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Abstract—A field survey of snow leopard (Panthera uncia) habitats was carried out in the southeastern part of
the Eastern Sayan Mountains (Okinskii and Tunkinskii districts of the Republic of Buryatia and the Kaa-
Khemskii district of Tuva Republic). Seven or eight adult snow leopards were observed as constant inhabi-
tants of the Tunkinskie Gol’tsy, Munku-Sardyk, and Bol’shoi Sayan mountain ridges. The presence of eight
snow leopards was confirmed using DNA-based analyses of scats collected in 2014—2016. The main prey spe-
cies of the snow leopard in Eastern Sayan is the Siberian ibex (Capra sibirica), but its abundance has steadily
decreased over the past 20 years. The red deer (Cervus elaphus) and the wild boar (Sus scrofa), which were
some of the most numerous ungulates in the survey area, are replacing the Siberian ibex in the snow leopard’s
diet. In addition, the mountain hare (Lepus timidus) is also of importance to the snow leopard’s diet.
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INTRODUCTION

The state of populations of some animal species is
constantly changing as a result of increasing human
impact on nature, so that data on them quickly
become obsolete. An indirect assessment of the state
of a population or a species as a whole can be achieved
through estimation of the stability of the boundaries of
ranges, as ranges change and become fragmented,
along with the disappearance of some groups, and new
groups previously unreported or existing sometime in
the past can appear. It should be noted that at the bor-
der of a range, the distribution of a species can change
for natural reasons as well, due to the occurrence of
more extreme conditions than in the main part of the
range. For rare species of animals, data on their distri-
bution is relevant and important both from the theo-
retical point of view and from the practical one, which
allows researchers to develop scientifically grounded
recommendations for preservation of the species.

A fundamentally new approach to studying the dis-
tribution of animals in recent years has become mod-
eling of their potential habitats. The Maxent maxi-
mum entropy method has proved particularly success-
ful (Elith et al., 2006, 2011). This method is an

algorithm of machine learning and is used to model
the distribution of maximum entropy (Maxent). The
probability of the presence of a species in a particular
pixel of the modeled area is determined from the
known points of this species. In this case, the data set
is expressed as simple functions of environmental vari-
ables, called “features” (Phillips and Dudik, 2008).

The snow leopard (Panthera uncia) is one of the
rarest and least studied large predators. Being at the
top of the food pyramid, it can serve as an indicator of
the state of the entire ecosystem. The Russian part of
the snow leopard’s range is the northern outskirts of
the species distribution. The mosaic nature of the
area, the inaccessibility of its habitats, and its secretive
way of life create significant obstacles to studying this
species. Given the steady tendency toward a reduction
in the number and a decrease in the historically estab-
lished range of snow leopards, studying it (and in par-
ticular, specifying the modern state of individual
groupings) appears to be very relevant.

Despite relatively active study of the snow leopard
recently, the eastern part of its range, especially the
Eastern Sayan, has not been covered by studies using
modern methods (camera traps, genetic methods, and
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modeling). In the Eastern Sayan, the snow leopard’s
habitation was noted in the Tunkinskie and Kitoiskie
Gol’tsy (Geptner and Sludsky, 1972) and on the
Ergak-Targak-Taiga and Udinskii ridges (Nikiforov
and Shurygin, 1977; Smirnov et al., 1991). However,
the mentions of these authors were based, first of all,
on survey information. The first reliable data on the
distribution of snow leopards in the Eastern Sayan
were obtained by Koshkarev in 1995—1997 (Kosh-
karev, 1996, 1997). Several special expeditions aimed
at finding traces of life of the snow leopard were car-
ried out. Later, the results of Medvedev’s research,
which actively used the survey method (Medvedev and
Trofimov, 2001; Medvedev, 2003), confirmed these
data and partially expanded the range of the snow
leopard in Eastern Sayan.

One of the most important signs of the presence of
the snow leopard in the study area is the presence of
scrapes, as they can persist for quite a long time. It is
their presence and the frequency of sightings that are
accepted as the most important indicators of the state
of the population in the SLIMS method (Jackson and
Ahlborn, 1987, unpublished; Hunter and Jackson,
1997). No less important an indicator is also the
occurrence of excrement, but during their identifica-
tion, confusion often occurs: the molecular-genetic
analysis we conducted showed that among the previ-
ously collected Southwestern Tuva samples of excre-
ment, a large part belonged to the fox (Vulpes vulpes)
(Rozhnov et al., 2011). A good indicator of the state of
a population can be the occurrence of tracks, but only
in the winter period of time, since in the snowless
period of the year finding tracks is very difficult, if at
all possible.

The purpose of our work was a field survey of the
habitats of the Eastern Sayan snow leopard grouping
to assess the state of its population and its nutritive
base using modern methods, as well as identification
of potential habitats of the species by the maximum
entropy method.

MATERIALS AND METHODS

Studies were conducted in the eastern, most high-
elevation, and fragmented part of the Eastern Sayan:
on the territory of the Okinskii and Tunkinskii districts
of the Republic of Buryatia and the Kaa-Khemskii
district in the Republic of Tuva. Modern methods
(camera trapping, molecular diagnostics of excre-
ment) have been used in the Tunkinskie Gol’tsy since
2011, along the Bol’shoi Sayan Ridge, and for most of
Munku-Sardyk Ridge in 2014—2015.

Route studies covered Tunkinskie Gol’tsy
(583.7 km, 51 registration routes), the Munku-Sardyk
Ridge (1360.68 km, 92 routes), the western part of the
Bol’shoi Sayan (1528.53 km, 107 routes), and Kropot-
kinskii Ridge (83.4 km, 18 routes). The census routes
were drawn in such a way that the probability of find-
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ing traces of life of the snow leopard was maximum: in
the summer time, we chose well-marked ridges of
mountains and side branches of ridges; in winter time,
work was also conducted on river beds. The length of
the survey route averaged 13.27 km. In total 268 routes
were passed, and their total length was 3556.31 km.

All snow leopard signs found on the routes
(scrapes, footprints, urine marks, tear marks on trees)
were recorded in the GPS navigator and plotted onto a
topographic map using the OziExplorer program. The
Garmin GPSMAP 60CSx, Garmin GPSMAP 628,
and Garmin €Trex30 GPS navigators were used. The
found feces were sampled, fixed, and sent for subse-
quent molecular genetic analysis.

In a number of places near traces of life of the snow
leopard and on the main routes of its passages, auto-
matic photo and video recorders Reconyx RC60
RapidFire, Reconyx HC600 HyperFire (RECONYX,
Inc., United States), Bushnell Trophy Cam HD Max
and Bushnell Trophy XLT (Bushnell Outdoor Prod-
ucts, United States), SG560K8mHD were installed.
Their location was marked with a GPS navigator
(Jackson et al., 2010). In total, 43 photo-traps were
installed: 8 in Tunkinskie Gol’tsy, 16 on the Munku-
Sardyk Ridge, and 19 on the Bol’shoi Sayan. For pho-
tographic registration, the following parameters were
used: “image quality: maximum,” “sensitivity: mini-
mum,” other parameters were not changed. Owing to
the poor accessibility of the research area, the photo
traps were checked 1—2 times a year.

For 47 samples of excrement collected on
Tunkinskie Gol’tsy (n = 11), Munku-Sardyk (n = 14),
and Bol’shoi Sayan (n = 22), molecular diagnostic
methods were used for their identification. At the first
stage of the molecular genetic analysis, their species
identity was determined by sequencing the fragment of
the cytochrome b mtDNA gene. At the second stage,
individual identification of samples belonging to the
snow leopard was performed, for which each sample
was genotyped at eight microsatellite loci, and by two
loci localized in the sex chromosomes, the gender of
the animals was determined (Rozhnov et al., 2011). As
comparative data, the genotypes of snow leopards
from the Tsagan-Shibetu mountain range in the
Republic of Tuva (n = 17) were used, as well as from
Sayano-Shushenskii Nature Reserve in Krasnoyarskii
krai (n = 7) and from the territory of the Tsagaan
Shiveetiin Nuruu mountain massif in northwestern
Mongolia (n = 19) (our data).

Modeling of the potential habitats of the snow
leopard was carried out using the maximum entropy
method (Maxent) (Elith et al., 2006, 2011). The mod-
eling area covers the region in which we performed
intensive field work in 2014—2016, as well as a signifi-
cant part of the adjacent territory of Mongolia and is
located between the following coordinates: northwest-
ern corner 52.470500° N, 98.473600° E and the south-
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Table 1. Frequency of snow leopard signs in the study area

KARNAUKHOV et al.

Ridge Excrement Scrapes Tracks Urine marks Total
Tunkinskie Gol’tsy 10 12 1 2 24
Munku-Sardyk 16 20 2 1 39
Bol’shoi Sayan 24 37 12 9 82
Total 50 69 14 12 145

eastern corner 50.579300° N, 102.659400° E (i.e., the
modeling area included the eastern part of the range of
snow leopards, including Buryatia, the adjacent east-
ern parts of Tuva, and the northern regions Mongolia
in the vicinity of Khuvsgul Lake).

The primary analysis included 161 discrete points
of snow leopards’ presence points; these points were
obtained in 2014—2015. In those pixels where there
were no basic discrete points, 800 points were added,
obtained during the tracking of the snow leopard. The
presence of the snow leopard in all the points is docu-
mented (camera trap data, genetically confirmed sam-
ples of excrements, scrapes and footprints). To mini-
mize distortions and overlapping of data with environ-
mental indicators during further analysis, WGS 1984
datum coordinates were converted into a conical
equal-sized Albers projection for Siberia. All calcula-
tions were carried out in the software environment R
(version 3.0.1), packages: spatstat (Baddeley and
Turner, 2005), rgdal (Bivand et al., 2013), adehabi-
tatHR (Calenge, 2006), maptools (Bivand and Lewin-
Koh, 2013), and SP (Pebesma and Bivand, 2005).

To model the potential habitats, 15 variables char-
acterizing each point related to three different types—
climatic, physical-geographical (including types of
plant associations), and infrastructure—were used.
The type of the climatic variables included (data for
different periods): snow cover for the period of 2000—
2011 (average monthly and maximum); type of cover
(e.g., snow, water, ice or bare ground) for the period of
2006—2011 (monthly); the average monthly tempera-
ture and precipitation. The type of the physical-geo-
graphical variables (which are considered constant in
time) included the height, slope, exposure, index of
topographic fragmentation, distance to water sources,
structure of the woody vegetation and type of forest.
The infrastructure type was represented by the dis-
tance from the presence points of snow leopards to
roads and settlements.

All the variables were obtained for the whole world
or Eurasia in the form of a table in the conical equal-
sized Albers projection for Siberia. Before the analysis
in Maxent, they were converted into ASC files with a
unified cell using the Geospatial Data Abstraction
Library (GDAL).

By default, Maxent executes 10000 runs per pixel of
the entire area analyzed (Phillips et al., 2009). We used
5000 runs, which is sufficient to obtain an adequate
model (Young et al., 2011). For estimating the predic-
tive power of the models of the snow leopard distribu-
tion, we used cross-valuation. The data was divided
into 15 equal samples, of which 14 samples were used
for training, and one sample, randomly selected as the
control, created semi-independent data sets, different
for each of the 15 independent launches. Thus, during
the replication of Maxent’s work, we used all the data
to check the reliability of the prognosis and give us
the opportunity to measure the amount of variabil-
ity in the model (Young et al., 2011). The remaining
Maxent parameters were left by default, preconfig-
ured and tested in a wide range of data (Phillips and
Dudik, 2008).

The algorithm for the output of the results gives an
estimate of the probability of the presence of the spe-
cies throughout the areas analyzed in the range from 0
to 1. The zones with a probability of 0.5 and higher
were considered as the “key” habitats of animals (in
which the snow leopard was found with a probability
of 50% or higher), and a probability between 0.49—
0.25 was attributed to the zone of “transit” habitats. Tran-
sit habitats can be considered as ecological corridors con-
necting the main habitats of the snow leopard.

RESULTS

The current status of the Eastern Sayan grouping of
snow leopards. For the entire period of work in 2014—
2016 on the registration routes in Eastern Sayan, we
recorded 69 scrapes, 50 samples of excrement, 14
tracks, and 12 urine marks of snow leopards (Table 1).
In addition, three marking trees were found. Almost
all snow leopards signs were confined to the ridges of
mountains and side branches of ridges. In winter,
traces of snow leopards were also noted in the valleys
of rivers on ice.

For the 30 samples of excrement collected, using
fragment sequence analysis of the cytochrome b gene
of mtDNA, their species identity was determined:
21 specimens belonged to the snow leopard, four sam-
ples to the lynx, two samples to the wolf, and one sam-
ple each to the Pallas’ cat, wolverine, and fox. Micro-
satellite analysis made it possible to provide the indi-
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vidual identification of 12 samples of snow leopard
feces, of which the genotypes were described for eight
individuals: two males from Tunkinskie Gol’tsy, one
male and one female from the Munku-Sardyk moun-
tain Ridge, and one male and three females from
Bol’shoi Sayan.

The results of field research allow us to divide the
range of the snow leopard in the Eastern Sayan condi-
tionally into several sites which the predator inhabits
continuously: Tunkinskie Gol’tsy, Munku-Sardyk,
and Bol’shoi Sayan. On Kropotkinskii Ridge, we did
not observe the snow leopard signs for two years, but
the survey data in that place only indicate its periodic
visits.

In Tunkinskie Gol’tsy, the snow leopard has been
constantly observed from 1999 to the present. Most
often traces of its vital activity are recorded in the cen-
tral and western parts of the ridge, in the upper reaches
of the Ekhe-Ugun and Ekhe-Ger (southern macro-
slope) and Ara-Khongoldoi and Arkhat (northern
macroslope) rivers. To the east of the Iltykshin River,
the snow leopard is seen less often, and further to the
east, according to polling data, only temporary visits
are noted. We did not conduct registration routes in
Kitoiskie Gol’tsy. Surveys show that the snow leopard
used to live here permanently, but at present traces of
it are less common than in Tunkinskie Gol’tsy, and its
presence is of a temporary nature. In 2016 in the basin
of the river, the research team of Medvedev with the
help of a photo trap registered for the first time a spec-
imen of the snow leopard, formerly marked on the
ridge of Munku-Sardyk (the distance between regis-
tration points is about 100 km in a straight line). We,
using photo-traps and molecular-genetic analysis of
the excrement, revealed the habitat in Tunkinskie
Gol’tsy of two adult males of the snow leopard. In
addition, in autumn 2015 at the confluence of the
Right and Left Shumak rivers, tourists watched a
female snow leopard, presumably with cubs.

On Munku-Sardyk Ridge, snow leopards are con-
stantly observed. This mountain range is of great
importance for the species: in the eastern part it forms
a narrow, of just a few kilometers, migration corridor
in Tunkinskie Gol’tsy, where the animals cannot
come with other territories. We constantly registered
the snow leopard signs in the Munku-Sardyk moun-
tain range, but less often than in the most developed
west-central part of the Tunkinskie Gol’tsy Range. In
the western part of Munku-Sardyk Ridge, the first
time we surveyed in August—September 2015, snow
leopards signs of various degrees of recognizability
were found. Polls indicate the historical presence of
this species in the given territory. At the junction of
Tunkinskie Gol’tsy and the Munku-Sardyk mountain
massif, in the upper reaches of the Irkut River, during
the winter season, there were regular crossings of the
snow leopard from one mountain system to another.
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Currently, such evidence is very rare, which reflects
the rarity of the snow leopard. Snow leopard signs
were noted by us in the upper reaches of the Muguwek,
Boghuvek, Belyi Irkut, Zhokhoi, Butu-Gol, and
Horyo rivers. As of the end of 2016 on the ridge,
Munku-Sardyk was inhabited by one adult male of
snow leopard and one female with two cubs (this is the
first reliable information about the presence here of
breeding females), which is confirmed by the molecu-
lar analysis of collected samples of excrement, and the
sex of another adult animal is not established. Thus,
on the ridge of Munku-Sardyk, at least three adult
snow leopards live.

Bol’shoi Sayan is a vast mountainous area, a node
occupying the central part of the range of the East
Sayan grouping of the snow leopard. The most com-
mon traces of this life were noted at the sources of
the Sorkhoi, Kharaganta, and Sagan-Gol rivers. Here,
apparently, the nucleus of the Eastern Sayan grouping
is located, so this area has an importance for the con-
servation of snow leopards in the eastern part of its
range. In the course of recording the snow leopard in
February—March 2016 on the Bol’shoi Sayan Ridge in
the headwaters of the Zabit, Sorkhoi, Kharaganta, and
Sagan-Gol rivers, we marked in the footprints the
presence of 1—2 adult males and one adult female with
two cubs. One male and female with cubs were also
recorded in camera traps, and molecular-genetic anal-
ysis confirmed the dwelling of one male and three
females (the cubs, apparently, are females). Thus, 4—
5 snow leopards permanently inhabit this area.

An extensive plateau, located east of the Sorkhoi
River, is unsuitable for snow leopards, as it is more
populated and often visited by people. The terrain
lying to the west, in the basin of the Obogol River, is
also laid out, and the snow leopard lives here only
along the axial ridge of the Bol’shoi Sayan, at the
sources the Zun Obogol and Barun Obogol rivers. In
the contiguous parts of Tuva, at the sources of the
Bilin River, we also found snow leopards signs, but this
area remained insufficiently surveyed. The left bank of
the Tissa River and the river basin of the Sentsa River,
lying to the north, are of little use for a permanent hab-
itat of snow leopards: traces here, according to polling
data, are noted only occasionally. On the Okinskoe
plateau at the watershed of the Tissa and Sentsa rivers,
snow leopards are forced to cross at the transition from
the central part of the area of the grouping (right
bank of the Tissa) to the western part at the middle
reaches of the Zhombolok River (southern extremity
of the Kropotkinskii Range): the basins of the Bursag
and Hadarus rivers, as well as watersheds of the Barun
Khadarus and Zun Hadarus rivers and the mountain
ranges adjoining them, are suitable for the habitat of
the species. However, during the census of the snow
leopard in February—March 2016, we did not find
snow leopard signs on the indicated territory. Accord-
ing to the survey data, there are occasional visits of 1—
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Fig. 1. The map of potential habitats (key and transit ones) in the eastern part of the snow leopard’s range in Russia.

2 individual snow leopards. Further northwest, the
presence of snow leopards in the Eastern and Central
Sayan Mountains acquires a temporary character;
here only occasionally does one find information
about the approaches of single animals. It can be asso-
ciated with a much deeper snow cover, which greatly
hinders the movement of predators and forces the
migration of ungulates, which form the basis of the
snow leopard diet. However, it should be noted that
during the last ten years in the Central Sayan no survey
was conducted.

As a result of modeling potential habitats con-
ducted for the whole territory, which is inhabited by
the Eastern Sayan grouping of snow leopards and on
which we conducted intensive field work during 2014—
2016, as well as for a significant part of the adjacent
territory of Mongolia, we identified key transit habi-
tats (Fig. 1). The area of key habitats was 13812 km?,
and including Russia, it is 11625 km?2. The area of
transit habitats is 62499 km? in general for the ana-
lyzed territory, including 41877 km? in Russia.

The central part of the Bol’shoi Sayan in the upper
reaches of the Sorkhoi, Kharaganta, and Sagan-Gol
rivers are the main stretch of the range of the Eastern
Sayan grouping. The second most important site is
Munku-Sardyk, the mountain massif itself and the tip
adjoining it of the Tunkinskie Gol’tsy and the Bol’shoi

Sayan (the upper reaches of Butugol and Zhokhoi).
An equally important area is Tunkinskie Gol’tsy. The
area of inhabited habitats of snow leopards lying to
the north of Kitoiskie Gol’tsy much less than in
Tunkinskie Gol’tsy: the presence of the snow leopard
is mainly of an accidental, transitory nature, although
here also key habitats are identified.

Modeling clearly identified areas with an unusual
habitat of the snow leopard, the Sentsa River basin and
Bol’shoi Sayan Ridge from the Zabit River up to the
Horyo River (a well-watered and heavily waterlogged
region separating the grouping of the central part of
the Bol’shoi Sayan and the Munku-Sardyk grouping),
the Tunkinskaya hollow (Irkut River basin), separat-
ing the Tukninskie and Kitoiskie Gol’tsy and the west-
ern spurs of the Bol’shoi Sayan, from Sagan-Gol to
Tuva and further (Obogol and Bilin river basins, etc.).
The areas of Tuva in  our analysis were also of little
use for the snow leopard.

Thus, the territory of Buryatia, Mongolia, and the
adjoining part of Tuva is a habitat for a single trans-
boundary grouping of the snow leopard, in which
three main areas connected with each other form a
permanent habitat, the Tunkinskie Gol’tsy, Munku-
Sardyk, and Bol’shoi Sayan ranges. This grouping is
represented by 7—8 adult individuals (4—5 males, 2
females, and one animal the sex of which is not
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Table 2. Genetic characteristics of the snow leopard samplings

. Mean number
Sampling A Ho of alleles per locus
Buryatia (n = 8) 0.36 £ 0.12 0.28 £ 0.06 2.50 £ 1.51
Tsagan-Shibetu (n = 17) 0.55+0.09 0.41 £ 0.04 3.75+1.28
Sayano-Shushenskii 0.57 £0.10 0.58 = 0.07 2.88 £ 1.25
Nature Reserve (n = 7)
Mongolia (n = 19) 0.61 £0.06 0.54 £ 0.04 4.13£0.83

H., is the expected heterozygosity, and H,, is the observed heterozygosity.

Table 3. Comparison of the samplings of snow leopards on the basis of the criterion of genetic closeness (Fst)

. . Sayano-Shushenskii . .
Sampling Tsagan-Shibetu Nature Reserve Buryatia Mongolia
Tsagan-Shibetu 0.139 0.133 0.015
Sayano-Shushenskii Nature Reserve 0.001 0.339 0.065
Buryatia 0.000 0.000 0.156
Mongolia 0.190 0.006 0.000

Above the diagonal, the Fgr values are given, under the diagonal, the level of significance P is shown; the samplings that differ reliably

are shown in bold.

defined) and four young individuals (in 2016 two
broods of snow leopard were documented having two
cubs in each of them); i.e., its total strength is 11—12
individuals. In addition, according to census data, in
Tunkinskie Gol’tsy, another female with cubs may
live. Inhabits of several individuals are also possible in
the upper reaches of the Bilin and Barun Obogol rivers
on the Bol’shoi Sayan and in the Kropotkinskii Ridge,
which have not been adequately surveyed. According
to our observations, in the past 10—15 years there has
been a downward trend in numbers snow leopard,
which is confirmed by survey data, known cases of
obtaining snow leopard, and the deterioration of the
population its feed objects.

The genetic characteristics of the Buryatia group of
snow leopards indicate a low level of its variability in
comparison with other groups from the northern part
of the species range, which manifests itself both in the
level of heterozygosity (H, and H,), and in the values
of allelic diversity (the average number of alleles per
locus) (Table 2). Analysis of the genetic differences
based on the Fgr criterion made it possible to identify
a significant genetic differentiation between Buryat
animals and other samples (Table 3). The clear pattern
of isolation of groups of snow leopard from Buryatia
and from the Sayano-Shushenskii Reserve is demon-
strated in statistically confirmed genetic differences
from all analyzed samples. At the same time, the
Buryat and other samples revealed a larger share of the
average intergroup variability than between the ani-
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mals from the Sayano-Shushenskii Reserve and the
rest (0.209 and 0.181, respectively), which can speak
about the greatest genetic differences of the first.

The state of the nutritive base of the snow leopard.
The condition of the food base of the snow leopard in
the Eastern Sayan raises serious concerns. This applies
to all types of possible diets of snow leopards.

The Eastern Sayan population of the Siberian ibex
(Capra sibirica), which is the main object of feeding of
the snow leopard (Heptner and Sludsky, 1972), occu-
pies in Buryatia an area of  12000—15000 km?. The
distribution of ibex has a focal character, which deter-
mines the low overall density across the territory. In
recent years, the Siberian ibex has greatly decreased in
number. This has been noted not only by us on the
routes, but by all respondents. In the summer, ibexes
in small groups and singly are scattered throughout the
study area and are extremely rare.

In the Tunkinskii district of Buryatia for the past
ten years, the number of ibex has declined more than
twice. Very revealing survey results come from dozens
of respondents among local residents, in which the
following tendency was traced: in the early 2000s, “lit-
tle ibex,” and in recent years, “little ibex.” The situa-
tion is more acutely reflected in surveys in the Okinskii
district of Buryatia: in the early 2000s, “the ibex was a
rampart,” and now “there is no ibex.” On Kropot-
kinskii Ridge, for example, the decline in numbers is
characterized from 200—300 to 30—40 individuals.
The same situation is observed in Bol’shoi Sayan
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Ridge, where on the same routes for a month of work
in the summer of 2015 we had only four encounters
with ibex, and in the summer of 2016, five. On the
ridge of Munku-Sardyk for the 100 km routes in the
summer of 2015, there were no ibexes noted, only
traces, and in the summer of 2016, only two groups. In
Tunkinskie Gol’tsy on 100 km of routes in the summer
in 2014—2016, only one group of ibex was seen.

On the entire territory of Tunkinskie Gol’tsy and
the Bol’shoi Sayan, ibex were previously estimated at
200—500 individuals, with a clear decrease in its num-
bers. The size of herds fell to a minimum and is an
average of 3—5 individuals. Groups of the Siberian
ibex of 7—10 individuals are been noted at all.

The total number of ibex in Buryatia still has not
been clarified to the proper extent, and its estimates
vary greatly. For example, for Tunkinskie Gol’tsy the
spread of estimates is more than fivefold: from 280 to
1500 individuals (Medvedev, 2000). In the eastern part
Eastern Sayan Ridge there is also observed a spread of
3—5 times in the estimation of the number of ibex,
from 500—950 individuals (Krasnaya kniga Respubliki
Buryatiya..., 2005) to 2400—3000 individuals (Medve-
dev, 2000). By our estimate, the total number of the
Siberian ibex in Buryatia does not exceed 1000 indi-
viduals. It should be noted that this is a very approxi-
mate assessment, since high-quality research on the
mountain goat over such an extensive territory has
never been carried out.

The roe deer (Capreolus pygargus) in the study area
is even rarer, so a large value in the snow leopard can-
not be fed.

The Siberian musk deer (Moschus moschiferus)
inhabits the upper boundary of the forest with the
approaches to the pelvic zone and may be the object of
food. The snow cover has a significant impact on the
conditions of its existence, as well as suitable relief in
the zone of the upper boundary of the forest visited by
snow leopard. According to our observations, the most
favorable for the musk deer is Tunkinskie Gol’tsy, as
evidenced by the occurrence of its excrement on the
routes, and less favorable is Bol’shoi Sayan as it is
more snow-white. An uncontrolled hunting press
keeps the density of the musk deer low. In such condi-
tions musk deer in the area of study for snow leop-
ards is accidental prey.

Red deer (Cervus elaphus) is the most numerous of
ungulates in the Eastern Sayan, but in accessible and
frequently visited areas (Tunkinskie Gol’tsy and the
eastern part of Munku-Sardyk) visually here it is prac-
tically not observed, as it is exposed to a constant press
of hunting. The largest accumulations of red deer are
recorded on Bol’shoi Sayan, where this species is
likely to make up a significant portion of the snow
leopard diet. On Bol’shoi Sayan red deer were noted
by us visually almost daily during work, as single ani-
mals and as groups of up to 11 individuals. They
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inhabit not only the river valleys and the taiga zone,
but also loaches. We have repeatedly encountered their
footprints in the highlands on the ridges and on passes.
During work in 2014—2016, we visually observed 36
red deer; they were all encountered only in the upper
part of the basins of the Sorkhoi, Kharaganta, Sagan-
Gol, and Zun-Obogol rivers. Traceability of tracks on
routes varied between 5—24, and the total number of
intersections was 131 trails of the deer.

In the Bol’shoi Sayan, boars are also common (Sus
scrofa). During the fieldwork boars were visually
encountered only five times, however traces of their
habitation are fixed on almost all routes.

Of the smaller animals, the mountain hare (Lepus
timidus) can play a serious role in nutrition, which was
highlighted almost everywhere on all routes. Apparently,
it is this species at present that is the most important fod-
der resource for the snow leopard in Buryatia.

DISCUSSION

The data obtained on the distribution of the snow
leopard population in the Eastern Sayan are consistent
with previously published data (Koshkarev, 1996,
1997; Poyarkov et al., 2002). For the first time, an esti-
mate was made of the abundance of the East Sayan
grouping of the snow leopard with the help of modern
methods of research (molecular analysis, camera trap-
ping) and traditional route surveys. Important is the
fact that the permanent habitat of the snow leopard
has been reliably confirmed in the areas specified, as
has the presence of breeding females in the specified
territory. In the most favorable places, the occurrence
of the snow leopard signs is comparable to that of the
snow leopard in Southwestern Tuva, but lower than in
the territory Sayano-Shushenskii Nature Reserve in
2011—2013 (Subbotin and Istomov, 2009; Karnaukhov
et al., 2011; Poyarkov et al., 2011).

The coincidence of the snow leopard signs fits
well-defined forms of relief known for a long time
(Heptner and Sludsky, 1972; Jackson and Ahlborn,
1989). We also noted the coincidence of scrapes to
notable places, where they are updated periodically,
and, apparently, by different animals. In this connec-
tion an increase in marking activity (frequency of
scrapes) of animals is significant, precisely along the
way along linear reference points (Matyushkin and
Koshkarev, 1990). The highest frequency of scrapes
was noted in the central part of the southern macro-
slope of Tunkinskie Gol’tsy and on the Bol’shoi
Sayan. In the same area we encountered the greatest
number of fresh tracks on the ground. However, it
should be noted that the occurrence of tracks in the
summer is determined by the type of the substrate.
Sand and clay patches in the passages of snow leopards
are much more common in the area of Sorkhoi River
than in other places of study. Traces of the snow leop-
ard were found, first of all, on very extensive ridges
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with a dense network of lateral spurs. On similar
ridges, animals can move from one mountain system
to another or from one river basin to another.

The structure of the range of the East Sayan group-
ing (correlation and interposition of the main inhab-
ited and transit habitats) has an extremely important
feature: almost all the inhabited habitats identified by
us are connected by transit, and if separated, then the
areas of relative inadequacy are small and can easily be
overcome by the animals in one diurnal transition. In
our opinion, this feature to a large extent determines
the possibility of survival of the snow leopard in this
severe and in a number of parameters (for example, in
the height of the snow cover) extreme region.

The grouping of the snow leopard inhabiting the
area of the Bol’shoi Sayan, Munku-Sardyk, and
Tunkinskie Gol’tsy ranges in Buryatia bears signs of an
edge population. This is evidenced by the smallest the
level of heterozygosity among all the samples and the
smallest number of alleles. Significant genetic differ-
ences from other local samples, apparently, are due to
the long-term partial isolation of this grouping from
the groupings of the western regions of the species in
Russia and Mongolia.

The structures of the potential habitats of the snow
leopard in the western and eastern parts of the Russian
range different drastically. If the western part is closely
related to the key habitats on the territory of Mongolia,
then the eastern part is practically devoid of such a
connection. We documented that, in the western part
of the range in the Tsagan-Shibetu mountain massif
(Tsagaan Shivetiin Nuruu on the territory Mongolia),
there is a transboundary grouping of snow leopard
(Munkhtsog et al., 2015). The Mongolian part of this
grouping of snow leopards is more numerous and in
better condition than the Russian one. As a result of
migration, snow leopards from the Mongolian terri-
tory exist and are in a relatively prosperous state of the
grouping on Tsagan-Shibetu Ridge and on
Chikhachev Ridge, which, in turn, are donors for more
northern groupings of Shapshalskii, South Chuyskii, and
eastern parts of Kuraiskii ridges. In the eastern part, the
area of the snow leopard in the Russian groupings is
primary for the existence of its population. This imposes
additional responsibility on environmental services in
Russia for the conservation of these groupings.

Essentially important for the survival of snow leop-
ard groupings in the eastern part of the range, in our
view, is the circumstance that the area of transit hab-
itats is large and well connected to all key groupings. In
this regard, the eastern part of the range appears more
connected than the western part. Apparently this very
important circumstance ensures the conservation of
the snow leopard population in Buryatia under
extremely harsh environmental conditions.

The main reason for the decline in snow leopard
numbers in Buryatia, as well as in Russia as a whole, is
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poaching. In this case, the main threat is the wide-
spread use of loop trapping in the hunting of musk
deer. Direct pursuit of the snow leopard for its pelt is
one problem, but leopards can get shot during random
encounters with hunters (in Buryatia there was only
one confirmed case of shooting the snow leopard
when attacking livestock). Reduction in the number of
ibex also affects the welfare of the snow leopard popu-
lation. In connection with the foregoing, significantly
strengthening the protection of the territory and per-
sistently preventing the loop trapping of musk deer
and hunting of ibexes.

Another limiting factor is the mining in the range of
snow leopards (in the upper reaches of the Kitoi River
and in the Kropotkinskii Range, there are gold mines,
and in Sagan-Sair River, a tributary of the Kitoi River,
actively developed jade mining), which leads to a
decrease in predator habitats and disturbs the snow
leopard during the movement of animals over these
sites.

To date, in Buryatia in the habitats of the snow
leopard two protected areas have been organized,
Tunkinskii National Park and Shumak Nature Park.
The borders of the national park completely coincide
with the administrative boundaries of the Tunkinskii
district of Buryatia Republic, the greater part of which
is not suitable habitat for the snow leopard. Special
Mode Zone protection, allocated directly to the char
in habitats of the snow leopard, is not actually con-
trolled. This is confirmed by regular encounters here
with people with weapons and frequent evidence of
hunting. The local population freely conducts trap-
ping of musk deer. There are confirmed cases of the
deaths of snow leopards in the musk deer traps. In
addition, the territory of the national park covers only
the southern macroslope of the ridge. In the northern
part of the ridge, converted into the valley of Kitoi
River and located on the territory of the Okinskskii
district of Buryatia Republic, there is no any protected
areas, although places here are suitable for the snow
leopard and its presence is confirmed by our research.
To optimize the conservation of the snow leopard, it is
necessary to establish real control over the territory,
and also include the northern macroslope of the
Tunkinskii Gol’tsy in the national park with the orga-
nization of a zone with a strict mode of protection.

Another very effective measure to conserve the
snow leopard would be the organization of a reserve on
the Bol’shoi Sayan, west of the Munku-Sardyk moun-
tain massif to the border with Tuva. This area is an
important ecological corridor, ensuring migration of the
snow leopard with the territory of Mongolia and Tuva.
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