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FOREWORD
The broad-based and comprehensive system created for monitoring rare
animal species is a powerful instrument for using a strategic approach to
their conservation while at the same time providing tremendous scientific
material on the structure of the population, behavioral ecology, and other
aspects of the life of this species. The first data on snow leopard biology
appeared in Russian scientific literature in the late 19th century, and this
new work is especially timely for the species and a significant leap forward
in understanding the biology of this surprising creature.
This progress is largely connected to active implementation of modern noninvasive and instrumental research methods, including molecular genetic
methods, hormonal analysis, satellite telemetry, large-scale use of camera
traps, and new mathematical methods and algorithms for collection and
processing of ecological data in the study of rare species.
No less important a factor in significantly deepening our understanding of
snow leopard biology is the change in strategic approach to conservation
challenges for this rare species. It was clearly recognized that, without
creation of a modern monitoring system based on maximally objective
information, it would be impossible to implement productive and long-term
conservation measures.
Thus, science and nature conservation work hand-in-hand and aid each other
in the study and conservation of this amazing species. It is symbolic that
the emblems of the Academy’s Institute and the largest nature conservation
fund decorate the cover of this Guidebook.
The Guidebook consists of several parts. The first part includes an
introduction, followed by general information about the snow leopard and
its taxonomy and a discussion of the history of snow leopard research, and
its distribution and number in Russia, as well as traditional survey routes
(census route surveys). This part of the Guidebook is an overview of the
modern understanding of the snow leopard globally and in Russia, as well
as highlighting the oldest methods for its study.
The next chapter continues with a description of all the primary spoor
that indicate the presence of the snow leopard – information that provides
the majority of information on the status of its population and the snow
leopard’s specific behaviors. It is accompanied by fantastic illustrations
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of these targeted presence indicators. This chapter is primarily important
for new specialists, but can also be useful for experienced field zoologists,
given that it provides an algorithm for systematizing data collection and the
necessary parameters for documentation.
The chapter entitled “Standardized program for monitoring the status of the
snow leopard population in Russia” plays a central role in the Guidebook.
Fundamentally, it presents a relatively detailed description of the
monitoring algorithm for all of the main snow leopard populations in Russia
with the exception of southern Krasnoyarsk Krai. Extensive and lengthy
work by almost all leading snow leopard specialists, including acquisition
of fieldwork experience, mapping spoor, and modeling potential habitats
(see, for example, Kalashnikova et al., 2019) preceded development of this
monitoring system. Next, a grid to create a standardized basis for data
collection was applied to the map of potential snow leopard habitats. Survey
work using that standardized schematic has already begun in Russia, and
because the Guidebook provides actual data from those surveys, it renders
the guidebook scientifically meaningful and important. A two-tier system
of monitoring is proposed, an approach that seems correct and important.
Because the regional specialists that worked on this section are leading
experts in their regions, the section provides highly specific data related
to conducting monitoring, including specific routes, optimal timing, etc.
Three major parts of the snow leopard’s range are reviewed in this chapter:
mountain systems in Altai, Tuva, and Buryatiya. Specific data are shared
for all major mountain systems in each of these areas. In addition to the
monitoring system, the chapter also discusses such important issues as
threats to the snow leopard’s survival, enforcement issues, and protected
areas and the degree to which they meet conservation objectives for a
particular snow leopard population.
The Guidebook contains a separate section dedicated to analysis of snow
leopard nutrition. This aspect of biology is naturally very important but
unfortunately is clearly understudied in Russia. The chapter also includes
detailed instructions for collecting data and analyzing snow leopard
nutrition on the basis of scat content and hair identification in addition to
algorithms for primary data processing. It is hoped that the publication of
this chapter will facilitate work in this area.
The next chapter of the Guidebook is dedicated to molecular genetic
studies of the snow leopard – a new and rapidly evolving area of research.
This topic has recently become critically important and is one of the most
important directions in modern studies. It can be said without hyperbole
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that these data are critically important not only for research but also for
snow leopard conservation. Moreover, genetic methods are used widely
in interdisciplinary studies, such as correct identification of spoor and
specifically excrement, and can be used moving forward to analyze
nutrition, determination of population group sizes, geographic distribution,
and evaluation of spatial structure of populations. The chapter describes
a detailed algorithm for gathering materials and also discusses analytical
methods. As in the previous chapter, this one concludes by sharing the
authors’ own data on this subject.
No less contemporary and relevant, the Guidebook’s next chapter focuses
on the geoinformatics system for collecting, storing, and visualizing data.
This chapter is both methodological and auxiliary in nature. After all, we
are essentially talking about a new approach to data collection, storage, and
primary processing. This aspect has only very recently been thoroughly
described in a monograph entitled “Monitoring of the Persian Leopard and
Other Big Cats” (the distributed version in English translation is entitled
“Study and Monitoring of Big Cats in Russia”) and is quite important
as a means to meaningfully increase the effectiveness of the work and to
significantly ease primary processing and data visualization. The current
Guidebook provides a detailed description of the system and describes its
potential and benefits in comparison with other analogues.
Finally, concluding sections of the Guidebook are dedicated to work with
camera traps. Recently, camera traps have become a powerful tool in
research studies. The Guidebook highlights the importance and wide
potential of this tool in studying snow leopard biology. It describes phases
for processing gathered materials. The final section of the Guidebook
discusses contemporary methodologies for analysis of camera trap data to
evaluate population density and number.
This book is the collective work of leading experts who have made a weighty
contribution to the study and conservation of the snow leopard in Russia.
Snow leopard research in our nation has intensified since 2000, and thanks to
the use of diverse collection methods, laboratory analysis, and mathematical
modeling of data, that research has attained a new scholarly level. The results
of this research are already reflected in a series of publications, and new
articles in scientific journals are anticipated in the near future.
The collective monograph for the monitoring of the status of snow leopard
populations in Russia shared here points to the level of activity currently
taking place in our country with regard to snow leopard research. This
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publication will also be relevant and unique – firstly, it lays out the entire
collected experience acquired in the course of lengthy and highly-detailed
work to process and optimize methods for studying and monitoring the
northernmost population of the snow leopard, and secondly, because there
have been almost no other such publications using versatile approaches
to the study of this rare and poorly understood species in our country.
It is very important that the book contains not only recommendations
for planning and conducting field research and data processing, but also
integrates original scientific results achieved in the course of studying key
snow leopard habitats in Russia. This increases the accuracy of the data and
the scientific value of the monograph, a fact that will undoubtedly stimulate
interest in further study of the snow leopard.
This publication facilitates identification of timely areas of research,
unifies methodologies, and clarifies practical issues relating to practical
snow leopard monitoring, all of which are very important for the species’
conservation. The experience of Russian researchers described in the
Guidebook will undoubtedly be used by zoologists not only in Russia, but
also by specialists in other nations in the snow leopard’s global range.
For this reason, we have published this monograph in English as well, an
effort that is, to our view, imperative. The timeliness and relevance of this
publication are not in any doubt.

RAS Academician V.V. Rozhnov,
Director, Severtsov Institute of Ecology and Evolution
Russian Academy of Sciences,
Chief, Permanent RAS Expedition for the Study of Russian Federation Red
Book-listed Wild life and Other Particularly Important Fauna in Russia
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INTRODUCTION
The snow leopard (Panthera uncia Schreber, 1775) is one of the rarest and
least studied large carnivores. At the apex of the trophic pyramid, it may
serve as an indicator species for the condition of an ecosystem as a whole.
The Russian part of the snow leopard’s habitat is at the northern border of
the species’ range. The disjointed range, hard-to-access habitat sites, and
the snow leopard’s stealthy nature are serious obstacles for studies and conservation efforts.
Many diverse methods may be used to assess the status of the snow leopard population (tracking, camera traps, radio and satellite telemetry, molecular genetic methods, potential habitat modelling), but in the majority
of research, they are poorly combined and cover only isolated aspects of
the species’ biology (Koshkarev, 1989; Jackson, Ahlborn, 1989; Poyarkov et
al., 2001а; Lukarevsky et al., 2001; Janecka et al., 2008; Subbotin, Istomov,
2009). Only recently have methods begun to be combined (McCarthy et al.,
2010; Karnaukhov et al., 2018, Kalashnikova et al., 2019).
It is necessary to collect detailed information about the species’ habitat sites
in order to evaluate the condition of any species’ population. Such information is equally relevant for the analysis of the existing territorial conservation
system and for future planning of newly designated conservation areas. For
snow leopard conservation, it is critical to form a clear understanding of the
main reasons for the declines in population and habitat range and to know all
factors capable of negatively influencing the normal structure of population
groups or which hinder complete exploitation of potential habitats.
This is why the WWF Russia has been conducting a regular annual snow
leopard census since 2015, gradually establishing a unified system for monitoring the population of this rare carnivore. This guidebook is dedicated to
practical aspects of snow leopard monitoring.
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SNOW LEOPARD: BACKGROUND INFORMATION
Taxonomic identification of the snow leopard
The snow leopard was first described in 1775 by J. Schreber who considered
it to belong to the Felis genus. Later, in 1854, J.E. Gray proposed grouping
snow leopards into a separate genus – Uncia. Later, in various taxonomic
studies, the snow leopard was considered both within Uncia and the big
cats of Panthera. V.G. Geptner and A.A. Sludsky emphasize that grouping
the snow leopard into the Panthera genus is ungrounded due to the species’
uniqueness. Craniologically, it differs more from every species of Panthera
than the other species differ among themselves in any combination. On the
other hand, the Uncia genus combines certain traits of small (Felis genus)
and large (Panthera) cats (Geptner, Sludsky, 1972).
However, in recent years, more studies have been published that focus on
molecular, genetic, and cytological data and which propose to revert the
species back to the Panthera genus and recognize Uncia as a subgenus (Yu
et al., 1996; Johnson et al., 1996; Johnson et al., 2006, Wei et al., 2008).
Thus, N. Yu and co-authors (Yu et al., 1996) conclude that the differences in
the mitochondrial genomes of the snow leopard and the leopard (Panthera
pardus) are of purely specific nature and are insufficient to classify the snow
leopard as a separate genus. In his studies, W. Johnson suggests considering
the snow leopard as a representative of the Panthera genus. He emphasizes
that, phylogenetically, the big cat line breaks into two groups: P. leo and P.
pardus, on the one hand, and P. tiaris and P. uncia, on the other (Johnson
et al., 1996; Johnson et al., 2006). However, other researchers (Wei et al.,
2008) group the snow leopard together with the lion on the basis of an analysis of other parts of the cats’ mitochondrial genome, while also classifying
it as Panthera. Obviously, bringing the snow leopard into a separate genus
is outdated, and this species should be studied within the genus of big cats.
In 2017, J. Janecka and co-authors proposed separating the snow leopard into
three separate subspecies (Janecka et al., 2017). Subsequently, some of these
researchers’ conclusions were criticized (Senn et al., 2017). However, at present, there are more and more arguments calling to recognize the species of
Panthera uncia as polytypic (Janecka et al., 2018; Kalashnikova et al., 2019).

History of snow leopard studies
In academic literature, the snow leopard was first mentioned in the late 18th
century. Until the mid-20th century, all information about the snow leopard,
9

its distribution, population size, and lifestyle was extremely sketchy and
fragmentary, but as data accumulated, some fundamental reports were published (Ward, 1921; Ognev, 1935; Kuznetsov, 1948; Novikov, 1956; Ishunin,
1961; Kolosov, 1961; Geptner, Sludsky, 1972; Sludsky, 1973). It should be remarked that these works mainly concerned the snow leopard’s habitat range
and were based on predominantly indirect data, such as surveys, materials
on fur production, and the capture of live animals. During the same period,
snow leopard behavior began to be studied in zoos (Kitchener et al., 1975;
McVittie, 1978; Blomqvist, 1978; Freeman, Hutchins, 1980; Rieger, 1980).
During the aforementioned period, there was little comprehensive data on
the biology and ecology of the snow leopard in its natural habitat (Yazin,
1974; Grachev, Fedosenko, 1977; Fedosenko, Chiryakov, 1979). More thorough studies of snow leopard ecology began only in the late 1970s and early 1980s. This research began in Pakistan (Schaller, 1975), Nepal (Jackson,
1979; Jackson, Ahlborn, 1987), India (Green, 1982; Mallon, 1984; Fox, Chundawat et al., 1988), Kyrgyzstan (Koshkarev, 1989), and China (Liao, 1985).
A deeper understanding of the species’ biology became possible only with
the emergence of new, more advanced research methods, including telemetry, satellite tagging, camera-trapping, and molecular genetic methods.
R. Jackson is the pioneer in this field, using radio-telemetry methods for
studying the snow leopard in Nepal (Jackson, Ahlborn, 1989; Jackson, 1996).
Later, some detailed studies led by T. McCarthy began in Mongolia and Pakistan (McCarthy, 2000; McCarthy et al., 2005; McCarthy et al., 2007).
In Russia, specialized research was carried out in the Altai-Sayan region in
1998-2000 (Lukarevskyet al., 2001; Poyarkov et al. 2001а; Poyarkov et al.
2001б; Poyarkov, Subbotin, 2002; Lukarevsky, Poyarkov, 2007). In 2007,
research using camera traps began in Sayano-Shushensky Nature Reserve
(Subbotin, Istomov, 2009). Beginning in 2010, camera-trapping was used
for snow leopard studies in Tuva. In March 2011, satellite tagging of a snow
leopard took place for the first time in Russia (in Sayano-Shushensky Nature Reserve) (Karnaukhovet al., 2011). Starting in 2012, a snow leopard
population group monitoring system began to emerge in Russia: camera
traps were deployed on the Chikhachev Mountain Range, Argut River basin,
Shapshalsky Mountain Range, and the Eastern Sayan Mountains. During
the winter of 2015-2016, the first large-scale snow leopard census was held
in Russia. Research took place in three Russian Federation states: the Republics of Altai, Tuva, and Buryatiya. Since that time, the snow leopard census has become an annual event. In 2017, a standardized program for snow
leopard population monitoring was developed in cooperation with American colleagues. Special software for smartphones was developed a year later
to simplify field data collection and information exchange.
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Range and population of the snow leopard in Russia
The snow leopard population is concentrated in highland areas of Central
Asia (Fig. 1). It can be found in the mountains of the Himalayas, Tibet, Hindu-Kush, Karakoram, Pamir, Pamir-Alay, Tien Shan, and Altai-Sayan, and
in twelve countries: Afghanistan, Bhutan, India, Kazakhstan, Kyrgyzstan,
China, Mongolia, Nepal, Pakistan, Russia, Tajikistan, and Uzbekistan.
The Russian part of the range is the northern border of the species’ habitat
and for this reason, environmental conditions for the cat are often extreme
(Geptner, Sludsky, 1972; Koshkarev, 1989). Historically, snow leopards used
to occupy Russian territory from the Altai Mountains to the Lena River
headwaters, but the range was later compressed from the west and south.
At present, its range covers the Altai Mountains, the Western and Eastern
Sayans, the mountains of Tuva, and Tunka and Kitoi Ranges. The total area
of suitable habitat exceeds 60,000 km2 (Poyarkovet al., 2002).
V.G. Geptner and A.A. Sludsky remark (1972) that in the Altai region the snow
leopard populates the mountains of the Argut River basin, as well as its tributary rivers Dzhazator and Shavla (Katunsky and Yuzhno-Chuisky Ranges),

Fig. 1. Global snow leopard range based on GSLEP (Global Snow Leopard
& Ecosystem Protection program) data.
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occupies mountain ranges surrounding the Chuya Steppe (Kuraisky, Chikhachev, Sailyugem, Severo-Chuisky, Yuzhno-Chuisky), as well as mountains
along the entire Chuya River basin. In addition, it can be found on the Ukok
Plateau (Tavan-Bogd Massif). In the east, the snow leopard’s range includes
the basins of the Bashkaus and Chulyshman Rivers, i.e. the Chulyshman
Highlands and Shapshalsky Range. According to L.V. Sopin (Sopin, 1977),
the Severo-Chuisky and Yuzhno-Chuisky, Katunsky, Kuraisky, and Chulyshmansky mountain ranges provide the most suitable conditions for snow
leopards. On the basis of surveys of local residents (1988), A.Ya. Bondarev
notes the presence of snow leopard in the Argut, Kadrin, Ailyugash, Bashkaus, Chagan-Burgazy, Irbistu, Uzun-Tyttugem, and Yelangash river basins.
Later works (Malkov, Bondarenko, 1997; Chasovskikh, Sochina, 1999) indicate the steady presence of snow leopards in southeast Altai as well, particularly on Sailyugem Ridge and the Ukok Plateau; however, it is emphasized
that core of the population is found at the headwaters of tributaries in the middle reach of the Argut River. Interestingly, in his description of the snow leopard’s range, G.G. Sobansky omits Sailyugem Ridge (Sobansky, 1992). In his
1988 article, G.A. Sokolov mistakenly suggests that the snow leopard’s main
areas of residence in Altai are adjacent to the borders with Tuva and Mongolia
(i.e. Shapshalsky and Chikhachev Mountain Ranges) and does not include the
Argut River basin as a key location. According to the 2018-2019 census, the
population of snow leopards in Altai Republic is 43-44 individuals.
To the east in Tuva Republic, the snow leopard populates the mountain ranges of Sangilen, Western Tannu-Ola, the southern macroslope of Shapshalsky Ridge, Tsagaan-Shibetu, and Mongun-Taiga (Nikiforov, Shurygin, 1977;
Poyarkov, Lukarevsky, 1999; Poyarkov et al., 2002). However, M.N. Smirnov
and co-authors (Smirnov et al., 1992) claim that there are no resident groups
of snow leopardson Tsagaan-Shibetu or Mongun-Taiga, explaining the animal’s presence as transient visits from its nearby Mongolian territory. This
opinion is obviously inaccurate; the existence of a permanent snow leopard
group in the area is confirmed by a number of studies (Nikiforov, Shurygin,
1977; Poyarkov et al., 2002; Karnaukhov et al., 2011). During the 2018-2019
census, 12 individuals were detected in southwestern Tuva.
V.G. Geptner and A.A. Sludsky have also previously (1972) noted the presence of snow leopards in eastern Tuva (Yergak-Targak-Taiga and UdinskyRidges). However, verified information on snow leopard encounters in that
area was documented only in 1988 by V.V. Shurygin (Shurygin, 1988).
The eastern part of the snow leopard’s range in Russia was studied to the
greatest extent by E.P. Kashkarov, S.V. Malykh, and A.S. Karnaukhov. The
snow leopard is regularly seen on the Tunka and Kitoi Ranges, near the
peak of Munku-Sardyk and along the Bolshoi Sayan Range (Karnaukhov
et al., 2018). According to E.P. Kashkarov, in the 1990s hunters used to see
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snow leopard pugmarks every year in the Sentsa, Khoito-Oka, and UrdaOka river basins. In 1975-1993, the snow leopard was documented in the
Zhombolok River basin. In 1993-1995 tourists found snow leopard tracks
on Munku-Sardyk. According to E.P. Koshkarev, the population density is
0.7-0.8 individuals per 100 km2. E.P. Koshkarev calculated snow leopard
population density on the Bolshoi Sayan Range at 0.3-0.4 individuals per
100 km2 (Koshkarev, 1996, 1997, 1998). According to recent data, the snow
leopard population in the Eastern Sayans is annually estimated at 9-10 individuals (Karnaukhov et al., 2018).
In Khakasiya, snow leopards may be present as vagrants along the Yerinat,
Kantegir, and Ona rivers. It may be also found in the Pozarym River basin.
G.V. Devyatkin and S.M. Prokofyev report the presence of 10-12 snow leopards in Khakasiya (Devyatkin, Prokofyev, 1999). However, no verified data
on snow leopard encounters have been collected in the republic.
The snow leopard’s range in Russia is divided into two clear parts: western
and eastern. The western part encompasses populations in Altai, West Tuva,
and Sayano-Shushensky Nature Reserve. On the Altai side of Chikhachev
Ridge, seven adult individuals were documented in 2018-2019; nine to ten on
Kuraisky Ridge; six on Sailyugem; three on Yuzhno-Altaisky; and 18 in the
Argut River basin (Katunsky, Yuzhno-Chuisky, and Severo-Chuisky Ranges). Four animals were found on each ridge on the Tuvan side: Chikhachev,
Tsagaan-Shibetu and Shapshalsky Ranges. That said, areas of snow leopard
habitat in Tuva remain unexplored. According to the latest data, in SayanoShushensky Nature Reserve (Western Sayan Range) one adult male remains;
the rest of the group has been destroyed by poachers. In early 2019, one snow
leopard from Tajikistan was released in the Reserve (followed by two more
individuals from the same country). The fate of these animals is unknown.
There are two main populations in the eastern part of the snow leopard’s
range: Sangilen and Eastern Sayan. Despite some efforts, the snow leopard
population has not yet been properly estimated on the Sangilen Highlands. In
the Eastern Sayan, which includes Tunka and Kitoi Ridges, Bolshoi Sayan and
Munku-Sardyk, a 2018-2019 census showed the presence of nine individuals.
In total, across Russia, researchers variously estimate the snow leopard
population from 80 (Smirnov et al, 1990) to 80-150 (Koshkarev et al., 2001)
and 150-200 individuals (Poyarkov et al., 2002). Recent studies show the
snow leopard population to be declining throughout its range, with severe
depletion of certain groups (for instance, Western Sayan and southwest Tuvan groups). According to the latest data collected during the 2018-2019
snow leopard census, there are at least 64-65 snow leopard individuals in
the Russian Federation (with the exception of Sayano-Shushensky Nature
Reserve and Sangilen Plateau, where no census occurred).
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TRADITIONAL CENSUS ROUTES
Today’s literature has a number of methodologies for tracking snow leopards, an algorithm for finding them, and proper documentation for further
statistical analysis. One of the first and best-known approaches is a method
for evaluating the condition of snow leopard populations based on evidence
of vital activities (SLIMS) developed by Rodney Jackson and Donald Hunter
(Jackson, Hunter, 1996). Initially, the method provided a set of special forms
using a strict approach for material collection, documentation, and primary
processing. However, with the emergence of mobile devices and modern information accumulation and storage systems, paper-based forms have become outdated. On the other hand, in order for any method be effective,
proper identification of snow leopard spoor is a necessity.

Snow leopard spoor identification
Pugmarks
In zoological research practice, tracks are traditionally considered to be a
reliable indicator of the presence of a given species, and the abundance of
tracks can be a population indicator. For this reason, correct identification
of snow leopard pugmarks is one of the main tasks in field studies. Due to
their stealthy nature, this is of the greatest importance for large carnivores.
Let us quote E.N. Matyushkin and E.P. Koshkarev (1990): “A snow leopard
pugmark is typically felid in shape: round, without claw marks. As a rule,
they do not show even in the front wall of a track left in deep snow, as often
happens with lynx. Differences between front and hind tracks are the same
as for other cats. The front track is wider, as though slightly flattened. In this
specific case, on a roadway covered with a thin layer of snow from overnight, the sizes of the clear front track were the following: 10.5 cm wide, 8.5
cm long, and the hind tracks were 10.2 and 10.5 cm, respectively. Of course,
every track has its peculiarity, depending, first of all, on the nature of the
snow or ground and on how widely flexible toes were spread. But such variation does not obscure the clear differences in configuration of the front and
hind tracks of the snow leopard. For field surveys, it is clear that pugmarks
must be accurately measured and recorded separately for front and hind
tracks in order to identify and document individual animals.
In the practice of track-based assessments of other big cats, such as the
tiger, attention is usually paid primarily to the measurement of the least
variable element of the track, the print of the metacarpal pad, or “heel”
14

of the animal. …The sizes of the “heels” in front and hind tracks differ less
than the overall dimensions of the pugmarks in snow leopards. In the present example, the width of the front “heel” was 7.2 cm, and that of the hind
“heel” was 6.5 cm. However, in the majority of cases, researchers are dealing with two overlapping prints in a single depression, instead of separate
front and hind pugmarks. Such combined tracks are almost round (with
the length only slightly exceeding the width); as a rule, the width across the
pad does not exceed 11 cm, sometimes reaching 11.5-12 cm for the biggest
individuals. The majority of dimensions fall within the 9-10 cm interval;
with a heel width of 6-7 cm, rarely 8 cm.
As with other parameters, pugmark size is not a reliable means of determining the animal’s sex. However, there is no doubt that male and female
pugmarks differ in size, as evidenced by encounters with females with
cubs. For them, the typical width of the track corresponds to low end of the
afore-mentioned range - 9 cm, with a heel width of 6-6.5 cm (Fig. 2).
Fig. 2. Snow leopard track
measurement. Photo by
A.S. Karnaukhov, tracing
by A.D. Poyarkov.
According to our collected
data and a report by brilliant snow leopard specialist
S.V. Istomov, a track with a
heel width of 7 cm or greater
belongs to a male. The heel
width of adult females normally does not exceed 6.5
cm. Naturally, such measurements can be only made
on tracks left in shallow
snow or soft soil. It is equally
important that the track not
to be exposed to sun or heat
to avoid fading (Fig. 3).
Unlike wolf or large dog
pugmarks, the most important feature of a typical felid track is the configuration
and shape of the heel. Felid heel shape has a typical three-lobe configuration
in the posterior edge, while the leading edge of a snow leopard heel outline
shows double indentation. The heel track of canids (wolf, dog, or fox) is single15

Fig. 3. Two snow leopard pugmarks in mud, tracing with possible measurement marks. Photo and tracing by S.V. Istomov.
humped in the leading edge, while the posterior edge of a forepaw impression
has a smooth double-lobed contour. The hind heel track of canids forms a
smooth arch on the posterior edge presenting a single hump. Heel configuration is of the greatest importance for distinguishing between snow leopard
and canid tracks. However, in a number of cases, heel configuration may not
be clear. Then, other track features should be examined.
Unlike that of the wolf, a snow leopard pugmark is larger and more rounded, and claw impressions are normally absent. However, when ascending hard and slippery ice or snow crust, the snow leopard must extend
its claws to avoid slipping, producing prints that are easy to see. Another
additional feature of snow leopard tracks is the uneven length of its third
and fourth toes. In felids, the third toe is distinctly longer than the fourth,
while this size asymmetry is barely noticeable in wolf and dog tracks. Toe
size disproportion can serve as a reliable indicator in identifying whether
the track was left by the right or left foot of the animal. While heel configuration is the distinctive feature for wolves, for snow leopards and lynxes
other traits must be taken into account.
Let us consult the work by E.N. Matyushkin and E.P. Koshkarev (1990)
again. “Snow leopard tracks are distinctly larger than those of lynx: the ex16

treme values for various measurements do not overlap at all or the overlap
is insignificant. Thus, if the width of an overlapping track of a snow leopard normally is 8, or, more frequently, 9-10 cm, that of the lynx is, with few
exceptions, 8 cm or less. The difference in heel width is even more distinctive: 6 cm and more in width for the snow leopard and no more than 5.5 cm
for the lynx (for adult animals).
Even for yearling snow leopards, heel width is close to 6 cm. The lynx’s
pugmark oval is relatively smaller; its width exceeds the paw pad print
width by no more than 1.3-1.4 times. <…> Compared to a snow leopard, a
lynx track is much more “long-toed” and “thin-toed”, and the paw pad is
not as massive, occupying a smaller share of the entire paw print. <…> Unlike the graceful, elongated digital pad impressions of the lynx, those of the
snow leopard are more rounded and blunt”.
Here it is necessary to remark that the heel width of large male lynxes can
reach 6 cm, and, for more accurate species identification, the proportions of
heels and toes should be taken into account.
As in other Mustelidae, the wolverine track has five toes. The first toe usually shows in the track of this carnivore, but may not be visible in very powdery snow. In that event, identification is based on heel configuration. The
front paw heel of the wolverine is asymmetrical to the movement direction
and generally appears arched. In the case of overlapping tracks, the front
heel print is covered by the hind heel, making this feature undetectable, although the significant asymmetry of the track contour remains. As a rule,
the wolverine is bow-legged. The paws of large wolverines are almost the
same size as those of the snow leopard, or even larger. The front tracks of
the wolverine may reach 15 cm, with the width being a little less. However,
as a rule, the wolverine leaves smaller pugmarks than snow leopards. Sometimes, a small callous is apparent behind the main print (Fig. 4).

Stride
The snow leopard is proportionally a much larger and lower-slung animal
than a wolf or a wolverine. This circumstance has great importance for the
animal’s movement and is clearly reflected in the interrelationship of tracks
in stride. Let us consult the previously quoted work by E.N. Matyushkin and
E.P. Koshkarev (1990): “On a hard substrate, the spoor of the snow leopard,
similar to other felids, appears doubled, where the impressions of the hind
and front paws do not overlap or overlap only partially. It is important to
emphasize that in this case the hind pugmark appears in front of each pair
of pugmarks. On snow, such doubled spoor can be seen only on snow no
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Fig. 4. Wolverine pugmarks on the snow. Photo by A.D. Poyarkov.
thicker than 2-3 cm deep; when snow depths exceed 5-7 cm or more, large
animals also place their hind leg behind the front” (Fig. 5).

Fig. 5. Doubled print. Hind paw leading the forepaw. Photo by A.D. Poyarkov.
The snow leopard’s “doubled track” differs significantly from that of the
lynx. While the lynx overtracks its hind leg far (by 10-20 cm) ahead of the
front one, leaving the distance between impressions at 3-6 cm, the snow
leopard’s pugmarks touch, or, more frequently, the hind pugmark partially overlaps that of the front (semi-doubling). The positioning of pugmarks
relative to the central axis of the animal’s stride also differs in the two species: in the lynx’s stride, they lie one behind the other, with the hind pug18

mark slightly closer to the central axis of the trail (9-10 cm clearance within the pair, with a pugmark width of around 7.5 cm); in the snow leopard’s
stride, the hind pugmark is displaced from the outer border of the trail to a
much greater extent (average clearance between impressions is 16-17 cm,
with a pugmark width 10-11 cm). As the animal walks, its large, fluffy tail
is extended backward, and, unlike, for example, that of the tiger, it hardly
leaves any trace on snow.” We emphasize that when the animal is walking
very slowly and with a shorter stride, the snow leopard’s hind leg may appear posterior to the front one (Fig. 6).
Fig. 6. Doubled pugmark.
Hind paw posterior to
the forepaw. Photo by
D. Poyarkov.
The quote above describes
the snow leopard’s most frequent pace – walk. This is
the cat’s predominant pace
even on the most comfortable surfaces, such as ice or
level ground; only very rarely does the snow leopard
shift to trot, or even to the
so-called short trot, which
differentiates it greatly from
the wolf or lynx, for which
trotting on level ground is a
very natural way of moving.
When hunting ungulates
or running away from humans, the snow leopard gallops or sprints. Leaps leave closely-grouped pugmarks for all four legs. The leap stride ranges from two to six meters; in a
series, the leaps get shorter. Leaps of six meters are extremely rare, and only
occur when galloping downhill. The snow leopard cannot sprint for a long
time, switching to a trot, and then to a walk. Trotting is not common in snow
leopards and mostly occurs when playing or during estrus. Trotting differs
from walking in that there are longer distances between pugmarks and the
track is more centered. In the terminology of E.N. Matyushkin, the stride
breadth is smaller than in the walk. B.P. Zavatsky wrote (2001) that trotting snow leopard tracks are arranged in almost a single line. During estrus,
adult animals often play with each other, trotting, galloping, making long
hunting leaps, wrestling, and rolling in the snow.
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Unlike in felids, wolves leave absolutely straight trails with tracks arranged
along a straight line; using Matyushkin’s terminology, the track width is
equal to the pugmark width. Even walking through deep snow together,
wolves always tread exactly in each other’s footsteps, with the hind leg stepping into the front track.
The ranges of snow leopards and wolverines overlap in Russia and northern Mongolia. Wolverines can be found in almost all snow leopard habitat
in Russia. For this reason, it is very important to distinguish between the
two species’ tracks. When combined, wolverine trails, though very similar
to those of the snow leopard, show more elongated impressions. The wolverine is pigeon-toed, i.e. its foot impressions turn slightly inwards toward
the direction of movement. The wolverine is less likely to step exactly into
its pugmarks than other carnivores, preferring to walk in a two-, three-, or
four-print pattern. The pressure of the wolverine’s footsteps into snow is one
of the least among carnivores, meaning that it does not sink into the snow.
Compared to the snow leopard’s tracks, those of the wolverine are less neat
in appearance; it looks messy and its stride is careless. Wolverines move in
a sweeping fashion, leaving their pugmarks in various places and biotopes.
Upon finding spoor, aside from the nature of the tracks, the researcher
must also measure the most typical stride length. There are two main
methods for measuring stride length. The first is to measure the distance
between the right front and the left front legs of the animal. This measurement corresponds to the common understanding of stride. The second method measures the full cycle of limb movement, i.e. the distance
between the right front leg and the right front leg in the next cycle of
movement. It is also possible to use both methods, but the method applied
should always be indicated (Fig. 7).

Finding tracks and travel lanes
The snow leopard resides in landscapes with frequent winds blowing from
various directions. Combined with dry and granular snow, the wind often
destroys tracks. Another adverse factor for preserving tracks in the mountains is intensive insolation, resulting in distortion and evaporation of tracks
and reducing their integrity. This is why, compared to lowland species, snow
leopard tracks are much more challenging to find. Such tracking requires
surveying areas of wind shadows and sun shadows, on ridge tops, and on the
leeward side of large boulders. Some tracks and trail fragments may remain
for a longer time along shallow winding rivers, where snow leopards love
to walk in cold months. Snow leopard tracks are much better preserved in
forests or high-elevation shrubby areas. The snow leopard occupies mosaic
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habitats in a number of places in Russia, where open areas without tree
vegetation combine with isolated forest stands and shrubby areas, such as
in Altai in the Argut River valley, the
Sangilen Highlands in Tuva, and in
Sayano-Shushensky Nature Reserve
etc. Paths should be carefully examined in these forested areas.
During mating season or when walking with offspring, researchers have
the opportunity to detect estrus sites
and play areas. B.P. Zavatsky identified estrus areas and referred to them
as “rolling sites” (2001). These are
10x15 m areas of firmly packed snow.
Here, animals run and play, rolling
in the snow. Multiple sets of tracks
at various paces, from a slow walk to
gallop, were found near rolling sites.

Scrapes

Fig. 7. Stride length measurement.
Sayano-Shushensky Nature Reserve. Photo by S.V. Istomov.

Scrapes are a specific and characteristic indicator of the presence of big
cats. Scrapes last much longer than
pugmarks, and in some cases may be
seen even several years later. Scrapes
are an essential element of snow leopard detection, which makes them
critically important for establishing
the species’ presence and evaluating
abundance and population density.
Representatives of the Panthera genus, including snow leopards, make
scrapes using their hind legs with
powerful, controlled moves, but without outward sweeps (like canids). This
act produces a distinctive pit, with a
distinctive pile of soil behind it (from
the animal’s perspective). Speaking of
the scrape’s durability, the fresher the
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scrape, the greater the difference between the indentation and the pile and
the clearer are its borders with the surrounding area. Over time, the scrape’s
edges become distorted, and the indentation and the pile even out.
The SLIMS method offers four gradations of scrape age: very old, old, fresh,
and very fresh, but the criteria for identification overlap significantly, making attribution to a particular age class subjective and dependent on the individual opinion of the researcher. Moreover, a scrape’s condition strongly
depends on its location. Thus, on ridgetops, scrapes are exposed to strong
winds, and in river valleys scrapes may be washed away. In our opinion,
three categories of scrape age are sufficient: old, moderate, and fresh. The
size and thoroughness of scrapes can vary significantly. To a great extent, it
depends on the number of digging movements made by the animal (Fig. 8).

Fig. 8. Snow leopard scrape on hard gravel in East Pamir.

Photo by A.D. Poyarkov.
As an important element of snow leopard marking activity, scrapes are not
random, but are tied to specific distinctive places. They are often comprised
of clusters of several scrapes concentrated within a small area. Such clusters may be continuously present, maintained by different animals for many
generations. In the SLIMS method, such places are referred to as traditional. Unlike those, single scrapes have a much shorter “lifespan” which depends on the scrape’s location. In areas exposed to water and strong winds,
scrape longevity is much shorter. If the animal’s route lies along a mountain
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ridge, scrapes are normally located in the saddles, at the junctures of main
and side ridges, or at crossings with visible trails used by mountain ungulates. If a snow leopard’s route passes along a river valley or a brook, scrapes
are usually found near prominent rocks, boulders that have fallen into the
valley, or divisions between ravines, i.e. in places which are more noticeable. Often scrapes are found on rock “shelves”, i.e. along the base of a steep
ridge and a rock ledge. Scrapes on shelves endure the longest, as there they
are less exposed to wind (the scrape is protected, at least, from one side) and
cannot be washed away. This is where comb-shaped scrape clusters are often found, i.e. several scrapes are located in such a way that the pile of one is
followed by the indentation of the next, etc. During surveying in Mongolia,
combs of 8-9 scrapes were found, and in the East Pamir, clusters 15 meters
in length consisting of 25-30 scrapes were found (Fig. 9).

Fig. 9. Fragment of a scrape cluster by a rock shelf on Tsaaganshuvuut,
Mongolia. Photo by A.D. Poyarkov.
These comb-type clusters are locations where scrapes can remain for the
longest time – sometimes for several decades – and are continuously renewed by many generations of animals. The shelf structure itself determines the orientation and position of the animal involved in the marking
act. Even vegetation in the vicinity of multiyear clusters is very different
from that in the surrounding area, a fact possibly explained by the numerous feces of snow leopards and other species overmarking atop the leopards’
marks, such as foxes. Finding such traditional scrape clusters is an important task for a researcher. The big cat scrapes have a very distinct structure, and they are easy to identify when fresh. However, when a scrape is
much distorted, it is easy to confuse it with ibex diggings, or rutting pits of
snow cocks and partridges. Unlike snow leopard scrapes, the rutting pits of
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snowcocks feature mud piles in several directions. In their search for roots,
ibex sometimes leave some indentations and piles of soil shifted away from
the indentation in one direction. But, unlike snow leopard scrapes, these
are wider and less prominent, as the digging movements of the ibex’s front
legs are sweeping and messy compared to the snow leopard’s movements. In
addition to the scrape’s location, a researcher should document maximum
length and width, as well as the depth of the indentation and the height
of the pile. Unfortunately, during field studies such parameters are often
neglected. In the previously quoted guidelines, E.N. Matyushkin and E.P.
Koshkarev (1990) mention snow leopard scrapes measuring a little less than
half a meter in length (43-45 cm) and 32-38 cm wide. We have seen scrapes
of other sizes, smaller in length and width (Fig. 10).

Fig. 10. Small scrape in a river valley. Sayano-Shushensky Nature Reserve. Photo by A.D. Poyarkov.
An interesting task related to scrapes is the search for different parameters
to distinguish between scrapes left by males and females. It is quite likely to
be possible, just as with differences in the scrapes of age and sex groups of
wolves identified in a thorough study (Hernandes Blanco et al., 2005). The
highly-skilled field researcher Syldys Kuular, a state inspector at Uvs Lake
Basin Nature Reserve, demonstrated that a thorough study of the soil in
snow leopard scrapes may readily contain a small quantity of leg hairs. If it
is possible to recover DNA from such hairs, it will be possible to identify the
scrape’s owner, which will, in turn, reveal many interesting aspects of snow
leopard marking patterns.
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Feces
Finding snow leopard feces is a principally important part of scientific and
monitoring studies. Feces are a source of extremely precious information
about the species’ biology that is recoverable through different types of
analysis. The most important tools include molecular genetic tests, nutrition analysis, parasites, and hormone analysis. As a researcher encounters
feces of different ages, it is important to understand what kinds of analysis
can be carried out for different samples.
Hormonal analysis is the most sensitive to the age of feces: only fresh feces approximately 7-15 days old and collected in cold weather can be used. In warm
weather, this time is limited to one day. Such samples must be stored frozen.
Molecular genetic testing is less sensitive. During the winter season, almost
any sample collected during this period can be used, provided that no snow
melting or thawing has occurred. In summer, genetic information is still recoverable over a period of two weeks to several months, depending to a great
extent on weather in the region and the sample location. Dry air preserves
genetic information, and dry weather increases recoverability many times
over. Ultraviolet radiation degrades DNA. For this reason, when collecting a
feces sample found in a sunny location, the lower part touching the ground
is normally collected. Rare at higher elevations but widespread at lower altitudes, coprophagic insects greatly influence feces condition.
Analysis seeking the presence of helminth and other protozoan parasite
eggs requires membrane integrity of the eggs and cysts used for identification. It is critical to prevent the start of egg development; this is achieved
by freezing samples. Samples can be preserved in a Barbagallo solution (4%
formalin in saline solution), permitting storage at any temperature.
For nutritional analysis, almost any age of feces can be used, but another
requirement arises: integrity of hair and other solid identifiable remains.
This is why completely calcinated bones and meat and blood tissue are of
little interest.
Each type of analysis requires a different quantity of feces: hormonal and
genetic testing, for instance, requires just 1-3 grams, while nutrition or parasite egg analysis requires larger samples taken from different segments of
the scat where possible. If the feces sample is intended for biological analysis, it is important to specify which type of analysis is intended. Each collected feces sample must be labelled. The label should include its code (collection point noted in the field study diary and the navigator or the service
data system), date, last name of the collector, and, if possible, biotope. It is
strongly recommended to immediately divide the feces sample into parts for
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the planned analyses and to label them appropriately. Each part prepared
for analysis should be labeled with the name of the sample, collection date,
and last name of the collector. Moreover, the label for each part shall specify
the type of analysis it is intended for.
Carnivore feces mostly depend on what the animal has eaten. The size and
form of the feces also depend on the amount of food consumed. As a rule,
carnivore digestive systems contain different ingredients from its victim in
various proportions, and hair and bone fragments are not digested and are
predominant in the feces.
Snow leopard feces consist of several sausage-shaped segments, as is typical
for carnivores. Unlike canids, the feces of the snow leopard and other felids
have round edges, and the segments themselves look more like balls, barrels, or beads rather than sausages. Usually segment diameter is two to four
centimeters, with a length from three to 10-15 cm (Fig. 11).

Fig. 11. Snow leopard feces. East Pamir. Photo by A.D. Poyarkov.
Roundedness and a distinctive segmented shape are the main identification
features of felid feces. Fresh feces often have thin hair-like ties between the
segments. As a rule, the majority of feces consists of the hair of the snow
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leopard’s prey. If the prey is an animal with long and wiry fur, such as a yak
or a boar, the feces will be very similar to the wolf’s, i.e. will have long and
narrowing ends. This is why the area surrounding the feces should be thoroughly studied to find any tracks, scrapes, or any other features to identify
the species of the animal. It is also very important to assess the biotope
where the feces were found and the exact location of the feces. Thus, feces
found on a tuft of hard grass, a small stone, or any prominent object are
more likely to have been left by a canid. When in doubt, the feces should be
collected for further analysis and documentation.
The feces of a snow leopard that has recently consumed a large portion
of fresh meat resemble a mushy mass of dark or black color with a strong
smell. The feces of other carnivores in a similar situation look almost the
same; for this reason, identification of such samples depend upon a molecular genetic test. During estrus, the snow leopard may eat rhododendron
leaves or other plants. B.P. Zavatsky was the first to describe this phenomenon (2001). Some plant residues are found regularly in snow leopard feces, but after the consumption of rhododendron, they form the majority
or entirety of the feces. In some cases, snow leopards produce an entirely
different type of feces: small separate segments. Such feces look more like
that of a fox, not of a wolf, and are often left along the animal’s route and
may not be related to a marking site (Fig. 12).

Fig. 12. Snow leopard feces and pugmarks. Sayano-Shushensky Nature
Reserve. Photo by E.A. Vanisova.
The most reliable way of finding fresh feces is tracking. The most likely location of feces are the same as for scrapes: saddles, prominent rocks and stones
in valleys, and rock shelves. When feces are found, it is necessary to indicate
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where they were found and whether any scrapes or other feces were located
nearby. S.V. Istomov remarked that, similar to scrapes, feces collect in longterm concentrations, or toilets, as he called them. Used by several animals,
such constellations attest to the good condition of a population group.
Habitual spray-urination spots
Places where snow leopards spray-urinate with the tail raised high or rub
their cheeks are the strongest attractors (attractive places) for other snow
leopards. There is a great likelihood of detecting the presence of several individuals in such locations, and these are the most efficient camera trap
spots. In the majority of cases, they are situated on large rocks with prominent parts, often at a negative angle. Animals rub their cheeks and necks
against such prominent outcroppings and then scent-mark them, raising the
tail high to squirt urine at a height of 50-70 cm. Urination spots may be located both on live trees or on tree stumps or uprooted trees. Such ongoing
marking spots are normally found along the regular routes of snow leopards, often concentrated around ravine forks, junctures of mountain ridges, convenient paths across ridges, or at rock shelves. Finding and mapping
such spots is an interesting scientific task, as our knowledge of possible patterns in the function, location, emergence, and longevity of such spots is
insufficient. The frequency of visitation of such spots by different animals
is equally interesting. Upon finding a spray-urination spot, its maximum
height above the ground is recorded, and substrate characteristics are described. The location is photographed. It is also important to inspect places
where animals rub against rocks or trees to find snow leopard hairs. If it is
possible to find any hairs with follicles, they should be collected and submitted for molecular genetic testing.
Urine on the ground is less important than spray-urination spots and is deposited along the animal’s trail. Often urine can be found on scrapes. Frequent urination and scraping is typical for female snow leopards during estrus as well as for the males following them (Fig. 13).

Tree scratch marks
Scratch marks can be found on both live and dead trees. The snow leopard
makes them in two ways: when the animal is in a horizontal position and
scratches the base of the tree just above the ground with front claws, or in
a more vertical position when the scratch is made at a height of around one
meter or more. The snow leopard normally prefers distinctive, prominent
trees. Often the selected trees are bent, a rare species in the area, such
as Siberian pines in larch forests, free-standing trees, or ones with low28

Fig. 13. Snow leopard urine on a scrape. Photo by A.D. Poyarkov.
hanging branches. However, in some cases, the snow leopard may mark
unremarkable trees. As a rule, there are scratches of different ages on the
same tree. This means that marking trees also serve as long-term marking locations for snow leopards, and in the ecosystem, such spots are usually visited not only by other snow leopards, but by other animals as well.
If the snow leopard marks a conifer, the top layer of bark peels away, and
the scratch forms a noticeable light spot on the dark tree trunk. When a
scratch is found, its parameters, such as maximum and minimum height,
should be measured, location on the tree (which side), tree species, trunk
diameter, its location relative to other trees, and surrounding tree species
should also be recorded. After that, scratches themselves are described:
number of scratches and their age (Fig. 14).
E.A. Vanisova and co-authors (2013) classify scratches into fresh ones,
characterized by peeled-off bark, medium-old (scratched bark is not
prominent in the general background of the tree trunk, but the scratch
lines are distinctive), and old, represented as barely visible brown lines.
The age of these scratches are defined as: several months or less of age,
approximately one year, and over a year, respectively. E.A. Vanisova and
co-authors (2013) stated that scratches are made at heights varying from
30 to 150 cm, with a bimodal distribution. Most scratches are found at a
height of 50-80 cm and 100-115 cm. This likely corresponds to the two
poses the animal assumes to make scratches.
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Fig. 14. Marking tree with fresh
snow leopard scratches. SayanoShushensky Nature Reserve. Photo by A.D. Poyarkov.
It should also be determined
whether there are any concomitant signs of snow leopard activity:
scrapes, feces, urination. Marked
trees often hold snow leopard hair,
which, in many cases, can be used
to carry out molecular genetic testing to identify the individual.

Bedding and resting sites
As remarked in the study by
E.N. Matyushkin and E.P. Koshkarev (1990), “Animal bedding
sites can be found at both open
observation points or hideaways
among rock debris, in brush, at
the base of rock walls. For longer
periods, animals mostly prefer the
second type. Bedding sites on protruding rocks and open mountain
promontories dominating the area are attractive to snow leopards as observation spots. This conclusion is supported by the fact that snow leopards never neglect such places along their routes, staying there to rest or
just making a brief stop to have a look around nearby slopes. Impressions
of sitting animals are often found in these places. Snow leopard pugmarks
are encircled in a smooth semi-circle made by the animal’s curled tail in the
snow. The length of the melted spot under a leopard’s body usually ranges
from 65-72 cm, with a width of 40-45 cm. If the cat changed positions, the
bedding site may be larger”.
It is important to note that animals visit such bedding and viewing points
regardless of whether they intend to stay there or not. Such places are important focal points in a snow leopard’s territory. In a private conversation,
Mongolian researcher B. Munkhtsog mentioned that a snow leopard would
often come to its favorite place on a rock shelf and remain there for a long
while. Locations with a good view, where, as a rule, animals stop only relatively briefly, play an important role in the snow leopard’s hunting behavior.
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Thus, when tracking snow leopards near Kyzyl (in the Argut River valley), it
was clear that the animals cross from one side of a sharp and rugged ridge to
another. Before walking out onto the slope opening before them, they would
stop to look around. Looking at how snow was compressed there, the stop
lasted no longer than 20 minutes. After that, the snow leopards would return to the first side of the ridge and stop to look over the slopes again.

Dens
Research provides very little data regarding snow leopard brooding dens.
The only snow leopard den described in Russia was found in Altaisky State
Nature Reserve on July 28, 1973, on the slope of Mount Pogranichnaya on the
eastern side of Lake Uzunkul (Shapshalsky Ridge) at an altitude of 2470 m
(Shilov, Baskakov, 1977). The authors described the den as follows: “biotope:
scree debris, ledge rocks, small shelves with willows and arctic birches. The
den is a small niche in the scree, hidden behind a large rock. Skeletons of an
ibex and a reindeer were found nearby. The niche was 170 cm high, 200 cm
wide, and 240 cm long, with tightly compacted soil on the floor”.
In 1974, in the Kaikan Valley (Kazakhstan), S.V. Grachev discovered a cave
containing a snow leopard skeleton. The cave was 3.5 m long, with an entrance diameter of 60 cm, and inside it expanded to 100 cm. At the end of it,
there was a cavity 20 cm deep and with a diameter of 70 cm without bedding
(Fedosenko, 1986).
A grotto occupied by a female snow leopard and her cubs for several days
was found in mountains of Sutai (Mongolia). The den was located in a grotto
in the side valley wall. The ravine was quite broad, approximately 50 meters wide. The grotto was also large, approximately 175 cm high and 240 cm
wide in the widest place. The niche was approximately 280-300 cm deep. In
one part of the wide niche, a narrow (35-40 cm) crawlway leading into the
mountain was found. Perhaps, it served as a hideaway for the cubs in case of
danger. At the moment it was studied in 2017, the den had not been visited
by the female snow leopard for over a year: no bones or visible feces were
found. It is likely that the den was not a birthing location, but rather a secondary shelter where a female brought older cubs later (Fig. 15, 16).
The brooding dens of female snow leopards are usually located in hidden
places and tend to be smaller in size. Mountains populated with snow leopards are rich in caves, grottos, and niches under boulders, so discovering a
brooding den is a challenging task, all the more so when pregnant females
are even more cautious and discreet. The most reliable way of detecting a
snow leopard brooding den is to monitor females tagged with satellite GPS
transmitters, as done by our Mongolian colleagues in Khovd aimak.
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Fig. 15. Inside of a female snow leopard den. Sutai, Mongolia. Photo by
A.D. Poyarkov.

Fig. 16. Outside of the den from the ravine side. Sutai, Mongolia. Photo by
A.D. Poyarkov.
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Snow leopard prey
It is thought that almost everywhere throughout Russia and at all times
of year, the snow leopard’s primary prey are Siberian ibex (Capra sibirica Pall., 1775), and, less frequently, Argali sheep (Ovis ammon L., 1758), roe
deer (Capreolus capreolus L., 1758), young boar (Sus scrofa L., 1758), and
other small ungulates (Geptner, Sludsky, 1972).
The opinion of V.G. Geptner and A.A. Sludsky that the snow leopard is a
typical stenophagous animal adapted to consuming ibex meat, seems exaggerated, despite the fact that the Siberian ibex is the cat’s main prey within
the territory of former Soviet nations (Fig. 17).

Fig. 17. Herd of male Siberian ibex. Khoridol Sardag Mountains, Mongolia.
Photo by S.V. Malykh.
In reality, the snow leopard hunts all ungulates and small and medium-sized
animals. It can even hunt large ungulates. Some published studies provide
examples of successful snow leopard attacks on adult male Altai red deer
(Cervus elaphus sibiricus Severtsov, 1872) at the southern end of Altaisky
State Nature Reserve (Filus, 1992), female red deer (Fedosenko, 1986), reindeer (Rangifer tarandus L., 1758) (Shilov, Baskakov, 1977) and yearling elks
(Alcesalces L., 1758) (Smirnov et al., 1991) (Fig. 18).
Documented snow leopard prey typically only includes carcasses of large animals, as smaller prey animals (hare, marmot, pika) are usually consumed
completely. The snow leopard may also attack domestic livestock, including
young yaks and foals. The main killing method used by the snow leopard is
a bite to the throat or upper neck area; sometimes, there are wounds on the
chest, sides, and snout of prey are found (Fig. 19).
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Fig. 18. Argali sheep are also part of the snow leopard diet. Eastern Pamir.
Photo by A.D. Poyarkov.
Fig. 19. Bites on the throat
and neck of a killed foal.
Sutai, Mongolia. Photo by
A.D. Poyarkov.
The carnivore starts eating
meat from the prey’s hips and
shoulder area, peeling the skin
off in large pieces; it does not
gnaw large bones, does not
touch limbs below the hocks
and elbows. The wolf has a
wider range of killing techniques; as a rule, it wounds
its prey not only in the neck
and throat area but also in the
groin, flanks, belly, and hind
legs. If fresh prey is found,
an inspection of the neck and
throat usually helps to identify the carnivore. However, such finds are rare.
Usually, researchers are left with the gnawed carcasses of victims (Fig. 20).
To eat its prey, the snow leopard rips off the skin in large pieces; as a rule, it
decapitates female ibex and sheep, but does not necessarily do so with larger
animals. The snow leopard does not gnaw larger bones, such as ribs or spinal processes of vertebrae, as thoroughly as wolves or wolverines. It does not
crack the tubular bones of large prey either. It begins eating its prey from
the shoulder, hip, or belly area. Wolves, who hunt and eat in packs, usu34

Fig. 20. Remains of an ibex
eaten by a snow leopard.
Tsaaganshuvuut, Mongolia.
Photo by A.D. Poyarkov.
ally separate a carcass into
many more pieces, consuming it faster and more completely. However, in reality,
the situation is complicated
for snow leopards by scavengers, especially vultures,
griffons, and corvids. Often
the remains of a snow leopard’s prey are consumed by
foxes and wolverines. In this
case, prey analysis may be
challenging, as the area may
be too compacted and the remains heavily processed.
Small and medium-sized snow leopard prey is only rarely found during
tracking, despite the fact that they may be a significant source of nutrition.
During field studies, researchers should note the presence and abundance of
such types of potential prey, including rabbits, pikas, and large birds (snowcocks and partridges). In summer months, marmots play a great role in carnivore ecology. Marmot colonies are capable of ensuring the survival of the
species and successful reproduction for females, as hunting them requires
less energy and less time, which is especially important for nursing females.

Snow leopard mating calls
During the mating season, snow leopards often make loud calls. These calls
may be heard from a great distance in quiet weather. The sound can be described as a deep and long “woww” or “oww”. They are produced as a series
of sounds at intervals of two to five (or more) seconds. Such calls usually indicate the presence of a snow leopard seeking a partner.

Competitors and enemies
The cohort of larger carnivores also includes such species as wolf, lynx, wolverine, and bear in biocenoses where the snow leopard is present. In Rus35

sia, wolves and wolverines are found almost throughout the snow leopard’s
range. The lynx is rarer than the wolf, but is also present in many areas occupied by the snow leopard. Bear is found in the majority of the snow leopard’s
Russian range, except for in southeast Altai and southeast Tuva. Among the
natural causes of premature mortality, the most common is death due a fall
from great height (Koshkarev, 1989). In three out of ten accidents, carnivores died falling together with their prey; in the remaining cases, the reasons are unknown. Some cases of snow leopards being killed by wolves
are known to have occurred (Fil’, Afanasyev, 1973; Koshkarev, 1989). The
latter author is aware of two instances of a conflict between an adult snow
leopard and a pack of wolves that resulted in the death of the leopard. In
one case, a snow leopard had first killed two wolves and severely wounded
another. The same author presents interesting observations of snow leopard behavior, showing that the cat may have been on guard against nearby
wolves. That being said, the ranges of the two species overlap to a great
extent, and the variety of relationships between them may also be great.
V.A. Vyrypaev shared some relevant observations and thinking on snow
leopard-wolf relations (verbal communication). He hypothesized that the
biggest threat from wolves is not to adult snow leopards in the winter (documented cases) but rather threats to young cubs when they are left alone
without their mother. This is where marmots may play a very important
role, as they are easy prey for snow leopard; hunting them does not take
much time, and thus cubs are not left unattended for long periods. In addition, marmots are large enough to provide the snow leopard with sufficient nutrition. B.P. Zavatsky (2001) believes that competition between
the wolf and snow leopard in Sayano-Shushensky Nature Reserve is weak
due to an abundant prey base, and carnivores of both species can often be
found in the same location within a very short time.
Widely distributed in the Altai and Sayan ranges, lynx and wolverine are
potential snow leopard competitors as well; however, there is no published
Russian research on this issue. For this reason, any information concerning
relationships between the snow leopard and other large carnivores is critically important and should be carefully documented and published.
Foxes play a special role. The widely-found common red fox is often in places where snow leopards are known to be present. Foxes follow snow leopards, marking atop snow leopard marking sites (feces and urine). Interestingly, for species identification using feces, it is the fox, not the wolf, that can
be misleading. It is possible this occurs because of the fox’s habit of marking
snow leopard feces. The connection between the red fox and snow leopard
is still poorly studied and described, and, as with snow leopard competitors,
requires special attention and research.
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Evaluation of the status of snow leopard populations by tracking sign
Even though the SLIMS method was developed over 20 years ago, little
data has been collected from permanent transects laid along optimal travel
routes of the snow leopard despite the fact that we believe, in our opinion, it
may still be interesting and relevant for monitoring. Transects are located in
places of the greatest likelihood of detecting snow leopard sign: along mountain ridgelines, in mountain river valleys and ravines, along rocky outcrops,
protruding rocks, and shelves. The start and end transect points should be
fixed. Note all snow leopard sign on the transect and, of course, map the
spoor using GPS-navigators or smartphones. It is better to have several (6+)
short transects than one or two long ones in a study area. The preferable
transect length is one to two kilometers. It is very important to note working
conditions, such as depth of snow and cover, recent rains and wind, and other observations during work on a transect. Data collected over a one-year cycle are the most valuable. They acquire special significance when compared
to group composition materials obtained by other methods, such as camera
traps. Such comparisons are a means to extrapolating marking principles
depending on the group’s composition and dynamics over a one-year period.
Upon entering a field survey area, the researcher must evaluate and document a number of factors that play an important role in the ecology of the
snow leopard and the community as a whole. In addition to the weather,
snow depth should be recorded. It is highly recommended to do this in different parts of the survey route and in different biotopes. Moreover, it is
strongly preferable to describe anthropogenic load on the area, even if only
briefly, including data on the intensivity of road traffic, presence and number of livestock and herders, as well as guard dogs and the number of winter
corrals and the degree to which they are protected from predators. An interesting and universal indicator of the presence and intensivity of hunting
pressure on wild ungulates is the flight distance of wild ungulates upon seeing a human (Badridze, 2010). The smaller the distance, the less the hunting pressure in the area. Flight distance is the distance at which an animal
begins to run away from a human.
To a great extent the success of any survey depends on its initial preparation and reasoning. Thorough study of a map of the planned survey area is
an essential stage of work. Attentive review of the district orography helps
to identify promising and suitable places for survey work. At this stage, the
plan and network of routes for collecting primary information can be developed. Moreover, it is highly recommended to survey local residents (herders
and hunters) to learn of known encounters with snow leopards and ungulates. However, this information must be considered as an input and used
only as material for further planning, not as a final research result.
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STANDARDIZED PROGRAM FOR MONITORING THE SNOW
LEOPARD POPULATION IN RUSSIA
At the present, the snow leopard population in Russia is being monitored
using a relatively wide range of methods covering a large territory which includes all key population groups of the species. The set of methods incorporates almost all the basic ones used for snow leopard research: documentation of snow leopard sign (SLIMS) on transects (Jackson and Hunter, 1996),
snow leopard census by tracking pugmarks on snow (Matyushkin, Koshkarev, 1990; Spitsyn et al., 2009), camera trap method (Jackson et al., 2006)
and identification using DNA recovered from feces (Janecka et al., 2011).
Despite this significant range of methods and the relatively wide coverage
of snow leopard habitat through regular surveys and a sufficient number of
specialists, the data collected from different sources have not yet been systematized or statistically processed, and conclusions regarding the population size of different groups of snow leopards are made based only on expert
opinions. Such an approach does not permit statistically-accurate or scientifically-proven conclusions regarding changes in the status of key groups of
snow leopards resident in Russia, conclusions which are an essential part of
any rare species’ population monitoring. There is no government program
for snow leopard monitoring in Russia, and the Program for Snow Leopard Monitoring in the Russian Federation (Spitsyn et al., 2009) proposed in
2009 requires updating, including the use of new methodologies and tools
for statistical analysis of data.
In accordance with the latest approaches, rare species monitoring is carried
out on the basis of a fixed and regular grid of spatial cells in the area, covering key and potential habitats of the given species, made using spatial modelling tools. This ongoing grid of cells enables monitoring key populations
of snow leopard on the basis of the following two contemporary methods:
(1) evaluation of populated area on the basis of a set of transects within each
cell (Mackenzie et al., 2006);
(2) evaluation of population density using the spatial capturing-recapturing
method (Royale et al., 2014) on the basis of data collected using camera
traps (Jackson et al., 2006; Wong, Kachel 2016) and on analysis of DNA recovered from feces (Janecka et al., 2011; Caragiulo et al., 2016).
For both methods, statistical software packages, such as PRESENCE, CAPTURE, MARK, SPACECAP, and oSCR have been developed. They are used
to acquire statistically accurate data on the area’s occupancy by snow leop38

ards, the species’ population density, and the size of key populations of the
species in Russia at certain intervals. Moreover, the fixed grid system makes
it possible to:
a) spatially link diverse information about the snow leopard and its habitat
(area of occupied territory, population density, ungulate population, livestock population, and poaching) to specific locations;
(b) trace the dynamics of changes in the area inhabited by snow leopards
within the potential habitat range in Russia;
(c) develop a method to automate data collection for grid cells using mobile
devices to collect census data directly in the field with subsequent synchronization of the data.
The goal of the standardized program is to acquire regular and statistically accurate information on the status of key snow leopard populations
in Russia as the basis for development of practical measures for the species’
long-term conservation.
Monitoring program objectives:
1. Regular evaluation of the area populated by snow leopards (within the
limits of key population habitat ranges) and dynamics tracing.
2. Evaluation of species population density and dynamics in key areas.
3. Evaluation of snow leopard key population group sizes and dynamics.
4. Evaluation of available prey base and its dynamics.
5. Evaluation of threat levels (poaching, livestock grazing, resource extraction) and their dynamics.
Considering the difficulty of such census work and the relative inaccessibility of species habitat, census work is done selectively, covering, primarily,
key snow leopard populations of the greatest significance for future conservation of the species.
Snow leopard monitoring includes:
Large-scale data collection for evaluation of areas populated by snow
leopards, predatory population density, the ungulate population, and the
level of key threats within key habitat areas (500-2,000 km2 for each key
group);
Population density data collection in monitoring areas using camera
traps (200-800 km2 for each key population).
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Large-scale data collection (universal census) is carried out through expeditions within the species key habitat areas with a reference to the fixed spatial grid system and includes documentation of snow leopard spoor in onekilometer transects, collection of feces for molecular genetic testing, and
ungulate population size surveys, calculation of livestock numbers and the
intensivity of poaching.
Data on population density in the monitoring area are collected in selected
areas within the key habitat ranges of the snow leopard using camera traps
linked to fixed grid cells.

Census planning and reporting system
Working groups organize and carry out the snow leopard census in accordance with the standardized population monitoring program. All in all, at
least three working groups are needed, one in each constituent entity of the
Russian Federation involved in the census operation (the Republics of Altai,
Tuva, and Buryatiya). The census supervisor runs meetings with census coordinators from each of the three regions to instruct them and to ensure efficient cooperation, plan activities, determine a clear timeline for field studies, supervise the timing of scheduled events, and prepare a final report on
the completed census.
Regional census coordinators determine organization of census work in the
territory assigned to them, manage the census directly, ensure correct mapping of the collected data and oversee compliance with methodological recommendations by census workers. Regional coordinators establish working
teams from the staff of nature reserves and national and regional parks, as
well as other interested persons possessing specific training and mountain
fieldwork experience. Census workers are selected at least one month before
work begins. Regional coordinators train group members, conduct safety
briefings, and provide instruction in census work. Census workers are provided with smartphones with installed snow leopard census maps, GPS navigators, feces collection kits, and field survey gear.
In the month after the end of the census, regional coordinators process results for the assigned territories and report on census results, including
maps and data tables. The snow leopard census report includes materials
from both the large-scale census and local census campaigns. The regional coordinator census reports are attached to the report together with data
tables, census route transects, pugmark coordinates, feces collection data,
and camera traps installation locations, all as separate attachments.
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Census campaign timing
The universal snow leopard census takes place between mid-January and
late March, during snow leopard mating season, when animals are actively marking their territory in the search for mating partners. In some spots
(Chikhachev Range), the best time for such a census is summer, due to the
likely absence of the snow leopard on the Russian side of these mountainous
areas in the winter season. In different key habitat areas, the census may
last from 7-30 days depending on the size of the territory and the number of
staff involved. Surveying of each section is carried out on a continuous basis
and includes visits to all previously planned spatial cells.
A localized census of snow leopards using camera traps within select spatial
cells is carried out during summer and lasts for at least 90 days of continuous camera trap operation at fixed points. It makes sense to carry out local
censuses in habitat areas with larger snow leopard populations in order to
acquire a selection of information sufficient for statistical analysis.

Identification of snow leopard monitoring zones within Russia
In the Russian part of the Altai-Sayan ecoregion, there are 13 main concentrations of snow leopard that are subject to regular monitoring. Each area
has a fixed grid of 5 x 5 km cells that can be regularly inspected (Fig. 21). In
total, 460 cells with a total area of 11,500 km2 have been explored. At present, monitoring takes place in all concentration areas except for SayanoShushensky Nature Reserve and the Sangilen Plateau. In Fig. 21, numbers
11-13 indicate a single Eastern Sayan group. The population residing in the
plexus of the Katunsky, Severo- and Yuzhno-Chuisky Mountain Ranges is
also a united group (numbers 1-2 in Fig. 21).
The universal snow leopard census in key habitat areas is carried out in the
fixed grid cells presented above. It is possible to introduce additional census areas (and cells) or omit some of them. Some cells may be excluded from
census campaigns due to access difficulties or absence of snow leopards in
that territory.
Censuses in the monitoring areas are carried out on a selection of adjacent
cells within the monitoring areas presented above. The number of local census cells may vary depending on the number of available cameras and detected snow leopard marking sites.
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Fig. 21. Snow leopard concentrations subject to regular monitoring. Yellow
indicates potential habitats, and red identifies key snow leopard habitats
in accordance with the species habitat model. Numbers on the map indicate snow leopard population groups: 1 – Argut and Akkem river valleys;
2 – Yuzhno-Chuisky range; 3 – Sailyugem range; 4 – Yuzhno-Altaisky;
5 – Kuraisky range; 6 – Chikhachev range (Altai and Tuva sides); 7 – Mongun-Taiga mountains; 8 – Tsagaan-Shibetu and Shapshalsky ranges;
9 – Sayano-Shushensky Nature Reserve; 10 – Sangilen Plateau; 11 – Bolshoi Sayan range; 12 – Munku-Sardyk range; 13 – Tunka range.
Procedure and method for universal census of the snow leopard
population
The universal snow leopard census is carried out in key concentration areas
of the cat’s habitat range with teams conducting expeditions in fixed spatial
grid cells. Every group member is trained in the study methods and carries
the following items: a smartphone with the snow leopard census application
installed in advance, a GPS navigator with the downloaded fixed grid cells
map, digital camera, measurement tape, pencil, binoculars, disposable rubber gloves, and containers for collection of feces for molecular genetic testing. Each grid cell is inspected within the course of a single day (no more
than 12 hours). Within each cell, it is necessary to walk a minimum five kilometer route (in cells with a limited habitat, the route may be shorter) broken
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into five transects of 1000 meters each (to be used as separate inspection
sessions to create a presence/absence history of the snow leopard in the cell,
the basis of which is used for subsequent statistic calculations). Separate
transects should not intersect. If transects are parallel, they should not be
less than one kilometer apart (Fig. 22).

Fig. 22. Options of traveling 1000-meter sections of a 5-kilometer walking
route within spatial grid cells.
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Walking a transect should not take place during a snowfall or should
be stopped during a snowfall. Starting and ending coordinates of each
1000-meter section should be marked. The route should be designed to pass
through areas with the greatest likelihood of finding snow leopard spoor,
such as along mountain ridges, at the base of mountains, or along ravines or
narrow river valleys. While walking the 1000-meter transects, the mobile
application should be used to record the presence or absence of snow leopards and the total number of fresh (under three days old) and old (over three
days old) snow leopard spoor (scrapes, urination spots, pugmarks, scratch
marks, feces); if any pugmarks are found, the number of animals and, if
possible, their age and sex are recorded (e.g. a female and two cubs). Photographs of pugmarks should be taken with a ruler or a measurement tape
alongside for scale. If any feces are found, samples should be collected for
molecular genetic testing, and a record is made in the mobile app. Population counts of ungulate species should be documented in each 1000-meter section. The same groups of animals should not be registered on different transects. In addition, illegal hunting gear and the livestock headcounts
should also be noted in each section. If possible, survey locals about any
snow leopard attacks on livestock or snow leopard kills.
If a cell was inspected by census group members individually (on different 1000-meter sections), upon their return from the transects, the census
group supervisor should verify each member’s data in order to exclude duplicate counts of the same ungulate groups by several group members from
different areas. The best places for camera trap deployment for local censuses are also noted during the universal census.
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SNOW LEOPARD MONITORING IN ALTAI REPUBLIC
Shapshalsky Range (Altai macroslope)
The Shapshalsky Range is located in southeastern Altai Republic at the border of the Altai and Western Sayan mountain systems. The overall range
length is around 150 km. In the north, it borders the Saldzhur Range, where
the catchment line coincides with the administrative border with Khakasiya
(Tashtypsky District, Maly Abakan River basin). The administrative border
with the Republic of Tuva (Bai-Taiginsky District, Khemchik River basin)
is drawn along the catchment line of the Shapshalsky Range itself. To the
south, it merges with the Tsagaan-Shibetu Range. The latter stretches in
the same direction as Shapshalsky, through neighboring Tuva to Mongolia
(Mongolian name Tsagaan-Shuvuut). Its length is around 130 km.
One of the largest transboundary snow leopard habitat concentration areas
in the Altai-Sayans is in the Shapshalsky and Tsagaan-Shibetu/TsagaanShuvuut system. It has been rather thoroughly studied by various groups of
researchers (Karnaukhov et al., 2011; Munkhtsog et al., 2015; Paltsyn et al.,
2012; Poyarkov et al., 2018). All data about this part of the snow leopard’s
range refer to Tuva and Mongolia. Until just recently, the question of whether this habitat area overlaps with Altai Republic has been unanswered.
There is almost no information on snow leopard spoor on the Altai side of
the Shapshalsky Range in published research. In the last 30+ years, there
has been only one credible piece of data. N.I. Zolotukhin, an employee of Altaisky Nature Reserve, spoke of having found some pugmarks in the Verkhny Chulyshman River valley in the summer of 1987 (Spitsyn, 2009). Invited
by the administration of Altaisky Nature Reserve, V.V. Lukarevsky surveyed
Shapshalsky Range during the summer season of 2005, seeking any snow
leopard spoor on the western (Altai-side) macroslope. However, at that time
he did not find anything.
In 2017-2018, Altaisky Nature Reserve employees initiated one winter and
two summer expeditions to the Shapshalsky Range. The objective of the
field studies was to complete a comprehensive assessment of the quality of
snow leopard habitat areas (available prey base, snow cover, threats, competition), search for any evidence indicating snow leopard presence, and deploy camera traps where appropriate. During the first phase, the plan was
to explore the southern third of the range, along a roughly 70-km stretch
from the Kargy River headwaters to the Saikhonash River. The survey area
was approximately 400 km2. The winter expedition showed an abundance of
snow in the area, and for this reason, a corresponding lack of Siberian ibex.
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In the 2017 summer season, several snow leopard scrapes were found at the
extreme southern end of the range near Shapshal Pass and at the headwaters of the Verkhniy Chulyshman River. Some snow leopard pugmarks in a
clayish substrate were found near Kul-Khem Pass in the middle part of the
range. In 2018, the first photos of two snow leopards were captured at the
extreme southern end of the range on the Tuvan border (our data, unpublished). These photos were made in summer 2017. At the time the camera
traps were checked during the next field season in 2018, new and refreshed
scrapes were found in the monitoring areas, but no fresh photos of snow
leopards were recorded – the camera batteries had died.
The prey base is very low. The variety of potential prey species is quite wide,
including Siberian ibex, red deer, moose, Siberian roe deer, boar, hares, and
snowcocks, but these species are all small in number. Moreover, they tend to
prefer places that are unsuitable for the snow leopard. Red deer, boars, moose,
and roe deer hardly ever climb steep slopes, preferring flatter areas in river
valleys and intermontane basins. The ibex is common throughout Shapshal,
but they remain in small groups of 4-6 to 10-15 animals. Given the almost total lack of side spurs, these animals stick to the watershed line along the Tuvan
border and do not travel deeper than three or four kilometers into Altai. There
are hardly any marmots. A small colony of these rodents was once detected in
one area near the base of Mushtuk Mountain. Snowcocks are also not abundant: 1.4 animals per 10 km walking route. The ibex headcount in the survey
area is extremely difficult to evaluate due to the transboundary nature of the
area and the complex terrain. Changing population trends in part of the range
can be identified by comparing available field data for different periods. The
latest available data for this territory trace back to 1992. When comparing
the frequency of animal encounters, population numbers, spoor, condition of
paths, and behavior (flight distance, ambient behavior), it can be concluded
that the Siberian ibex population in the southern Shapshalsky Range in Altai
is decreasing. One of the likely reasons is poaching.
The described research shows that:
1) Snow leopards visit the western macroslope of Shapshalsky Range within
Altaisky Nature Reserve only in summer months and prefer the southernmost part of the range (catchment line between the Shui and Kargy Rivers);
2) Year-round presence of snow leopards on the Altai side of the range is not
possible due to deep snow cover and the absence of ibex and other prey during winter (for the same reason);
3) Repeat surveys of the area in the near future are not needed. It is sufficient to monitor the known habitat area using camera traps (two to four
cameras in two monitoring spots).
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On the Altai side, this area is almost inaccessible, even by high-clearance
vehicles, due to water-logged wetlands. One option is driving a vehicle to
the Yazul checkpoint and continuing on horseback for roughly 110 km to the
field camp at the foot of the mountain. From the camp, it is a two-day climb
up the ridge to check the camera traps. The entire route together with surveying work is a six-day trip. Another option is to drive a vehicle to Lake PakYyash (30 km before Lake Dzhulukul), then drive an ATV to the field camp
at the foot of the mountain, and continue as in the previous option. It is also
possible to reach the ridge from the Tuvan side. Tuva Nature Park staff could
do this during regular field work in their territory.
There is another area on the Altai side of Shapshalsky Range where snow
leopard spoor are likely to be found. This is the most isolated territory, remote from roads and settlements and located in the middle part of the range
between the Ongurash River with its tributary Tashtu-Airy, and the Ak-Su
River (Shavla River basin). Here there are three mountain ranges: the Boshkon, the Kyzyl-Kochko, and the Ongurash. These are the longest side spurs
of the western macroslope of Shapshalsky Range. The basis for such an assumption (regarding possible residence of snow leopard in the area) is that
ibex are present year-round in the area, together with the presence of suitable
biotopes and natural conditions (thin snow cover, steep slopes, and rocks).
August is the best time for a summer expedition, as water levels in Shavla tributaries and its headwaters begin to fall and it becomes accessible on horseback. It is easier to enter the area from Yazul checkpoint, which is reachable
by car. From there it is an 80-90 km ride on horseback to the field research
area. Approximate routes and field camp locations are marked in Fig. 23.
The minimum field study duration is 20 days including travel to and from
the camp. Winter expeditions, using the frozen Shavla, Ongurash, KyzylKochko, and Boshkon Rivers are also possible, though this is a complicated and expensive option. In addition to personal items and food, the group
needs to carry camping gear (a tent and stove). During winter expeditions, it
is only realistic to survey river valleys for snow leopard activity while crossing rivers. Work on steep icy slopes and ridges should not even be planned
due to the high degree of effort and danger in shortened winter daylight.

Chulyshman Highlands
The Chulyshman Highlands are a solitary mountain range between the Chulyshman River, its left tributaries Karagem and Bogoyash, and the headwaters of the Kalbak-Kaya river. The range stretches for around 35 km latitudinally. The northern macroslope has several rather long spurs of around 10
km in length. To the south, the spurs are shorter, just three to five kilometers
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Fig. 23. Census areas on the western macroslope of Shapshalsky range.
long. The Chulyshman Highlands are very close to the northernmost end of
Chikhachev Range (on opposite sides of the Bogoyash River valley). Most of
the mountain range is located within Altaisky Nature Reserve, although the
southwestern end (the Kalbak-Kaya River basin) is in Ak-Cholushpa Nature
Park. Potential snow leopard habitats are found in the southeastern part of
this massif. They cover around 500 km2 (Paltsyn et al., 2012).
Altaisky State Nature Reserve was established in 1932, but there was no information about snow leopards living in the area prior to 1989, as this highland
territory is very hard to reach. In December 1989, the first winter expedition
to the Bogoyash River valley was organized to determine if there were any argali sheep wintering grounds in the southern part of the reserve. At that time,
expedition managed not only to confirm the presence of argali overwintering in the area, but also documented the first find of snow leopard pugmarks
(Spitsyn, 2009). Subsequent expeditions until 1996 revealed the pugmarks
of a male and a female with different litters of cubs (Spitsyn, Paltsyn et al.,
2012). After 1996, no snow leopard spoor was found in the Bogoyash River
valley. It was only in 2001 that pugmarks belonging to a single male were seen
in the Kalbak-Kaya River headwaters near Soluru Pass (Paltsyn et al., 2012).
In 2014, two thorough surveys were carried out in winter and in summer,
but no fresh snow leopard spoor were found. Near Bogoyash near the axial
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ridge, a few old scrapes indicated that snow leopards might visit the area from
time to time in summer months. Since 2014, winter snowmobile expeditions
have been carried out annually in the Bogoyash River basin and Chulyshman
Highlands to evaluate the quality of the argali sheep wintering grounds in this
part of the nature reserve and to search for snow leopard spoor. As of 2019,
territory remains unpopulated by snow leopards.
Why is this seemingly promising area unpopulated while there are stable
snow leopard concentration areas nearby in the Chikhachev and Kuraisky
Mountain Ranges? The reason is an exponential decrease in prey abundance. In the late 1980s and early 1990s, species composition, population,
and residence of ungulates were very different from today. Due to a large
number of livestock spending the winter near Altaisky State Nature Reserve
border in the Mongun-Taiga District of Tuva Republic and in Kosh-Agach
District of Altai Republic, a portion of the argali herd was crowded out to the
periphery in the Bogoyash River valley. In some years, we counted as many
as 68 argali at the wintering grounds. During the first winter expeditions,
large herds of livestock were seen in the Bogoyash valley. The Tuvan herders pastured their yaks and horses within the Reserve, taking advantage of
the absence of enforcement activity in the area during the winter. Livestock
grazed almost unsupervised throughout the winter. In December 1989 in
the Bogoyash River valley, we counted roughly 1000 horses and 400-450
yaks. Additionally, livestock occupied all the lowland pastures, pushing argali higher into the mountains. It is unsurprising then, that local snow leopards began to specialize in hunting argali in the winter. Between 1989 and
1996, six carcasses of argali killed by snow leopards were found, and one unsuccessful hunting episode was detected and described on the basis of pugmarks (Spitsyn, 2009). Sometimes, snow leopards have even successfully
hunted large male red deer. In the winter, no ibex have been documented in
this snow leopard habitat area, but numerous bone fragments (skulls, bones)
of varying ages were found in places snow leopards may have laid in wait for
ungulates. It is possible that snow leopard diet also included resident roe
deer in the Bogoyash valley, but no credible proof of hunting has been detected as of yet. Three episodes of snow leopards hunting yaks (mostly females and cubs) and one episode of hunting a horse are known. For many
years, Altaisky State Nature Reserve staff fought illegal grazing practices. In
the mid-1990s the problem resolved of its own accord. After the collapse of
the collective kolkhoz and sovkhoz systems, livestock populations dropped
dramatically. There was no longer a need for illegal livestock grazing within
the reserve. When not pushed into non-arable lands, argali occupied more
suitable areas, further away from snow leopards. The roe deer population
fell sharply and has only begun to recover in the last few years. Snow leopards quickly finished off all the ibex remaining in the area and left. The latest census showed that today the argali living within Altaisky State Nature
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Reserve no longer reach the base of the Chulyshman Highlands, remaining
in the border areas between Tuva and Altai’s Kosh-Agach District. During
summer, they do not come here at all. There are no registered data on the
ibex population; they are rare here. During a 2014 summer expedition, only
two ibex were noted in typical ibex habitats over a seven-day census. Ibex
spoor are also extremely rare. There are few snowcocks and almost no marmots. The prey base is insufficient for the snow leopard, and there is no reason to believe that the situation will change in the near future.

Chikhachev Range
The Chikhachev Range is located in southeastern Altai Republic. It stretches
for around 100 km north-south. The international border separating Russia
(Altai Republic’s Kosh-Agach District) and Mongolia (Bayan-Ölgi Aimak)
follows the ridgeline on the southern third of the range. The rest of the watershed line serves as the administrative border between the Republics of
Altai and Tuva. In the middle part of the range on the eastern macroslope,
there are several long and significant side spurs which approach the Mongun-Taiga Massif. On the western side, the spurs connect to Talduair Mountain range. The northern end of the range abuts the Bogoyash River valley
(with the Chulyshman Highlands on the opposite side), and on the same side
to the west, it is almost adjacent to Kuraisky Ridge.
Recent field studies have fairly exactly revealed the borders of current snow
leopard habitat on Chikhachev Range. On the Altai side, an ongoing presence of snow leopards was only documented in the southern, highest part of
the range, on ridges associated with right and left branches of the Boguty,
Oristy, Chagan-Gol, Naryn-Gol, Kara-Oyuk Rivers, and in the left-hand
tributaries of the Bar-Burgazy River. Total area of the habitat is 250 km2. In
Mongolia, the snow leopard is known to have an ongoing presence around
Askhattyn-Gol (Aspaity), Turgen-Gol, Nariyn-Gol, Khuurai-Sai, KhargaitAm, Tsagaan-Bulag, and Shar-Bulag, covering roughly 750 km2 (Paltsyn et
al., 2012). In Tuva, the snow leopard is continuously present on a spur of
the Chikhachev Range (Lesser Mongun-Taiga) and between the Aspaity and
Aldy-Yymaty interfluve.
The snow leopard has been seen episodically near Kara-Kaya (Karagai),
Tekelyu, Akkayalu-Ozek (Altai Republic), Ustyu-Yymaty and Muguldur
(Tuva Republic). Until 2001, several individuals were seen in the northernmost areas of Chikhachev Range (Telig-Oyuk, Shingyldyrak, Chedi-Tei river
basins in Tuva Republic and the Bogoyash River in Altai Republic). In October 2016 (during the autumn argali census), pugmarks found in the areas
of Akkayalu-Ozek, Kara-Kaya, and Tekelyu established the presence of six
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snow leopards (two males and a female with three cubs). Tracking revealed
a scent mark on a rock face in a Kara-Kaya River ravine. In autumn 2017, a
young male snow leopard was photographed in that same spot.
A habitat area’s configuration depends on the presence of suitable habitat
for snow leopard hunting activities and habitat for the mountain ungulates
(primarily, mountain ibex and argali) that are its main prey. In the southern
Chikhachev Range, steep side spurs with rocky outcrops on the Altai side are
not very long (three to eight kilometers) and gradually flow into wide, steep
ridges. Snow leopards cannot hunt effectively in such terrain. Taking cover
from the heat and gnats in the summer, argali move into typical ibex habitats,
where they stay until mating season. It is no surprise that there they often
become the victims of snow leopard along with mountain goats. After estrus
is concluded and snow cover forms, argali descend to lower areas, and there
they rarely become part of the snow leopard diet. In the snowiest winters, a
portion of the ibex herd might travel to neighboring Tuva and Mongolia in
search of less snow-covered places. Snow leopards follow them, disappearing
from the Altai side of the ridge. In spring, they migrate back again.
In the summer, snow leopards are attracted to the Altai side of the range by
the abundance of marmots (there are significantly fewer in Mongolia). This
habitat’s carrying capacity is not large due to the poor prey base. A rather
weak group of Siberian ibex (no more than 250 individuals on the Russian
side as of 2018) and around 300-360 argali are present here. These are the
data for the entire Russian side of the range. In the main snow leopard habitat in the southern part of the range, data from different years show there
to be 50-70 mountain ibex here. The argali population concentrated here in
the summer totals approximately 220-230 individuals. On the Mongolian
side, there are around 700-800 Siberian ibex.
Continuous camera trap monitoring has been carried out since September
2011. In November of that same year, the first pictures of a male snow leopard in Altai Republic were captured. The animal was named Khorgai. Later,
the cameras documented many animals, including some females with cubs.
The 2016 camera trap census carried out on both sides of the ridge in cooperation with Mongolian colleagues provided the following results: there
were 9-11 snow leopards living on Chikhachev Range that year. In 2017 only
eight snow leopards were registered (dominant male Khorgai, two young
males born in 2013, one more young male and a female with three cubs born
in 2016) on the Altai side of the ridge.
In summer 2018 on the Altai side of the ridge, seven adult individuals were
registered; one of them also visited the neighboring area in Tuva. They included the male Khorgai, female Guta, some grown-up cubs from Guta and
Khorgai’s brood born in 2013, a young male Karakai (first documented pho51

tographically in 2017 in the Kara-Kaya area), and some individuals not previously encountered on the Altai side. In Mongolia, seven adult individuals
were detected, including the two previously encountered on the Altai side.
Two cubs from one brood have been documented as well. There were at least
12 adult individuals and two cubs in the area’s total snow leopard population in 2018. These are estimated, and, likely, incomplete data. The camera
trap matrix on the Mongolian side did not encompass the entire area, or it is
possible that some cameras did not work. The female Guta visited Mongolia
at least twice, entering it from different ends of the area, moving far into the
neighboring territory, and remained on the Mongolian side for at least 25
days, but was never registered by any camera traps.
The Chikhachev snow leopard habitat can be evaluated as favorable. This
conclusion is based on the presence of reproducing females, relatively large
litters, and high cub survival rate. A deficit of individual territories mostly
forces young cats to leave their birth area and disperse to neighboring habitats, saving them from dying out. The most likely dispersal routes stretch
toward the Argut River via Kuraisky Ridge (west of the Chikhachev Range )
and toward the Sayan populations via Malaya Mongun-Taiga and Bolshaya
Mongun-Taiga Ranges to the east. Another less likely, but possible, route is
a southern corridor leading to the Sailyugem Range.
Due to a weak prey base, snow leopards residing in the Chikhachev Range have
rather large individual territories. For instance, the dominant male Khorgai
has been recorded by cameras around the entire Altai habitat range at Boguty,
Oristy, Chagan-Gol, Naryn-Gol, Kara-Oyuk, as well as the left-hand (Republic of Tuva) and right-hand (Mongolia) tributaries of the Aspaity River. The
straight-line distance between the furthest points of Altai and Tuva cameratrap encounters was 30 km, while the likely route actually covered by the animal along mountain ridges exceeds 50 km. The approximate area of the territory is 465 km2. Khorgai’s territory includes the habitats of several females.

Threats
Snow leopards in the Chikhachev Range are not directly threatened by humans. Most of the time, the region is uninhabited. Herders graze their livestock here from basecamps during just two summer months (from June 15
to August 15). As a result, snow leopards are not hunted here. Given the lack
of forest cover and absence of musk deer, there is also no threat from snarepoaching. Indirect threats include population declines as a result of the legal
and illegal killing of snow leopard prey, primarily mountain ibex. In some
years, there have been cases of argali poaching. One of the main threats to
the wellbeing of this snow leopard habitat is its possible destruction in the
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event of future open-pit mining and construction of the Karakulskoye mining and processing facility and associated infrastructure (village, roads) in
the middle part of the Chikhachev Range. This transboundary snow leopard concentration area in the Chikhachev Range is especially important for
conservation of the species in the territory of Altai Republic and Russia as
a whole. Possessing a significant population and advantageous location at
the crossroads of snow leopard migration routes, this group, together with
another transboundary group from the Shapshalsky and Tsagaan-Shibetu
Mountain Ranges, ensures the genetic diversity of the Altai and Sayan habitats as a whole, despite its isolation from their main range.

Organizing field studies
The credibility of data collected in this transboundary habitat concentration
area of the snow leopard depends greatly on synchronization of census campaigns carried out in Altai, Tuva, and Mongolia. For this reason, before each
stage of field surveys, a coordination meeting is held (can be done remotely)
to negotiate all organizational issues. Because census work takes place in the
border zone, all field groups must plan ahead to obtain permits for this activity (scientific research) and a pass for visiting the five-kilometer border zone.
The work area is accessible by off-road vehicles. There are dirt tracks along
the base of the mountain and side ridges. In some places, roads are boggy or
rocky. The perfect transport for field work is a covered cargo truck, such as
the GAZ Sadko. It is more versatile than UAZ and has a larger cargo capacity. This enables it to carry firewood, which is extremely important in this
treeless terrain. The main advantage is that it is a mobile home with no need
to make and break camp. Camp is made up of winter double-layer tents with
a stove to ensure comfort and warmth, even in severe winter temperatures.
For the survey strategy, base camps should be established consecutively as
the group proceeds, with some radial trips up side valleys and across ridges
in search of snow leopard spoor and camera checks. One option for base
camps and radial route arrangements is presented in Fig. 24.
The duration of the field survey is an important question. The ideal season
to search for pugmarks, track, and collect feces for molecular genetic testing is during argali and Siberian ibex mating season (October-November).
This is the time when snow cover is only just forming. Due to the temperature regime, the snow is moist, preserving pugmarks and covering almost
the entire region. This enables long-distance tracking and makes finding
feces more efficient. The winter-spring season is less satisfactory for similar
collection methods, as strong winds quickly destroy pugmarks. Snow cover
is often very fragmented because of the continuous winds and exposure to
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Fig. 24. Census route map for Chikhachev Range.

sunlight. Thick snowdrifts alternate with absolutely bare areas, especially slopes with a southern exposure. The likelihood of productive tracking
and feces collection drops dramatically. At the same time, snow accumulates in low-lying areas in the landscape where roads lie. Deep and dense
snow drifts that develop in ravines make for challenging driving where only
snowmobiles can be used. It should be also considered that during especially snowy winters, snow leopards head into neighboring Mongolia and Tuva,
where the snow conditions are better for them than in Altai.
The best season for camera-trapping is the summer. In other seasons, cameras
installed on ridge tops may be covered by thick snow. Operation of the entire
matrix of cameras is hindered, resulting in some data being lost. Moreover, in
winter, visiting cameras on ridges is more labor-intensive and dangerous.
An important aspect of working in this territory is arranging communication with the border patrol: the work schedule must be approved by the
border patrol before field work begins, emergency communication channels must be assigned, and border area entrance permits must be prepared.
Moreover, it is important to discuss mutual aid issues (evacuation of failed
vehicles, assistance in vehicle repair, using warming huts and border patrol
winter cabins in case of emergencies, using firewood, and action plans in the
event of detected border trespassing, etc.).
A field survey of the Altai territory from Boguty to the Buguzun River headwaters lasts for approximately 21 working days, including additional days
for travel to and from the worksite, totaling 23-25 days. This estimate is
the same for pugmark tracking or deployment of the camera-trap matrix.
The time is estimated for a small group of four people, split into two pairs
(regular practice). This is related to vehicle and tent capacity. Should any additional workforce be involved, the expedition may take less time. Simply
patrolling the entire camera-trap matrix on the Altai side takes less time:
14-15 days, including travel to and from the area.

Kuraisky Range
The Kuraisky Range is located in southeastern Altai Republic. It stretches
longitudinally, framing the Chuya and Kurai Steppes from the east, where it
almost touches the Chikhachev Range. It is approximately 130 km in length.
Until 2012, data on snow leopards in the Kuraisky Range were fragmentary,
and nothing was known about their distribution, numbers, or sex and age
composition. Some believed that snow leopards in this habitat range had
been destroyed by the early 2000s due to the population’s accessibility and
proximity to human settlements.
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The first attempt at a field survey in the Kuraisky Range to clarify the question of the presence of snow leopards was made by staff from Altaisky State
Nature Reserve and the non-profit organization “Arkhar” in summer 2012.
They searched for territorial snow leopard markings and surveyed residents.
As a result, some scrapes and feces of different ages were found on the axial range in the following areas: Tadzhulu, Ortolyk, Kuraika, Meshtuyaryk,
Balkhash, Tyttugem, Tydtuyaryk, Yan-Terek, Chichke-Terek, Tozhom, SaryOyuk, and Totugem. During this expedition, the team focused on only the
southern and western macroslopes of the range. The following two conclusions were made as a result:
1. There is a small concentration of snow leopards on Kuraisky Ridge.
2. The axial ridge itself is used by snow leopards as a connectivity corridor.
Further research confirmed these suppositions. In the last several years,
starting in 2015, the population and distribution of snow leopards on
Kuraisky Ridge have been studied by the staff of Ak-Cholushpa Nature Park,
Sailyugemsky National Park, Altaisky State Nature Reserve, and the nonprofit organization “Argali”.
In January-February 2015, during a planned patrol of the park during the
winter census in the Bashkaus headwaters, staff of Ak-Cholushpa Nature Park
tracked a female snow leopard with two cubs in the area of Tokpak. Following the animals, the park employees found several marks left by the leopards:
scrapes, tree scratch marks, urine marks, and feces. The pugmarks of a male
snow leopard were also found. Park staff deployed camera traps at territorial
marking areas. That same year, Ak-Cholushpa Nature Park employees collected the first pictures of snow leopards living on Kuraisky Range. One of
them, a large male, was given the name Bashkaus. Since that time and as the
dominant individual, he has been the one of the most commonly seen cats on
camera traps near Tokpak and Kam-Tyttugem. In winter 2015, the first pictures of two cubs traveling with the female were made as well. Later, a great
number of pictures of these and other animals were collected.
By 2018, the presence of snow leopards on Kuraisky Range had been credibly
proven in the following areas: Kam-Tuttugem, Yuzhniy Tokpak, Tokpak, Bashkaus (near the mouth of the Kumur-Lu River) – Kolbakkesh section, KalbakKaya (lower reaches), Uzun-Oyuk, Verkhniy Ildugem, Bolshoi Salzhek, Tura,
Kokorya, Salzhek, Cherny Salzhek, Sukhoi Salzhek, Tomurgan, Kudyurlu.
There are some data showing snow leopards living near the Nizhniy Ildugem
headwaters. Essentially, snow leopards have populated the entire northern
macroslope of Kuraisky Range, and their major territories are located in the
basins of the Bashkaus River’s left tributaries. The cats only reach the south
macroslope in the Kam-Tyttugem River valley and adjacent territories at the
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easternmost end. The southern border of their habitat area runs along the axial ridge, and the animals rarely cross over. This is why the first investigation
in 2012 found that all territorial marks were found on the axial ridge and were
absent on southern macroslope spurs. The area of potential habitat is roughly
1,000 km2, but realistically, in 2018, they occupied around 750 km2.
The Bashkaus River headwaters and the upper reaches of its right tributary
Kalbak-Kaya have wide valleys with adjacent steep and flat spurs. There is
always a lot of snow here and no ungulates in winter. Such places are unsuitable for snow leopard habitat. Further downstream, starting from the middle reaches of the Tokpak River, the terrain changes. Valleys narrow and the
slopes get steeper. There are some forested areas on the slopes of the northern, western, and eastern exposures, while the southern slope is a steppe.
The south-facing slopes are free of snow almost all winter long. The reasons
are the distinctive terrain, high exposure to sunlight, and strong winds.
There are many rock outcroppings. Ungulates seek shelter in the winter in
such places. Absolute elevation is approximately 1600-3400 meters above
sea level. Ungulates detected here include mountain ibex, red deer, boars and
roe deer. Siberian musk deer are also found here, on both sides of the valley
in forested areas on mountain slopes, in ravines, and on ridge tops.
Along the right bank of the Bashkaus River, winter habitats of Siberian
ibex are limited by steep river banks. Further, there lies a bald mountain
zone with some flat ridges and peaks, covered in deep snow. Ungulates
prefer to be here in early winter when there is still little snow on the bald
hills. In the middle of winter, snow drives them down the valley slopes and
cliffs. According to locals and Ak-Cholushpa Nature Park staff, snow leopards do not travel far beyond the right bank of the Bashkaus. The longest
trips documented reached the mouth of the Kumyrlu River. The cats prefer
to remain to remain on the south slope, where the snow is thin. As for the
Kalbak-Kaya River valley, snow leopards also do not go far upriver, perhaps just five to seven kilometers.
The situation in the left-hand tributaries of the Bashkaus River is a little different. This area contains the largest and longest side spurs of the Kuraisky
Range. They frame the Verkhniy Ildugem, Uzun-Oyuk, and Bolshoi Saldzhek
Rivers, all of which have extensive networks of tributaries. Forested areas
are only found on lower slopes, succeeded by a bare, snowless slope with
rock outcroppings. Such areas are perfect for the snow leopard and Siberian
ibex. Comparing the snow leopards’ habitats on the Kuraisky and Chikhachev Ranges, the latter is inferior in many ways. On Chikhachev Range,
there are some short mountain spurs and small grazing areas in the snow
leopard concentration area. On Kuraisky Range, there are vast steppe and
grassland areas, and a smaller share of the territory is occupied with rocks
and scree debris. This is why herders prefer to camp in winter here.
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According to locals, there are a lot of marmots in the area over the summer
season, which is also good for the snow leopard. For snow leopards, all parameters of the Kuraisky Range are close to perfect, with the exception being its accessibility. The mountain ungulate population in the area declines
year after year as a result of legal and illegal hunting in this area. There is
no exact data on ungulate populations; all available information is fragmentary. Over a 10-day period in winter 2018, Ak-Cholushpa Nature Park staff
managed to visually count 131 ibex, 54 red deer, and 32 roe deer, as well as
document the tracks of 80 Siberian musk deer in the Verkhniy Ildugem River valley and the Bashkaus, Tokpak, and Kokorya headwaters.
In addition to mountain ibex, snow leopards here hunt red deer, roe deer,
and Siberian musk deer. For example, in winter 2018, Ak-Cholushpa Nature
Park staff managed to photograph two snow leopards who visited a red deer
carcass they had killed for several days in a row.
Camera trap monitoring is currently carried out only in a small part of
the territory: near Kalbak-Kaya, Tokpak, Bashkaus, and Kam-Tyttugem.
In 2015, there were at least seven snow leopards in the eastern part of the
Kuraisky Range: the male Bashkaus, a mature female, mother of two young
leopards (a male and a female born in 2013) and an adult female with two
one-year-old cubs (born in 2014).
In 2016-2017, camera traps documented the following individual snow
leopards. The most frequently seen cat in Tokpak and Kam-Tyttugem
was the male Bashkaus. His territory is quite large, at least 360 km 2.
Young individuals (male and female born in 2013, KM-13 and KF-13) and
the male K-2 were detected in Tokpak and Kam-Tyttugem, and male K-2
was also photographed in Kam-Tyttugem in summer 2016 by A.V. Anchin, an employee of Sailyugem National Park. One female with a cub
born in 2016 was documented by camera traps in both Kam-Tyttugem
and Tokpak. All in all, the camera traps detected six snow leopard individuals. According to the traps, in 2016-2017, the total population of
the snow leopard group residing on Kuraisky Range was at least nine individuals, including three leopards (female and two cubs born in 2016)
counted by pugmarks but not detected by cameras.
In 2018, six individuals were caught by camera trap lenses. Some pugmarks
were found near Bolshoi Saldzhek, Tura, Kokorya Saldzhek, Kalbak-Kaya,
Bashkaus headwaters (Paragash), Kudyur-Lu, Tomurgan, Tokpak, KayaluOzek, and Kam-Tyttugem. It was not possible to determine the exact number of animals. Expansion of the camera trap network is needed for a more
detailed assessment.

58

Threats
The snow leopard group residing on Kuraisky Ridge faces a serious threat.
It lives in forest areas used by locals to hunt with snares and traps. The animals are protected in only a relatively small area, part of Ak-Cholushpa Nature Park near the Tokpak and Yuzhniy Tokpak Rivers, headwaters of the
Bashkaus, Kalbak-Kaya, and Uzun-Oyuk Rivers. Ungulate hunting contributes to an already shrinking prey base. There are some herder camps in
the snow leopard habitat area. The Verkhniy Ildugem and Nizhniy Ildugem
river basins are home to three herder camps. There has been a conflict between herders and snow leopards for a number of years. The first incident of
which we are aware occurred when a herder killed a snow leopard. In summer 2012, an adult snow leopard was shot by a herder from Saratan village
in retaliation for attacking his livestock (no details were collected). In late
December 2016, at a herder camp near the Terektu in the Verkhniy Ildugem
River valley 10-12 km upstream from the river mouth, a big male snow leopard killed a goat belonging to S.Ya. Kenzin, a herder from Saratan village.
On January 10, the same animal killed two more goats. According to the
herder, the leopard was very big and, perhaps, old and could not hunt wild
ungulates anymore and preferred to shift to easier prey. Some snow leopards attacked three yaks in winter 2018 at the Verkhniy Ildugem – Nizhniy
Ildugem Pass. With snow leopard population growth and a weak prey base,
escalation of this conflict is inevitable, and now is the time to start thinking
of a solution. One option is to introduce compensation payments to herders
suffering losses resulting from snow leopard attacks.
Despite significant human pressure, the stability of the snow leopard habitat area on Kuraisky Range is probably explained by its proximity to the
neighboring group living on Chikhachev Range. New individuals arriving from there compensate for losses. Conservation of the Kuraisky Range
group of leopards is of great strategic importance for the species’ survival in
Altai Republic. The range serves as a migration corridor, ensuring territorial and genetic connection between the Argut group with the main core of
the species through the transboundary group living on Chikhachev Range.

Field study organization
It makes sense to run field studies for different groups at the same time in
two areas: the Kam-Tyttugem River valley and basin of the Bashkaus headwaters. It is possible to reach Kam-Tyttugem by car almost year-round from
Kosh-Agach village via Selengit-Sortogoy village. Travel here can be complicated in extremely snowy winters. In such cases, snowmobiles can be
used for surveying. There is another route by way of Kokorya village. This
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road track can be realistically traveled to the ravine itself and several more
kilometers upstream, to the confluence of the two tributaries. Then, there
are two to three radial routes around the side spurs of the mountain range
that can be traveled in one day before before dark (Fig. 25). The area is not
snowy, it can be traveled on foot. Cameras can be operated all year round.
They don’t get covered in snow during winter.
The Bashkaus River valley should be entered from the far side of the mountain ridge near Ulagan village. There is a road from Ulagan to Saratan village, continuing onward to Yazula village. A graded dirt road goes up alongside the Bashkaus River to the turn for Yazula. Then, the route stretches
along the Bashkaus River towards its headwaters, from one herder camp
to the next. This area is not maintained by municipal road services, but
rather by local shepherds from nearby camps. The furthest point reachable by car is one kilometer above the mouth of the Mukur-Achik River.
After that, the Bashkaus River valley narrows, and there is only a small
horse track going uphill.
Field work is possible in different seasons. In summer, work is possible only
during the low water season, when shallow crossings are possible through
rivers with frequent high water. The Kalabak-Kaya and Bashkaus Rivers
are especially dangerous. When cold weather begins, shore ice may prevent
crossing these rivers on horseback; in this situation, the river can be crossed
only when solid ice is established.
Due to the large size of the area and lengthy routes, field work is better carried out both on foot and horseback. Expedition gear and people are transported between camps by horses. A grid of census routes is drawn centering
around field camps. The longest legs of the route in river valleys are covered on horseback; some mountain ridge visits can be done on foot. Winter
camps and herder shelters can be used as intermediary camps. In the headwaters of tributaries, where no accommodation is available, winter doublelayer tents with gas heaters are erected. It is possible to work in a group
on skis, setting several circular routes from every base camp. For this reason, group members should be young and physically fit. At present, census works are carried out by mature inspectors from Ak-Cholushpa Nature
Park. Horseback riding is the most acceptable option for them.
During winter field surveys, identification of felid pugmarks should be
taken especially carefully. In the Bashkaus headwaters valley forest zone,
lynx are present in addition to snow leopards. Distorted by the sun, the
pugmark of a large male lynx can be easily mistaken for that of a snow
leopard. Impressions on frozen snow look like vague holes, rendering identification even more difficult.
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Fig. 25. Census route map of Kuraisky range.

The best time for the census here is late February to March. During this period, temperatures are less cold, days are lengthening, there is still ice on
the rivers, and the snow leopards’ activity is at its peak. The available network of camera traps is extremely inadequate for monitoring the snow leopard group in this district; it needs modernization and expansion. Such work
is better carried out without snow.
A detailed investigation of this snow leopard habitat concentration area in
winter requires approximately 20 days of work for four people (splitting into
two subgroups). It will take at least that much time to modernize camera
trap technology here.

Sailyugem Range
The Sailyugem Range is located in southern Kosh-Agach District in Altai
Republic. It extends 130 km as a winding line along the border between
Russia and Mongolia, ending in the east just before Chikhachev Range. A
small plateau near Durbet-Daba Pass separates it from that range. Near the
Ukok Plateau to the west, the Sailyugem Range joins Tabyn-Bogdo-Ola Massif, part of the Mongolian Altai mountain system.
Potentially suitable snow leopard habitats are located in the western (Kalguty, Argamdzhi) and central parts of the range (Bayan-Chagan, Sarzhematy, Kalanegir, Kuruk, Uznoik). Between 2000 and 2010, no focused snow
leopard studies took place in Sailyugem Range, but the central part of the
territory was regularly visited by Altaisky State Nature Reserve staff for
argali and Siberian ibex censuses starting in 2003 (November-December
2003, June 2004, November 2007, July 2010, August 2011). Throughout
that time, snow leopard pugmarks were found only once in the Sailyugem
Range, in the headwaters of Uznoik River on November 21, 2003.
More recently with the opening of Sailyugem National Park, more information about snow leopard encounters and their spoor began to be received. In
October 2014, in the headwaters of the Uznoik River, near the international
border, a large felid pugmark, presumably left by a snow leopard, was found.
Signs of marking by snow leopards were found in November-December 2014
around Bayan-Chagan and Sarzhematy. Locals reported two snow leopard
encounters around Sarzhematy and Kalanegir in the autumn of 2012.
Camera traps deployed by Sailyugem National Park staff in 2014 in Bayan-Chagan and Sarzhematy near the documented scrapes did not yield any
photos of snow leopards. In March 2016 around Kuruk and Uznoik, Sailyugem National Park employee A.O. Kuzhlekov tracked the pugmarks of a
male snow leopard chasing two argali. It is likely that the pugmarks belong
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to the male Khan, as they were found immediately adjacent to the approximate borders of his hunting grounds. A spur of the Sailyugem Range between the Kalanegir and Kuruk Rivers separates the narrow Tarkhata River
valley from the eastern end of Yuzhno-Chuisky Range (Kok-Ozëk River basin). Here, Siberian ibex and argali sheep regularly cross the valley and the
Kosh-Agach-Dzhazator road that passes through it. There are documented snow leopard crossings here as well. No other encounters in the Sailyugem Mountain Range were registered in 2015-2016. During the winter 2017
census, pugmarks of one snow leopard, some scrapes, and urination points
were found near Sarzhematy, and pugmarks, scrapes, and feces of two individuals were documented at Kalanegir. In 2018, photographs of four individuals were collected near Chernaya River and Bayan Chagan: a female
with two cubs and a young male. At the end of May 2018, the same male was
observed and photographed by Sailyugem National Park staff as he was eating a female argali sheep he had killed at Bayan-Chagan. A weak prey base
and limited suitable habitat are among the factors slowing snow leopard distribution in this habitat. In February 2016, there were an estimated 147 Siberian ibex, the snow leopard’s main prey, present on Sailyugem Range. In
2017, a visual assessment of the mountain ungulate population in the Sailyugem area was carried out in adverse weather conditions and did not provide credible results. In 2018, Sailyugem National Park staff counted only 43
mountain ibex. At the same time, there is a significant herd of argali totaling
as many as 400 animals, occupying the territory year-round. As a result, the
snow leopard began to specialize in hunting these ungulates instead. The
continuous presence of snow leopard on Sailyugem has not yet been confirmed: there is data showing episodic visits from neighboring habitat on
Yuzhno-Chuisky Range. The situation may change in the future. Recently,
information was received about snow leopard encounters and evidence of
their presence in the far western part of Sailyugem Range, technically a part
of the Ukok Plateau. The staff of Sailyugem National Park and Ukok Quiet
Zone Nature Park have been monitoring the population with camera traps
since 2017. The snow leopard’s habitat boundaries are framed by the mountain ranges of Sailyugem, Tabyn-Bogdo-Ola, and Yuzhno-Altaisky Ranges.

Threats
Looking ahead, growth in the population of this group may result in conflicts with livestock agriculture. There is an entire network of winter herder
camps in snow leopards’ habitat along the central part of the range and its
western edge. With reductions in the prey base, snow leopards may attack
domestic livestock, which may provoke a revenge response from herders.
There is unconfirmed information about one such situation that occurred in
the Bayan-Chagan area in 2018. A herder claims that a snow leopard killed
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a calf. Preventive measures should be taken in this part of their range: livestock sheds and corrals should be reinforced to protect them from penetration by snow leopards, livestock should be carefully watched over when at
pasture, and compensation payments should be introduced for owners of
livestock killed by snow leopards.

Field survey organization
Snow leopard habitat in the central part of the Sailyugem Range lies mainly within Sailyugem National Park, and its employees monitor the argali
and snow leopard groups on a year-round basis. All Park employees have
border zone permits. Should any other people be recruited to take part in
the census, permits must be arranged beforehand. The National Park has a
good material base for year-round field studies. There are two covered cargo
trucks (GAZ Sadko and Ural) for shelter and transportation during expeditions. The team uses ATVs and snowmobiles for mobility. All this equipment
and the number of employees participating in census work make it possible
to survey a given area in a short time (two to three days). Linear routes along
river valleys and accessible slopes are covered using snowmobiles or ATVs,
and the same vehicles are used to reach the starting points for routes on
foot. Some ridges must be ascended on foot. Expedition members sleep in
the trucks. In emergency situations, it is also possible to overnight in border
guard warming stations (small wooden huts) or at herder camps. Sample
route options are illustrated in Fig. 26. Effectiveness of tracking work in
the winter months depends greatly on weather and snow cover conditions.
Strong winds are very frequent here and sweep away pugmarks.

Yuzhno-Altaisky and Tabyn-Bogdo-Ola Ranges (surrounding
Ukok Plateau)
The snow leopard habitat area in the Yuzhno-Altaisky and Tabyn-BogdoOla Ranges is located at the junction of the borders of four countries: Russia,
Mongolia, China, and Kazakhstan. These mountain ranges frame the Ukok
Plateau from the south.
Old and fresh traces of the snow leopard’s presence in the Yuzhno-Altaisky
Range were found during an expedition organized by Altaisky State Nature
Reserve and the non-profit organization “Arkhar” in summer 2012. Before
that, there had been no information about snow leopards in the area at all.
All findings of scrapes, scent marks, and pugmarks were made between the
Bukhtarma and Betsu-Kanas Rivers at the junction of the borders of three of
the states: Russia, China, and Kazakhstan. Four scrapes were found on the
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Fig. 26. Census route map for Sailyugem range.

ridge between the Bukhtarma and Ukok Rivers; three scrapes on the ridge between the Ukok and a nameless river flowing into Lake Beloye; four and tree
scrapes respectively on ridges of the right and left side in the Ak-Alakhi River
headwaters (near Kanas Pass). A scent mark was found on a ridge on the right
bank of the Ak-Alakha River (along the border, to the right of Kanas Pass). Another fresh scent mark was found on the right bank of the Ak-Alakha River,
near the path leading to Kanas Pass. Snow leopard pugmarks were found on
a clay-gravel substrate near a free-standing rock on the left edge of the AkAlakha River valley. During the survey, it was suggested that at least two to
three individual cats spend the summer period here.
In summer 2017, the staff of Sailyugem National Park, Ukok Quiet Zone
Park, and WWF Russia carried out a more thorough study here. Fresh snow
leopard spoor was found at Kara-Chad, Cholok-Chad, and Argamdzhi. A
network of camera traps produced (in 2018) pictures of five individuals, a
female with two cubs and two males.
More data on the situation in Mongolia, China, and Kazakhstan are needed
in order to form a better understanding of the situation in this transboundary habitat area, but such information has not yet been collected. Joint research projects are needed in the future – a good opportunity for transboundary cooperation.

Threats
Among the limiting factors impacting the snow leopard population residing
in the mountains around the Ukok Plateau, a weak prey base is the most important. The area is home to no more than 80 Siberian ibex and 30-40 argali
sheep. During the summer, snow leopards are not troubled by prey shortages due to the abundance of marmots. The presence of some domestic livestock in the territory increases the likelihood of predator-human conflicts
resulting from carnivore attacks on livestock.

Field study organization
The Ukok Plateau is located in the border zone, so before starting a field survey, all necessary permits must be obtained. The area is at significant elevation; this is one of the most inaccessible places in Altai Republic, especially
in winter. Travel by motor vehicle over passes is blocked by snow. Snowmobile is the only possible vehicle for conducting a population census in the
winter (using several snowmobiles with sledges to haul cargo). The census
team can stay at herder cabins, border guard warming huts, and outposts,
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or in four-season double-layer tents with a stove. A tent must be carried at
all times in case of emergency (snowmobile breakdown, snowstorm). And
because the Ukok Plateau is unforested, firewood must also be transported.
Snow leopard pugmarks are sought along river valleys and mountain ridges.
Approximate routes are depicted in Fig. 27. The usefulness of winter censuses depends directly on weather and snow cover conditions. Snowstorms
which destroy pugmarks, are very frequent here.
Recruiting local herders to manage camera traps on the Ukok Plateau is convenient. This approach has been successful in the Argut River valley, and is
also useful and effective on the Ukok.

Katunsky, Severo-Chuisky and Yuzhno-Chuisky Range system
(Argut snow leopard habitat area)
The Katunsky, Severo-Chuisky, and Yuzhno-Chuisky Ranges are the
mountains encircling the Argut River valley. The area between them
contains one of the largest snow leopard habitat areas in Russia. In the
late 1990s, the snow leopard population here was estimated at 30-40 individuals. Widespread poaching resulted in dramatic reductions of this
population. A census carried out from October 2010 to March 2011 over
a significant portion of the Argut River valley using camera traps did
not confirm the presence of any snow leopards in the area. In the middle
reach of the Argut River (between the mouths of the Shavla and Yungur
Rivers), camera traps detected seven to eight lynxes, but no photos of
snow leopards. As a result, it could have been supposed that snow leopards had been extirpated in the Argut basin.
Fresh pugmarks of two snow leopards following each other were found in late
February 2012 in the Yedygem River valley. Subsequent tracking revealed
several temporary urination places, scrapes, and one long-term marking
site, which became the first snow leopard monitoring point in the Argut basin. In late March-early April 2012, pictures of two individuals, a male and
a female, were made. These were seemingly young individuals participating
in mating season for the first time. No litters appeared in 2012. In 2013, the
presence of the snow leopard in the Argut River valley was proven by pictures from camera traps deployed in the Yedygem and Kulagash basins (left
tributaries of the Argut), and Kara-Airy (a tributary of the Karagem). All in
all, pictures of six individuals (two males, two females, and in late October
2013, two approximately six-month-old cubs) were captured. The pugmarks
of a female with two cubs were found, and a visual encounter occurred on
Katunsky Ridge at the Akkem River headwaters in 2013.
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Fig. 27. Census route map of the mountain surrounding Ukok Plateau.

Beginning in February 2012, the Argut population has been regularly monitored by camera traps. Pictures from camera traps and field tracking outlined the approximate border of this group’s habitat area. Along the Argut,
the borders stretch from the mouth of the Koir River to the mouth of the
Karagem River. The area also includes the lower reaches of the Bolshaya
Ary-Yul River, lower and middle reaches of the Yungur River with its tributaries Ak-Aryk, Chibit, and Sarybel, the lower and middle reaches of the
Yedygem and Kulagash rivers, and the Karagem River basin. From time to
time, there are reports of visual encounters with a snow leopard in the Akkem River valley, but no images have been produced by camera traps. Snow
leopards have settled in the Kok-Ozëk, Irbistu, and Sebestei parts of the
Yuzhno-Chuisky Range. The part of the range between Irbistu and Karagem (the Kara-Oyuk, Akkol, and Taldura River basins) is almost unstudied;
there is little information about it. However, the presence of snow leopards
on its periphery in Karagem and Irbistu permits a logical conclusion about
the presence of the cats in the area between them.
The habitat size of the Argut group is one of the largest in the region. This
makes it fairly challenging to study well and thoroughly. From 2014-2018,
the thoroughness of fieldwork varied here. The most productive expedition took place in 2015. Weather conditions facilitated successful searches
for pugmarks and tracks and made travel around the territory relatively
simple. In subsequent years, winters were very snowy, which hindered access to and work in the area, which, in turn, greatly affected the quality of
the work and census results.
During the 2015-2016 fieldwork season, camera traps produced images
of 15 individuals (Yuzhno-Chuisky Range and the Argut River valley). In
2016-2017, only 8 individuals were photographed in the same territory. In
2017-2018, 14 individuals were detected (eight in Yungur, six in the YuzhnoChuisky Range). Among them, there were females with litters of one, three,
and four cubs, as well as three adult males. During a census in the Karagem
River valley, an Ukok Quiet Zone Nature Park team found pugmarks belonging to another female with two cubs as well as two adult males. All in all, in
2018, this habitat area showed 19 individuals identified using camera traps
and pugmarks.
An analysis of all information accumulated in previous years makes it possible to sketch individual territories for three dominant males.
The male Kryuk (‘Hook’) was first detected in February 2012. Between
2012-2014, he stayed close to the Yedygem River (from the river mouth to
the middle reaches) and the Kulagash River (lower reaches). He was observed together with a female named Vita. Together, they occupied a territory of 100 km2 in the lower reaches of the Kulagash and Yedygem Rivers,
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on the left bank of the Argut, between the mouths of these two tributaries.
They took turns regularly visiting marking places in Yedygem at all times of
year. In late October 2013, camera traps recorded the female with two sixmonth-old cubs. After that, Vita and her cubs were lost from sight. It was
later discovered that they died in wire snares left by poachers. In December
2014, Kryuk changed territories, moving from Kulagash to Yungur (right
tributary of the Argut). He spent the rest of winter 2015 with another female before returning to his old territory at the beginning of summer 2015.
Together with another individual, presumably female, he was documented
on camera in Kulagash in summer and autumn 2015. The last pictures of
him in Kulagash were made in January 2016. His pugmarks led to the Yungur River valley in the first ten days of February 2016. He was following the
tracks of another snow leopard. In Yungur, the cats were tracked as far as
Nizhny Ak-Aryk. At present, Kryuk’s territory encompasses the following
areas: lower reaches of the Kulagash, from the mouth to the middle reaches
of the Yedygem, lower reaches of the Bartuldak and Koir, Bolshoi Ary-Yul,
and the lower and middle reaches of the Yungur, Sary-Bel, Skaderek. It also
includes the habitats of at least two females; the area in Yedygem where Vita
used to live has remained vacant since her death. One of the females is resident around the Yungur and Bolshoi Ary-Yul rivers. We presume that she
and Kryuk produced cubs born in 2015. In 2018, Kryuk was not detected by
any of the cameras. His territory is at least 240 km2 in size.
Another male named Shiva lives near Karagem (right tributary of the Argut), and his territory includes the majority of this river’s basin. His pugmarks were first found in April 2013. In November of the same year, he first
appeared on camera. The cat’s pugmarks have been found on Chibit Pass,
in Nizhny Kain-Odru and Verkhny Kain-Odru, Kamryu (Kumurlu-Oyuk),
Kandu-Oyuk and Kara-Airy. In 2015, the presence of two females in the territory was established on the basis of pugmarks, but no photos have been
taken. His territory exceeds 470 km2. The ungulate population density here
is lower than in the middle reaches of the Argut. As a result, snow leopards
require a larger home territory.
The male Khan occupies a territory in the eastern part of the Yuzhno-Chuisky
Range. It includes fragments of the following areas: Kok-Ozëk, Tura-Oyuk,
Irbistu, Sebestei, Tara, Yelangash. There is some evidence that permit the assumption that the areas adjacent to the Sailyugem Range in the areas of Kalanegir, Uznoik, and Kuruk are also part of his territory. This individual’s territory is at least 570 km2 due to its weak prey base.
The Argut population enjoys an abundance of prey and has the best habitat
conditions in the Altai-Sayan region. It is also home to Russia’s largest population of Siberian ibex (over 3,700 individuals as of 2008) and a significant
herd of red deer (over 400 individuals). Additionally, musk deer, roe deer,
and boars are present.
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Presently, this area is being actively settled by snow leopards. Provided
that this precious corner of Altai is properly conserved, we foresee a further increase in the total Argut snow leopard population back to the level
of the early 2000s.

Threats
The main threat faced by snow leopards in Argut is poachers’ snares. The
main target of snare hunting is musk deer, but young snow leopards also
die in those snares. In addition, snow leopards often get caught up in wolf
snares and traps. Illegal hunting is practiced in the upper reaches of the Argut River by residents of Argut and Dzhazator villages, in the middle and
lower reaches – by residents of Inegen, Tyungur, and Kucherla villages. In
late 2013, the female leopard Vita and two of her cubs died in poachers’
snares. At present, the male Kryuk’s whereabouts are unknown. He hasn’t
appeared before the cameras in his territory. In winter 2018, the male Shiva
became entangled in a snare in Karagem but managed to escape. He still
carries a piece of the snare on his neck. Employees of Ukok Quiet Zone Nature Park saw his pugmarks near Kara-Ayry, and there was a line drawn
alongside from the wire hanging around his neck.
The poaching situation is made possible by the lack of enforcement activity
over a significant part of this habitat area. The Argut cluster of Sailyugem
National Park occupies just a small part of the Argut River valley. Park rangers lack the authority to act outside of the park’s boundaries, and no other
conservation agencies have visited Argut in years. The situation could be
dramatically improved if the rest of this snow leopard habitat was included
in the national park’s conservation buffer zone thus giving park inspectors
enforcement authority.

Field survey organization
Surveying snow leopard habitat area during a universal census in the Katunsky, Yuzhno-Chuisky, and Severo-Chuisky Ranges is a challenge. The
geography of the territory (great distances, inaccessibility, different access
options) requires several groups to operate simultaneously; otherwise, the
work requires too much time. Before work begins, logistics and communications between the groups need to be resolved, responsibility zones assigned,
and schedules arranged. The peripheral areas (Mount Belukha in the Katunsky range, eastern Yuzhno-Chuisky Range) are easy to access in almost any
season. While Mount Belukha (valley of the Akkem and Kucherla Rivers)
can be only reached on horseback via Tyungur village, the Yuzhno-Chuisky
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Range can be approached by car, even in winter, as the roads are maintained
by local herders who live there year-round. Relatively free movement around
the Argut River basin is only possible after thick ice cover is established because of the river’s high water levels. The only transport available in Argut
is horses, and they absolutely must be properly shod. Long distances and
the almost complete absence of any accommodation around the area (except
for herder cabins along the Argut River and a few rare winter shelters at old
herder camps) influence survey strategy. The group’s movement, possible
only using mountain paths and frozen rivers, requires travel on horseback
from one field camp to another. A network of radial census routes is drawn
around every camp. The entire area is thus surveyed in phases by each team.
Two-layered winter tents with stoves ensure comfortable sleep in camp. The
main advantage of such tents is the simplicity of installation. Field camp locations, travel itineraries, and radial routes, as well as responsibility zones
for different groups, are presented in Fig. 28.
It is extremely important to set radial routes not only in river valleys but
also on ridges of the river’s side tributaries. Otherwise, Siberian ibex will be
undercounted (not all slopes can be seen well from river valleys), snow leopard spoor may be missed, and, most importantly, poachers’ snares may be
overlooked. Locals usually install them on paths in the upper part of ridges
where the path is narrower. In the last several years, the Argut census has
been carried out in a very limited timeframe, with a corresponding negative impact on quality. For example, only five to seven days are allotted for
surveying and round-trip travel; this is not enough time. Five to seven days
are needed to conduct a proper survey of each of the large tributaries, such
as the Koir, Yungur, or Karagem. In the Yungur basin, the headwaters of the
Kurumdu, Chushka-Oyuk and Kara-Oyuk tributaries have not been studied for a long time. For this reason, the actual headcount of Siberian ibex in
the area is unknown. The last credible data was collected in 2008. Recently,
snow leopards have been actively settling the area. An area which was vacant last year may now be occupied. In order to form an accurate picture, all
areas in the Argut River basin and adjacent areas need to be properly studied on an annual basis.

Enforcement, protected areas network and compliance with
snow leopard conservation objectives
By 2018, the snow leopard’s presence had been confirmed in the following mountain ranges of Altai Republic: Shapshalsky, Chikhachev, Kuraisky,
Sailyugem, Tabyn-Bogdo-Ola, Yuzhno-Chuisky, Severo-Chuisky, Katunsky,
and Yuzhno-Altaisky. The total population of all groups was assessed to be
43 individuals based on camera trap data and pugmarks. Of these, eight
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Fig. 28. Census route map of the Argut River basin.

individuals live in the Chikhachev Range, six – on Kuraisky, five on Sailyugem; the Argut group numbers 14+5 individuals (based on pugmarks), and
Tabyn-Bogdo-Ola and Yuzhno-Altaisky together make five. The actual population is thought to be higher, considering also underexplored, but promising areas in the Kuraisky, Yuzhno-Chuisky, and Severo-Chuisky Ranges.
At present, in some areas repopulation is observed: this is true for Argut,
Kuraisky, and Sailyugem.
Generally, the condition of the populations is satisfactory, as attested to by
encounters with females with their litters of three to four cubs each, as well
as by their high survival rate.
Poaching pressure on snow leopards in Altai has decreased in the last several years. The decrease can be explained by tightening environmental legislation and environmental conservation campaigns, as well as the awareness-raising effect of current projects. At the same time, instances of snow
leopards dying in musk deer snares are still being recorded. An important
factor holding back snow leopard population growth is the universal prey
base decline due to legal and illegal ungulate hunting. The growth of the
snow leopard population together with decreasing food sources will inevitably cause conflicts between leopards and livestock farmers. Measures
to prevent and resolve this conflict need to be considered now. Preventive
measures should include a moratorium on Siberian ibex hunting in some areas, physical reinforcement of livestock sheds and corrals, and the introduction of compensation payments for livestock killed by snow leopards.
The existing network of Protected Areas needs to be optimized for conservation of the snow leopard population. It would be sufficient to establish (expand) the conservation buffer zones of existing protected areas. On
Chikhachev Ridge, it is recommended to establish a conservation zone as
part of Altaisky State Nature Reserve, to extend Sailyugem National Park’s
conservation zone to include Argut and Sailyugem Ranges, and expand AkCholushpa Nature Park to include Kuraisky Ridge. These changes would significantly enhance protection of key snow leopard population groups.
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SNOW LEOPARD MONITORING IN THE REPUBLIC OF TUVA
In the Republic of Tuva, there are stable snow leopard groups living on the
Chikhachev, Tsagaan-Shibetu, Shapshalsky Ranges, western Tannu-Ola
Range, and northern Bolshoi Sayan Range (Eastern Sayan), as well as on
Sangilen Plateau (Poyarkov et al., 2002; Spitsyn et al., 2009). Moreover,
snow leopards have been encountered on the Mongun-Taiga Massif and
on Alashsky, Khemchiksky, Vostochny Tannu-Ola, Akademika Obrucheva,
Yergak-Targak-Taiga and Udinsky Mountains (Smirnov et al., 1991; Smirnov
et al., 1992; Yanushevich, 1952; Ochirov, Bashanov, 1975; Shurygin, 1988;
Smirnov, 1994; Poyarkov et al., 2002).

Tuvan side of Chikhachev Range
Irregular snow cover at the census site should be taken into account during census activity planning. Persistent snow cover complicating vehicular
access to foot route start points (Aspaity, Ustuu-Yymaaty Rivers) begins as
early as mid-November. In some years, there is little snow, and road access
remains open until mid-December. After that, and up to mid-April, most
road access is usually blocked by snowdrifts.
To conduct census work on the Chikhachev Range in the snowy period, a
high-clearance vehicle, a snowmobile, and winter tent equipped with a portable stove are required.
Day 1. Arrival at the camp in the Aspaity River valley, establish field camp.
Day 2. Inspection of the Aspaity River valley. Work on Routes 1-3.
Route 1 begins from the field camp and stretches to the foot of the left valley
slope with some larch stands to the upper reaches of the left tributary. The
total length of the route is 27 km, but it is logical to reduce the distance by
driving to the border barrier at the upper part of the route.
Route 2 starts at the lower end of the larch forest and continues into the
alluvial fan of the middle left tributary of the Aspaity River. There it continues along the left bank of the stream to the rocky “cheeks” of the ravine, crossing to the right bank, from where it ascends the steep slope. It
traverses the ridge along the spine, then across the east-facing grass and
scree slope, and descends to the stream channel from which one can investigate the stream banks and return to the starting point. The total length
of the route is 8 kilometers.
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Fig. 29. Census route map of the Tuvan side of Chikhachev range.
Route 3 begins with the lower part of the larch forest in the alluvial fan of
the lower-left tributary of the Aspaity River and runs along the stream to
its upper reaches. There, the route returns, descending along the right bank
of the stream, crossing to the left bank and the interfluve ridge on a small
rock formation and then returns to the starting point of the route. The total
length of the route is 27 km.
Overnight at the field camp.
Day 3. Transfer to the Ustuu-Yymaaty River valley using one of two options.
The first option is accessible until stable snow cover is established and begins when leaving the Kyzyl-Khaya to Ak-Khol main road to travel a side
road leading along Ustuu-Kuzhurlug-Khovu ravine. That road can be traveled to the upper ravine, and there one can inquire of local herders about
further road access. The second option is used during winter or early spring
when snow cover is the thickest. It starts from the winter herder camp at the
confluence of the Ustuu-Yymaaty River with the Saryg-Yymaaty. From here,
depending on the condition of the ice on the Ustuu-Yymaaaty River, one can
to go upriver by car, on foot, or snowmobile until the confluence with the
Bert-Adyr River, where an old herder hut stands.
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Day 4. Inspection of the Bert-Adyr and Muguldur River valleys. Work on
Routes 4-6.
Route 4 begins at the field camp, climbs up the left bank of the Ustuu-Yymaaty River to the mouth of the Muguldur River, then goes up the channel
to its headwaters and comes out to the ridge between the rivers, where it
goes along it to the northeast and descends to the merging point of the BertAdyr and Ustuu-Yymaaty Rivers. The total route length is 26 km. In winter,
a snowmobile can be used in some areas.
Routes 5-6 require two surveyors traveling on foot from the confluence of
the Ustuu-Yymaaty and Bert-Adyr Rivers, ascending up the bed of the latter
to the horse trail. At the confluence point of the right and left tributaries the
routes split, and the surveyors travel each riverbed solo. At the highest point,
the routes turn back and descend to the starting point along the same slope.
The total length of the routes is 27 km. In winter, snowmobiles can be used.
There is an additional route to the headwaters of the Aldy-Yymaaty River,
but given that it branches off the main routes and is quite lengthy (43 km), it
is up to the regional coordinator to decide upon its feasibility. In winter, it is
well-suited for travel by snowmobile.

Highland mountain range of the Mongun-Taiga
The Mongun-Taiga Massif is a large granite intrusion. The highest peak in
Tuva, Mongun-Taiga (3976 m above sea level) is the center of the region’s
current glaciation. Geographically, it is located in the Mogen-Buren and
Kargy river interfluve, covering a large area with predominantly flattened
peaks and deep, U-shaped river valleys. The western part is characterized
by steep rocky peaks stretching 3000-3600 m above sea level; further to
the east, peaks flatten, and then the massif stretches to Mongolia as a long
and flattened ridge.
The snow leopard habitat area here covers around 500 km2, including river
basins with their headwaters on its southeastern and southern macroslopes
(near Shara-Khoragai, Toolaity, Ortaa-Shegetei, and Charys (Fig. 30).
Between April and December 2011, camera traps recorded three different snow
leopards. In April 2011, the inspector of Ubsunurskaya Kotlovina Nature Reserve, S. Dongak, managed to take a picture of one individual. Previously, it was
believed that no snow leopards lived in the area or that they only pass through
between Chikhachev and Tsagaan-Shibetu Ranges. In November 2013, a herder from the Kadyr-Oruk area watched a snow leopard crossing the Kargy River
from Mongun-Taiga Massif towards the southern slope of Tsagaan-Shibetu.
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The relatively small size of the area, a sparse population of Siberian ibex
(100-150 animals), and limited biodiversity among the resident ungulate
population render the massif suitable for only temporary use by snow leopards. It is likely that in summer some individuals may stay here longer
thanks to the abundance of tarbagan marmot. In addition, snow leopards
can cross this massif to its eastern part, where they can hunt the large argali sheep population that grazes here.

Recommended schedule and census routes for Mongun-Taiga
Massif
Day 1. Arrival, interview local herders, overnight at camp.
Day 2 Study of the Shara-Khoragai and Kara-Beldir River valleys.
Route 7 begins at the base camp, located at the confluence of the SharaKhoragai and Kara-Beldir Rivers and climbs the Kara-Beldir riverbed to the
western cirque. In this area, the ice cover, river channel, and river banks are
examined for any snow leopard spoor. As the route approaches the cirque,
the route goes up the left bank of the river and leads out to the flat plateau between the rivers. After crossing the plateau, the route travels along
the Shara-Khoragai River, which leads the surveyor down to the camp. The
route length is around 27 km. After completion, camp is packed up, and the
group moves to the Toolaity River valley for the night.
Day 3. Examination of the Toolaity River.
Route 8 starts from the field camp, leading along the left bank of the river
and climbs to the ravine of the lower-left tributary. Continuing along the ravine, the route broadens and crosses over to the left bank and climbs to the
highest point on Toolaity’s left bank, then heads south for approximately
three kilometers before descending to the valley and the field camp. The
route length is approximately 13 km.
Route 9 starts sets out of the field camp along the left bank of the river or the
river bed, crosses Uzun-Khol Lake, crosses to the channel of the left-hand
headwaters, where it climbs to the moraine. Here, the route turns back towards the field camp. The route length is around 36 kilometers; it is recommended to use a snowmobile.
Upon completion of the route, camp is packed up and the team moves to the
Ortaa-Shegetei River valley for the night.
Day 4. Study of the Ortaa-Shegetei River basin.
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Fig. 30. Census route map of Mongun-Taiga Massif.

Route 10 starts from the field camp, travels up the riverbed to its upper reaches, from where the surveyor retraces the path back down to the field camp.
The route length is around 30 km; it is recommended to use a snowmobile.
Route 11 starts from the field camp, goes up the right bank of the river,
crosses over to the right tributary and climbs to a group of lakes in its upper
reaches. Here the route passes over to the left bank of the tributary and in
a traverse reaches the highest point of the Ortaa-Shegetei on its right bank,
and, crossing the peak, the route descends to the mouth of the tributary and
back to the field camp. The route length is 16 km.

Tsagaan-Shibetu Mountain
Tsagaan-Shibetu Mountain is east of the international border and is a direct
extension of the Mongolian Tsagaan-Shuvuut Range. From there, it stretches to the west and northwest to the headwaters of the Shui River where it
joins Shapshalsky Range. It has a mainly alpine relief. Southern spurs are
short and steep, where the elevation change from base to peak can reach
1500 m. Powerfully cut by ravines, narrow river valleys, and catchments,
this mountain range provides comfortable conditions for mountain species.
Its highest altitude is 3575 m above sea level (Mount Munkhulik). The river
floodplains are covered with poplars and willows, and north-facing mountain slopes host larch and rare stands of the Siberian pine.
The area’s hydrography is represented by three major rivers: Barlyk, Arzaity,
Toolailyg and their tributaries. These are mountain-type rivers with rapids
and waterfalls on some of them.
Immediately adjacent to the Mongolian border, the range is a corridor facilitating migration for individuals along the transboundary ridge. According to the
census, between 2004-2012, the snow leopard population on Tsagaan-Shibetu Ranged from 4-10 animals. A slight increase was observed in 2010-2011.
Camera traps detected 20 individuals from 2012-2014, including 17 adults and
three cubs; however, only four of the individuals were seen regularly.
Molecular genetic testing was carried out on 45 samples of feces and fur collected in the range between 2010-2014. The results showed that 19 different
snow leopards are present there (Munkhtsog et al., 2015).
Census routes stretch along the basins of right-bank tributaries of the Barlyk River (Khemchigeilig-Khem, Eldig-Khem, Onachi), and are centered in
the middle reaches of the Toolailyg River basin (Fig. 31, 32). Other promising census areas are located in the upper reaches of the same river, but their
remote location means they are not traveled as regularly.
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Fig. 31. Census route map of the Tsagaan-Shibetu range.
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Fig. 32. Census route map of the Tsagaan-Shibetu range.

Recommended schedule and census routes on Tsagaan-Shibetu
Range
Day 1. Arrival, interview local herders, base camp overnight at the mouth of
the Khemchigeilig-Khem River.
Day 2. Examination of the Barlyk and Khemchigeilig-Khem river valleys.
Route 12 begins in the upper reaches of the Barlyk River where the surveyors
are delivered by car. The route follows the right bank of the river, ascends to
the spine between the rivers, moving to the east, crosses to the northeastern
slope and descends to the Khemchigeilig-Khem River valley, crosses it and
climbs again to the spine of one of the southern spurs. Then, on the western
slope of a spur, the route descends to the riverbed of the right upper tributary and continues to the Khemchigeilig-Khem River. The route follows this
river to camp. The route length is around 28 km.
Route 13 leaves camp and ascends the ridge between the Barlyk and
Khemchigeilig-Khem rivers, following it southeast for approximately
four to five kilometers, and then, along the wide ravine on the left bank
of the Khemchigeilig-Khem, drops into the riverbed, and returns to camp
through the valley.
The Shapshalsky Range includes 2034-3500 km2 of potential snow leopard
habitat. In 2011, a winter snow leopard census in the Shui River basin detected five to six individuals. Over course of 2014, camera traps at the junction of the Shapshalsky and Tsagaan-Shibetu Ranges detected four adult individuals (a female and three males) and two cubs born in 2014. Moreover,
some individuals are regularly detected by local herders in the basins of the
Choon-Khem River and the middle and upper reaches of the Khemchik River. On this basis it is presumed six-eight snow leopards reside in this area.
At the present, census work covers only the northeasternmost border of the
range in the Shui area in Tuva Nature Park (Fig. 33). The central part of the
range, including the Chinge-Khem and Choon-Khem basins, is used on an
occasional, irregular basis.

Sangilen Plateau
The Sangilen Plateau is distinguished by its orographic complexity. The high
mountain ranges of Khorumnug-Taiga and Syyn Taiga (up to 3000 m above
sea level) stretch along its northern side. Sangilen is centrally situated and
met in the east by equally tall meridianally-stretching ranges: Changys-Taiga, Khan-Taiga, and others. Between these highland massifs lie some large
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Fig. 33. Census route map of the Tuvan part of the Shapshalsky range.

basins, or rift valleys, framed with prominent tectonic fractures. Elevations
and troughs are indented by deep, often canyon-like river valleys of three
different systems: Kaa-Khem, Muren (Selenga basin) and Tes-Khem.
Covering a large area, the highlands are largely plateau-like, with flat rounded surfaces, less frequently conical in shape or with sharp sawtooth alpine
terrain. The highland landscape is a combination of rock debris, mountain tundra, and mountain meadows. Seen more rarely in highland zones,
sparse forests dot the landscape against a background of abundant subalpine shrub vegetation. Reminiscent of the Western Tannu-Ola’s highland
meadow steppes, distinctive steppe-like mountain meadows are found in
the southeastern ranges.
There are likely six to eight resident snow leopards here. The presence of a
stable group is supported by both published data and the results of molecular genetic testing. This group is difficult to study because of its remote location, large area of potentially suitable habitat, and the strongly dispersed
character of the group.
Key census areas are the basins of the Solbeldir and Balyktyg-Khem rivers
with their tributaries the Chik-Khem, Chakyrtoi, and Kundus (Fig. 34–36).
The river basins on the plateau’s south macroslope – Tseregiyn-gol, Burcha,
Tszaigal-gol, and Kargure (Khurkherern-gol) – are unstudied, but thought
to be promising.
There is also a stable population on the Eastern Sayan Range, as confirmed
by verbal communications of visual snow leopard encounters. There is also
information about a male dying in a poacher’s snare in February 2012, as
well as other supporting evidence of the presence of snow leopards on the
ridges dividing Republic of Tuva, Irkutsk Oblast, and Republic of Buryatiya.
In the Western Sayan, snow leopard spoor are sometimes found on Khemchiksky and Kurtushibinsky Ridges.
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Fig. 34. Census route map of the Sangilen Plateau.

Fig. 35. Census route map of the Sangilen Plateau.
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Fig. 36. Census route map of the Sangilen Plateau.
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SNOW LEOPARD MONITORING IN THE
REPUBLIC OF BURYATIYA
The first data on snow leopards in the Eastern Sayan only began to appear in
publications in the 1990s (Smirnov et al., 1990). Researchers first collected
credible data only after 1980, when snow leopard pugmarks were stumbled
across in the headwaters of the Ekhe-Ugun River in Okinsky District of Buryatiya (Medvedev, 1998, 2011). However, the photograph of the carnivore’s pugmarks was first verified by experts much later, in the mid-1990s (Kashkarov,
personal communication; Medvedev, 2010). The questions of whether snow
leopards are present in the Eastern Sayan currently or ever, or are they only
vagrants, remained unanswered for a long time. The situation is well-illustrated in the Atlas of Buryatiya (2000, p. 25); at time of publication, the snow
leopard was not even regarded as a resident species in the area.
E.P. Koshkarov is thought to have started the first focused studies with a series of expeditions in the Eastern Sayan in Buryatiya and near the Khubsugul area in Mongolia, as well as later in Tofalariya in Irkutsk Oblast, in 19911997. The research showed that snow leopards were present in the Eastern
Sayan and had been observed multiple times in the 20th century by geologists, hunters, and fishermen (Koshkarev, 1992, 1997; Koshkarev, 1995).
For the next 15 years, no full-scale studies of the snow leopard population
took place.
Our experience began to build in 1998, when the first snow leopard pugmarks were found in the Tunka Range. The presence of the carnivore was
detected regularly every year, but we only began to photograph spoor starting in 2004.
This served as the basis for the beginning of modern research in 2012-2014,
using both traditional and new methods (camera traps, molecular genetic
surveys, simulation) and observation based on monitoring principles (Karnaukhov et al., 2018). The process spread to previously unstudied areas and
continues today. Assembled results support and significantly expand the
conclusions made by E.P. Kashkarov on the continuous and historical presence of the snow leopard in the Eastern Sayan.

Snow leopard habitat range and population
The total area of potential snow leopard habitat in the Eastern Sayan may
be as much as 40,000 км2, including 11-15,000 км2 of optimal habitat (Palt88

syn et al., 2012, Karnaukhov et al., 2018). The total population of this group
across the entire territory and the borders of the habitat are assessed variously. Expert estimates of 25 individuals for the Tunka Range only (Medvedev, 2011) appears to be significantly overreported (Paltsyn et al., 2012), as
it is mostly based on fragmentary data, and to a great extent, assumptions.
To the extent that can be said using our data, the continuous habitat range
of the snow leopard in the Eastern Sayan minimally covers 2000 km2 along
the Bolshoi Sayan and Tunka Range in southwest Buryatiya, an amount
much smaller than previous potential habitat assessments (Fig. 37). Every
year, five to six adult snow leopards and one to four cubs in one to three
broods are documented in the area. As a rule, one or two resident animals
are not documented each season. In 2019, the potential population of the
group is seven adult individuals and one two-year-old cub, and one more
litter is anticipated this year.
Molecular genetic research identified 14 individuals. The quantitative discrepancies in the figures obtained using different methods are explained
by changing group composition over time, when some individuals are replaced by others. This process is readily illustrated in the appearance and
dispersal of cubs.
Primary snow leopard habitat areas can be also found in the Kitoi Range.
This area is separated from the Tunka Range by the Kitoi River. Together,
they make up a single habitat concentration area, but are studied to varying
degrees. The same can be said about the northern macroslope and the entire
eastern part of the Tunka Range itself. Including these, the area of primary
snow leopard habitat may reach 3000 km2.
Currently, the Okinsky and Kropotkin Ranges, Topograph Peak mountain
complex in Buryatia and Belsky and Udinsky Ranges in Irkutsk Oblast along
the border with the Republic of Tuva may all be considered only as potential
habitats or the site of occasional visits by the rare carnivore. In Tuva, such
places include side spurs of the Bolshoi Sayan at the border between Buryatiya and Mongolia. All remaining areas are unlikely to be visited by the snow
leopard, although it is not impossible, as interviews with locals revealed
some encounters with the cat in very unusual places (Medvedev, 1998).
Outside of the Russian part of the range, mountain slopes of the Darkhad
Valley in northwest Mongolia are of the greatest interest. Surveying by E.P.
Kashkarov in the 1990s and again now in 2018 of the western Trans-Khubsugul area indicate the presence of snow leopards (spoor were found). During the winter 2018-2019 season, Mongolian colleagues collected the first
photographs of a snow leopard from camera traps; spoor are documented,
but not every year (Tumursukh-Jal, personal communications).
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Fig. 37. The Eastern Sayan on a general orography map. Confirmed snow leopard residence areas are marked in red;
areas of possible habitat or occasional visits are marked in blue.

The accumulated data and relatively lengthy timeframe (over two decades)
lead us to conclude that the snow leopard resides in mountain areas in northwestern Mongolia. However, it is very difficult to estimate the population.
Using our evaluation, we estimate that the entire transboundary population
has the potential to number a maximum of 15-20 adult individuals, or maximum of 25 with cubs in litters. For a territory as vast as the entire Eastern
Sayan including the slopes above the Darkhad Valley, such a population is
extremely low.

Monitoring site descriptions
Tunka Range
The Tunka Range is located in Tunka and Okinsky Districts, separated by a
watershed boundary. The total length of the range is 160 km. The range is
located in southwestern Republic of Buryatiya. It frames the Tunka Valley
from the north, like a wall, and is located between Baikal and Khubsugul
Lakes. It is the easternmost spur of the Eastern Sayan. The ranges have a
distinctive alpine look; their ridges are indented with rocky outcrops consisting predominantly of large debris. The south slope of the range lies within Tunka National Park.
We have regularly seen snow leopard in the Tunka Range since 1999, and
other researchers (Koshkarev, 1995; Medvedev, 1998) have seen them since
even earlier times. Its spoor are most commonly found in the western part
of the range, from the upper reaches of the Ekhe-Ugun River to the EkheGer River on the southern macroslope. As the rest of the territory is largely
unexamined, there is much less information about it. Some snow leopard
spoor were also found to the east of those two rivers, but there is no data
beyond the Elota-Kharagun River, as this part of the range has never before
been studied. The entire northern slope of the Tunka Range is also poorly
understood.
According to 2018-2019 camera trap data, there are one to two males and
a female present in the Tunka Range, and it is likely that their territories
may not cover the entire mountain and/or may stretch beyond it to the Kitoi
Range. The same individuals may, from time to time, migrate to MunkuSardyk Massif. Since territories of individual cats overlap, visits of two additional animals from Bolshoi Sayan Range to the range have been documented. Litters of cubs have only been documented in the western part,
during their visits to Munku-Sardyk. Cub pugmarks in the central part of
the mountain range were found only in 1997 (Koshkarev, 1997; Bekhterev,
personal communications) and in 2003 (Malykh, unpublished data).
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The snow leopard prey base is as follows. Red deer are extremely rare above
the tree line, and this is explained by the proximity of human settlements and
poorly controlled hunting pressure. Siberian musk deer are hunted everywhere for the same reasons. Boars and roe deer may, in some places, reach the
tree line or climb higher, but they are of no importance to the snow leopard.
Siberian ibex are very common throughout the Tunka Range, but over the
history of its study, its population shows clear indicators of decline. In the
1980s groups of up to 200 individuals could be found, and the total population was estimated at 1500 animals (Medvedev, 2001). Since our observations began in 2001, the occurrence of Siberian ibex in snowy months at
winter pastures amounts to one-two groups of ibex per day. The population density of the ibex population may be estimated at 20-30 animals per
100 km2 for the entire habitat complex for the central and western part of
Tunka Range. In the eastern and northern parts of the range they are even
scarcer (Malykh, Karnaukhov, 2015). Between 2010-2015, the occurrence
rate decreased to one encounter per week; and since then Siberian ibex are
encountered only very rarely. The groups are small: two-seven animals, and
single individuals are frequent. We currently estimate this ungulate’s population in the Tunka Range at 250-500 animals (best-case scenario), with an
obvious declining trend over the last 20-30 years.
The first credible information about hunting snow leopards dates back to
1994. A snow leopard was killed near Mogloin-Gol Lake on the southern
slope of Tunka Range. E.P. Kashkarov learned of this in a conversation with
a resident of Khoitogol; he set out to find the body, but attempts to find any
remains in the area of the kill were unsuccessful. On the basis of this information, D.G. Medvedev later found the paw of a snow leopard nailed to a
wooden hut. In literature, he describes this situation (Medvedev, 2001, 2007)
with no reference to E.P. Kashkarov. According to interview data, the number of snow leopards killed by hunters in the 1990s in the Tunka Range is at
least three. Another snow leopard was shot in 2010 in the Ekhe-Ger River
valley alongside its kill. Another situation: a snow leopard was wounded by
a firearm not far from the Ara-Oshei River in the Kitoi valley in 2011-2012;
the wounded animal departed and was never found, but no longer appeared.
In the Tunka Range, snow leopards both cross ridges along mountain side
spurs and also descend to intermontane ravines, crossing narrow valleys directly. During winter, due to the abundance of snow, the cat does not usually
reach the main watershed. The snow leopards’ routes appear in a shuttle run
pattern, mainly sticking to the main ridges. The watershed divide, which the
carnivore sometimes crosses over, is no obstacle, but he does not stop there,
sometimes crossing the Kitoi River and ascending the Kitoi Range. Large
individual territories and the inaccessibility of the area explain why the animals are detected so rarely.
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Fig. 38. Grid cell configuration and routes in the central and eastern parts of the southern slope of Tunka Range.
The routes are a total length of 180-220 km.

Fig. 38 presents a configuration of grid cells, approaches, routes, and areas
for non-recurrent surveys. Routes are sited along the bottoms of ravines in
the direction of the axial watershed divide. Given the complex terrain, walking on ridgelines is not always possible; some points can be ascended to examine the surroundings for a limited distance. It is easier to work there in
summer, when the duration of a stay in the mountains can be extended to
examine areas inaccessible in winter.
Let us outline the challenges of consecutive examination of the ravines by one
group. The area under the mountain range is hard to cross on foot; surveyors must make deep descents, only to climb again. It is labor-intensive work,
physically and psychologically demanding for surveyors. It is sensible to split
into two-three groups from the beginning. Each group should be agile and
travel with minimal gear. For instance, during winter it is possible to work
without heavy stationary winter tents, sleeping by the fire to make the stay as
short as possible: two to four days, with working units of two people. Another
practice is to use regular light-weight two-layer tents and warm sleeping bags,
but no gas heaters. The campfire is used for cooking and warmth. Severe cold
periods should be avoided in this case. Two or three areas can be examined
in a season, and moving to other areas in the next year. It is also possible to
examine the area in late autumn before heavy snowfalls and severe cold, and
planning ahead by preparing camps for the current and subsequent visits. Another good time for a visit is early spring (March-April) when the ice build-up
is still present, days are longer, and the snow cover has not yet melted.

Kitoi Range
As hard to access and remote as the Tunka Range, the Kitoi Range is almost
unexplored. The two ranges are separated by the Kitoi River. The range
abuts Tunka Range from the north and stretches for 200 km. The mountains have a distinctive alpine appearance. The study area is located in the
central part of the range. Here, the upper reaches of the Kitoi flow through
the valley, which is cut deep into the forest. Its river banks are indented with
multitudinous rock formations gradually transforming into a canyon further downstream. Siberian ibex are present here as well as along the Kitoi
River’s tributaries. The groups are usually small, two to seven individuals,
but they are widely found. Steep rocky slopes covered with forest are welcome conditions for musk deer over a large area. Siberian ibex generally remain in the forest zone, where the snow leopard comes to hunt. Red deer are
seen more frequently here than in the Tunka Range.
We see the snow leopard’s presence as a natural continuation of its habitat on
Tunka Range, as the area is populated by the same individuals. Interviews
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unanimously confirm the carnivore’s visits; some respondents report that
snow leopards have always been present here, and local hunters sometimes
find pugmarks. The discovery of pugmarks of one male and one female with
two cubs in 2014 and 2017 have been backed up with photographs.
We surveyed the right bank of the upper reaches of the Kitoi River (Tunka
Range) in 2013. Camera traps were installed on the basis of multiple recorded snow leopard encounters. Sometime later during the interviews, it
was learned that a snow leopard had been shot a year earlier, left the area
wounded, and was not seen again. Consequently, we did not find any evidence, as by that time all the snow leopards were gone, and no new animals
had come. In 2019, the left bank of the Kitoi (Kitoi Range) was studied. An
old scrape, some feces, and a suffocated large male ibex was found. These
might indicate the presence of snow leopard.
Hunting in the area is poorly managed, and musk deer hunting is quite active, including the use of snares. Residents of Tunka and Okinsky district
villages come here for this purpose. There has been information about people intentionally hunting snow leopard. Shumak Nature Park staff told us of
a snow leopard accidentally captured by a snare in 2012-2014 somewhere
near the Kitoi River left-bank tributaries between Ekhe-Gol and the KitoiKin, according to eyewitnesses visiting at the springs.
There is mining activity near the Kitoi, Onot and Urik Rivers headwaters;
the area features developed infrastructure with roads and settlements. Animals here are disturbed by noisy machinery, blasting works, and people.
Another side effect of the mineral extraction industry is, indeed, poaching.
The alkaline soils resulting from blasting and drilling sites attract Siberian
ibex. Geologists and hunters often take advantage of this fact to ambush and
shoot ungulates.
The Kitoi Range should be regarded as a monitoring site. The area occupied by snow leopards is currently difficult to assess; it may stretch up to
1000 km2. The initial version of the census routes included some routes in
the middle reaches of the Kitoi River basin on the left bank side, from the
Arlyk-Gol to the Gorlyk-Gol River (Fig. 39). The upper reaches of the Kitoi
River can be reached on horseback during the summer or by an off-road
vehicle in both summer and winter. It can be also reached on foot, which is
more energy-intensive. The survey usually takes 10-15 days. If the environmental conditions, weather, and team skills make it possible, winter routes
can be laid along frozen rivers, and include some radial hikes while traveling lightly. The groups sleep in tents with gas heaters. Skis are necessary. In
summer, the survey is structured similarly. Crossing the Kitoi River and its
major tributaries can be a challenge in this season.
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Fig. 39. Configuration of cells and census route layout in the Kitoi River basin. The total length of the routes is
150-200 km, totaling 220-270 km including arrival and departure.

The main route is marked in red (Fig. 39) along the Gorlyk-Gol and Kitoi
Rivers; blue lines indicate radial hikes; green lines are foot routes connecting the area with the Tunka Valley entrance along the Ekhe-Ugun, UburKhongoldoi, Ara-Khongoldoi, Kitoi, Zhalga, Ara-Oshei, Ara-Khubyty, and
Khubyty Rivers. There is a good possibility of finding snow leopard spoor
here. The route is a full-scale climbing/downhill skiing trail.

Bolshoi Sayan (Munku-Sardyk Massif)
The massif is located at the junction of the borders of Buryatiya (Russia) and
Mongolia, at the northernmost point of Khubsugul Lake. Munku-Sardyk has
a distinctive alpine terrain with glacial mountain valleys. This is the highest
elevated part of the Sayans. Stretching westwards toward a descent to the
Khore River basin, the mountain chain of the Bolshoi Sayan is also referred
to as the Munku-Sardyk Range. A little further, reaching the Dibi River headwaters, the entire mountain chain here is nearly 50 km long. From there the
terrain flattens, and the mountain chain continues into Mongolia.
The massif is of great importance for snow leopards as a migration corridor
connecting the Tunka and Kitoi Ranges with other habitats. The area is frequently visited by people, and the only road to Buryatiya’s Okinsky District
is at the base of the massif in the Irkut River valley, which creates the right
conditions for snow leopard encounters, especially after dark. The cats are
seen quite rarely, but almost every year.
One snow leopard is known to have been killed by a pack of dogs in the headwaters of the Khore River in 2005-2007. According to the locals in Gornaya
Oka village (Okinsky District, Buryatiya), the animal was old, with worndown fangs, and could not escape the dogs. Another situation was an attempted shooting of a snow leopard near Lake Ilchir in 2011. The snow leopard jumped away from the roadside almost from beneath a car; the people
wanted to shoot him but did not succeed, witnesses reported.
Snow leopard activity is registered on a regular basis on the mountain.
Spoor has been found in the headwaters of the Boguta, Bugovek, Bely Irkut,
Zhokhoi, Butu-Gol, and Khore Rivers. Camera traps also document snow
leopards regularly. At present in 2019, there is a male and a female live in the
Munku-Sardyk Range. Another two individuals, a male and a female, come
here once or twice a year.
Siberian ibex overwinter on the slopes of Munku-Sardyk; they are found
here year-round. Usually, there are two to three groups of seven to ten animals, sometimes more. The total number of ungulates here likely does not
exceed 30-40 individuals. East of Munku-Sardyk, ibex are rarer: two groups
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per 100 km on a survey route. Camera trap data also give an idea of the
very small size of the ibex population in the area. Our observations are confirmed by local reports; ibex used to be abundant, 15-20 years ago; now,
they are scarce. Ibex winter locally at the very headwaters of the Khore River, departing Bugu-Gol due to the deep snow. The total ibex population here
is probably 20-30 animals. Thus, the Siberian ibex population on the Russian part of Munku-Sardyk totals 50-70 ibex.
As a monitoring site, the Munku-Sardyk Range can be divided into two clusters for logistical reasons (Fig. 40-41)
The first cluster, near the peak of Munku-Sardyk, includes both the massif’s
slopes, but also both slopes of the Irkut River basin, the westernmost point
of Tunka Range. When snow cover is present, the routes (Fig. 40) cover both
slopes of the Irkut River valley and the riverbed itself, because the snow
leopard passes from one bank of the Irkut River to the other from time to
time. The most convenient area for searching for snow leopard pugmarks
on the left bank of the Irkut stretches along the Sagan-Shuluta – Ara-Sagan-Shuluta riverbeds. The route can be divided into two parts by the two
rivers, to be covered by two groups in the light of a single day. It is also recommended to include routes to examine the Mongo Range (western part of
Tunka Range) near Mondy village, as this edge of the area is almost unstudied, despite reports of snow leopard encounters there.
The snow leopard may cross the Irkut valley at any point, but it happens
most often in the upper reaches of the river, and sometimes even higher,
on the watershed plateau between the Irkut and the Oka – quite atypical
for the snow leopard. It is likely that the snow leopard does not always
cross from right to left over the Irkut River, but may return in the direction of Mongolia. There are several route options, and the probability of
finding a snow leopard is higher; for this reason, this should be a priority
examination area.
The routes are laid along the Bely Irkut, Muguvek, Bugovek, and Bugota rivers. The compact nature of the area around Munku-Sardyk means it is possible to be surveyed with minimum camping, or even without any, covering
it all in a single day.
Examination of the second cluster (Fig. 41) requires a vehicle shuttle to the
study area at the headwaters of the Khore and Butu-Gol rivers. The axial
range is lower near the Khore and its tributaries, and the mountains are
easier to access, with less snow cover, and, therefore, working here is safer.
There are also some small ibex wintering sites for animals that migrate away
from Butu-Gola over the winter; this is why snow leopard spoor is more likely to be found in Khore than in the Butu-Gol area.
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Fig. 40. Configuration of grid cells and census route map for Munku-Sardyk mountain and surroundings. The
length of the routes totals 200-240 km.
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Fig. 41. Configuration of grid cells and census route layout at the headwaters of the Khore and Butu-Gol Rivers. The
length of the routes within the cells is 100-120 km.

Bolshoi Sayan Range (Sarkhoisky Massif)
The range is located at the junction of the borders of Buryatiya and Tuva
with Mongolia, stretching along the international border east to the DibiZabitskoye Depression and the headwaters of the rivers of the same name.
Another name for the range is the Pogranichny. This extensive mountain
cluster has a distinctive alpine appearance and occupies the central part
of the snow leopard’s habitat in the region. The area stretches for around
50 km. Snow leopard spoor can be found from the headwaters of the Dibi
and Zabita Rivers and further to the west, including the entire right-bank
basin of the Tissa River: Sarkhoi, Kharganta, Zun-Obo-Gol, Sagan-Gol,
and Khorin-Gol Rivers. This seems to be the home of the core Eastern
Sayan snow leopard population and is why this district plays a special role
in the conservation of the snow leopard in the eastern part of its range
(Karnaukhov et al., 2018).
During the snow leopard census in February-March 2016, one adult female
with three cubs and one or two single animals were tracked by pugmarks.
During the same period in 2017, pugmarks of four snow leopards making up
two couples were found. In winter 2018, the pugmarks of a brood of three
were encountered. Thus, the three winter seasons’ results indicate that new
pugmarks are very likely to be found in the same area. However, pugmark
encounters greatly depend on luck. This conclusion can be drawn from interviews with locals and the information collected from camera traps. For
example, local hunters reported an encounter with a snow leopard in 1991
near the Sagan-Gol River, but pugmarks are not necessarily found each year.
Camera traps detect some single visits by snow leopards despite widespread
camera coverage. Snow leopards migrate on both sides of the Russian-Mongolian border and are detected by camera traps less often than, for instance,
in the Munku-Sardyk area, which is much more compact than the Sarkhoi
cluster. Collected data indicate that there are two reproducing females and
one male periodically resident in the area. In 2018-2019, one female with
cubs born in 2017 and one male were detected.
Data on snow leopard hunting in the area are limited to two situations.
E.P. Kashkarov reported that during a survey of the Bolshoi Sayan in 1990
he found a hunter’s note with the words “erbed – 1”, which means ‘one snow
leopard’, in one of the mountain huts. The second situation was registered in
spring 2017 when a snow leopard was shot next to its prey. The exact place is
unknown, and the data cannot be verified, but it is confirmed by monitoring
results, as in that period the male Erbedych disappeared and has not been
detected since. In 2018-2019, the pugmarks of a new male were found, and
later the animal was seen on camera traps. This means that one individual
was replaced by another.
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During census work over three winter seasons, no Siberian ibex were found,
even though some of their tracks passing through the area were seen on census routes. These ungulates are recorded on camera traps only very rarely
and only during winter. The summer census showed that there are only 5070 ibex in the area, or, maybe, a few more. Locals claim that 20-30 years ago
ibex were much more abundant here.
Red deer encounters are relatively frequent in the area. No musk deer have
been seen; only some pugmarks and traces of hunting have been found.
Judging from carnivore pugmarks, there is a relatively large population of
wolves, wolverines, lynxes, and very few foxes; bear encounters are regular
in summer. In summer, domestic livestock are brought to graze at the base
of mountains in the Zabita and Sarkhoi river valleys.
The routes in the area are planned in the headwaters of the rivers and include, in some places, ridge ascents to maximize opportunities for finding
snow leopard spoor. It is not possible to conduct a comprehensive survey
each year due to the size of the area; as a result, route options alternate each
year. Snow leopard spoor can be found anywhere: on frozen river surfaces,
on a mountain slope, or top of the mountain range. Thus, throughout the
entire survey period, spoor never appears in the same place twice. Census
work requires an off-road vehicle shuttle in winter or on horseback in summer to an area stretching for about 90 km from Orlik village in Buryatiya’s
Okinsky District (Fig. 42).

Conservation status, main threats
The well-being of snow leopards in the Eastern Sayan depends on an adequate assessment of threats that have never been properly studied or accounted for in conservation policy. The reason is that literature contains
accounts of snow leopard spoor encounters and even the animal in almost
any location, but information about the actual status of the rare animal is
almost non-existent.
In 2012-2014, monitoring of the snow leopard population and its main prey
began in Buryatiya. The monitoring area also included adjacent territories
in Irkutsk Oblast, Republic of Tuva, and Mongolia. The assembled results
demonstrate the acuteness of the conservation challenge for snow leopards
and their habitat.
Generally speaking, the snow leopard has never disappeared from the Eastern
Sayan, and it was not the habitat range but the density of occupation that fell
and then recovered, for example, in the 1990s. At the present moment, this
process has no positive dynamics: the data that was gathered does not the con102
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Fig. 42. Configuration of grid cells and census routes for Sarkhoisky mountain cluster along the Bolshoi Sayan range.
The length of the routes is 200-400 km.

firm that snow leopards are present in places where it was previously reported
in several different years. For example, on Udinsky Range (Tofalaria), Kropotkin and Okinsky Ranges, eastern Tunka Range in Buryatiya, and the East Tuvan spurs of the Bolshoi Sayan. In our opinion, the survival of this population
depends greatly on the state of the Mongolian part of the habitat range.
Snow leopards are not necessarily present in all potentially suitable places; they make temporary or one-off visits to large areas around their key
concentration areas. This is explained by the influence of such limiting
factors as accumulation and distribution of snow cover, interaction with
other snow leopard populations, prey base, poaching and disturbance, and
habitat destruction.
This characteristic is extremely sensitive for the group, wherein the removal
of even one animal may make re-population of the area impossible. According to our observations in the Tunka Range and the Bolshoi Sayan, snow
leopards populate abandoned areas only after one or two years has elapsed;
in other territories, the process requires years.
Despite current measures for focused patrol work by the border guard to
protect the area, the effectiveness of nature protection enforcement remains
largely unsatisfactory in Buryatiya, and environmental conservation measures are still insufficient. In territories adjacent to Irkutsk Oblast, patrol
work has been neglected for several years.
The issue of possible commercial (trophy) hunting for Siberian ibex in Buryatiya requires special attention (Medvedev, 2010). Especially today, initiatives
that may have a great impact on environmental security are being actively discussed. It should be noted that the conservation effect of commercial hunting
is only possible when all principles and conditions are observed, including the
presence of a well-developed hunting management system (KVV MSOP, 2012).
Siberian ibex living in the Eastern Sayan are inscribed in the Red List of the
Republic of Buryatiya and the Red List of Irkutsk Oblast, and it is therefore
is forbidden to be used for economic purposes. Trophy hunting is a tool for
downgrading the conservation status of the ungulate, and, together with weak
control over hunting areas, may only stimulate poaching. Conservation risks
are extremely high as they are tightly connected to snow leopard conservation.
Russia has witnessed some illustrative real life examples, for example when
the Argut snow leopard group, whose population currently exceeds the size
of the group in all of Buryatiya, was almost destroyed by poachers but has
naturally recovered in population numbers (Kashkarov, Spitsyn, personal
communication). Another example plays out today. The snow leopard population in the Western Sayan (southern Krasnoyarsk Territory) has almost
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been destroyed. It should be remarked that in both regions, the Siberian ibex
is a hunting species, and commercial hunting is common. In other words, commercial trophy hunting does not yield any positive effect even in areas where
the density and well-being of the ibex population are much higher than in
Buryatiya. Restoration of the snow leopard population in Altai is related to
enforcement measures being developed in other areas, including the protected
areas system and raising awareness among locals. This is why it is extremely
important to preserve key habitat areas for the snow leopard population in the
Eastern Sayan, where 80-90% of the territory is not listed as a protected zone;
local initiatives and traditional cultural values should be supported.
In Russia, only 23% of potential snow leopard habitats are included in
protected areas. Of those, only 16% are the habitats of known and stable groups (“Strategy of snow leopard conservation in the Russian Federation”, 2015). In the Eastern Sayan, there are no special protected areas established for snow leopard conservation. Tunka National Park was
founded in 1991. At that time, no one was studying the snow leopard; there
was no information about its distribution or population in the region. This
is why only 7-8% of the national park’s territory serves a primary habitat
for the carnivore (Fig. 43). Generally, 10% of snow leopard habitat is located within the national park in Buryatiya. This value is two times lower
than the Russian national average. Considering all potential snow leopard
habitat in the Eastern Sayan (<40,000 square kilometers), the effective
share of protected areas is just 1.5%.
This requires a thorough review of territorial security. One of the first things
to do is to establish of a national or nature park in Okinsky District in the
Bolshoi Sayan Range in order to preserve snow leopard habitat. The traditional natural resource-using population of Okinsky District is struggling
to protect their rights, as only 6% of district land is currently managed by
municipal authorities. A new protected area in the transboundary zone will
enable local participation in protection of the allocated lands and facilitate
development of international cooperation.
The effect can be enhanced by establishing a conservation buffer zone for
Tunka National Park on the northern slope of Tunka Range, including Kitoi
Range. However, it creates a conflict of interest in the territory for residents
of Tunka and Okinsky Districts; but this is only part of the problem. For this
reason, rolling this area into a protected area is unrealistic even at the problem statement level. However, it is possible to establish a buffer zone for a
national park to enhance security and to expand possibilities for monitoring
snow leopard and other species.
Comprehensive protection of all potential snow leopard habitats should be
facilitated. For example, in 2017, a Traditional Territory of Natural Resource
105

106

Fig. 43. Layout of snow leopard habitat range and protected areas in the Eastern Sayan region. Existing protected areas are marked in green; confirmed snow leopard habitats are marked in yellow; possible habitats or vagrant areas
are marked in blue; potential snow leopard habitat in Mongolia is marked in red.

Use was established by the Soyot people in Buryatiya’s Okinsky District,
where a Community Inspection for Environment Protection was established
in 2019. Local initiatives should be supported.
In the Republic of Tuva, Tuva Nature Park was created in 2012; in 2019, it
was expanded. In the Altai Republic, Sailyugem National Park was established in 2010. There are additional initiatives for optimization of protected
areas in these areas. Compared to the Altai-Sayan region as a whole, the
Eastern Sayan in Buryatiya and Irkutsk Oblast look the worst. For the last
three decades, essentially nothing has changed in the situation since Tunka
National Park was established in 1991. The idea of creating Udinsky Refuge
stretching along the Udinsky mountain range in Irkutsk Oblast, where some
snow leopards have been encountered and where a large ibex habitat is located, is not yet supported by the local government, even though it has already been marked on the region’s maps (WWF, 2016). Mongolia sets a good
example. There are two national parks and two nature reserves established
and operating in Khubsugul District, covering almost all suitable snow leopard habitats in northwest Mongolia. That said, the territories remain unstudied even for a presence-absence study of snow leopards, which does not
stop their administration from providing high-quality protection and thus
achieving their goal of conserving the snow leopard population.
A new special protected area in Okinsky District of Buryatiya and other
protected zones are needed not only to preserve key snow leopard habitat
ranges; they are needed to operate as a reference platform for the study and
protection of this rare carnivore. The absence of an effective system of protected areas in the Russian part of the snow leopard’s habitat in the Eastern
Sayan undermines the development of the monitoring system, the purpose
of which is closely connected to organization of meaningful protection.
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SNOW LEOPARD DIETARY ANALYSIS
Snow leopard diet analysis is an important element both for ecology studies and for regular monitoring of the snow leopard population. As a rule,
diet analysis is performed using snow leopard feces. It can be collected
both during snow leopard tracking or during census work carried out in
the habitats of population groups. Classical diet analysis is based on the
analysis of hair found in feces.
To use feces to analyze nutrition, researchers face the challenge of identifying
excrement throughout the entire range of the snow leopard. Very often the feces collected on the route belong not to a snow leopard, but instead to a wolf,
a domestic dog, a fox, or even a corsac fox (Anwar et al., 2011). Anwar and
co-authors compared several parameters of feces dropped by snow leopards
and other large carnivore mammals living in the survey area. Using dispersion analysis, an approach which considers the length, diameter, weight, and
number of segments, it was demonstrated that the feces of the snow leopard
are larger in diameter and weight compared to the feces of other carnivores.
However, it must be remembered that, over time, feces may be destroyed by
insects, or the weight of feces may change depending on weather conditions.
The most reliable way of identifying snow leopard feces in field conditions
is to collect it in areas where other traces of this animal, such as pugmarks,
scrapes, and urination points, are present (Devkota et al.m 2013). But even
when obvious snow leopard spoor have been found, it should be remembered that red fox may re-mark both remains at a kill (Henry, 1977) and the
scent marks and scrapes of other carnivorous mammals.
The most accurate method of species-based identification using feces is molecular genetic testing of the sample. However, although freshness of feces
does not matter for dietary analysis, as a rule, genetic analysis requires feces
deposited no more than one week earlier, and the period of allowable feces
collection after defecation depends also on weather conditions (Rozhnov et
al., 2018). Many contemporary works studying snow leopard nutrition deploy
this method for species identification of samples (Jumabay-Uulu et al., 2013;
Lovari et al., 2013). However, as with pugmarks and scrapes, snow leopard feces may be re-marked with the scent mark of a fox. For this reason, samples
should be collected with caution, strictly according to guidelines.
The snow leopard occupies a vast area in a variety of climatic and altitude
zones (McCarthy, Chapron, 2003; McCarthy et al., 2016). As a result, the
main prey species in its diet vary in different parts of the range (Lyngdoh et
al., 2014). Fig. 44 presents four unique trophic zones outlined by Lyngdoh
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Fig. 44. Unique trophic zones within the snow leopard’s habitat range
(based on Lyngdoh et al., 2014).
and co-authors (2014) on the basis of 25 studies of snow leopard diet. In
Zone 1, the snow leopard’s diet is mainly based on bharals (Pseudois nayaur) and Himalayan tahrs (Hemitragus jemlahicus). The basic food of snow
leopards in Zone 2 is argali sheep (Ovis ammon), Siberian ibex (Capra sibirica), and bharal. In Zone 3, it is bharals and marmots (Marmota sp.). For
Zone 4, which encompasses all populations of snow leopard in Russia, the
main wild prey is Siberian ibex. Compared to other groups, the diet of this
group contains much more domestic livestock, such as goats and sheep, due
to the high density of domesticated livestock in Mongolia.
It is worth noting that the borders of Trophic Zone 4 largely coincide with
the habitat area of the Panthera uncia irbis subspecies living in Russian
territory. Studies of the diet of this snow leopard subspecies (Lhagvasuren,
Munkhtsog, 2000; Lyngdoh et al., 2014) show that the following wild ungulates are its potential prey: Siberian ibex, argali, red deer (Cervus elaphus maral), Siberian roe deer (Capreolus pygargus), Siberian musk deer
(Moschus moschiferus), Thorold’s deer (Cervus albirostris), Mongolian gazelle (Procapra gutturosa), and black-tailed gazelle (Gazella subgutturo109

sa). But hunting ungulates on this list other than Siberian ibex and argali is
the exception and a rare event for a snow leopard, as their ecological niches do not coincide. As we mentioned above, domesticated livestock represent
the greatest share in the diet of P.u. irbis. All domestic ungulate species can
become the snow leopard’s prey, including sheep, goats, cows, yaks, horses,
and camels (Lhagvasuren, Munkhtsog, 2000). But small mammals and birds
are also important for the nutrition of snow leopards. The main small prey of
the snow leopard are marmots, pikas (Ochotona sp.), hares (Lepus sp.), foxes (Vulpes sp.), beech marten (Martes foina), least weasel (Mustela nivalis),
voles (Arvicolinae), and other mice-like rodents. Birds species include Altai
snowcock (Tetraogallus altaicus) and chukar partridge (Alectoris chukar)
(Oli et al., 1993, Lhagvasuren, Munkhtsog, 2000). Lhagvasuren and Munkhtsog (2000) also suggested that snow leopards may hunt young brown bears
(Ursus arctos). Certainly, the foundation of the snow leopard’s diet is large
ungulates, but the diversity of small prey brings the trophic niche of the snow
leopard closer to red foxes than to wolves (Wang et al., 2014).
Nutrition analysis using feces content is one of the most common methods
for studying the diet, but it is not the only one. Another modern research
method is understanding diet composition through molecular genetic testing of snow leopard feces (Shehzad et al., 2012). It is very accurate, but expensive and labor-intensive. A more common alternative method, providing information not only on species, but also prey age and sex, is based on
remote-sensing of snow leopards.
In recent years, big cat nutrition is often studied by analyzing location data
for animals wearing GPS collars (Michell et al., 2015; Rozhnov et al., 2018).
Big cats typically remain at their kills for a long time (over 24 hours), if undisturbed. This behavior became the basis for identifying nutrition sources
using GPS collars (Miller et al., 2013; Johansson et al., 2015). Johansson and
co-authors (2015) studied nutrition behavior of the snow leopard based on
the location of 16 individuals wearing GPS collars: after a snow leopard left
the location cluster, researchers arrived, described the prey, its sex, age, and
other hunting parameters. The research demonstrates that the snow leopard
hunts with greater frequency than was previously considered based on the feces assay. Since this method is capable of linking collected data to a specific
individual of a definite sex and age, some patterns were discernable. Thus,
it was learned that females tend to hunt more often than males, but prefer
smaller prey, while it is more typical for adult males to hunt livestock. Moreover, this method provides the basis for a thorough analysis of snow leopard
attacks on livestock: attacks are more common in winter than summer, and
even less common in spring and autumn. As every location is also linked to
an exact time, it was learned that the majority of attacks occur at night, which
contradicts data previously collected from herders who claimed that the snow
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leopard attacks during the day rather than at night. (Devkota et al., 2013; Aryal et al., 2014). The discrepancy may have resulted from human factors: night
attacks may be unnoticed. However, the telemetry method cannot be used to
identify potential hunting sites for smaller prey.
Snow leopard nutrition studies are especially important for assessment of the
species’ predation on livestock. Livestock is a regular part of the snow leopard
diet throughout its range (Lyngdoh et al., 2014). Its share of overall nutrition
depends, first of all, on the density of the wild ungulate population. Thus, in
India, it was shown that the ratio of livestock in the snow leopard’s diet, identified using the classical feces assay method, is higher in places where the
density of the dominating ungulate species is lower (Bagchi, Mishra, 2006).
Secondly, the snow leopard tends to hunt livestock when there is only a single
species of wild ungulates in its habitat, such as bharal in northern Nepal (Wegge et al., 2012). Moreover, Wegge and co-authors (2012) interviewed local
residents and developed a method based on the classical feces assay to identify the total damage from snow leopard predation inflicted on livestock farmers in the area. Interviews and damage analysis showed approximately equal
results. In this way, researchers demonstrated that livestock herders in this
district of Nepal do not tend to exaggerate reports of snow leopard attacks.
All snow leopard nutrition research showed that the ratio of livestock in the
diet is higher in winter than in other seasons (Oli et al., 1993; Oli et al., 1994;
Wegge et al., 2012; Johansson et al., 2015), when there is a greater diversity
of small prey available. Telemetric snow leopard prey analysis demonstrated
that, as a rule, livestock is attacked in places of poor visibility, where the herder cannot see their entire herd. Moreover, snow leopards usually attack animals that wander away from the herd (Johansson et al., 2015).

Guidelines for collection of snow leopard feces for nutrition assay
Collection of biological samples, particularly in field conditions, is an essential phase for a variety of snow leopard biology studies. This is also true for
the collection of feces for nutrition assay. Careful and scrupulous collection of
samples is the foundation on which accurate and credible results are based.
Prior to collecting a sample for nutrition assay, it is necessary analyze its placement and the surrounding environment; look to see whether there are any
snow leopard pugmarks or scrapes nearby, whether there is any spoor belonging to other large mammals. If the feces are fresh and fresh wolf or fox pugmarks are also present, the sample is not worth collecting. A sample should be
collected only after it has been identified as belonging to a snow leopard.
Feces can be collected in any season and weather, regardless of freshness. If
the feces are fresh, a sample can be also taken for molecular genetic testing.
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It is recommended to wear latex gloves when collecting feces for nutrition
assay. A piece of feces, preferably at least two centimeters in length (or longer), is placed in an individual plastic zip-bag. Every new sample should be
collected in new gloves.
Each nutrition assay sample should be affixed with a label, preferably described using a simple pencil, containing the sample code, date, surname of
the collector, district and GPS coordinates (recommended GPS receiver settings: date/WGS 84 coordination system – international date; coordinate format: hddd, ddddd° degrees, minutes). A sample label is presented in Fig. 45.

Fig. 45. Example of a label for the collection of snow leopard biological
samples
The feces sample in its individual zip-bag and completed label are deposited
into a larger bag, preferably also a zip-bag.
Samples can be kept in a freezer, a refrigerator, or a dry cool place. Collected
samples must not be stored in warm and/or humid places.
It is reasonable to keep all feces samples collected in a single season in the
same district in a common bag or container, labelled with the place and period of collection.

Nutrition assay based on feces composition
Nutrition assay based on feces composition is a typical approach to studying
the diet of any large mammals. The main idea behind the assay is to identify
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the species/genus of the prey based on hair structure using the light microscopy method. Samples should be properly prepared prior to analysis.
Samples should be processed in a dedicated room (laboratory) while wearing specialized clothing, a lab coat, protective mask over the mouth and
nose, and latex gloves. Upon completion of handling samples, hands and
exposed skin should be treated with special disinfectants. Collected feces
samples should be removed from bags one at a time, each time entering all
information from the label in a table. Samples must be carefully arranged
to prevent any confusion; it should be clear which line in the data table
corresponds to the sample and its label (it can be helpful to use individual
disposable plastic cups or containers with assigned temporary numbers
recorded in the table). Moreover, samples must be handled with care in
order to avoid mixing them. The arranged samples are then disinfected to
avoid any contact with parasites potentially dangerous for human and domestic animals. Pour 70% ethyl alcohol solution over every sample and let
it soak for 30-60 minutes.
To select prey hair from the feces sample for light microscopy testing, feces should be soaked in water and left for two to three days until soft. After
that, samples are rinsed in a fine sieve under running water, hair is plucked
with tweezers and placed in an individual paper bag labeled with identifying
information from the table. The sieve is carefully rinsed with water before
washing a new sample to remove all the hair from the previous test. Hairs
are collected into individual paper bags and left in a warm, dry place for one
or two days until dry.
Dried hairs from the samples are analyzed using a light microscope according to standard methods described in the literature (Rozhnov et al., 2011;
Teerink 1991; Oli, 1993). The genus and species are identified by comparing
the sample hair to the reference collection of hairs belonging to potential
snow leopard prey and livestock typical in the research area. The reference
collection of potential wild prey can be made up of hairs collected in the field
(remains of prey, carcasses of animals, etc.) or from zoological museums
and zoos. The reference collection of livestock hair shall be created in the local snow leopard survey area to collect the hair of local breeds that may differ from those in other regions.
Data on the species of the prey identified using the light microscopy method
are recorded in the table, where all label information was previously entered. The general nutrition spectrum is then determined using the sample.
When processing the results, the incidence indicator of each type of prey is
usually used, calculated as:
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FAi = Ni*100/N,
where N is the number of tested feces samples, Ni is the number of feces
where the hair of a particular prey species was found. If one feces sample
contains the remains of more than one prey species, the FAi indicator won’t
be valid, as the total incidence of all types of prey will exceed 100%. In this
case, a different formula should be used to correctly assess the incidence of
all types of prey in all feces samples:
PAi = Ni*100/Nm,
where Nm is the sum of incidence of specific prey species hair in all tested
samples (Chistopolova et al., 2010).
An example of the food spectrum for a snow leopard in the Tsagaan-Shibetu
Range during summer 2010 is presented in Fig. 46.

Fig. 46. Food spectrum of a snow leopard in the Tsagaan
Shibetu Range in 2010.
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MOLECULAR GENETIC TESTS
Relevance of research
A promising and efficient tool for a variety of fundamental and applied tasks
in population research, molecular genetic methods in biology have been actively developing in recent decades. Molecular genetic technologies are used
in comprehensive studies of various genera of mammals in order to collect
important information concerning genetic diversity, population structure,
and taxonomic status of animals. In biodiversity conservation, this field of
knowledge is referred to as conservation genetics (Frankham, 1995, 2010;
Frankham et al., 2009).
The genetic features of a population are directly related to the well-being of
the species. It is well-known that reduction of genetic diversity below a critical level has a negative impact on the adaptive capacity of individual animals and the survival of the population and the species as a whole in changing environmental conditions. Genetic structure data describe the integrity
of the population; this knowledge is used to identify risks related to isolation
and fragmentation of a habitat area, as well as any disruptions to genetic
exchange between intraspecific groups. It is the integrity of the population
that determines its stability as a biological system. This is why knowledge of
molecular genetic features is extremely important for development of rare
species conservation strategies.
Ecological and genetic studies of the snow leopard began relatively recently (Janecka et al., 2008), but data collected within this period contributed greatly to the phylogeography of the species, enabling differentiation of
three subspecies spread in the northern (mountain systems of Russia and
Mongolia), western (the Tian Shan, Pamir, Transhimalaya) and central (the
Himalayas and the Tibetan plateau) parts of the range (Zvychaynaya et al.,
2012; Janecka et al., 2017). On the global range scale, molecular genetic testing will facilitate understanding of the species’ taxonomic structure, identification of subspecies, and determination of evolutionarily-significant
units. In addition to their high scientific value, these data have a significant
conservation component and primary significance when planning translocation of individuals for release into the wild or establishment of captive
breeding facilities. Identification of evolutionarily-significant units based
on molecular genetic data makes it possible to avoid artificial translocation
of individuals between populations with different evolutionary history and
different evolutionary potential.
With regard to the Russian snow leopard population, molecular genetic variation studies allow us to identify population groups and assess the degree of
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genetic exchange between them, as well as to determine the degree of genetic
diversity for this rare carnivore. Another important benefit of the method is
the capacity to identify individual animals for species population census.

Materials and methods
One of the highest priority approaches (not the only possibility) to studying the snow leopard are non-invasive research methods (Waits, Paetkau,
2005). This approach uses biological samples acquired without active interference into the lives of animals. The most accessible and suitable material
for genetic tests is, in this case, fecal samples. Unlike other evidence of animal activity, feces are relatively easy to find during field surveys; collection
and storage of feces is quite simple; and samples contain sufficient DNA for
qualitative genetic analysis. Despite certain challenges related to the specificity of such samples, the successful use of molecular genetic testing of feces collected in the field has been confirmed by a number of studies of snow
leopards living in different parts of the global range (Janecka et al., 2008;
Rozhnov et al., 2011; Karmacharia et al., 2011; Janecka et al., 2014; Korablev
et al., 2016; Janecka et al., 2017, etc.). In addition to feces, the hair, soft tissues, and bones of dead animals can be used as test materials.
DNA molecules contained in biological samples are the basis for the test. For
this reason, the first stage of analysis is to recover DNA from samples collected in the snow leopard’s habitat. Special reagent sets are used to recover
DNA from cells and to separate it from associated substances that may impede subsequent stages of testing. The resulting DNA solution is used for amplification, i.e. increasing the concentration of the analyzed genome fragment
by means of the polymerase chain reaction method (PCR). PCR is carried out
in a special unit, or amplifier, or thermal cycler, which heats and cools tubes
containing the reaction mixture according to a set process (Fig. 47).
The reaction causes artificial accumulation of a large number of copies of
the DNA region under study as a result of the polymerase ferment and specific short sequences of nucleotides (primers) that mark the selected sector
of the genome and serve as a primer for synthesis of the complementary
DNA strand. Depending on the goal, different DNA regions can be used. In
snow leopard genetic studies, we are faced with two main tasks:
1) species identification, in other words, determining the species to which
the sample belongs (not all samples collected in nature belong to the snow
leopard);
2) individual identification of snow leopard samples, i.e. identification of the
individual the analyzed sample belongs to.
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Fig. 47. Amplifier.
For species identification, nucleotide sequences of the fragment of the cytochrome-b gene of the mitochondrial DNA (mtDNA) are used. Mapping of
this genome region (sequencing) is carried out in a sequencer, a unit that
maps nucleotide sequences in the analyzed fragment (Fig. 48).

Fig. 48. Sequencer.
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The nucleotide sequence is unique for each species; for this reason, for species identification, acquired data are compared to the homologous regions
of the genome as recorded in the GenBank international database to identify
the species of the animal to which the sample belongs (Fig. 49).

Fig. 49. Nucleotide sequence.
All samples identified as snow leopards are forwarded for individual identification. To answer this question, the microsatellite loci of nuclear DNA are
analyzed. A locus is the specific location of a gene on a chromosome, with DNA
sequence variants referred to as alleles. According to our data, every microsatellite locus generates from three to six alleles for the snow leopard population
in Russia. Eight microsatellite loci used in the research form allele combinations that are unique for each individual, allowing distinctions between even
closely-related animals with 99% accuracy. For increased accuracy of results,
at least three amplification series are carried out for each sample (Fig. 50).
Sex is determined using two molecular markers, or loci, of genes located
in sex chromosomes. This stage of analysis is also carried out with the sequencer, but in this case, it is not nucleotide sequences, but lengths of the
DNA fragments under study that are compared (Fig. 51).
As a result of the analysis, individual genotypes of every studied individual
are collected; later, they are the basis for all subsequent stages of work: statistical, population genetics, population assessment, etc.
Molecular genetic testing is rather labor-intensive and expensive due to the
multiple stages of work with every sample and the cost of expensive reagents
and single-use supplies. The net cost of a full cycle for one sample is approximately US$40, and the time required for analysis, depending on the sample
volume, type of samples, and condition of the DNA, is at least 10 days.

Collected results
Molecular genetic studies of the snow leopard in Russia are carried out at
the Severtsov Institute of Environmental Problems and Evolution of the
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Fig. 50. Amplification of samples.

Fig. 51. Sex identification.
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Russian Academy of Sciences. Analysis takes place in the Institute’s Molecular Diagnostics Laboratory. This is the place where the method for molecular genetic testing of biological samples from Russian snow leopard habitats
was adapted and tested (Rozhnov et al., 2011) (Fig. 52).

Fig. 52. Geography of sample collection for the molecular genetic studies
of the snow leopard.
The molecular genetic snow leopard studies we have carried out for some
years now have provided important data regarding genetic diversity and
the population structure of this understudied species (Rozhnov et al., 2011;
Zvychaynaya et al., 2012; Korablev et al., 2016; Karnaukhov et al., 2018).
The results of studying the Altai, Tuva, Krasnoyarsk, and Buryatiya populations indicate relatively low genetic diversity among snow leopards in Russia. The genetic variability of Russian snow leopards turned out to be lower
than in Mongolia, Kyrgyzstan, and Tajikistan, which may be a consequence
of negative trends in the Russian population of snow leopards. Among Russian habitats for the species, the greatest genetic diversity was found in the
Altai group, and the lowest among snow leopards resident in Buryatiya.
Alongside this trend, we found that the carnivore’s groups in several southwestern Siberian regions have significant genetic differences between one
another. For instance, snow leopards in Buryatiya are characterized by distinctive genetic originality compared to animals from other habitats in the
study. Moreover, there are documented differences between snow leopards
from Sayano-Shushensky Nature Reserve and animals from neighboring
habitats in Altai and Tuva (Fig. 53).
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Fig. 53. Genetic diversity of the snow leopard in Russia
The identified genetic structure indicates a reduction in free migrations of
individuals between these territories, something an area happening to a significant degree in the Eastern Sayan group, an are almost completely isolated from the main habitat of the species in Tuva and Altai. The factors limiting migration may be both natural (distribution of the prey base, zoo-social
relations, ecological features of habitats, distance isolation), and anthropogenic (hunting pressure, violation of habitats). The collected data evidence
the fragmentation of the species’ Russian habitats and reduction of genetic
diversity compared to larger groups in Mongolia and Kyrgyzstan (Munkhtsog et al., 2015; Korablev et al., 2016; Karnaukhov et al., 2018).
Against the background of genetic division of the Russian groups, we demonstrated that individuals from Mongolia living in the Tsagaan-Shuvuut Range
were found to be genetically similar to snow leopards populating the TsaganShibetu and Shapshalsky Ranges in Russia. This is doubtless evidence of the
regular migration of animals and of the existence of a single group of animals
in the adjacent territories of the two countries (Munkhtsog et al., 2015).
The maximum genetic difference was found when comparing Russian and
Mongolian snow leopards with Kyrgyz and Tajik cats. Genetic division in
this case is twice as large as differences between groups found living in the
northern part of the area (Russia and Mongolia) (Korablev et al., 2016). Such
a picture no doubt means that animals from Russia and Mongolia and those
from Kyrgyzstan and Tajikistan belong to different populations, evolving
relatively independently from each other over a long historical period. The
depth of the genetic differences related to the geographic location of the regions may prove that Russo-Mongolian and Kyrgyz-Tajik snow leopards belong to different subspecies (Zvychaynaya et al., 2012), and recent molecular
genetic research on the species over a large part of its habitat support this
hypothesis as well (Janecka et al., 2017).
Ongoing monitoring, an important aspect of which is molecular genetic research, is necessary to evaluate the impacts of those and other factors on
population and environmental monitoring.
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Rules for sample collection for molecular genetic testing
Even though the feces collected in the natural environment are the most
suitable material for non-invasive genetic surveys, a number of challenges
arise during analysis due to the relatively low quality and content of DNA in
some samples. These factors increase the rate of errors and make it harder
to produce accurate results. Careful observance of field collection and sample storage rules minimize negative effects and ensure more complete and
precise information.
Feces should be collected under the following guidelines:
1) Feces freshness is a decisive factor in successful analysis. The best period for collection is five to seven days after defecation in winter and no
more than two days in periods with warmer temperatures. It is also acceptable to collect older feces, but the likelihood of successful analysis is
greatly reduced.
2) Proper measures for prevention of cross-contamination must be taken.
Ideally, it is advisable to use new rubber gloves and to sterilize tools between collecting samples. In field conditions, tools (scalpel, tweezers, scissors) can be held over the fire. Alcohol is not a sterilizing substance for
work with DNA.
3) A small fragment of the sample is placed in a tube with a 96%-ethyl alcohol solution. The alcohol should completely cover the sample in the tube.
The majority of the animal’s DNA is contained in the intestinal epithelium
found, as a rule, on the surface of the feces; for this reason, it is better to take
a fragment without breaking its integrity and structure, for the researcher
to use the feces surface layer for testing.
4) The tube should be labeled with a special alcohol-indelible marker, or the
tube should be packed in a plastic bag along with a label completed in pencil. The label shall contain the following information: sample number, presumed species, place of collection, coordinates, collection date, last name of
the collector.
5) Tubes with alcohol-treated samples do not require refrigeration prior to
analysis.
6) The data table with numbers and information for each sample should be
submitted together with the samples to be tested (Fig. 54).
When collecting hair samples, ensure that follicles are intact; the hair
should not be cut with scissors. The quantity of hairs makes no difference,
but it is better to have at least 15. Hairs can be stored in paper envelopes or
1.5-2-mm tubes with 96% alcohol solution.
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Fig. 54. Example of a correctly collected and labeled snow leopard feces
sample.
When collecting skin, muscle, and other soft tissue samples, the general collection rules presented above should be used. It is preferable to use
1.5-10 ml tubes. The sample volume should not exceed 0.5-1 cm 3 depending
on the tube volume; otherwise, the sample will be ruined if not properly
covered by alcohol.
For blood sample collection, special tubes with K3EDTA reagents are used.
The best quantity of blood to be collected is 1 ml. If specialized tubes are not
available, samples can be preserved in 96% ethanol solution using a small
tube (1.5-2 ml). For dry blood spots, samples can be placed in paper envelopes or tubes with alcohol.
When collecting bones or teeth, the general rules presented above should be
used as a guide. DNA is more likely to survive in fresh material. Place an entire tooth or bone fragment 5-20 cm3 in length in a labelled bag.
Expansion of the collection geography and the number of samples will increase the efficiency of molecular genetic testing, which, in turn, increases the maximum accuracy of calculating population and collecting data on
population genetics characteristics of the snow leopard in Russia.
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SERVER-TYPE GEOINFORMATION SYSTEM FOR COLLECTION,
STORAGE AND VISUALIZATION OF DATA (NEXTGIS)
To ensure efficient population monitoring, it is necessary to observe a balance between collection of the most possible relevant data, convenience,
and simplicity and speed of field documentation, analysis, balance between
collection of the most relevant data, convenience, simplicity and speed of
field documentation, analysis, and visualization.
Some researchers prefer making daily entries in their field diary including
thorough observations of everything they saw on their route, while others
make brief notes en route. The first approach requires lengthy processing,
while the latter may often omit important details needed for analysis.
The availability of such modern technology as satellite navigation, digital
photography, audio video recording, various sensors, and the like provides a
range of tools for empirical data collection and opens new opportunities for
environmental research. Modern computers are capable of quickly processing a large quantity of data and can analyze this data and identify causal relations. However, it should be understood that the more complex the database,
the more effective the process of data extraction should be. Modern science
has begun to require larger and larger data series and complex, well thoughtout mathematical tools. As a result, it is necessary to carefully record data and
adhere to specialized data collection protocols. Without those, even the most
banal labeling of samples, where numerous conventions must be memorized,
becomes a challenging affair, especially when accounting for complex weather, relief, and other conditions that zoologists must often cope with.
Generally, preparing collected field material for further analysis is done
manually. This process consumes a major part of the researcher’s time.
When preparing data, the scientist’s main task is to situationally link information obtained using a variety of tools with relevant entries in their field
diary. Optimization and automation of the data collection system are necessary for a researcher to be able to dedicate more time to data analysis and
less to preparation. This is only possible when data collected in the field are
immediately saved in electronic form to minimize the intermediate preparation stage. In other words, data must to be immediately entered into the
computer, and the computers of all expedition members should be connected for synchronization of the gathered information.
The dawn of mobile technologies has enabled significant opportunities
for the development of science (Snaddon et al., 2013; Teacher et al., 2013;
Kuntsche, Labhart, 2014). Our smartphones are essentially affordable, por124

table computers with many sensors (microphone, accelerometer, gyro sensor, light sensor, magnetometer, etc.) capable of transmitting a large amount
of data via the internet, perform geolocation, access geoinformation data,
create and process high-resolution photo and video files, scan and generate
QR and barcodes, and many other tasks.
Thus, for operational analysis and data visualization, it is very important
to “teach” smartphones to collect data in field conditions in a format suited
for subsequent analysis. It is equally important to create a server-type database accessible to all research members and where all collected data can be
sent from team computers (smartphones). The connection must be bi-directional for synchronization of all mobile devices used in data collection. The
data will later be available on the server for verification by all interested researchers (with access) and for visualization as they accumulate. To prepare
data for analysis, all that is needed is to connect the server to GIS software
(QGIS, MapInfo, ArcGIS, etc.) using a Web Feature Service (WFS) or by exporting .CSV files, which are supported by any statistical analysis software
(Fig. 55). This procedure makes it possible to quickly classify collected data
by research blocks for primary report compilation.

Fig. 55. Server data management road map.

Change of Approach
The traditional working flowchart for field research on rare species used
to look as follows: every route and tracking session was recorded as GPS
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navigator tracks, all waypoints where spoor is found (pugmarks, visual encounters, camera traps, feces, scrapes, urination spots….) are also registered with the navigator. Explanation of specific data points were recorded
in a field diary or using a voice recorder. Next, each day’s information regarding routes and waypoints are uploaded from each GPS navigator onto a
computer, and voice recorder data are transcribed daily as well. All the data
are collected into thematic blocks and linked to related photographs taken
along the route. An individualized coding system was developed to identify
gathered biological samples (intended for diet analysis, hormonal, molecular genetic assays, etc.). This approach is optimal for individual researchers
or small groups with impressive self-discipline and a relatively small flow of
data. For big teams, this approach is a significant challenge that is associated with large errors caused by human factor mistakes. The disadvantages
are obvious: codes of all previously-collected samples must be remembered,
the data collection protocol relies on memory and is not always observed,
and a considerable amount of time is spent rerecording GPS data after the
day’s route and then integrating the data into a single database. The need to
synchronize several databases can also be challenging.
In 2016, a database located on the NextGIS cloud server was developed in
the framework of a study of the wolf population in the northwestern Caspian region, (Fig. 56). NextGIS Web is a web-GIS server used for storage,
visualization, and multiuser access management (http://nextgis.ru/nextgisweb/). The initial database consisted of 20 tables arranged as 20 layers of a
geoinformation system.
Every record in every layer contained a unique identification number, geographic coordinates, date and time (automatically recorded from smartphone sensors), and a layer-specific set of parameters with values selected
by the researcher from a provided list of options. In some layers (for example, pugmarks, bedding sites, resting areas, etc.) each entry could be associated with up to five images (Fig. 57).
In order to simplify the data-entry process, interactive computer forms were
developed using the NextGIS Formbuilder app (http://nextgis.ru/nextgisformbuilder) (Fig. 58) for the NextGIS Mobile app (http://nextgis.ru/nextgis-mobile/) on Android smartphones. In order to avoid generating repeat
identification numbers for entries from unsynchronized gadgets, the smartphone added another character to the identification numbers of the data
collected on it. Every form was programmed for intuitive use in field conditions. The form automatically proposed the last registered value to save the
researcher from the labor of entering repetitive parameters over and over
again during the same session, such as the monitoring site or the name of
the collector. The information collection form structure is also designed to
minimize mistakes resulting from tiredness.
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Fig. 56. Example of the RAS Severtsov Institute of Environmental Problems
and Evolution wolf population study in the northwestern Caspian region.
The NextGIS Mobile Android app was used to work directly with forms,
(Fig. 59) provide the maps on- and offline, and operate several geoservices
simultaneously. To achieve this, map tiles (sets of maps of different scales)
were selected and uploaded after installation of the required apps.
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NextGIS Mobile permits documentation of treks (movements
on the route) at the same time it is
also registering geographical position of waypoints. The app NextGIS Logger was used to register
treks during tracking, while the
NextGIS Mobile application ran in
background mode.
All records collected by NextGIS
Mobile app, as well as all the treks
recorded using NextGIS Mobile
and NextGIS Logger, were sent to
the server during a daily synchronization.

Other data collection systems and the advantages of
NextGIS
NextGIS’ main competitor is CyberTracker
(http://www.cybertracker.co.za/). This South African system for digital field data
Fig. 57. Mobile app allows attachment
collection was introduced back in
of several images to each entry.
the 1990s palmtop era to facilitate data collection for different
animals in the challenging conditions of the Kalahari Desert. Although the
software has been adapted for modern smartphones, the main disadvantage of Cyber Tracker is the inconvenience of creating new project forms. In
contrast, the main advantage of NextGIS is the flexibility of approach and
readiness of its developers for any challenge. When conflicts arise in forms,
the mobile app, or the server, all errors and failures are fixed promptly by
NextGIS specialists. Using the NextGIS mobile app has made it possible to
accelerate the field data collection process by orders of magnitude.

NextGIS-based modern data collection system for snow leopard
monitoring
Using the experience of optimizing a data collection system for the wolf population study project, and a commission by WWF Russia, the NextGIS team
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Fig. 58. NextGIS Formbuilder software interface.
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Fig. 59. NextGIS Mobile app interface.

developed a new product, NextGIS Collector, that features NextGIS Mobile
functionality but is intended as a simpler approach to prepare for large-scale
projects involving numerous data collectors. The advantage of NextGIS Collector is that after installation of the app, the user chooses which project to
participate in. The census director gives the researcher-user access to the
“Irbis” project, specially designed for work monitoring the snow leopard
population. All forms are pre-installed (Fig. 60).

Fig. 60. Interface of the NextGIS Collector mobile app.
The algorithms for creating entries using NextGIS Mobile and NextGIS Collector vary only in terms of collection logic. For example, having found a
snow leopard pugmark on a route, the researcher carrying a smartphone
with NextGIS Mobile, first sees the background (map, satellite photo, or
other geoservice), chooses the “set point” and decides what layer the point
needs to be attached to, and then fills in the form corresponding to the selected layer; in this case, the “snow leopard pugmarks” layer. In NextGIS
Mobile, the layers are not built in linked chains, but listed out, so in the
presence of numerous options, it may take longer to find the required layer.
The structure of NextGIS Collector is more logical with a more convenient
layer search system classified into themed blocks (Table 1), such as: “Activity
traces” / “Wild animal” / “Pugmark”.
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Table 1
“ Irbis” project layers for snow leopard population monitoring using
the NextGIS Collector mobile app.
Visual encounters

Activity traces

Wild animal
Domestic animal
Human
Pugmark
Feces
Urine mark
Scrape
Wild animal
Marking rock
Scratch marks
Fur
Animal carcass
Domestic animal
Human
Camera traps
Violations

After a layer is chosen, the location point is determined and the form completed. All collected points are presented on the map on the screen just like
in the NextGIS Mobile app (Fig. 61).
While a researcher works offline, records are saved in the memory of the
mobile device. After returning to base and re-connecting with the Internet
(in our case, provided by two-way satellite connectivity), all the previously
collected records are synchronized with the server. The database can synchronize with all mobile devices involved in the project. Using the NextGIS
web service, any researcher with internet-connectivity and perhaps located in a distant city can see information collected daily by the field team to
schedule and monitor data collection.
It is important to remember that none of the NextGIS applications are navigation software. They are not designed to replace the classic Garmin GPS
receiver. Such functions as “go to destination” or “return to the route” are
not included. NextGIS Mobile and NextGIS Collector are perfect geodata
collection solutions. But if you are determined to eliminate extra devices,
you should install a navigation application (Soviet War Map, OziExplorer,
Maverick, MAPS.ME, Locus Map etc.) and stop using an old GPS navigator.
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Fig. 61. NextGIS Collector homepage with downloaded layers for the protected areas’ network and
monitoring cell grid.
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CAMERA TRAP OPERATION. INDIVIDUAL IDENTIFICATION.
GROUP POPULATION AND DENSITY ASSESSMENT USING
MODERN STATISTICAL METHODS
Camera trap operation
Camera traps have become the primary tool for today’s zoologists. Before
their appearance, working with elusive species was limited to population assessments on the basis of detected activity. The presence of a good pugmark
substrate, such as snow, for example, simplified the task to a certain extent,
but snow does not fall all the time or everywhere. The high rate of inaccuracy
when using the tracking method to identify individuals (Matyushkin, 2000;
Hernandez-Blanco et al., 2005), seasonal fluctuations, and a non-continuous
substrate for pugmarks prevented collection of credible data for assessment of
the snow leopard group’s population (Snow Leopard Network, 2014).
It is important to understand how camera traps work and the guidelines
for their deployment in order to effectively use camera traps in monitoring
work. First of all, it is necessary to understand that the camera trap matrix,
i.e. the totality of camera trap stations deployed in research locations, is an
integrated spatial and temporal structure. Every camera trap station consists of a pair of cameras installed at different angles relative to the possible
trajectory of animals. The key parameters for the matrix are geographic coordinates and duration of each station’s operation. The station is deemed to
be operational if at least one camera trap is active. A camera trap is considered to be active if it is deployed in its intended location and reacts to and
captures the movement of target objects. It is a common mistake to count
only the days when a snow leopard was captured by a camera. The easiest
way to count camera trap operation days is by noting the dates of the first
and last pictures it recorded, regardless of the photographed objects. It is
recommended that researchers to take a picture of themselves during camera trap deployment and each time it is checked. The camera trap-days parameter (in this context, a trap means one station) is essential for assessment of capturing results. For example, in one situation, five snow leopards
captured over 50 camera trap-days give an incidence index that is double
the rate of the same five snow leopards captured over 100 camera trap-days.
Within a single matrix, the same camera trap model should be used
throughout to avoid the influence of technological specificities of different camera models on the final result. If a researcher nevertheless has
two different camera models, it is reasonable to deploy them in consistent134

ly mixed pairs, so that every capturing station meets the same technical
specifications. For the same reason, settings should be pre-set to the same
parameters, such as the number of frames per photo, video clip length,
delay duration. The capacity of memory cards used at different stations
should also not differ significantly, because the capacity influences the
data recording rate. The larger the volume, the slower the recording processes. Among modern camera traps, the best brands are Reconyx, Bushnell, and Seelock Spromise cameras. Daytime photographs are in full-color while at night they are black-and-white and shades of red are depicted
as light-colored. Panthera (www.panthera.org) produces its own camera
traps equipped with a daylight flash and other features ideal for studying
large felids. Pictures from these cameras are always sharp and full-color.
The purpose of the camera trap matrix is to collect as many images of snow
leopards as possible within a study area to assess the density and distribution of the population.
Camera trap deployment locations are placed such that every station is on a
territory of about 25 km2; installing the cameras closer together than 1.5 km
apart should be avoided.
A camera trap distribution plan should be developed in cooperation with researchers and protected area rangers to select places most optimal for snow
leopard encounters. The long-term matrix can be supplemented with camera traps deployed in places with concentrated wildlife, intersections, trails,
etc. (there can several at small distances from each other within a single
square of the initial matrix).
Installation of camera trap stations requires initial instruction for the team
deploying cameras, documentation of all parameters foreseen listed in the
deployment protocol (Fig. 62). The protocol helps to register installation parameters and checkup frequency, as well as to monitor all changes that may
occur. The protocol is used to determine the start of camera operation, and,
after the last image is checked, the number of camera trap-days for each
trap can be calculated. It is very important to record the camera trap deployment route to facilitate finding camera traps during each checkup. A
detailed description of camera trap installation spots is necessary to help
other inspectors to find traps quickly and easily. The identification code of
each station must be short and unique. For example, station F1 and its cameras F1A and F1B. As a rule, such titles are inconvenient for researchers, as
they do not provide any clue concerning the location of the station. For this
reason, some researchers make the mistake of using the name of the area
as the identifier instead of a camera (station) code, such as “Ust-Balturdak”.
This approach may seem convenient for camera operation, but it complicates processing of the material. For this reason, the best option is to use
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CAMERA TRAP INSTALLATION PROTOCOL
TRAP NUMBER (e.g. F1A, F1B):_________ STATION NUMBER (e.g. F1): ___________
Number of cameras at the station: ONE / TWO
Camera trap orientation: N NE E SE S SW W NW
Camera trap location: ____________________________________________
Coordinates (DD.ddddº, WGS84; EPSG 4326):
Latitude: ___________ Longitude: ___________________
Date:___________________________ Time: _______________________
Action type: DEPLOYMENT/ CHECKUP / REMOVAL
Camera brand and model: _________________________________________
Settings:
VIDEO / PHOTO / HYBRID Frames per series: ____________
Resolution:____________ . Video length:_______sec. Delay period:_______sec.
Sensitivity of sensors: AUTO MAX MIN NORM.
Memory card volume: ______Gb Battery type: NiMH, Li, Alk 4 / 8 / 12 pcs

Fig. 62. Example of a photo trap installation protocol card, or NextGIS Mobile/NextGIS Collector entry form.
the code F1 as a title and “Ust-Balturdak” as a description. As a result, it is
necessary to create a table containing the camera trap identifier (code), its
description, and its coordinates in degrees and minutes (DD.dddº, WGS84).
Identification of individual snow leopards is performed using the unique spot
pattern of each cat (Karanth, 1995). Because the pattern on the snow leopard’s
sides is asymmetric, it is best to deploy two camera traps at each station to
ensure correct identification of animals. Otherwise, the same individual with
one side captured by one station and another side by another station may be
mistaken as being two different individuals. The cameras should be deployed
opposite each other for simultaneous photos of both sides of the animal. However, if the number of cameras is insufficient, covering a larger area should be
prioritized with just one camera deployed at each station.
Camera traps should be mounted to steady trees or rocks, so that the sensors
are located 50-90 cm above the path, while accounting for possible snow
accumulations, and at a distance of 3.5-4 m from the animal’s presumed
trajectory, preferably perpendicular. Cameras pairs should be deployed in a
manner that avoids the unwanted effect of camera flashes facing each other.
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Direct light exposure to the lens should be also avoided. Camera traps
should not be deployed facing east or west on mountain ridges, as the rising or setting sun is too bright for the camera (this orientation of cameras
is permissible in ravines and similar places). There should be no moving
vegetation within the camera view, as it may activate camera sensors. For
this reason, cameras are not deployed on swaying bushes and thin trees. It
is strongly preferable to deploy cameras facing marking spots and in places
where snow leopards may make scrapes.
Optimal paths for camera installation are those made by animals along the
southern edge of plateau-like mountain ranges or on tapered mountain ridges or spurs, where animals cannot avoid passing by the camera traps.
Camera traps installed on paths should be adjusted such that, after every
sensor activation, the camera records at least three images with a minimum
delay period (less than one second). Since, as has been mentioned before,
memory card capacity affects activation time, cards with a capacity exceeding 32 Gb and speed class under 10 are not recommended. For camera traps
working in hybrid and video modes, the video length should not exceed 3045 seconds with a delay period of one second or less. However, it should be
remembered that this mode produces a large number of empty videos, so
such cameras should be checked more often.

Material processing
At the present, there is large variety of software for preparation, storage,
and processing of material collected using camera traps. CPW Photo Warehouse (Ivan, Newkirk, 2016), ZSL CTAP (Amin et al., 2017), Camelot (Hendry, Mann, 2018), and сamtrapR (Niedballa et al., 2016) are perhaps the
most advanced options. You can read about these applications in specialized reviews (Ogurtsov et al., 2017; Young et al., 2018). New solutions are
presented every year, and older ones become outdated. Nevertheless, the
principles for preparation of the materials should comply with a series of requirements, a topic we will discuss in more detail.

Filtering
The process for preparing photographs for analysis begins with looking
through and filtering the entire body of data. Filtration means saving all
images of animals and deleting all empty frames. However, the first frame
made after deployment and the last one made prior to removal are always
saved. Empty frames can be easily and quickly deleted using FastStone Image Viewer software (www.faststone.org) (Fig. 63), which permits selecting
a large number of photos using the shift and arrow keys in preview mode.
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Fig. 63. FastStone interface during preview and deletion of empty frames.

Efficient creation of incidence data tables for occurrences of
snow leopards and other species
The second task is “tagging” all photos containing animals so that every file
contains information on the species of the animal, number of individuals,
sex, date, time, and geographic coordinates. Date and time data are recorded by the software and contained in the EXIF description of the photo file.
The species, sex, and number of individuals are identified manually. It is
convenient to perform this procedure using the software mentioned above,
but pictures can also be easily classified using the same FastStone program
without tagging. FastStone and similar programs can be used for batch renaming groups of files. First, all the files in the folder are renamed with following the format: “Camera trap title_Date_Time.jpg”. Then select all files
with snow leopards and add the species into the file code (Panthera_uncia):
“Camera trap title_Date_Time_Panthera uncia.jpg”. Use a “_” to separate
the elements of the file name. This creates a large number of images containing tags in their titles. After exporting file names from the selected folder into a *.txt file (for example, using Total Commander), they can be subsequently opened with Microsoft Excel, using the “_” character as a column
separator. This is a simple method to generate a table containing the identification codes of camera traps, their coordinates, date, time, species, sex,
number of animals, etc. After that, the final step is to determine which are
photographs of the same exact pass taken by the two cameras deployed at
the station. Create and save a table containing passes only (time and date recorded as in the first capture of every pass). A pass is a series of photographs
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made by a camera trap station from the moment the animal appears in the
view of the camera and until it disappears from view.

Individual passport generation
A column labeled “ID” is added to the previously described data table. For this
purpose, snow leopards registered in each pass should be individually identified by comparing individual features of their spot pattern (Fig. 64), with a
reference database of the individual passports of previously-recognized animals. If a new individual is found, the images of the animal are used to make
up a passport. In some cases, an individual passport may contain high-quality
captures of one side of the animal and much worse ones of the other side, as we
can see in the passport of the male Shokar (Fig. 65). As new captures are made,
the passport should be updated and improved, because the more captures of
different sides of the animal there are, the easier it will be to recognize the
animal in the future. When possible, a passport should include photographs of
the right and left sides of the individual, as well as its head and tail (Fig. 66).
PHOTO IDENTIFICATION
Individual recognition based on unique coat pattern

Fig. 64. Comparing snow leopard captures for photographic identification.
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Fig. 65. Example of the passport for the male Shokar. Photographs of the
right side are sharper than those of the left side.

Fig. 66. Example of the passport of the female Ieshkiler.
Unlike tigers and leopards, snow leopards possess thicker and longer fur
that may complicate the individual recognition process, as their “hair” can
be “styled” in different ways. In such situations, photo identification can still
be done using patterns on the paws and forehead of the animal, as the hair
is shorter in those areas than on other parts of the body.
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Population and group density assessment
The existence of a set of spatiotemporal locations of identified individuals (using photographs, feces, hair, telemetric data) bears important information
about the sex and age composition of the population. However, such data alone
do not provide information on population density and, accordingly, about population size without mathematical calculations using capture-recapture methods that can be separated into spatially dependent (Royle et al., 2009) and
independent ones (Otis et al., 1978, Karanth, Nichols, 1998). Spatially independent capture-recapture methods, such as the Capture program in the MARK
environment, were developed for calculating the population density of various numerous species, such as mouse-like rodents. For this calculation, the
capture season must be quite short in order to satisfy the conditions of closed
populations. The effectiveness of this method depends on sample size. To calculate density, the method uses the camera trap matrix area and an additional
conventionally-selected strip with a width equal to the average value of the
maximum recapture distances (MMDM) or half this value (1/2MMDM), which
complicates interpretation of results due to the absence of any clear statistical
basis for the selection of effective capture area parameters. All these limitations render the methods ineffective for calculating the population density of
such large carnivores as Bengal tigers (Gopalaswamy et al., 2012), Siberian
tigers (Hernandez Blanco et al., 2013), Eurasian lynxes (Zimmermann et al.,
2012), wolverines (Royle et al., 2011), and Indian leopards (Kalle et al., 2011),
characterized by a relatively low population density and large individual territories. For this reason, the authors of the present research prefer the spatial
explicit capture-recapture method, SECR. This method relies upon Bayesian
statistics. The method has been adjusted for low-density populations, and is
less sensitive than the previous ones (Gopalaswamy, 2014) to isolation of the
population. Moreover, this method accounts for peculiarities in the species’
spatial ecology, such as the size of individual territories. SECR provides the
researcher with a model for distribution of densities within the studied space,
and, unlike spatially- independent methods, it is capable of both self-testing
the parameters chosen by the researcher and assessing the model’s quality. All
this allows us to objectively interpret the collected results and to correct selected parameters to enhance their relevance. The SECR method is used in the
SPACECAP package (Gopalaswamy, 2014) for the R environment. SPACECAP has a GUI-interface that does not require any advanced knowledge of R
programming language. Moreover, just like all other software packages for
the R environment, SPACECAP is available for free download and use. These
qualities make SPACECAP an optimal and accessible method for analysis
of spatiotemporal data of various natures (camera traps, molecular genetic tests, visual observations, telemetry) for the assessment of snow leopard
population density and its spatial characteristics. However, just like any other method, SECR has some limitations, and the quality of results depends on
the algorithm used for parameter selection.
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Snow leopard population monitoring is the primary task. Any new data, such
as the structure of the range or population structure (genetic, spatial, social,
etc.) are a precious contribution to the species’ conservation. Moreover, assessment of the status of the snow leopard’s population or that of any other
species facilitates a better understanding of the existence of small populations over a long-term perspective to develop conservation measures and solutions before it is too late. For this reason, we highlight the SECR method,
and, in particular, the SPACECAP package that can be used for monitoring
the snow leopard population and other for applied uses.

SPACECAP data analysis and parameter selection
Use SPACECAP package versions 1.1.0 and above, on platform R (version
3.2.0 or older) for analysis.
To calculate the snow leopard population using camera traps and the SPACECAP package, the capture season should be short enough for the closed population rule to be fulfilled, but long enough to ensure the required number of
recaptures for the validity of the mathematical model. The preliminary data indicate that a capture season of 90-100 periods (days) satisfies both conditions.
Data collected from camera traps are used to generate three input *.csv data
files. The first data file, capturing history, contains information about individuals, places, and periods of capture:
Animal_ID is a conventional code (index number) of every individual,
registered by a camera trap and identified within the current capture season
(N is the total number of identified individuals of the given species during
the current capture season). For automated identification of each individual’s number within a single capture season, use of “Find position” function
in Microsoft Excel;
Loc_ID is the individual code of each photo capture station;
SO is the capture code period (sequential number of the day when the individual was registered, starting from the first day of photo captures).
In this way, the animal capture data file consists of three columns: Loc_ID,
Animal_ID and SO (Table 2).
Note that an individual captured at one and the same capturing station more
than once within one calendar day is still considered to be “captured” once
within that period, as the temporal capture unit (period) equals 24 hours.
The second table contains the characteristics of the camera traps (Trap deployment file) and reflects data on dates of camera trap operation:
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Table 2
Animal capture data file example. The name of
the created file must be as shown here.
LOC_ID
1
5
7
8
9
11
15

ANIMAL_ID
4
5
6
6
3
1
2

SO
17
13
17
16
20
14
12

Loc_ID is the individual code of each photo capture station (corresponds
to the same field in the animal capture data file);
X is the longitude of the camera trap installation location in metric units
(Universal Transverse Mercatore, WGS84);
Y is the latitude of the camera trap installation location in metric units (Universal Transverse Mercatore, WGS84);
SO is the capture period code (corresponds to the same field in the animal
capture data file). If a camera trap (station) operated during the period, it is
assigned a value “1”, and if not, it is assigned a value “0” (Table 3).
The third table shows the potential home range centers (Potential habitat
centers file). SPACECAP creates an area around the capture matrix, encompassing all potential centers of individual territories of member animals in study population. Such home range centers are indicated as centroids (Fig. 67) of the grid by the cell of a certain area. The cell area should
not exceed 1/16 of the size of an average snow leopard habitat area, and
must also not be too small, because its size has a strong impact on duration
of the analysis. Experimentally, a cell of one square kilometer was chosen.
Each cell in the grid is assigned a coordinate value in the UTM WGS86 (X,
Y) format and a Habitat value (“1” or “0”, depending on suitability for snow
leopard) as shown in Table 4.
Potential home range centers should be generated for the area referred to
as the state space. The state space encompasses a polygon (MCP 100%) surrounding all capture stations and a strip contouring it (Fig. 67). Selecting
the optimal width for this strip is critical for a quality analysis.
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Table 3
Trap deployment file example.
The name of the created file must be as shown here.
LOC_ID

X_Coord

Y_Coord

1

2

3

4

5

6

7

8

9

10

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20

721698
702162
717609
716722
698866
714457
711032
714472
704635
711098
714381
706871
705713
705864
709261
696073
699885
706359
713733
719556

4822522
4811875
4819582
4817214
4812690
4808523
4807037
4812162
4819596
4816779
4822075
4816107
4817521
4814068
4810538
4809063
4808321
4806163
4820039
4823621

1
1
1
1
1
1
1
1
1
1
0
0
0
0
0
0
0
0
0
0

1
1
1
1
1
1
1
1
1
1
0
0
0
0
0
0
0
0
0
0

1
1
1
1
1
1
1
1
1
1
0
0
0
1
1
1
1
1
1
1

1
1
1
1
1
1
1
1
1
1
0
0
0
1
1
1
1
1
1
1

1
1
1
1
1
1
1
1
1
1
0
0
0
1
1
1
1
1
1
1

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

1
1
1
1
1
1
1
1
1
1
1
1
1
0
0
0
0
0
0
0

State space radius selection
The state space parameter contains potential snow leopard home range centers that may be documented by installed camera traps. The distance from the
marginal capturing stations to the state space border should be large enough
to encompass the home range centers of individuals that can be detected by
the camera at a certain probability. At the same time, the possibility of capturing animals whose home range space lies outside the state space area must be
excluded. Thus, it is reasonable to select the distance from the marginal traps
to the state space border as a radius of the largest home range of the species.
After analysis, SPACECAP generates a curve that reflects the actual likelihood of capturing a snow leopard depending on the distance of its home range
center from the camera trap matrix edge. Fig. 68 demonstrates that for the
snow leopard this distance is close to 15 km. Poyarkov and co-authors (2018)
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Fig. 67. Centroid generation process in the established space for determination of potential home range centers: a – generation of MCP 100%
around the camera trap matrix and surrounding buffer; b – creation of
a cell grid 1x1 km; c – creation of centroids of the previous grid cells; d
– deleting all centroids outside the state space. Add a logical column assigning a value of “1” or “0” to every centroid in the centroid data file. Example of work in MapInfo.
demonstrated that the state space options encompassing strips of 15 km and
30 km result in a snow leopard home range area of 150-940 km2 for males
and 600-700 km2 for females (Poyarkov et al., 2018).

Analysis result
All of these data are processed using the Bayesian modelling method. The
main assumption of the method is that every animal has an activity center
that is fixed for the current capturing season. It is assumed that the capturing likelihood is inversely proportional to the distance from the activity
center, and that every capturing act is an independent event.
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Table 4
Potential home range centers file. Create a file with this name.
X_COORD
678527
678553
678579
678789
678815
678841
679477
679503
679529
679556
679582
679609
679635
679661
679688
679714
679740
679767
679793
679819

Y_COORD
4787270
4786271
4785272
4777282
4776283
4775285
4789294
4788295
4787296
4786297
4785298
4784300
4783301
4782302
4781303
4780305
4779306
4778307
4777308
4776310

HABITAT
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

SPACECAP provides the following parameters:
Nsuper – number of individuals within the state space;
λ0 – distorting factor, defined as an expected indicator of the incidence of
individual i in the camera trap pair j during the photo-capturing period k,
whose activity center is located exactly at the spot of the current camera trap
station;
β2 is the indicator of reduction of the likelihood of individual detection as
distance increases between the animal activity center and the camera trap
station;
Psi is the ratio of real animals in the augmentation value;
σ is the mobility of individuals of the studied species expressed in km. This
parameter may be converted into the 95% of the individual territory radius
(R line command: (σ)*(qchisq(0.95,2)^0.5)).
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Fig. 68. Probability of photo-capturing a snow leopard relative to the distance to the trap matrix.
D – population density, individuals/km2
To calculate these parameters, the Markov Chain Monte Carlo (MCMC) and
Metropolis algorithms are used. The analysis involved 50,000 iterations,
with a starting period of 10,000 (number of iterations the program excludes
from the analysis) and the augmentation ratio equals no less than a five-fold
number of the individuals captured during the photo-capturing season.
The pixel densities_val_<time>.csv file generated by the SPACECAP package for the analysis results presents density values of the studied population
for every potential home range center with suitable habitats. Therefore, for
every centroid of a cell of the grid within the state space that was assigned
a value of “1” in the Habitat column, the population density value (individuals/km2) is computed. This file can be used to generate a thematic map using
GIS software (such as QGIS, MapInfo, or ArcGIS) to visualize the distribution of density values within the space (Fig. 69). If more thorough analysis is
needed, the data may be used to compare different research areas to identify
the accuracy of statistical differences.
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Fig. 69. Example of spatial distribution of Amur leopard population densities according to SPACECAP (cit: Rozhnov et al., 2018).

Generated model and analysis quality evaluation
The program generates several values that should be considered to assess
the accuracy of the generated results.
Psi value should remain within the range of 0.2-0.8 and must never exceed
1.0. The augmentation ratio is the maximum number of uncaptured individuals in the entire covered space, which determines the upper limit for the N
method of the Monte Carlo chains. Therefore, a low value of this coefficient
undercounts the density, and a high value significantly slows the analysis,
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which may be completed within nine to ten hours for a 60-day capture season provided that the parameters have been adequately selected.
Model convergence is determined using the Geweke test which compares
the average value of the first 10% and the last 50% of the chains. The test
provides the value z, which shall not fall outside the interval of -1.6 - +1.6.
And, finally, the Bayesian value p (Royle et al., 2011): the closer it approaches 0 or 1, the less adequate the model is.
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