in this study. Characteristic features of leop-
ard scats include pointed ends, segmented (lobular)
structure, and a maximum diameter of about 2.7 cm
(2.0–3.0 cm); defecation sites are usually distributed
along the ridgetops (Khorozyan and Malkhasyan,
2002; Khorozyan, 2003).

At the initial stage, we also estimated possible
effects of weather and air temperature on the efficiency
of TLC analysis. Each sample was divided into two
equal parts. One part was immediately dried and used
in experiments, whereas the other part was placed on a
metal grid and exposed outside the window of our lab-
oratory to weather for 30 days before analysis.

In Armenia, scats were collected in four areas
between April 2004 and November 2005 (Table 1,
Fig. 1). For each area, we calculated the relative index
of leopard abundance, i.e., the number of scats (identi-
fied visually or by TLC) per 10 km of route survey
(Karanth and Kumar, 2002; Henschel and Ray, 2003)
(Table 2).

 

Table 1.  

 

Distribution of leopard, lynx, and wolf scats identified by TLC and unidentified scats in four areas surveyed in Ar-
menia

Species
Nuvadi-Shvanidzor, 

eastern Meghri Ridge
(296.9 km

 

2

 

)

Western and central 
Meghri Ridge 
(209.7 km

 

2

 

)

Central and Khachadzor 
districts of Khosrov 
Reserve (207.9 km

 

2

 

)

Sisian area, Zangezur
Ridge (168.0 km

 

2

 

)
Total*

Leopard 13 1 5 Not found 19/63.3

Lynx 3 1 Not found Not found 4/13.3

Wolf 2 Not found Not found Not found 2/6.7

Unidentified 3 Not found 1 1 5/16.7

Total* 21/70.0 2/6.7 6/20.0 1/3.3 30/100

 

* Figures above (below) the line show the number (proportion, %) of scats found between April 2004 to November 2005.
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Fig. 1.

 

 (a) Leopard range in Armenia and (b) location of sur-
veyed areas: (

 

1

 

) Central and Khachadzor districts of the Khos-
rov Reserve, (

 

2

 

) Sisian area, (

 

3

 

) western and central Meghri
Ridge, and (

 

4

 

) Nuvadi-Shvanidzor. Pixel size 4 

 

×

 

 4 km. Light
pixels show areas permanently or temporarily inhabited by
leopards, and dark pixels show areas not inhabited or occa-
sionally visited by them.
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The maximum diameter of scat was measured in site
with a caliper to an accuracy of 0.05 mm. Some scats
collected in winter contained plant material (grass and
juniper needles). They were excluded from analysis,
because plant pigments and fiber have an effect on the
concentration of fecal bile acids (Quinn and Jackman,
1994).

TLC analysis was performed by the method devel-
oped by Cazon and Suhring (1999) specifically for ana-
lyzing scats of wild cats. Samples were placed in plastic
bags with silica gel and stored until complete desicca-
tion. Thereafter, the material was ground into powder in
a porcelain mortar, and a 1-g aliquot of the powder was
suspended in 20 ml of a benzene–methanol mixture
(1 : 1) and incubated at room temperature for 3 h with
constant stirring. The mixture was filtered, evaporated
to a final volume of 5 ml, and the resulting solution
(40 

 

µ

 

l) was applied onto a 

 

60

 

F

 

254

 

 TLC plate (Merck,
Germany) coated with a 0.2-mm silica gel layer. The
chromatogram was developed in a toluene–acetic acid–
water mixture (5 : 5 : 1.5), air dried, and visualized in a
mixture of anisealdehyde and glacial acetic and con-
centrated sulfuric acids (0.5 : 50 :1). The plate was then
examined to record the color and intensity of bile acid
bands. Bile acid standards were chromatographed
together with test samples in order to calculate the 

 

Rf

 

values (the ratio between the distances of bile acid and
solvent migration on the plate) and to perform a com-
parative analysis of the TLC profiles of all samples. To
estimate intra- and interspecific variation in the TLC
profiles of bile acids, each sample after drying and
grinding was divided into several 1-g aliquots (one to
three, depending on its size), which were analyzed
independently.

Data were processed statistically using standard 

 

χ

 

2

 

test and Student’s 

 

t

 

-test (Quinn and Keough, 2002).

RESULTS

The analysis of samples weathered for 30 days did
not reveal any significant effect of weather and air tem-
perature on the effectiveness of TLC and the structure
of chromatographic profiles.

Scats of the leopard, lynx, and wolf proved to differ
in the profiles of fecal bile acids (Fig. 2). In the leopard,
it was characterized by high contents of deoxycholic
acid (

 

Rf

 

 = 0.23, yellowish brown band) and chenodeox-
ycholic acid (

 

Rf

 

 = 0.23, light purple band) and a
medium content of dehydrocholic acid (

 

Rf

 

 = 0.30, red-
dish band). The first two bands adjoined each other and
partially overlapped, with the zone of overlap having a

 

Table 2.  

 

Relative abundance indices of leopard calculated from the numbers of scats identified visually (

 

N

 

vis

 

) and by TLC
(

 

N

 

tlc

 

) per 10 km of route surveys

Area Route length 
(

 

D

 

, km)

 

N

 

vis

 

N

 

tlc

 

Index of abundance
Significance of difference 

between 

 

I

 

vis

 

  and 

 

I

 

tlc

 

I

 

vis

 

 = 

 

N

 

vis

 

 

 

×

 

  10/

 

D I

 

tlc

 

 = 

 

N

 

tlc

 

  

 

×

 

  10/

 

D

 

Nuvadi-Shvanidzor 331.3 21 13 0.63 0.39

 

χ

 

2

 

 = 0.565, 

 

df

 

 = 1, 

 

P

 

 = 0.452

Western and central Meghri 
Ridge

46.9 2 1 0.43 0.21

 

χ

 

2

 

 = 0.756, 

 

df

 

 = 1, 

 

P

 

 = 0.385

Khosrov Reserve 94.6 6 5 0.63 0.53

 

χ

 

2

 

 = 0.086, 

 

df 

 

= 1, 

 

P

 

 = 0.769

Sisian area 123.3 1 0 0.08 0

 

χ

 

2

 

 = 0.800, 

 

df

 

 = 1, 

 

P

 

 = 0.371

Total 596.1 30 19
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Fig. 2.

 

 TLC profiles of fecal bile acids from (

 

1

 

) leopard, (

 

2

 

)
lynx, and (

 

3

 

) wolf scats collected in nature.
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greenish tint. In lynx scats, deoxycholic and chenode-
oxycholic acids were at medium levels, while the con-
tent of dehydrocholic acid was slightly higher. Wolf
scats contained a large amount of unidentified bile acid
(

 

Rf

 

 = 0.64) and relatively small amounts of deoxycholic
and dehydrocholic acids. A distinct cholesterol band
(

 

Rf

 

 = 0.58) was found in all chromatograms.

Table 1 shows the results of species identification of
scats collected in nature (

 

n

 

 = 30). Leopard scats were
found mainly in the Nuvadi-Shvanidzor area, in the
eastern part of the Meghri Ridge, and fewer samples
came also from its eastern and central parts and from
the Central and Khachadzor districts of the Khosrov
Reserve. Lynx and wolf scats were collected in two
areas of the Meghri Ridge but not in the Khosrov
Reserve. In 16.7% of samples, the concentrations of
bile acids were insufficient for their reliable species
identification by TLC.

Leopard, wolf, and lynx scats hardly differed from
each other in a number of parameters, primarily in their
maximum diameter, although it is regarded as the most
conservative and specific for the leopard (Ray and Sun-
quist, 2001). The difference in weight between scats of
the leopard, lynx (

 

6.5 

 

±

 

 2.7

 

 g) and wolf (

 

4.3 

 

±

 

 1.2

 

 g)
was nonsignificant (

 

P

 

 > 0.1). Unidentified samples
weighed more than leopard scats, 

 

8.3 

 

±

 

 1.6

 

 vs. 

 

5.0 

 

±

 

0.8

 

 g, with the difference being statistically significant
(

 

t

 

 = –1.83, 

 

df

 

 = 22; 

 

P

 

 < 0.05) The maximum diameters
of leopard scats (

 

2.8 

 

±

 

 0.1 cm), lynx scats (2.7 ±
0.0 cm), wolf scats (2.6 ± 0.1 cm), and unidentified
scats (2.8 ± 0.1 cm) did not differ statistically (P > 0.1).

According to the scale of dummy variables for the age
of scats (1, fresh; 0.5, relatively fresh; 0, old), the sam-
ples of leopard, lynx, and wolf scats (0.9 ± 0.0, 0.9 ±
0.1, and 0.8 ± 0.3, respectively) were fresher than uni-
dentified samples (0.5 ± 0.2), but the difference lacked
statistical significance (P > 0.05). Likewise, elevations
at which these scats were found did not differ signifi-
cantly: leopard, 1471.4 ± 126.6 m a.s.l.; lynx, 1540.0 ±
312.0 m; wolf, 1621.0 ± 714.0 m; and unidentified spe-
cies, 1507.8 ± 310.1 m (P > 0.1).

DISCUSSION

The approach used in this study has shown that the
use of TLC for the analysis of leopard, lynx, and wolf
scats allows successful identification of these species,
which inhabit the same mountain areas in Armenia.
Scats of each species contain increased concentrations
of a certain bile acid, namely, deoxycholic acid in the
leopard, dehydrocholic acid in the lynx, and an uniden-
tified acid (Rf = 0.64) in the wolf. A high content of
deoxycholic acid in leopard scats has been noted previ-
ously (Ray, 1996; Ray and Sunquist, 2001).

In our study, the TLC method proved to be 83.3%
effective, which corresponds to its effectiveness
observed in other studies on scats of wild cats, irrespec-
tive of the number of samples (Fig. 3). Failure in spe-
cies identification of scats is usually explained by an
insufficient size of samples or their weathering (Ray,
1996). In our study, however, unidentified samples
exceeded identified samples in weight, and a compara-
tive analysis of fresh and artificially weathered samples
did not reveal any significant differences between the
corresponding TLC profiles of bile acids. Likewise, the
age of scats collected in nature was not a critical factor,
as the unidentified group included two old, one rela-
tively fresh, and two fresh samples. Apparently, leopard
scats may naturally contain low concentrations of bile
acids, as is the case with the puma (Puma concolor), a
morphologically and ecologically close species
(Johnson et al., 1984).

The results of TLC analysis allow us to estimate the
reliability of visual identification of leopard scats. In
this study, all cases of erroneous attribution of lynx and
wolf scats to the leopard (revealed by subsequent TLC
analysis) concern samples from two areas of the
Meghri Ridge. All samples from the Khosrov Reserve
(except for one unidentified sample) have proved to be
leopard scats, although the lynx and wolf are more
abundant in the reserve than on the Meghri Ridge. A
probable explanation is that the feeding niches and ha-
bitats used by these predators in the Khosrov Reserve
virtually do not overlap: the leopard’s main prey is the
bezoar goat C. aegagrus, the wolf preys on wild boar
and livestock, and the lynx hunts European hares
(Lepus europaeus) and rodents (Khorozyan and
Malkhasyan, 2002). The wolf and lynx are common
species in the reserve due to the abundance of their
prey, whereas the leopard is very rare, as the local wild

%
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Fig. 3. Comparative data on success (gray areas) versus fail-
ure (black areas) in identification of wild cats by means of
TLC in different studies: (1) Panthera onca and Puma con-
color (Taber et al., 1997); (2) Panthera onca and Puma con-
color (Fernandez et al., 1997); (3) Puma concolor and Lynx
rufus (Johnson et al., 1984); (4) a community of African
rainforest carnivores, including Panthera pardus and Profe-
lis aurata (Ray, 1996; Ray and Sunquist, 2001); and (5)
Panthera pardus, Lynx lynx, and Canis lupus (this study).
Figures above bars show the number of samples studied. 
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goat population is endangered because of poaching and
habitat loss. On the Meghri Ridge, the leopard preys on
the bezoar goat, Indian porcupine (Hystrix indica), wild
boar, and roe deer; the wolf preys mainly on wild boar;
and the lynx, on roe deer. Thus, these predators include
the same species in their diets and share the same habi-
tats, including trails, which increases the probability of
errors in visual identification of their scats.

The relative abundance index of leopard was calcu-
lated for each area on the basis of visual and TLC iden-
tification of scats. The results obtained by either
method were compared, and differences between them
proved to be statistically nonsignificant (Table 2). On
this basis, we conclude that visual identification of
leopard scats is sufficiently reliable and can be effec-
tively used in field studies.

Fresh leopard scats (identified both visually and by
TLC) occurred most frequently in the Nuvadi-Shvanid-
zor area and in the Central and Khachadzor districts of
the Khosrov Reserve. Apparently, these areas are per-
manently inhabited by the leopard and, therefore,
should have a priority status with respect to the conser-
vation of this species in Armenia.
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