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PREFACE

The first international conference of marmot scientists took place in Italy (Aosta,
1991), and the II conference was held in 1994 in France (Aussois). The III international
conference took place in August, 1997 in Cheboksar (Russia), while the IV conference
was held in Montreux, Switzerland in September, 2002. At the suggestion of the Interna-
tional Marmot Scientists’ Bureau, the Vth international conference was held in Tashkent,
Uzbekistan, and the VI conference was held in Italy again in 2008 in Cogne, Valle d’ Aos-
ta. The VII conference was planned to be held in Slovakia, however, due to circumstances,
it was canceled.

Seventeen years after the first international conference in Aosta, Italy, in 1991, under
the leadership of the Institute of General & Experimental Biology of the Mongolian Acad-
emy of Sciences and the Ministry of Nature, Environment, and Tourism of Mongolia, and
in cooperation with scientists and researchers from Mongolia and other countries, we are
organizing the VII international conference on marmot research in Ulaanbaatar, the capital
city of Mongolia.

In the “Marmots of the Old and New World” conference, 121 scientists and research-
ers from 13 countries, Mongolia, the Russian Federation, Austria, England, the USA, Ger-
many, Italy, Kazakhstan, Kyrgyzstan, Ukraine, France, China, and Japan, have already
sent us the results of their studies, and 52 abstracts and 28 papers have been published
in a conference proceedings. The conference proceedings have covered many interesting
topics including the world distribution of marmot species, marmot population numbers,
ecological and biological characteristics, historical reviews of regional data and research
, studies of marmot taxonomy using modern molecular biology methods, determination
of species genome sequences, studies of marmot skin gland structure using electronic
microscopy and accompanying discussion of behavioral and scent identification and sig-
nal issues, marmot handling experiences, and auditory communication among different
species of marmot.

As a part of our preparations for the VII conference of marmot scientists, we summa-
rized and published the main results and abstracts of the previous six conferences, and we
have organized a photo contest among amateur marmot lovers and researchers showing
the different colors, body structure, and specific behavioral characteristics of all 15 of the
world’s marmot species. We have also produced a short educational and popular movie on
marmot ecology, biology, sustainable use, and conservation activities.

All these activities and documents will be valuable resources for marmot lovers,
scientists, researchers, rangers, and conservationists, university teachers and students, as
well as policymakers and stakeholders.
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Our deepest gratitude goes to sponsors and organizers of this important conference,
including the Ministry of Nature, Environment, and Tourism of Mongolia, the Mongolian
Academy of Sciences, and, of course, to those scientists and individuals who have worked
so hard to make this conference successful.

DIRECTOR OF THE INSTITUTE OF GENERAL AND EXPERIMENTAL BIOLOGY,
MONGOLIAN ACADEMY OF SCIENCES

ADIYA YANSANJAV
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OPENING SPEECH BY THE VICE-MINISTER OF NATURE,
ENVIRONMENT, AND TOURISM, MR. TS. BATBAYAR, FOR THE
INTERNATIONAL CONFERENCE OF MARMOT SCIENTISTS
‘MARMOTS OF THE OLD AND NEW WORLD’

Good morning, distinguished scientists, delegates, and guests, ladies and gentlemen,

On behalf of the organizers of this international conference, the Ministry of Nature,
Environment and Tourism of Mongolia, and the Institute of General & Experimental Bi-
ology of the Mongolian Academy of Sciences, I would like to congratulate all delegates
and guests and wish you great success in your important scientific studies and endeavors.

Urbanization, mining, and infrastructure development, livestock population increase,
and climate change over the last 20 years in Mongolia have negatively affected the bio-
diversity of the country. For the last 75 years, the average annual soil surface tempera-
ture has risen by 2.2°C, while annual precipitation by volume has decreased by 7%, and
70% of pastureland has shown signs of desertification. In the face of these challenges, the
conservation of Mongolian biodiversity will require close cooperation with international
organizations, scientists, and researchers and policy decisions that are based on sound
scientific data and conclusions.

In Mongolia more than 60 mammal species have been registered as having potential
for sport and sustainable hunting. Twenty-four of these species, including Argali sheep,
Siberian ibex, Mongolian and Altai marmots, Mongolian and goitered gazelles, red deer,
roe deer, and wild boar have been considered the main hunting species. The hunting of
marmots and Mongolian gazelles plays a significant role in the countries economy and the
livelihoods of individuals.

Until the end of last century, Mongols hunted marmots for their meat, oil, and fur.
However, the increase of marmot skin price on the international market from 1880 to 1990
led to the mass hunting of marmots up until the 1990s. Over 150 million marmot skins
were sold on domestic and international markets. The transition to a market economy in
the 1990s ed to collapse of the country’s hunting policies and systems, and the systems for
the monitoring and control of weapons and bullet purchase were weakened. These factors,
in combination with the market increase in the price of marmot skins and the resulting
increase in illegal hunting led to destruction of marmot habitat and a decrease in marmot
populations, including some local extinctions.

From ancient times Mongols have traditionally had a deep respect for wildlife and
acommitment to conservation and the sustainable use of wildlife, especially marmots.
The relationship between humans and marmots and other wildlife was regulated by wise
principles and laws. These were written in famous historical documents such as Chingis
Khaan’s Ikh Zasag, Khalkh Juram, the Rules of the Golden Khan, and in the present Con-
stitution and other laws.

The Ministry of Nature, Environment and Tourism, as the central governmental or-
ganization for environmental issues of the country, is responsible for the sustainable de-
velopment and enforcement of the government’s policies.

Mongolia is now a member of various environmental conventions for biodiversity
conservation and actively participates in different conservation actions at both a regional
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and global levels. Mongolia joined the Convention on Biodiversity Conservation in 1993
and has a close and active relationship with the UNDP and other international organi-
zations, coopertively implementing joint environmental and conservation projects. The
current Mongolian government, which was established in 2016, has adopted and imple-
mented new versions of the “Sustainable Development Policy of Mongolia-2030”, the
National Biodiversity Conservation Program, the National Program for the Conservation
of Rare and Endangered Mammalian Species, and the Aichi 20 targets by 2020. The ban
on the commercial and private hunting of marmots, first ordered by the Minister of Nature
and the Environment in 2005, continues today. By financial assistance from the MNET
and different national and international organizations, many marmot conservation activ-
ities, including the reintroduction of marmots to former ranges and other activities, have
been organized. As a result, marmot numbers are increasing and their areas of distribution
have begun to expand, especially in the mountain steppes and forest steppes of the country

For the conservation and recovery of the national treasure that is the Mongolian mar-
mot, , for the education of national scientists and conservationists, for the establishment
of innovative national strategies for the sustainable use of marmot products, for the reali-
zation of “User-Saver” principles and economic mechanisms, we need sound government
policies, active participation from social organizations, and from all members of society.

I wish you all great success in the work of the VII International Conference “Mar-
mots of the Old and New World” .

Thank you very much for your attention

VICE-MINISTER FOR NATURE, ENVIRONMENT AND TOURISM
TS. BATBAYAR
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OPENING SPEECH BY THE PRESIDENT OF MONGOLIAN
ACADEMY OF SCIENCES, ACADEMICIAN D.REGDEL

Good morning, distinguished scientists, delegates, and guests, ladies and gentlemen

After 17 years from the 1* International conference in Aosta, Italy, in 1991, under
leadership by the Institute of General & Experimental Biology of Mongolian Academy of
Sciences, and the Ministry of Nature, Environment and Tourism of Mongolia in coopera-
tion with scientists and researchers from Mongolia and other countries, we are organizing
the VIIth International Conference on Marmot research in Ulaanbaatar, the capital city of
Mongolia.

In this “Marmots of Old and New World” conference, 121 scientists and researchers
from 13 countries such as Mongolia, Russian Federation, Austria, England, USA, Germa-
ny, Italy, Kazakhstan, Kirgizstan, Ukraine, France, China and Japan have already sent the
results of their study, and 52 abstracts and 28 papers have being published in a conference
proceedings. Within the preparation activities for the VIIth conference of marmot scien-
tists, we have organized a photo contest showing the different colors, body structure, and
specific behavioral characteristics of all 15 species of World’s marmots among amateur
marmot lovers and researchers, as well as we have produced a short educational and pop-
ular movie on marmot ecology, biology, sustainable use and conservation activities.

This conference will give a perfect chance for young researchers and students to meet
world renowned marmot scientists from technologically advanced countries, share ideas
and on future cooperation identifying possible collaboration fields, and to learn modern
research methodologies and technologies.

The conference proceedings have covered many interesting topics such as world’s
marmot distribution, population numbers, ecological and biological characteristics, re-
gional historical research data review, studies on taxonomy of marmot species using mod-
ern molecular biology methodologies, determination of species genome sequences, studies
of marmot specific structures of skin glands using electronic microscopy and discussing
behavioral and scent identification and signal issues, marmot handling experiences, and
communication sound and noise studies among different species of marmots.

Mongolia is situated in eastern most area of marmots’ distribution in Eurasia and the
Mongolian marmot is widely distributed in more than 500 thousand square km of coun-
try’s territory. On ecological level the marmot is prey species for many predators and one
of the main carriers and reservoirs of plague viruses, as well as natural soil “engineer”
and increasing the vegetation production and positively changing air moisture regime by
digging holes and mixing inner and outer soils. The marmot skin is a valuable source in
international trade fairs.

For many centuries Mongols have a rich tradition on sustainable and wise use of mar-
mot products such as skin, meat, and oil by developing through the time classic national
technologies adapted to people’s unique style of life and hunting techniques, marmot’s
habitat and behavior.

From one adult individual during the hunting season, we can have 10-14 square deci-
meter skin, 2.3-3.5 kg of meat, rich with valuable amino acids and vitamins, 0.8-1.2 kg fat,
and 250-300 g pure oil. Beside of that, 3.6-5.4 c¢m long canines can be used as souvenirs,



PROCEEDINGS of the 7" International Conference on the Genus Marmota “MARMOTS OF THE OLD AND NEW WORLD”

and the contents of stomach and meat soup often used as additional food for livestock,
while intestines like liver, gallbladder, heart and kidneys used in traditional medicine.

The marmot is a very valuable and suitable animal that can be used as a model spe-
cies to study ecology and biology of other Mongolian wildlife in relatively pristine nature,
as well as it can be used as example species for collection of raw data, comparative ma-
terials using modern and innovative technologies and methodologies. Also it can be used
as a tool to understand historical experiences and methods in local traditional medicine of
nomadic Mongols.

I believe that this conference will make sound and scientifically based recommenda-
tions on scientific studies of world’s marmot species diversity, Mongolian marmot ecology
and biology, as well as the ways on marmot conservation and sustainable use, on establish-
ment of innovative and modern technologies for the production of raw materials’ process-
ing by combining the efforts of international scientists and implementing joint projects

I want to express my sincere gratitude to the organizers of VIIth international confer-
ence of marmot scientists and wish a success in conference activities.

I also wish a great success to all participants and welcome you to Mongolia.

PRESIDENT OF MONGOLIAN ACADEMY OF SCIENCES, ACADEMICIAN
D. REGDEL
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MONGOLIAN MARMOT SKIN GLAND MORPHOLOGY

Adiya Yansanjav
Institute of General & Experimental Biology Mongolian Academy of Sciences

Specific skin glands, as sources of chemosignals, have attracted the attention of sci-
entists for many years. These glands are diverse in terms of location, quantity, size, and
histological structure and in the chemical compositions produced by the glands. Until now,
however, in many mammalian species skin gland structure has not been well studied, and
in many species their topography has not even been described, desptiet the fact that in all
species glands play an important biological role. This is particularly true for most rodent
species, including marmots.

At present, the histostructure of anal, sole, cheek, Meibomia, and Garderova glands
and mystacial glands have been discovered and described in detail in 11 out of the world’s
14 marmot species. Besides a short description of anatomical structure and a possible role
of anal glands in marking of territories (Tarasov, 1960, 1961), no more skin gland studies
for the Mongolian marmot (Marmota sibirica) have been done until today (see Table 1).

Table. 1.
Specific skin glands
Marmot . Supraor-
species Anal glands Check Mystacial Sole glands SE G bital
glands glands glands
glands

M.sibiri +*(1.2,30- *o#(30- *o# *ott *o#

Siirica 34,35) . 34,35) (30-34,35) | (30,34,35,) | (30,34,35)
M.baibacina | +* (1.3) +(4) - _ R B
M.bobac +%0 (5.6) +o(7) *0 (5.6) *0(5.6) - -
el « s) ; %0 (8) %0 (8) %0 (8) %0 (8)
iwca
M.cauduta - *(9) - *0 (6) - -
M.menzbier +*(9.10) +*(9.10) +(9.10) +(9) - -

(11, +%0 (14.15.
M.monax 12.15) +*0 (13.15) 29) - - -
M.caligata +*0 (15) +*0 (15.16) *0 (15) - - -
+*0 15,17, +*0

MEHGrHciaN | ¢ |9) (15.2021.22) . . .
M.broweri +*0 (15) +*0 (15.23) *0 (15) - - -
M, ' o

flaventris | - (15.24.25.26) - - -
M.olimpus +*(27) +*0(15.27.28) | - - - -

Notes: + data on markings; * data on gland existence and short anatomical description,

0 — short description of histological structure; # ultrastructure description, - no data.
Numbers in brackets are literature references.
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Figure 1. Location of specific glands on the
Mongolian marmot (Marmota sibirica ).

1 - Mystacial . 2, 3 - Supraorbital and Gard-
ers glands. 4 - anal, and 5 - sole gland.

To study the skin gland structure of both subspecies of Mongolian marmot (38 in-
dividuals from the Arkhangai and Central provinces ) samples were taken from different
parts of marmot’s body: spine, neck, belly, mouth, forchead, anus, upper and lower eye-
lids, the soles of fore and rear paws, and Garderov’s glands. We used light and electronic
microscopes to analyze collected samples (Sokolov et. Al., 1988; Humpry, Pitman, 1979).

Results

Acinar glands. Compared to many taxonomic groups of mammals, rodents do not
have diffusely located skin tubular glands, but they do have acinar (lipid synthesizing)
glands (Sokolov, 1973). In the skins of Mongolian marmots, acinar glands are placed in
pairs nearby hairs, and the size of the gland in adult marmots does not exceed 112 x 62 um.

There are some differences between male and female gland cells in their ultrastruc-
tural characteristics, which indicate specialization by sex, with different glands having the
ability to synthesize substances of different chemical natures. In male cells the smooth
reticulum is not distinguished and there are many free ribosomes. Granule secretions
havemiddle electronic density with large, electronically transparent “vacuoles” of differ-
ent sizes. Sometimes these “vacuoles” occupy almost all of the granule, so that appears
transparent, with dark rings around the periphery (Figure 2). .



Pigure.2. Acinar gland of male s nape. Translucent electronic microscope. Acinus
fragment nearby channel that flows into pocket hollow full of gland. In cells surrounding
channel, gland granules can be seen specific to male cells (X5000. On insertion, frag-
ment of cytoplasm with GER cisterns (X 10 000)

Anal glands. The anal glands of marmots occur in three skin pockets situated on the
dorsal and lateral sides of anus. Only one individual (a juvenile) had pockets with three
branches. Pocket exit tubes were situated in the wall of the anus. In adult individuals the
exit tubes of the central pocket had diameters of 1.2-1.5 mm and lengths of 8-10 mm.
Pocket sizes were almost the same with a 7-9 mm length and 3-5 mm width (Figure 3).
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Pigure.3. Acinar gland of anal pocket (coloured by hematoxylin-eosin). A-anal part
(anus is artificially widened. B-three-branched central pocket of anal gland from days
old youngster (06 x 5). B — side pocket of anal gland (00 x 2,5). I'- Exporting channel of
tubular gland enlarged 10x25, coloured by hematoxylin-eosin. [IP-exporting channel,

Jl-semi-thin cutting of acinar gland (06 x 100).

Pocket bottoms were formed by a strong dermal layer, where polilobical acinar
glands were layered, while tubular glands are layered below. The total length of glands in
adults was 3800 to 4380 mm, and the maximum thickness was 700 pm (Figure 3 6.8 a).



Anal pocket glands. Every lobe of acinar glands consists of acini with their own ex-
cretory tube. The acinar glands of anal pockets are considered free and they are not associ-
ated with hair follicles. On a histological level, neither seasonal and nor sexual differences
in the structure of acinar glands were detected (Figure 3).

Electronic microscope studies showed that male’s acinal glands had the following
characteristics: nuclei with small amounts of heterochromatin and a large active nucleo-
lus, a synthetic apparatus with a substantial amount of long granular endoplasmic retic-
ulum (GER), free ribosomes,and and roundish mitochondria. The distinguishing features
of cells were big glicogene conglomerates concentrated around gland granules and their
morphology. Granules were oval in shape with middle electronic density and were sur-
rounded by dark circles (1-5 pm in diameter). (Figure 4).

¥

Pigure.4. Male acinar gland of anal pocket. Translucent electronic microscopy. Acinus
periphery. On a basal membrane there can be seen undifferentiated compressed cell (X
8300). On insertion, fragment of near nucleus cytoplasm (X 10 000).
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In deeper dermal layers, under acinar glands were the tubular glands of anal pockets.
They wee represented by two complexes surrounding acinar glands in a C-shape form.
From each complex there was one excretory duct leading into the pocket hollow, located
near tubes of acinar glands. Glands appeared as dense rolled up tubes separated by con-
necting tissue. The cytoplasm was basophilic. On a histological level, seasonal, sexual,
and/or age differences were not observed.

Electron microscope studies of anal pocket tubular glands showed clear sexual dif-
ferences in the epithelia of the cells. In cells of both sexes there ere well developed protein
synthesizing apparatus (with numerous ribosomes and separated short cisterns of GER)
and a gel-synthesizing conveyer,the Golji apparatus. The Golji apparatus in males was a
dominant organelle and occupied a substantial area of the cytoplasm. In females, the Golji
apparatus was substantially smaller and there were fewer mitochondria. In addition to the
usual-sized mitochondria, however, there ere also some gigantic mitochondria (up to 7um
, ten times larger than the standard size). Similar mitochondria (up to 3 pm in diameter)
have been described only once in gland epithelia for human apocrine glands (Kurosimi et
al., 1984). Gland granules in females cells were represented by following three types: 1)
similar to those of male cells (not many), i.e. translucent and surrounded by membranes
with soft nets; 2) small dark granules concentrated in the apical part of the cell; 3) elec-
tronically translucent granules with a definite membrane. Compared with Smith & Hearn,
(1979), our data showed species differences in the ultra-structural characteristics of cells
(in the structure of synthetic apparatus, the morphology of granules, and reserves and
distribution of glycogens) in acinar glands in anal pockets of Mongolian and forest-steppe
marmots (M. kastschenkoi).

There were some species differences in the anal glands at at anatomical and histologi-
cal level. Alpine marmot (M. baibacina) anal acinar glands are smaller than those of Mon-
golian marmots, but the complex of tubular glands are bigger (Kratochvil, Hrabe, 1967).
In steppe (M. bobak) and black-capped marmots (M. camtschatica) the tubular glands are
represented by one (not by two) complexes (Skurat, 1972; Skurat, Potapova, 1991).

To conclude, the anal glands of Mongolian marmots have various of anatomical, his-
tological and ultra-structural peculiarities, differentiating these glands either from glands
on the body, or from similar glands of other species of the genus Marmota (Figure 3).

Mystacial glands. Mongolian marmot’s mystacial glands are located in the skin
near the lips. The skin (1.5 x 1.5 cm) which is located on the upper lip , is substantially
(3-4 times) thicker than nearby cheek skins. Histological sectioning of the thickened skin
showedthat there are multipartial acinar glands in both sides of hairs and below are two
complexes of tubular glands (Figure 5 a.6.).



Pigure.5. Acinar glands of mouth angle (coloured by hematoxylin-eosin). A-widened
area of skin whre the glands are located, b-three complex of glands: dark-coloured
(mml) and light-coloured (csll) tubular and acinar (06 x 1,2). B — acinar glands scan-
ning electronic microscope, X300). Tubular glands of mouth angle (coloured by hema-
toxylin-eosin). I'-dark-coloured (I complex), (00x10). /] — light-coloured (I complex, (06
x 5 ulo).

Males had bigger glands than females and there were some fluctuations in sizes of
organelles. The biggest glands (923.2 x 275.7 um) were observed in males during the mat-
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ing season. Glands of both sexes were different by not only size, but also by cell epithelia.
Although the cells of both sexes ynthesize the lipids, the GER does not . Females had
fewer and shorter cisterns of granular reticulum, and males had fewer, longer reticulum
grouped in five to six profiles. Female granules were surrounded by separate membranes.
They had translucent contents with defined dark ingredients of different forms. Male cells
hasfour types of granules: 1) tiny electronically-thick; 2) transparent with a dark and nar-
row border; 3) transparent with dark heart with a polygonal form; 4) translucent with
sensitive retina (Figure 6.7).

Pigure.6. Female's acinar glands of mouth angle. Translucent electronic microscope.
A — fragments of three different cells filled with granules that gives cells “tiger-like”
picture (X 5 000). b - cytoplasm location nearby nucleus with very rare GER cisterns,
ribosomes compacted in polysomes and Goldgi apparatus (X 10 000). On insertion,
gland granules characteristic to female's glands surrounded with membranoid structures
(X 10 000).



Pigure.7. Acinar gland in male’s mouth angle. Translucent electronic microscopy.
A — cytoplasm nearby nucleus. Two types of granules: granules with smooth nets and
granules with dark rounding (X10 000). b - granules with dark hearth polygonal form
(X 10 000).

Below the lipid glands through the depth of the derma there were two complexes of
tubular glands. The first complex was in the mouth cavity at the centre or slightly closer
to the thickened part of the skin on the upper lip and 1 cm from the mystacial area, 0.8-1.2
mm from mouth cavity. There were usually seven to 12 s egments in the complex.

The second complex of tubular glands was located nearly in 2 cm from the mystacial
area of the mouth. The depth from the skin surface was 1.8-2.8 mm. Similar to the first
complex, it had a tubular structure and tubular sizes of 650 x 110 pm in width, while some
even reached 850 x 250 um.

As was mentioned before, the mystacial glands of Mongolian marmots have not
been previously described. However, in steppe marmots (Skurat, 1972; Rausch, Bridgens,
1989), Alaskan (M. broweri) and gray marmots (Rausch, Bridgens, 1989) glands of sim-
ilar location have been studied for histological analysis. None of the above authors men-
tioned the three complex glands in the marmot’s mouth.

Sole glands. These tubular glands are located not only in the skin of the finger pads
and paws, but also in the hairless skin of the paw. The greatest concentration of glomerulus
is observed in the fingers pads. There was no difference in size among sexes and seasonal
fluctuations were not observed. However, some observations suggested that in March and
April some adults had enlarged glands, up to 880-270 pm (Figure 8).
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5). B — Skin epidermis of sole (00 x 20). B — half-tone cutting through gland s tubes (06
x 100). I — epidermis ceratoid layer (06 x 20). /] — Exit of excretory tube on epidermis
surface (06.x 20).

Short cisterns of granulated endoplasmatic reticulum in male epithelium was rare,
and agranular reticulum was not observed. The Golgi apparatus was very distinct. It was
very well developed, positioned near the nucleus, its cisterns were short and widened, its
contents were translucent, and very few vesicles were present.

In female glands the sizes were narrow, but for males they ere wide. Females had
more cells enriched with bright granules than did males (Figure 9).



Pigure.9. Female's sole gland. Translucent electronic microscope. A — part of gland
tube. b, B - gland cells’ fragments (X10 000).

Meimodian glands of the eyelid. Meimodian glands are multi-segment acinar glands
that are open to the surface of the eyelid skin. Histological structure is typical to acinar
glands.
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Eyelid glands are well developed and actively functioning throughout the lifetime of
the animal. The biggest glands were observed in males during the mating season. In au-
tumn they became smaller. Meimodian glands have not been studied in any other species
of marmot, or even in other mammalian species.

Garder’s glands. Garder’s glands are located in the corners o f the eyelids and of
the complex of orbital glands, are the largest ones. Garder’s glands in adult Mongolian
marmots are 430 mg in weight. The glands have a tubular-alveolar structure. The main
synthetic products in many mammalian species are lipids (Sakai, 1981). The main differ-
ence in the glands cells of Garder’ glands is that they do not have a unique system for lipid
bio-synthesis in large quantity. The lipid are exported through exocytose, but not through
the holocrynic type (Wooding, 1980).

The epithelial cells of marmot glands have different types of coloring. Some look
brighter, while some are darker. Cells that are protein-lipid secreting have granules of two
types. They have a well developed GER. Sexual dimorphism was not observed.

The comparison of ultra-structural characteristics of cells in sole glands, the tubular
components of anal glands, and the glands of the mouth brings us to the conclusion that
the specialization of cells and the characteristics of glands are different depending on their
location in the body of marmots.
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CTPYKTYPHBIE OCOBEHHOCTH KOKHBIX KEJIE3
MOHI'OJIBCKOI'O CYPKA.

SA.Anpsaa
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Crenuduueckre KoXXHBIE JKele3bl JaBHO NMPUBIEKaId BHUMaHHE y4eHbIX. [1o Mepe
Pa3BUTHS 3TOJIOT U MIIEKOIUTAIOIINX 3HAYUTEIILHO BO3pacTaeT MHTEPeC K Cleu(pUIeCKUM
KOKHBIM JK€JI€3aM-UCTOYHUKAM XEMOCUTHAJIOB. DTH JKeJIe3bl HEOObIUaHO Pa3sHOOOPa3HBbI
110 PACHOJIOKECHUIO W KOJIWYECTBY Ha TEJE, pasMepaM, TMCTONIOTMYECKOMY CTPOCHHIO U
XMMHUYECKOMY COCTaBYy BBLAEIAEMOro cexkpera. OnHAKO 10 CHX IOp JJaJIeKO HE y BCEX
BHJIOB MJICKOIIMTAIOIINX HE TOJIBKO HE YCTAHOBJIEHA CTPYKTypa, HO Jake HE OIHMCaHa
Tororpausi KOXKHBIX JK€Je3, XOTs 3TH OPraHbl UIPAOT CTOJNb BAXHYIO POJIb B JKU3HU
MJIEKOIIUTAIOIINX. B MOMHOM Mepe 3TO OTHOCHTCSI M K MHOTOYHCICHHOMY OTPSILY
IPBI3yHOB, B TOM YHCJIE POIY CypKOB.

VY 11 u3 14 )uBymux B Hacrosiliee Bpemsi Ha 3eMJie BUJIOB CypKOB OOHapy»KECHBI
U Pa3HOW CTeNeHH MOAPOOHOCTH ONMKMCAHO TMCTOCTPYKTYpa aHaJbHBIX, ITOJOIIBEHHBIX,
meYHbIX, MelOoMueBbIX, ['apiepoBbIxX Jkeine3 M kejle3 ymioB pra. Kpome KpaTkoro
YIIOMUHAHUsI 00 aHATOMHYECKOM CTPOSHHMHU M O BO3MOYKHOM y4YacTHH aHaJIbHBIX JKeJie3 B
mapkuposke (Tapacos,1960,1961), npyrue KoKHbIE yKeJIe3bl MOHIOJILCKOTO CypKa JI0 Hac
HE HCCIeI0BAIHCH (cM. Tabi. 1).

Tabnuya 1
N3yueHHOCTh CrICIU(HUSCKUX KOXKHBIX JKEJIe3 Pa3HbIX BUIOB CYPKOB
KosxHble crienuduaeckue xenes3sbl
Bupt cypkos AHaJnbHBIC Illeunsie Keneswr B TlomomBeHHEIE TapnrepoBbie Kenesnt
JKCJIC3bI JKCJIC3bI yrmax pra JKCIC3bI JKCJIC3BbI BCKa
o +*(1.2,30- *o#(30- « *ott *o#
WL 34,35) - 34,35) o#30-3435) 1 303435) | (30,34.35)
M.baibacina +*(1.3) +(4) - - - -
M.bobac +*0 (5.6) +o (7) *0 (5.6) *0(5.6) - -
M.camtchatica | *o (8) - *0 (8) *0 (8) *0 (8) *0 (8)
M.cauduta - *9) - *0 (6) - -
M.menzbier +*(9.10) +*(9.10) +(9.10) +(9) - -
+*4# (11, " +*0 (14.15.
M.monax 12,15) +*0 (13.15) 29) - - -
M.caligata +*0 (15) +*0 (15.16) | *o (15) - - -
M " +*0 15,17, +*0
AmArmota - g 19y (15.20.21.22) - . .
M.broweri +*0 (15) +*0 (15.23) | *o (15) - - -
. +*o
M. flaventris - (15.24.25.26) - - -
. +*0
* - R -
M.olimpus +*(27) (15.27.28)
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Ycnosnvie 3naxu: + ceedenus o mapkuposke * -ynomumawue 0 HAIUHUU OJicene3
U Kpamkoe amamomuyeckoe ONuUcaumue, 0 — KpAmMKoe ONUCAHUE SUCTONO0SUYECKOU
cmpykmypbl, # onucanue yiompacmpykmypul, - omcymcemaue oannvix. Lugpul 6 ckobrax
— IumepamypHuvle UCHOYHUKU,

1. Tapacos.1960; 2. Tapacos.1961; 3. Fepenosies, Kynvrkosa, 1965, 4. Kanumo-nos,1975;
5. Ckypam,1972; 6. Coxonos, 1973; 7. Cnusakoea, Kanumonos, 1982; 8. Ckypam,
Tomanoesa, 1991, 9. Mawxkun, Bamypun, 1982, 10. Mawxun.1983; 11. Hamilton, 1934, 12.
Smidt, Hearn, 1979, 13. Hebert, Frescott, 1983; 14. Walro,et al 1983; 15. Rausch, Brid-
gens, 1989; 16. Taulman, James, 1990; 17. Perrault, 1731, 18. Schaffer,1940, 19. Kra-
tochvil, Hrabe,1967; 20. Psenner,1956; 21. Munsh,1958; 22. Koenig,1957; 23. Rausch,
Rausch, 1971; 24. Armitage, 1962, 25. Armitage, 1974, 26. Armitage, 1976, 27. Barach,
1973; 28. Thiessen, Rice, 1976, 29. Meier,1991; 30. Aovaa,1993,1993a; 31. 32. Cokonos,
Aowsia, Cmenanosa, 1992,1993); 33. Coxonos, Cmenanosa, Advsaa,1993; 34. Aowvsaa,
2002; 35. Aowsa, 2007

Pucl. Pacnonoxcenue cneyughuueckux
orcenes mapbazana. 1- yena pma,
2,3-o1ceneswl 6exka u eapoepa, 4-aHanvhblil,
S-nooowsennwlil

Jnst u3ydeHUWs CTPOCHHS KOXKHBIX JKelle3 Yy JBYX IIOJBHIOB MOHTOJBCKOIO
cypka (Apxanraiickuii u LleHTpanbHeIi aiimak, 38 ocoleil) mpoObI Opaiw W3 pasHBIX
TONOrpaMIeCKUX y4acTKOB TeNa: CIHHBI, 3arpuBKa, Oproxa, yria pra, 3ara3HUYHOI
W aHalbHOW 00JIACTH, BEPXHEr0 M HIDKHErO BEK, MOJOLIB INEpPEIHSH W 3aiHel Jam u
IapnepoBsl sxene3sl. CoOpaHHbBIE MaTepHaIbl H3y4aIl METOAAMH CBETOBOW M DJIEKTPOHHON
mukpockonuu (Cokonos u 1p, 1988; Humpry, Pittman, 1979).

PE3YJIBTATHI UCCJIEJJOBAHUI

Jugpgpysno pacnonorcennvie auyunapuvie cenespi. B oTiMuMe OT MHOTHX
TaKCOHOMHYCCKUX I'PYIIT MIICKOIIUTAIOMINX, Y I'PBISYHOB B KOXKE€ TYJIOBUIIA OT'CYTCTBYIOT
G dy3HO pacriosoKeHHbIE KOKHbIE TPyOUaThie JKeJIe3bl, XOTS LIIHUPOKO MPEICTABICHBI
arHapHele  (munuuacunHTtesupytomnme) (Cokonos,1973). B koke  MOHIOJIBCKOTO
CypKa allMHapHBIC JKeJe3bl PacloiararoTcs MONApHO BO3JE BOJIOC, HO UX Pa3Mepsl y
HIOJIOBO3PEJIBIX 0CO0eH He npeBbiiiaoT 112 X 62 MM (B 00acTu 3arpuBKa).

y.]'[praCprKTypHI)Ie XapaKTCPUCTUKU IKEJIC3UCTBIX KJIETOK y CaMOK W CaMILOB
BBISABJIAIOT ONPEACICHHBIC pa3jinius, CBUACTCIbCTBYIOIIUC O UX pa3Hoﬁ CIICMaJIM3aluu,
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T.€. CIIOCOOHOCTH CHHTE3MpOBaTh BEIECTBA PAa3HOM XMMHYECKOW HpUpoabl. B kieTkax
CaMIIOB IMIaIKUH PETHKYIIYM HE BBIABISIETCA, HO KOpOTKUe nucTepHsl [’ OP pacnpeneneHs
10 BCel IUTOIIa3Me; MHOIO CBOOOAHBIX pHOOCOM. CeKpeTOpHBIE I'paHyJbl CpemaHeH
3JIEKTPOHHOHN IIOTHOCTU C KPYMHBIMH 3JIEKTPOHHOMPO3PAYHBIMU "BaKyonsaMu" pa3HbIX
pasmepoB. MHorma Ttakag "Bakyonp' 3aHMMaeT IOYTH BCIO TpaHyly, Tak 4YTO OHa

Puc.2. Ayunapnas scenesa 3acpusra camya. I[lpoceeuusarowuii 21eKmpoHHblL
Mukpockon. Dpazmenm ayunyca 603ie npomoKd, 6naoarouie2o 6 No10CMy Kapmand,
sanonnennozo cexkpemom. CekpemopHule 2pamyivl 6UOHbL U 8 NPOMOKe. B knemkax,
OKPYIACAIOWUX NPOMOK BUOHBL CEKPEMOPHbLE 2PAHYbL, XAPAKMEPHble 05l KNeMOoK Camyd
(X5000). Ha écmasxke ¢ppaemenm yumonnaszmoi ¢ yucmepramu I’ 9P (X 10 000).



Ananvusle icenezvl. AHanbHBIE KeJe3bl TapOaraHa IPEACTaBICHBI  TpeMs
KOXHBIMH KapMaHaMH, PAclOJOKEHHBIMH Ha JOP3albHOM M JaTepalbHBIX CTOPOHAX
3aJIHENPOXOAHOTO OTBEepCTHsl. TONBKO y OJHOM 0COOM (CEroseToK) KapMaHbl OKa3aluch
TpeXKaMepHBIMH. BBIXOIbl MPOTOKOB KapMaHOB PACHOJOKEHBl B CTEHKE AaHAJIbHOTO
oTBepcTusl. J[namMeTp BHIBOHOI'O MPOTOKA IIEHTPAJILHOTO KapMaHa I10JI0BO3PEIIbIX 0co0ei
1,2-1,5 mm, a ero miuHa paBHa 8-10 mm. Pa3zmepbl kapMaHOB MOYTH paBHBI, 7-9 MM
JUIMHOH, 3-5 MM mupuHoi (Puc.3a).

JlHo kapMaHOB 00pa30BaHO MOIHBIM JIEPMAIBHBIM CIIO€M, [JI€ 3alleraroT
MHOTOJIONTFIAThIC allMHAPHBIC JKEJIE3bl, a HIKE - TpyOuaTeie. Y 0co0el ¢ TpeXKaMepPHBIMH
KapMaHaMH allMHAPHBIC JKEJE3bl PacIloNlaraliCh BO3JE KakgoW Kamepbl. OOmias
MPOTSHKEHHOCTD KEJIE3UCTOrO MOJIs, COCTOSIIETO M3 allMHAPHBIX JKEle3 y MOJ0BO3PEIIbIX
ocobeit, ot 3800 mo 4380 Mxwm, a HamOosbmas tommmHa 700 MM (Puc.30,B,11). Yike
20-IHEeBHBIE ¥ JIByXMECSYHbIE 0COOM MMEIOT MOJHOCTHIO C(HOPMUPOBAHHBIE U AKTUBHO
CEKPETHUPYIOIHE allMHAPHBIC KEJe3bl, a UX Pa3Mepbl MOYTH COOTBETCTBYIOT TAKOBBIM
B3pocieix ocobeit (3800 x 600 u 3900 x 650 MKM).

JKenezvt ananvnozo xapmana. Kaxpasi noibka alHAPHBIX JKEJIE3 COCTOMT W3
AllMHYCOB C CaMOCTOSTENIbHBIM BBIBOJHBIM IMPOTOKOM. OOIINil IIMPOKKUN BBIBOAHOM
MIPOTOK OT BCEX JIOJEK OTKPBIBACTCS MPSMO B KapMaH. TakuMm 00pa3om, alnHapHbIC
JKeJIe3bl aHAIBHOTO KapMaHa OTHOCSTCSI K CBOOO/HBIM, T.€. OHH HE CBSI3aHbI C BOJIOCSHBIMU
¢domnukyaamu. Hu ce30HHBIX, HU MOJOBBIX OTJIMYHMN B CTPOCHUH allMHAPHBIX JKelie3 Ha
TUCTOJIOTHUECKOM YpOBHE He oOHapyxkeHo (Puc.3).
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Puc.3. Ayunapnasa sxcenesa aHarbHO20 KAPMAHA (OKPACKA 2eMAMOKCUTUH-I03UH).
A-ananvras obnacmu (ananvHoe omeepcmie UCKYCCMEeHHO pacuupeto), b-mpexxa-
MepHbILL YeHMPATbHbI KAPMAH aHalbHOU dHceneszvl 2() OHegHezo ceconemka (06 x 5).
B - 6okosotl kapman anansHoll scenesvl (06 x 2,5). I'- BbigoOHb11l npomok mpyouamoix
arcenes yeen.10x25, okpacka eemamokcunun-303unom. I1P-8b1800HbII NPOMOK,
Jl-nonymonxuii cpesz ayunapHoti scenesul (06 x 100).

DNEeKTPOHHOMUKPOCKOIINYECKOE HCCIEJOBAaHUE MOKA3al0, YTO KJIETKH allMHAPHBIX
JKeJIe3 CaMIIOB CypKa UMEIOT CIEAYIOIUE YIbTPacTPyKTypHbIE XapaKTepPUCTHKU: sApa
C MaJbIM KOJHMYECTBOM TeTepOXpOMAaTWHA W KPYMHBIMM AKTHUBHBIMH SAPBIIIKAMHU,



CHHTETUYCCKHI ammapar MpeACTaBICH 3HAYUTEIbHBIM KOJMYECTBOM JJIMHHBIX [UCTCPH
IPaHyJISIPHOTO 3HJOIUIa3MaTudeckoro perukyiayma (I'DP) u cBoOomHBIMU pubOCOMamMH,
MHUTOXOHJPUH OKpPYIJIbIC, C TEMHBIM MATPHUKCOM U ILJIOXO BBIPAKCHHBIMH KPHCTaMHU.
OTaMYUTENILHON 0COOCHHOCTBIO KIIETOK SIBJISIIOTCSI OOJIBIINE KOHIVIOMEPAThI INIMKOTEeHA,
KOHLICH-TPUPYIOIICECS] BOKPYT CEKPETOPHBIX TpaHyl u MOPQOJIOTHsS CEKPETOPHBIX
rpanyi. [TocnenHue oKpyIibl, CpeaHEi 3ICKTPOHHOM MJIOTHOCTH C TEMHBIM 00OIKOM I10
nepudepun (ot 1 10 5 MM B nuamerpe). HekoTopbie U3 rpanyin UMErOT 00Jiee CBETIIbIC
3onbI (Puc.4).

Puc.4. Ayunapnas srceneza ananbnoeo kapmana camya. Ilpoceeuusaiowas
anexmpounas mukpockonus. Ilepugpepus ayunyca. Ha 6azanvrou memopane 6uona
Heough-pepenyuposannas yniouennas kiemxa (X 8300). Ha ecmaske ppaemenm
oxono-adepuou yumonnazmel (X 10 000).
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B Gonee rmry0OKuX clOAX AEpMBbl MO AlMHAPHBIMU JKEJIe3aMH PacIoNararoTcs
TpyOuarble »ene3bl aHajibHOro KapmaHa. OHHM NpEICTaBICHBI JBYMs KOMIUICKCAMHU,
KOTOpPBIE B BHJIE MTOJYMECSIEB OKPYKAIOT allMHapHbIe. OT KaXKA0TO0 KOMIIEKCA OTXOIUT
MO0 OJAHOMY BBIBOJHOMY IIPOTOKY M BHAAACT B IIOJIOCTH KapMaHa. Mecto ux BITaJICHUA
PSLIOM € IPOTOKOM allUHAPHBIX JKes1e3. JKenespl IpeacTaBiIsioT COO0MU IJIOTHO CBEPHYTHIE B
KIIyOOuKH TpyOOUKH, pa3JeeHHble COSANHUTEIbHON TKaHbto. [lnTomnaszma 6aszoduibHa.
Ha rucronoruueckoM ypoBHE HE OTMEUEHO CE30HHBIX, IIOJIOBBIX MJIU BO3PACTHBIX
pa3Inuuii.

DJIeKTPOHHOMHKPOCKOITMUECKUE HCCIEAOBAHUS TpyOuaThlX OKeje3 aHaJbHOTO
KapMaHa BBISBIJIN YETKHE ITOJIOBBIC OTIMYMS SIHUTEINAIBHBIX KIETOK. B KieTkax obonx
MI0JIOB PA3BUTHI M OEJOK-CHHTE3WPYIOUMH anmapar (MHOTOYHCICHHBIE PUOOCOMBI H
OT/eNIbHBIE KOpOTKHe IucTepHbl ['OP) M cinm3b- cuHTe3mpyronmii KoHBeep (armapar
Tonpmxn). Onaako anmapatr [oybaKY B KIIETKaX CaMIOB - JOMUHHUPYIOIIAst OPraHeIlIa; OH
3aHUMAeT 3HAYUTENILHBIH 00beM IUTOIIa3Mbl. Upe3BbIYaiiHO MHOTOYHMCIICHHBI B KJIETKAX
KPYIHbIE MUTOXOHJPUH C YETKUMH MHOTOUYHMCICHHBIMH KpHcTaMH. IIpomyKThl cuHTE3a
coOpaHBl B TpaHyNIbl TpeX THIOB. B kierkax camox ammapar [onbku 3HAUYUTEIBEHO
MEHBbIIIE, MEHBIIIE B HUX M MUTOXOHIpUI. OHAKO B 3THX KJIETKaX Hapsmy ¢ OOBIYHBIMH
MEJIKUMH MUTOXOHJPUSIMH €CTh THUTAHTCKHE (10 7 MKM), HPEBBILAIONINE B JECATKH
pa3 nexamue psaoM. [TonoOHbIe MUTOXOHAPUH (10 3 MKM B JMaMETpe) ONUCAHBI BCETO
JWIIb OJWH Pa3 B XKEJIE3UCTOM SIMTEINH, @ UIMEHHO B allOKPHHOBOW JKejle3e 4eIoBeKa
(Kurosumi et al.,1984). CekperopHble TpaHylIbl B KJIETKaX CaMOK, HMPEICTABICHBI 3
TUMaMH: 1) aHAJOTMYHBIC TeM, YTO MMEIOTCS B KJIETKAX CaMIOB (MX HEMHOTO), T.C.
MIPO3pavHbIe, OKPY>KEHHbIE MEMOPAHO ¢ HE)KHON CETOUKOI; 2) MEJIKHE TEMHbIE TPAHYIIBI
(KOHLICHTPUPYIOTCS B ANIMKAIBLHON YacTH KIIETKHN); 3) JIEKTPOHHO ITPO3PAYHbIC TPAHYJIbI
¢ JeTkoil MeMOpaHoil. CpaBHUTENBHBIN aHAIN3 HAIIMX PE3yJbTaTOB C JaHHBIMH Smith
& Hearn, (1979) BbIsIBHI BHIOBBIC pa3iiMyuusl B YIBTPACTPYK-TYPHBIX XapaKTEPUCTHUKAX
SMUTEIUATBHBIX KIETOK (B CTPYKTYpE CHHTETHUYEC-KOTO anmnapara, MOp(OoIoTHy TPpaHyIl,
3amacax W paclpeleleHHH IIMKOTeHa), allMHAPHBIX JKeje3 aHAJIbHBIX KapMaHOB Y
MOHTOJIBCKOTO U JIECHOTO CYpPKOB.

EcTb HEKOTOpBIE BU/IOBbIC OTIIMYHS AHAIBHBIX KEJIE3 U HAa aHATOMO-THCTOJIOTHUECKOM
ypoBHe. B oTii4re 0T MOHT0JIbCKOTO CYPKa, aHAJIbHBIC AllMHAPHBIE HKEJE3bl y AIbIHACKOTO
CypKa MEJIKHE, a KOMIUIEKCHI TpyOUaThiX, Ha00opoT, kpynHeie (Kratochvil, Hrabe, 1967),
y Oaiibaka W YEpPHOIIATIOYHOTO CYpKOB TpyOuaThle >Keie3bl MPEACTaBICHbI OIHUM (a
He aBymsi) komruiekcoM (Ckypar, 1972; Ckypar, Ilotamosa, 1991). Takue paznuuus B
AHATOMUYECKOM CTPOCHHHU aHAIIbHBIX JKEJIe3 Pa3HbIX BUJIOB CYPKOB, [10-BHIUMOMY, TAKIKE
SIBJISIFOTCSI BUJIOBBIMU OCOOCHHOCTSIMH.

B 3akmioueHue cienyer ckasarh, YTO AHAJIBHBIE JKE€JIE3bI MOHTOJIBCKOIO CypKa
o0naatoT  psSJOM  aHATOMHYECKHMX, THCTOJIOTHUECKMX M YJIBTPAaCTPYK-TYpPHBIX
0COOCHHOCTEH, OTIIMYAIONIMX ITH JKeJe3bl Kak oT AU((Y3HO PACIOJIIOKEHHBIX Ha Tele,
TaK M aHAJOTUYHBIX JKeJe3 APyrux BuaoB poga Marmota (Puc.3).

JKenesvl yena pma. YKenespl B yriax pra MOHIOJBCKOTO CypKa PacloJIO-KEHBI B
KOXe 001acTH CMBIKaHHA I'y0. Yuactok koxu (1,5 X 1,5 cM), pacmono-KeHHBIH B yIITy
pTa, cuibHO (B 3-4 pa3a) yTONIIECH 110 CPaBHEHHIO C TYCTO OBOJIOCHEHHOH OKpY KaromieH
KoXel mek. Ha rHcToNornueckux cpesax yTONIIEHHOTO y4YacTKa KOXKH BHIHO, YTO C
00eUX CTOPOH BOJIOC PACIIONATralOTCsi MHOTOJOJIBYATHIC AllMHAPHBIC JKEJIe3bl, a HIKE



2 KOMIUIeKca TpyOuaThiX. AIMHAPHBIC KEJe3bl yrila pra UMCIT CHEepHUSCKYI0 HIIH
OBOUJIHYIO (DOPMY, & HX CEKPETOPHBIC YACTH COCTOST U3 HECKOJIBKUX JI0JICK, OKPY)KCHHBIX
COEIMHUTEIIBHON TKaHbIO. JIOJbKH KajkKIOH Keae3bl COSTUHSIOTCS B OOIIMI BBIBOIHOM
MIPOTOK, 00Pa30BaHHBIM OPOTOBEBAIOIINM JIIUTEIIUEM U BIIAIAOIIAM B BOJOCSIHOM KaHA
(Puc.5 a,0,8).

NG W(A\«c@m R © ety @

Puc.5. Ayunapnvie dicenesvl yena pma (OKpacka 2emamoKCUIUH-303uH).
A-ymonuennblil yuacmox Koxcu, 20e pacnonodcensvl scenesvl, b-mpu xomniexca
Jrcenes. memHookpauienHvle (mml) u ceemnooxpauwenne (cell) mpybuamole u
ayunapHvle (00 x 1,2). B - ayunapmvle dwcenesvl (CKAHUPYIOWUL 1eKMPOHHBI
murpockon, X300). Tpyouameie dicenesvl yena pma (OKpacka 2emamoKCULUH-I03UH).
I-memnookpawennwiii (I komnnexc), (00x10). [ - ceemnooxpawennviii (Il komnnexc),
(06x 5 ul0).
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VY caMmIi0B Kene3bl KpyIHee, YeM y CaMOK; OTMEYAIOTCsl U Ce30HHbIe (IyKTyaruu
pa3smepoB opraHoB. Haumbonee kpymubie xenesbl (923,2 x 275,7 MKM) HaOIOIA0TCS Y
CaMILIOB B Ieproj roHa. JKenesbl caMIlOB U CaMOK OTJIMYHBI HE TOJIBKO 110 pa3Mepam, HO U
I10 CHeNUAIU3AIMHU KIETOYHOro snuresus. HecMoTpst Ha To, 4TO KJIETKH y 000MX I10JIOB
nunuacuHTesupyronme, ['OP B HUX He 0OHapykeH. BelOKCHHTE3MpYIOIHiA armapar
npeacTasieH nonucomamu 1 I'OP. ¥V caMOK ICTepHBI TPaHy ISIPHOTO PETUKYIyMa PEaKUe
U KOPOTKHE, y CaMIIOB, XOTSl 1 HEMHOTOUHUCIICHHbIE, HO JIOBOJIBHO JUIMHHbIE, COOpaHbI B
rpynmsl o 5-6 npoduieit. Hanbonee 3aMeTHbI pa3inyus KJIETOK MO cOCTaBy rpaHyi. B
KJIETKaX CaMOK CHHTE3MPOBAHHBIE MPOJYKTHI YIIAKOBAHbI B TPAHYJIbI, pa3Mepbl KOTOPBIX
KOJIEOJIOTCSL B JIOBOJIBHO OOJNBIIMX Ipejenax, ux (opma yaile BCero OKpyrias WM
OBaJIbHasI, HO HEPEJKO MOJIMIOHaIbHAs. [ paHybl OKpyKEeHbl MEMOPaHOM, HE CITUBAIOTCSL.
WX copepkuMoe IOJIYyNpO3-PauyHO C OUSHb XapaKTEPHBIMU TEMHBIMH BKIIIOUCHHUSIMU
camoii npuuymmBoi Gopmsl. nddepeHpoBaHHbIe KIETKH, TEPEHOJIHEHHbIE TAKUMU
rpaHyjiaMu mpuoOperaroT "TUrpoBblidi pucyHOK". KieTku camiioB cojepiKar IpaHyJibl
4-x TumoB: 1) MeJKUe AIIEKTPOHHOIUIOTHBIE; 2) MPO3pavyHble ¢ TEMHBIM Y3KUM 0001-
KoM 110 niepudepuu; 3) npo3pauHble ¢ TEMHOM CEpALIEBUHON MOIUTOHAIBHOU (HOpMBI; 4)
Mpo3pavHble ¢ HesKHOU cetoukoit (Puc.6,7).

Puc.6. Ayunapnas
Jcenesa 8 yemy
pma Camxu.
Ilpoceeuusarowan
NEKMPOHHAS
muxpoc-xonus. A -
@pazmenmor mpex
oughpepenyupyro-
WUXCSL KTIeMOK,
3aNOIHEHHbIX
epanynamu,
npuoarouux
Kaemkam
XapaxmepHuwlii

“ mueposwiii
pucyrok. (X 5 000).
b - oxonosoepruviii
YUacmox
YUMoniasmol ¢
ouenb peoKuUMuU
yucmepnamu

T'DOP, pubocomamu
cobpanHbLMU

8 NOAUCOMbL U
annapamom
Tonvoorcu (X 10
000). Ha scmaske
xapakmepHas O

Jicenezbl CAMKU CEeKPemopHas 2Panyid, OKPYICEHHASI MeMO PAHO3HBLIMU CIPYKIMYPaAMU
(X 10 000).




Puc.7. Ayunapnas sceneza 6 yeny pma camya. Ilpoceeuusarowas anekmponHas
Mukpockonusi. A - okonosdepnas yumonaasma. I panynel 08yx munog: epanyibl ¢
HEJICHOU CemoyKol U epanyvl ¢ memuuim obookom (X10 000). B - epanynel ¢ memHou
cepoyesurotl nonueoHarvbHou gopmet (X 10 000).

Hike canbHBIX JKeJle3 110 NIyOWHE IEPMbI PacIIoaratoTCs 1Ba KOMIUIEKCa TPyOUaThIX
skese3. I1epBblii KOMIUIEKC JIEKUT B LIEHTPE WM HECKOJIBKO CMELIEH K POTOBOM MOJI0CTH
YTOJIIEHHOTO Y4acTKa KOJKH, Ha PACCTOSHUM MPUMEPHO | CM OT ymia pra, Ha IIyOuHe
0,8-1.2 MM OT CITM3UCTOI POTOBOM MOJIOCTH. DTOT KOMITIIEKC TIPEICTABIISET COOOH MIIOTHO
CBEpHYTHIE B KIIyOOUKM TPYOOUKH, pa3ieiCHHBIC COCAWHUTEIHHON TKaHBIO. OOBIYHO
B KOMIUIEKCE HacuMThIBaeTcs 7-12 momek. OTmenbHBIE TPYyOOUKH MMEIOT HEOOJBIIHE
mpocseTs! 0T 50 10 130 MKM.

Bropoii koMIuIeKke TpyOUaThIX JKeJie3 pacloyiaraeTcsl IIOUTH B ABYX CAHTHMETPAx OT
Kpasi yIiia pTa, y>Ke 3a MpelieiaMu YTOJIICHHOTO YUIacTKa KOXKHU, HO OJTHIKE K IIOBEPXHOCTH
SMUJICPMHUCA, YeM MepBbIi KomIuieke. OH 3aeraet Ha iyouHe 1,8-2,8 MM OT MOBEPXHOCTH
koxH. Tak ke, Kak U MEPBhIA KOMILICKC, UIMEET TPyOUaTo-01pdaToe cTpoeHue. [IpocBeTh
ero TpyOouek oueHb mupokue: 650 x 110 MxM, a HekoTopbie oCcTUTAIOT 850 X 250 MKM.

Kak BpIme Ob1T0 OTMEYEHO, JKeIe3bl B YITIaX pTa MOHTOJIBCKOTO CypKa MpeXae He
ObUTH omMcaHbl, HO y Oaifbaka (Ckypat, 1972; Rausch, Bridgens, 1989), amsckurckoro
u ceporo cypko (Rausch, Bridgens, 1989) npoBeneHbI THCTONOTHIESCKIE HCCIICIOBAHIS
JKeJe3 HaHHOW JIoKann3auuu. Hu ofWH M3 MUTHPOBAHHBIX aBTOPOB HE OIMHUCHIBACT TPEX
KOMIUIEKCOB JKeJie3 B KOJKE YITIOB PTa CYpPKOB.

Iloooweennvie xHcenezpl. DT0 TpyOUaTHIC OPTaHbI, PACIoaraloiuecs He TOIBKO B
KOJKE [TOJIyILIEUEK NaJIbLIEB U MO30JIEH Jiall, HO U BO BCE HEOBOJIOCEH-HOM KOXK€E MOAOLIBBI.
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[pu 3ToM HanOOJIBIINE CKOTUICHUS KIyOOUKOB HAOIFO-TAFOTCS B MOAYIICYKAX MAIIBIICB.
PasHuiia B pasmepax KIyOOUKOB MEKAY mojiamu He oOHapyxeHa. Ce30HHbIe KoJeOaHuMsI
YETKO HE BhIpaxeHbl. OJHAKO OTMEYEHO, YTO BECHOW (MapT, ampenb) y MOJOBO3PEIBIX
ocoOeii uIb oTenbHbIe Ki1yOouku yBennueHsl 10 880 x 270 mxm (Puc.8).

Puc.8. Ilooowsennvle dncenesvl. (OKpAcka eemamorcunun-303un). A- Pacnonooicenue
Jrcenes 6 depme (00 x 5). b - Dnudepmuc kosrcu nooowewt nan (06 x 20). B - nonymonkuil
cpes uepes cekpemopvie mpyoouxu (00 x 100). I” - pocosoti cnoii snudepmuca (06 x
20). [ -Bvixo0 6b1600H020 npomoka Ha nosepxHocms snudepmuca (00.x 20).



)KCJ'IC3I/ICTLIe Tp}/60‘-IKI/l BBICTJIaHbI JOBOJIBHO BBICOKHMM  KOJIOHYATbIM HJIU
KyOOWJaJbHBIM SIHTEINEM, [0-pPa3HOMY BOCIPHHUMAIOIIUM KpacuTenu (ecTh Tak
Ha3bIBACMbIC TEMHBIC U CBECTJIBIC KJ'ICTKI/I). MuosnurennaabHbl€ KJIETKH IOYTH CIIJIOIIHBIM
KOJIBLIOM OKpYykatoT sxenesuctoie (Puc.8,B).. CekpeTopHble KIETKH pacrojararorcs B
pr60‘u<e TakK, 4YTO MEKAY HUMH, a TAKIKC MEIKAY CEKPETOP-HBIMU U MUOBNIUTEIINATIbHBIMHA
HUMCIOTCA MIMPOKUE MICIHU, Kylda O6paﬂleHbI MHOT'OYHMCJICHHBIC MJIMHHBIC, HEPEIKO
BETBSIIMECS MUKPOBOpCHHKHA. OHM Ha anuKaJdbHOH IJIa3MOJIEMME HECKOJBKO KOpoue,
yeM Ha 0Oa3anbHOH. Slipa KIETOK KpYIHBIC, C OUYCHb HEOOJBIIUM KOJIUYECCTBOM
reTepOXpPOMATHHA, CJIETKa CIABUHYTHI K 0a3aJibHOW YacTH KICTOK. B muToIuiasMe MHOTO
MUTOXOHJPHUI CpPEIHEro pa3Mepa, OBaJbHBIX, C MATPUKCOM CPEIHCH DICKTPOHHOM
TJIOTHOCTHU U TIJIOXO BBIPAXKCHHBIMU KPpHUCTAMMU.

B snurenuu camiioB KOpOTKHE HIHCTEPHBI TPAHYISIPHOTO HHIOINIA3MATH-YECKOTO
peTHKyJIlyMa O4€Hb PE/IKH, arpaHyJSIpHBIH PETHKYJIyM HE BbIsBICH. Armapar [ombmku
BECbMa IIpUMeEYaTeNIeH: OH XOpOIIO pa3BHUT, JIOKAINU3YeTCs B HENOCPEICTBEHHON
6:1M30CTH OT $17Ipa, €T0 MUCTEPHBI COOPAHBI B HEBBICOKUE CTOIKH, KOPOTKH, PACIIHPEHBI,
a COZIEP’KMMOE UX HJIIEKTPOHHO-IIPO3PAYHO; BE3UKYJIbI HEMHOTOYHCIIEHHBI. CeKpeTOpHbIe
rpaHyJibl 1BYX TUIOB. O0a THIIA rpaHyIl BRIBOISTCS U3 KIETKU Iy TEM HK301I1UT03a. TeMHbIe
1 CBETJIbIC KJIETKH UMEIOT OIMH 1 TOT ke HabOp opraHesuI.

B xene3ax caMOK CeKpeTOpHBIE TPYyOOUKH HMEIOT OYE€HB y3KHE TPOCBETHI, B TO BPEMS
KaK y CaMIIOB OHH pacIIipeHbl. KomndecTBo KIIeTOK, 3alI0THEHHBIX CBETIIBIMU IPaHylIaMH,
3aMETHO OOJIbIIIE Y CAMOK, YeM y CaMIIOB. B CeKpeTOpHBIX KIIETKaX CaMOK IpaHyJISIPHbIMA
SHJOIIA3MATHYECKU PETHKYJIyM Oollee pa3BUT; ammapar [OonbIKH BE3UKYISIPHON
(OpMBI: ero HUCTEPHbI KOPOTKK M PACIIMPEHbI, © MHOTOYUCICHHBI BE3UKYJbl. Kpome
CBETJIBIX CEKPETOPHBIX TPaHyJ MPUCYTCTBYIOT TeMHbIe (Puc.9).
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Puc.9. [looowesennas sceneza camku. Ilpoceeuusaiowyas 21eKmpoHHas MUKPOC
Konusi. A - wacme cekpemoprou mpyoouxu. b, B - (ppacmenmoi cekpemopHuix K1emox
(X10 000).

Meiimooueswt scenesvt eexa. YKenesbl Beka MPEACTABISIOT CO00H MHOIO0IbYATHIC
alMHApHBIE KEJe3KH, MPOTOK KOTOPBIX CBOOOJHO OTKPHIBAETCSI HA MOBEPXHOCTH KOXKHU
Beka. [ mcrojornueckoe CTPOCHHUE TUIINYHO JJId allUHAPHBIX XKCJIE3.

JKene3rsl Bexa XOpOoUIO Pa3BUTHI U AKTUBHO (l)yHKIII/IOHI/IpyIOT Ha MPOTSAXKCHUN BCel
JKU3HU UHAUBUAYYMA, CaMbI€ KPYIIHBIC PA3MEpPhbI KEJIE3 OTMCUYCHbBI HAMU Yy CaMLOB B



NIEPUOJ] TOHA, a B OCEHHMH MEpHOJ MX pa3Mepsl yMeHblIaoTcsa. OfHako, B aKTHBHBIH
MIEPUOJL KHU3HU Pa3Mephl JKEJIE3UCTOTO TI0JIsl BEKa y CaMIIOB ObLIM OOJIbIIE, YEM Y CAMOK.
OTH Keye3bl CKOJIBLKO-HUOY/b MOAPOOHO HE MCCIIEJ0BaHbl HA Y OJHOTO BHUJIA HE TOJIBKO
CYPKOB, HO U JPYTUX MJIEKOIIUTAIOLIUX.

Kenesa T'apnmepa. Omna pacnosaraercss B Tpenenax OpOWTHI Ivlaza M BXOIUT
B KOMIUICKC OpOWTAJIBHBIX JKeJe3, SBISIACh CaMOM KpPYIHOH B 3TOM KOMILIEKce. Y
MIOJIOBO3PEJIBIX MOHTOJICKMX CYpPKOB OHa BecHT npumepHo 430 mr XKemesa umeer
TpyOUaTo-aabBEOJSIPHYIO apXUTEKTypy. OCHOBHBIMHM IpPOJYKTaMH CHHTE3a y MHOTHX
BHIOB MJIGKONMTAIOMUX sIBIsFoTCs umuabl (Sakai,1981). OcoGeHHOCTh CEeKPEeTOPHBIX
KJIeTOK ['apJepoBbIX jKeJie3 3aKII0-4aeTcs B TOM, YTO, 00Jakas YHHKAIBHOH CHCTEMOil
OMOCHHTE3a JINIKIOB B OOJIBLINX KOIMYECTBAX, OHH DKCIIOPTUPYIOT UX ITyTEM IK30LHTO34,
a He 110 rojokpuHoBOoMY THITY ( Wooding,1980).

OnuTenuanbHble KIETKH JKeNle3bl CypKa IO Pa3HOMY BOCIPHHHUMAIOT KPAaCHTENb:
OJHM W3 HUX BBINIAAAT CBETIBIMH, IPyTHe - TeMHBIMH. KIeTku 4acTto IBYSAEPHEI, a
WX amMKaJbHBIE YaCTH MOKPBHITHI MHOTOYHMCICHHBIMH JJIMHHBIMH U BECbMa PETYJSPHO
pacIoNOKEHHBIMH ~ MHUKpOBOpcHHKamu. llo  crmenmanu3anmuy  KIETKH — SBIISIOTCS
OENOK-JINTUCEKPETUPYIOMUMHU: B HHUX OJMHAKOBO XOPOIIO pas3BUT riaakuidi u ['OP.
[IpomyKThl CHHTE3a CKOHIIEHTPHU-POBAHBI B TPaHyNTax JBYX THUIIOB; OCIKH B MEIKHX
JJIEKTPOHHOIUIOTHBIX, a JHUOHIB B KPYMHBIX OKPYIJIBIX C HEPOBHBIMH KOHTYpaMH
AJIEKTPOHHO-TIPO3PAYHBIX TpaHylaX, OKPYXKEHHBIX TeMHBIM oboxkom. [lomoBoro
nuMop(hr3-Ma MbI He HAOTOIaTH.

TakuM 00pa3oM, MO JAHHBIM 3JIEKTPOHHOH MHKPOCKONHH B JKelie3aX 3arpuBKa,
B AlMHAPHBIX KOMIIOHEHTAX AaHAJbHBIX JKENle3 M JKele3 yria pTa JMUTeNHaIbHbIC
KJIETKH CIICHUaIM3UPOBAHbI HA BBIPAOOTKY BEIIECTB JIMMUAHON MPHUPOIBI, T.K. KayKaas
KJIeTKa CHa0KeHa COOTBETCTBYIOIINM CHHTETHYCCKUM amapaTtoM, OIHAKO, pa3iHdue B
yMaKOBKE 3TOrO ammapara, MPUCYTCTBHE TPAHYISPHOTO PETHUKYJIyMa B KJIETKaX JKeje3
3arpuBKa U KOHITIOMEPATOB [IUKOTeHA B KJICTKAX aHAIBHBIX JKeJle3, a TAKXKE MPUCYTCTBUE
COBEPIICHHO PA3JINYHBIX [0 MOP(OJIOTUH TPaHYIT JeaeT KJICTKH HEMOXOKHUMH IPYyT Ha
Jpyra 1 I03BOJISIET OTHECTH X K pa3sHbIM Mopdorunam (Sokolov, Stepanova,1986), a ato
O3HAYAET, YTO BEIICCTBA CHHTE3UPYEMbIC STUMH KICTKAMH UMEIOT Pa3HYI0 XHMHUYECKYHO

CTPYKTYDY.

CpaBHEHHE YIBTPACTPYKTYPHBIX XapaKTEPUCTUK KIIETOK MOOIIBEHHBIX KEle3,
TpyOUaThIX KOMIIOHEHTOB aHAJIBHBIX XKEJIE3 U JKeJe3 yIvia PTa MPUBOAUT K 3aKIFOUCHUIO,
YTO ¥ B 3TOM CJTy4ae CIelnalIn3alyns KJIETOK pa3IndHa ¥ XapaKTepHa IJIsl KeJIe3bl JaHHON
nokanu3anuu. Kpome Toro, Mbl BBISIBUIIM HAJIMYHE TIOJIOBOTO JUMOpGHU3MA (Pa3InIHYO
CTELUATIN3ALNIO KIIETOK CAMOK 1 CaMIIOB) B TIOJIOMIBEHHBIX XKEJIE3aX M JKele3ax 3arpUBKa.
Wrak, npoBeseHHbIE HAMHU 3JIEKTPOHHOMHKPOCKOITMUECKHE MCCIEAOBAHMUS [TOKA3bIBAIOT,
YTO KOJKHBIE JKE€JIE3bI MOHTOJILCKOTO CYpKa IPEJCTABIISIOT COO0M TeTEpPOreHHYI0 TPYTITY
OpraHoB. DNHUTEINATIbHbIC KIETKH KaXKI0H *KeJae3bl CIeIHaIn3MPOBAHbl HA BBIICICHHE
BEIIECTBA WM HA0Opa BEIIECTB, XapaKTEPHBIX JJIsl JAHHOM JKEJIe3Bl.

[TonyueHHble pe3ynbTaThl [alOT OCHOBaHME I[0JaraTh, 4YTO JKEJE3bl pPa3HOU
JIOKaJIN3alu MOT'YT CIIY)KUTb UCTOYHUKAMU XHUMHUYECKHUX CHUI'HAJIOB, HECYHIUX pPa3HYIO
uHpopMmaLyo. JIOrMYHO NPEANONOKUTH TAKXKE, YTO CEKPEeThl JKele3, 0OJaJaromux
MOJIOBBIM AUMOP(hU3MOM (IUMOP(H3M BKICTOYHON CICIUATU3AIMKI) MOT'YT HECTH U
uHpopmaIuo o nose.
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THE STRUCTURE AND CONSTRUCTION OF MONGOLIAN
MARMOT (Marmota sibirica Radde.1862) BURROWS

Adiya Yansanjav
Institute of General and Experimental Biology, MAS
adiya_ya@yahoo.com

A marmot runs to the nearest burrow to escape from the predators. In bad weather,
marmots stay in their burrows. In burrows they mate, give birth, and raise their pups.
Marmots hibernate for 180 days in Mongolia. Only a short portion of their time is spent
outside of their burrows. During the six months that they are awake, (as they wake up in
spring from their winter hibernation and are active until the fall), they spend only five
to seven hours a day outside of their hole. Those five to seven hours are spent grazing,
sun bathing, repairing their burrows, and marking their territory. The rest of their time
(87.5%), is spent in their holes and burrows. This shows that how important burrows and
holes are to marmots.

Summary of previous research. Several researchers have explored the structure and
construction of marmot burrows, working with marmot species from the Euro-Asian steppe,
the Altai, and Mongolia (Berendiev,1956, Bibikov,1967, Capitonov,1978, Lobanov, 1983,
Mashkin, Baturin, 1993, Tokarskii, 2008, Tristan, Classovskii, 1956).

Since G.Radde dug up and documented marmot burrows near Baikal in 1862 and
published his findings, several studies have been conducted exploring Mongolian marmot
(Marmota sibirica) burrows in the Tuva, Buriat, and Chita regions and a series of articles
have been published on marmot burrow structure and temperature characteristics (Pav-
lov, 1930, Ryabov, 1948, Nekipelov, 1950, Letov,1950, Nekipelov, Peshkov, 1958, Jovtii,
1962). However, there has been only limited research on the characteristics of marmot
burrows in Mongolia. Studies have been conducted only in the Khangai (Suntsov, 1982,
Romanovskii 1961, Adiya, 2000), and Khentii mountain ranges (Bavaasan, 1970).

In this article we summarize current knowledge of marmot burrow structure from the
literature, from interviews with local hunters and citizens, and our own field work, with
the aim of describing the structure of Mongolian marmot burrows and comparing with the
burrow structures of other marmot species. Field research was conducted from 1988 to the
present day, in the territories of the Arkhangai, Tov, and Zavkhan provinces of Mongolia.
Nineteen temporary holes, three summer holes and 14 hibernation holes were assessed.
During May through December, the structure of holes and burrows were sketched, and
the length and depth of tunnels was measured. During hibernation the characteristics of
hibernacula were explored and during the summer and fall, burrow tunnels, structure, and
construction were investigated.

Hole and burrow sketching included documenting grasses dropped during transpor-
tation to the burrow chamber holding the winter food reserve, claw rake marks left by
marmots, and hoarfrost on the stone. All these signs indicate the direction of the marmot’s
hibernaculum. When the plug at the opening of the hibernaculum was reached the soil and
stone of the burrow floor was found to be weaker and the tunnel opening widened.
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RESULTS OF THE STUDY

From ancient times, before humans possessed hunting tools, to the present day, Mon-
golians have hunted marmots during hibernation and even just in colder weather, by dig-
ging up their burrows.. Burrows were also dug up to reach marmots who were shot and
then died underground. In the process of digging, hunters learned about basic burrow
structure and how it is influence by soil, surface composition, and other factors. Hunters
also developed and use terms for describing the conditions of the hole, including ‘plug °,
OaacHbI oxTee /scat pile/, HyxHuit xo1 /end tunnel/, 13p cym /secondary tunnel/, and also
terms related to the digging method, such as sitting, vertical, and horizontal.

Digging is mostly used to hunt marmots in the Khangai mountain range, at the sourc-
es of the of the Terkh, Khar us, and Shar us rivers. In those areas underground water is
close to the surface and many marmots hibernate together in same burrow in dry river val-
leys. At those sites the soil is weaker and burrows are easier to dig up.. Hunters have devel-
oped terminology for describing burrows in these areas, including terms such as /barrel/,
/two-chamber/, and /bull/, depending on the burrow’s appearance, position, and general
structure. Bypxaap /barrel/ burrows have the nesting chambers located under the burrow
opening top, / two-chamber / burrows have two nesting chambers, which are located paral-
lel to each other. If one of burrow hole is filled out from the inside and the marmot comes
out filles the second empty hole down from the outside, it is called a 6yx /bull/ burrow.

Depending on the structure and use, marmot holes are classified as hibernaculum /
nud3/, summer burrows /3ycaai/, and temporary burrows /Myy Hyx/. Marmots may dig
new burrows, but also renovate old temporary burrows or dig out old vole burrows, which
have small openings and are underneath stones or large rocks.

Temporary burrow /Myy nyx/. Temporary burrows are used as short-term refuges to
escape from predators. They are located on the preferii of the colony. They are usually ~1
m deep and have a simple structure with no nesting chamber. There is only one entrance
and a short tunnel, , usually 1.5-7 m long. Temporary burrows are often built into the
bottom of banks, or underneath stones or large boulders. These burrows are also used to
escape insects.

Summer burrow /3ycaan nyx/. Summer burrows have a simpler structure than winter
(hibernation) burrows. Temperatures in summer burrows can change rapidly, but they are
useful as temporary refuges, protecting marmots from predators while they forage in areas
away from their hibernation burrows. Summer burrows have no nesting chamber. Usually
the burrow’s main tunnel is no deeper than 1.7m, has ~10 entry points, although that num-
ber can range from four to 16. The multiple entrances are linked together by underground
tunnels.

Hibernation burrow /Hu33 nyx/. This type of burrow can be used for years by many
generations of marmots. Hibernation burrows are usually quite deep (1-3 m or more),
have many tunnels leading in different directions, and have one or more nesting chambers
(hibernacula). Hibernation burrows are also called whelping burrows, winter burrows, and
summer burrows, when they are used as such.. Hibernation burrows can be used for cen-
turies and the burrow openings may be thousands of years old (Zimina, Gerasimov,1971).

The many tunnels of the hibernation burrows also have different names, such as;
burrow line “ryxHuit cym”, end tunnel “xexn”, secondary tunnel “m3p cym”, and scat pile



“Oaacubl oxree”. The long and short tunnels go from the nesting chamber down, with no
outlet. These tunnels are called burrow ends “xeist cym”. Secondary tunnels “ma3p cym” go
up for a short distance from the nesting chamber. The main tunnels of hibernation burrows
that are located on the slopes of the mountain hills are usually short (5-12 m), but the main
tunnels of a burrows located lower elevation river valleys with permafrost or where there
is underground water near the surface, are long (up to 25 m). These tunnelshave many side
forks, some of which have dead ends and some of which loop back to connect to the main
tunnel.. Tunnels of all types have an average diameter of 30cm, but are wider at tunnel
forks and intersections.

The structure and size of Mongolian marmot (Marmota sibirica) burrows

- Hibernating burrows
g R
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General characterization of hillocks and burrows. When digging their burrow, mar-
mots take the excavated dirt out of the hole. This pile of excavated dirt is called a hillock.
Hunters can estimate the depth of the nesting chamber by the size of the hillock The bur-
row is repaired every year, and additional dirt is removed, so the hillock gets bigger and
bigger year after year. The hillocks of the hibernation and summer burrows are usually
not that big. Sometimes the hillocks of burrows with many entrances or several adjacent
burrows will combine to create an extra-large hillock. We measured the size of a colony in
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the Tarvagatai mountain range. The average size of hillocks in this colony (n=34) was 19.4
m in length, 13.6 m in width, and 0.9 m in height. The hillocks of burrows located on the
slopes of mountains were lower, and were shaped like an ellipse. The hillocks of burrows
located on flat landscapes had a round shape, and the downhill side was the tallest, usually
with a height of up to 1.3m.

Scat pile. Scat pile tunnels are usually located a distance of 0.5-2.1 m from the main
tunnel, usually to the east or west. Scat pile tunnels are usually 0.6 to 2.3m long dead-end
tunnels, with a diameter of 30cm. These tunnels are used for excretion from spring until
fall, when marmots start hibernation. Each burrow has usually two, but sometimes three
to five, scat piles.

Plug. Burrows have many entrances. During hibernation marmots close these en-
trances with stone and soil from outside, leaving only one entrance. This last entrance is
closed from inside the burrow by mixing scat piles with soil and stone gravel of 8-12 cm
diameter. This is feature is called a plug. The plug in the last entrance is usually 2.5-9.5 cm
long, but can be as deep as 0.5 to 1.8 m.

The last entrances of hibernation burrows located on mountain slopes usually have
shallower plugs, while burrows in flat landscapes have longer plugs, especially on the
downhill side, where they can be up to 9.5m deep Burrow plugs were shallower in the
early fall than in the late fall. After the burrow entrances are closed for the winter, mar-
mots do not appear to truly hibernate initially. Rather, for awhile they continue to add to
the depth of the plug.

The nesting chamber. Nesting chambers are usually located at a distance of 9.5-25
m from burrow entrance, at a depth of 0.8-3.1 m from surface. They are usually located at
the fork of a dead end tunnel or secondary tunnel. The nesting chambere has a volume of
less than 0.7 m?®. Chambers of old burrows, located on the slopes of mountains are usually
bigger, but the chambers of burrows located in river valleys and on the lower slopes of
mountains are smaller, with a volume of 0.2-0.4 m?.

Nest. Depending on natural zones, the colony site, weather conditions of the year, and
the age, sexand condition of the marmots, they usually start to gather food stores for winter
by the end of August. They usually gather 2.3 to 5.2 kilograms of dried grass, mostly of
Stipa spps. This process is called stocking. Every spring, grasses not used during the win-
ter are taken out of the burrow. Other items besides grasses can be collected as part of a the
winter store, and are used as insulation rather than food.. Store size and content varies for
each nest. Stores are can serve as mats or as blankets. Marmots in burrows on mountain
slopes with a nesting chamber with a depth of more than 2 m make a mat of gathered ma-
terials. If the nesting chamber is up to 0.33 m deep, marmots fill the nesting chamber with
dry grasses and hibernate in the grass pile. Nests of this kind, if dug up in the late fall, can
be covered in some frost and frozen ice.

The number, age, and sex of marmots who hibernate together in one burrow differs
depending on number and density of the individuals in the population and social structure
of the marmot colony.

We recorded 318 individual marmots in 63 burrows on the Tarvagatai mountain in the
Khangai mountain range at two research sites covering a total of 700 ha. Burrows were
excavated in the fall, just before the hibernation season. Each burrow had 2-17 individ-



uals hibernating together. We excavated two burrows and found one burrow containing
five marmots (two adult females, two adult males and one three-year-old juvenile) while
the second burrow contained 13 marmots (three two-year-old juveniles, six adult females,
and four adult males). In Hantraganat am of southern Terkh river, one burrow in 1946 was
found to contain 28 adult marmots (G.Oidov, personal communication).

Mongolian marmot’ burrows located in mountain foothills, gravelly river valleys, ar-
eas with permafrost, and places were underground water is near the surface, usually have
central tunnels that are up to 25m long. The main tunnel often curves, and there are many
smaller tunnels branching off, usually beginning 50-90cm below ground. The tunnels are
usually 0.8 to 150cm deep and the nesting chambers have a volume of 0.2-0.4 m®. Hiber-
nation burrow plugs are usually quite long. The plug usually extends from the entrance to
the threshold of the nesting chamber. Some burrows have a thin, (15-20 cm) roofs. Those
burrows usually also have long dead end tunnels and secondary tunnels, compared to other
burrows with thicker roofs..

Burrows located on higher mountain slopes usually have a shorter main tunnel (up
to 3.1m deep) and nesting chambers with a volume of 1.2 m3. The floor of the nesting
chamber is usually lined with a mat of grasses. Mountain burrows usually have fewer
tunnels and tunnel branches, and the dead end and secondary tunnels, and the burrow plug
are usually shorter..

We compared the burrow parameters of the Mongolian marmots to those of other
marmot species, including M. menzbieri, M. caudata, M. baibacina, and M. bobak but did
not find any significant differences.
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MOHTI'OJ1 TAPBATAHBI (Marmota sibirica Radde.1862)
HYXHUH BYTJI]

SILABSA
LIVA-vin Epenxuii 60101 copunvin Buonoauiin Xypasism
Adiya_ya@yahoo.com.

TapBara HYX?HII OpK JalicaH aMbTaJl, IIar araapblH TaaJaMKI'YH HOXIeneec Oued
xaMmraanmHa. MeH HYX?H[ 3BIDRIAYK, YP TOIee 00ikyymHa. MOHTOM OpHBI HOXIIOJT K
nyHmkaap 180 rapyit XoHOT HUIITHA. Oepeep X031, 30BXeH XaBap HYIIHIAC rapcHaac
XOMII HaMap WYMX XYPTANX 6 capblH XyramaaHja WASIUIX, HApIax, U933, 3ycaall HyX?)
3acax, 935MUIWI HYTTHHH XWIMNT COPII3H TAOMABMINX YEI33 XOHOIT 5-7 Lar HyXHuH rajiHa
Oaibx ynacoH Oyx xyramaar (ambapaibsiaxaa 87.5%-uir) HyX2H OPOTHOH ©HTepYYIAAT
TACOH TOOIOOT XHIDK 00iHO. J[33p IyphAcaH 1eeH OapuMT TapBaraHbl aMbIPala HYX
sAMap dyXxaj ad X0JI00TI0ATON GOIOXBIT TIPUHITH?.

Cyonazocan éaiioan. EBpoA3us TapxcaH TapBaraHbl 3apUM 3YWIMHH HY33 HYXHUH
OyTumiir cymancan axiyyn Ouit. TyxaitnOan, taneH [JlobanoB, 1983, Tokapckwuii,20],
manxan [Kanurtonos, 1978], anraii [ Tpuctan, KnaccoBckuii. 1956], xorunnoit [Mamikus,
Barypun, 1993], TapBaransl 1166H TOOHBI HYX MaJITaH, M433 HYXHUH OYTLIUIH OHIUIOTHAT
TOJIOPXOMIJIOH OUUXKI).

I"Pagne 1862 onn baiiransin yaHaa 1axb MOHIOJ TapBaraHbl HY33 HYXUHUT MalTax,
AQHXHBI M3II33T X3BAYYyJcHI3C xoim Tysa, Bypuaa, UuT My>KuiH MOHIOJl TapBaraHbl
W93> HYXHUHA OyT3I, MylmaaHBl XOMHHH ©6pWIONTTIH XOI000TOW CymalraaHbl OJIOH
MAIP3 OGapuMT X3BIArACOH. [[1aBnos. 1930, Psa6os, 1948, Hexunenos, 1950, Jletos, 1950,
Hekwumnenos, ITemrkos, 1958, XKosTeIi, 1962].

BaiiranslH eMHe[ HyTIMHH MOHIOJ TapBaraHsl M433 HYXHUH ypT 5-18 M [Pa6os,
1948], nynmxaap 21.5 m, 6yp 45 M xypud. 433 HyX 1-2 HOOXOITH TOrooToii Oaiix Oereexn
HYXHUH nyHax TyH 1.9 M, 0.8-2.4 M ypT ux3B4JI9H X0&p OaacHb! exTeeTii [JleTos,1950].
WNuurawuii ypt 1.85-3.40 M aysmkaap 2.8 M OaiiHa r3¢coH OapUMTYYIBIT TyPhIKII. XapuH
MoHTroJI OpHBI TapBaraHbl Y33 HYXHHUH OYTILMUT Cy[alicaH cy/lairaaHbl MaTepua XOBop.
Xanraii [CyHn1ioB, 1982, Pomanosckuii 1961, Anbsaa,2000], Xoutuiin HypyyHbI [baBaacan
1970] TapBaranbsl H433 HYXHUH OYTHUHT TORMIIOH OHUCHH.

Jamnaitn TyBiHc 13311 2500-3000 M epreraceH XaHraiiH HypyyHbI TapBaraHbl HU3?
HYXHUH cym 4-17 m Oytoy nyHmpKaap 8 M ypr Gaiina. HooxoitH Toroor 2-5 M XepcHUA ryH/
TaTax, 4 M OpYUM ypT 4T TYIXdH? [PomanoBckuil 1961]. Tes alimruitn MeHreHMOpPET
CYMBIH HYTarT XOpPCHUI YCHBI TYBLIMH /193D, TOJIBIH XOHUIA OalipiaanTaid, 1433 HyXHHUH
HOOXOMH Toroo 0.6-1.2 M xepcHuii rynn Oaiipiacan Oaiixasn, yysabIH ap, Bep 031miHx 2-3
M ryHz Oaiipianar oniyriortoii [basaacan 1970] G0I0XBIT TAOMASIINKII.

Bun tapBaranbl HyXHUH OYTIHIH OHINIOTHHT CyajICaH XABIDIIUIHH M3 OaPHMTHIT
HATTIOH AYTHOX, aHYUI, HYTTHHH UPTIA39C HYXHAN OYTIHHH XOIOOTIONTON aMaH M)
LyTIyyaax, MOHTOJ TapBaraHbl MU?? HYXHUH OYTHHIH OHIUIOTHHT €epCOMiH XHHCHH
CyHanraaHbl OYH[ TYATYypJiaH TOZOPXOWIOH OWdmx, Oycan 3YyHIMIH TapBaraHsl H4Y33
HYXMHT CygaJicaH AYHTH XapbllyyldaH 3apuMbIH sUIraa, ©BepMel] OHIUIOTHIT HIIPYYJI3H
TOTTOOX 30PIIITOTOH cymanraaHsl axuiblr 1988 onooc »xmdH Apxanraif, Tes, 3aBxaH
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allMrUiiH HyTarT XuibK, Typuuiararaii aH4jgaac tapBaraHbl ambJpai, HYXHUH OyTUUIH
XOJIOOTIONITONM amMaH M3133 aB4, 9 Myy HyX, 3 3ycaan, 14 wudd myxwidr (V-XII capn)
MaJITaH, YH/ICOH XOMKHUIIT, Oy TIMIH 3y pariaibll XUICIH. OBIMITH ylupas] Hudr yxaxaaa
WYUTHIT, 3yH HAMAapT HYXHUH CYyMBIT X00H yXax OyTa1l OaiiryyaaMKuir 3ypariacaH.

Wusd HYXHMHT MUUT XOeXK yXax sIBIaJ Ta3pblH XOpPCHeeC suraxaj] 03pXxTii 0ok
anjaraax He 3105T ToXHoaor. Mitm yen naur 6aifX ra3pblH IOPOO YyITyyr HapHiBYIaH
V39K HOOXOW 366X Y€ XasTHaXk IITACIH oBC Oyroy "anmam", 3apuM TOMXOH 4YITyYH
J1P3p TapBaraHbl XyMcaap 3yparical Mep, HUNTHUI Uyllyy I1aH [JOXHCOH 33p3T IHHKIIP
WYUTHAT OJDK YPrAJDKIYYJI9H yXHa. HOOXOMH TOrooH1 OMpTOX IyTamM WYMTHUHN YyITyyH]I
LOXVMCOH IaH, HOOXOWH “‘amjamr’ WXC3K, HYUT LOOPOX NOX6XeH OereecHHHd MIopoo

qylyy cyJapd HyX eprecHe.
CYJAJITAAHBI IYH

MoHromdyyy araHyypbIH Oarak 39BCOT XOIKeeryi OaiicaH spT yesc eHeer XypTall
Hamap OpoH TapBara WYMX?’dp Iyniax yeq Oyloy HUCOHHUH Japaa razap XeseXxeec eMHO
WY9) HYXUHWI yXaX TapBara arHax aprbil Xapanmk Oaifna. bac amb ammax Oyyncan
TapBarell' yXaXk aBax Hb OOHTYH. DHO ABIlIaa raJaprblH TOI'TOL, XOPCHUH OYTAII 39par
OJIOH XYYMH 3YHIP3C XamaapaH Wu»3, 3ycaall, Myy HYXHHH OyTdIl 30XHOH Oalryymant
0ep eep 0aiix OHIUTOTHHT caifTap TaHUH M3/ICOH. bac HYxHHIT OyTHHITH @BOpMeI! OHIIIIOTT
TOXUPCOH "Wuur”, “6aacHbl ©XTee”, “HyXHHH X, I3p cyM”, yxax aprarail Xon000Toin
“cyyraa, 60c00, X3BT33 ajiamM’’ 39p3T OHOBYTOH, TOI'TCOH HIP TOMBEOT XOPITIIIHI

Xanraiia HypyyHbl Ypa, Xoig Tapxuiin ax, Xap-Ye, [llap-YcHbl rosislH caB HyTTHIHH
aQH4YMJl XOPCHUHM yC OHP,MOHXMHH LPBA3ITAM TOJbIH XOHIAUMH cailp 4yiayy, HypaHI'd
XOPCTIH Ta3phIH OJIOH TapBara WYCOH WY3? HYXUHUT COHIOH MaiTaXX TapBara arHax Hb
LOOHTYH. DHY HYTTUHH aHYH]l U993 HYXHUHT HOOXOHH TOTOOHBI Oaipial, epeHxuid OyTaI
30XHOH OalryymnanaTaac xamaapyymna "oypxa3p", "maitman","Oyx" XaM33H sIraH HIPIIH?.
“Bypx23p” WI39HUI HOOXOMH TOTOO JIOIIMH I0pO0 OalpianTai, “naiman’ 1usd 39pTIIdd
Oaiipiax Xo€p HOOXOMH TOrooTOM. Har HyX?3 10TPOOC Hb TYIIXII HOTOO JA6pP HYXI3p rapd

rajiHaac Hb 1apcaH XOOCOH MYAIT “OyX’ MU3d IIH).

TapBaransl HyXHHT OYTO11 30XHOH OaNTyyJIalT, allHIIax X3I03pIdp Hb U39, 3ycaal,
MYy HYX XOM33H aHTHIIHA . TapBara Xyy4nH Myy HYX, YXMaJIBIT' COPIIdK 3acax Oyroy xa,
YyITyyHBI €pPOO0JI, YIIMIHH I1araaH OTOTHBI YJIUH yXaX HMIMHIAP HYX MaJITaX Hb aXHUIIArazar.

Myy nyx Hb TPHITHHH AI0YJl TOXHOJJIOX MOYHI TYP XOProfioX 30pHyNanTTai, Oy,
KOJIOHUITH 333MIIIII HYTTHIH 3axaap OaiipiaX, XapbllaHTyid SHTHIH OYTA1TIH, HOOXOIH
TOTOOTYH, MXJBWIDH HAT aMmTai, HyXHHH CyM Hb ypT Oum (oifponmooroop 1.5-7m),
JH/DKaap HIT METp OpYMM XOpCHHUH ryHza Oaiiprmana. 3yHbBI XallyyH[ 3p3THHHA Myxap,
XaJTHBI XOHUH]T yXcaH OOTHHO, MyXap HYX?H]I TYp OPOrHOHO. MitM HyXu#T "THiipsrHnil”
X5M233H HAIPJI3X Hb OHH.

3ycaan nyx. Jlynaansl yaupana OalpiidH ambpapax, OyTa1l 30XHOH OalryynaiT Hb
MY33 HYXHA3C SHTHHH, TyTaaH XaArauaiT MyyTai, XapyuH 333MIIWI HyTraa OypaH alnriax,
rapu MIdLUIDX, JaiicaH ambTraac OMed xamraajiax, TYP OPOTHOXOJ WYY TOXHPOMIKTOH,
“KMHX9H?"” HOOXOWH TOTOOTYH, roiayy 1.7 M —aac uiayyryi XepCHU I'YHI XOHT I HYXUHT
MaJITCaH, X0OPOHI00 Aep 4-16 uxaBuwidH 10 XypTon amTail HyXuir "3ycaan" HyX rIH).



Hujr nyx. Ypr ynaan xyraiaatJi TOIrTMOJI alllUIVIaJIar, XapbLaHryl 3y3aaH XepCHU
ryun (1-3 M rapyii) MajTcaH OJIOH cajlaa XOHTHII (CyM) HYXH33C OYTAX, HAT 0a X311 X39H
HOOXOWH TOrOOTON HYIAJIOH OBOJDKIIOT HYXHUUT ‘MU’ HYX * OYI0y ‘Mu33” X3M33H HIPJIIH?.
Wumsd HYXMHT aimumiax xaj103pi3dp Hb TOPOX, OBOJDKUX, 3ycax [bubukos, 1967] xaMadH
aHruiIax Hb Ouid. TapBaraHel H433 HYX MSIHTaH XXKUIKIH HacTai [3umuHa, ['epacumos,1971]
0aiix Hb OOHTYIl.

W935 HYXHWUIA OJIOH XOHTHIIBIT “HYXHHUH CYM, X0, I3p cyM”, “0aacHBI 6XT06”’ XOMIIH
SUTTaH HAPIPHD. HOOXOWH TOrOOHOOC HOOII YHIIIACIH YPT OOTHHO MyXap HYXHUT ‘Xl
CyM”, HOOXOHH TOTNOOHOOC rapcaH A3II YUIVIINATIN MyXap HYXUHI “A3p cym” IDHD.
VYynblH €Bep, 3HI3P, apblH Y93 HYXHUH TOB XOHTHJI Oyioy cyM OoruHo (5-12 M), xapuH
VYIBIH 0311, TONBIH XOHIAWWH MOHXWIH IPBIIT, XOPCHHUH YC OMPXOH ra3apt OaiipriacaH
MY93 HYXHHH CyM (25 M XYpaX) ypT, OJIOH CaJDK, MyXap HYXHHT YYCrax Oyloy 3praK TeB
XOHTWIIIO0 HUHMIICOH Jep OaliX Hb HUWTIAT akuriargaHa. Hyxawmid romu myHmkaap 30
OpYMM CM, cajlaajicaH X3CArT33 HUIIIBJL 6precHe.

Momneon mapeazanvt (M.sibirica) uuss HyxHutl Oymyuiin YHOCIH XIMAHCID
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How, uuzd nyxnuuit 2adnax wiunsc. Hyxuiir yxaxaja rapcat mopoo “omr” yycraso.
AHYM M99 HYXHUI HUMIH, 3y3aaHbIl FapcaH MIOpPOOHsI Oaiiuiaap Taamariana. Hyxuir
KuJ1 Oyp 3acak yxaH ypracrax TyJ JOII YYCOX, TOMPOX SIBII OH YJaaH KW YPIJDKHUIH).
WNun», 3ycaan HyXHUH 1011 TOM, Myy HYXHHIX Oara OaiiHa. OJIOH aMTaii Hu33 HYXHI9C yXax
rapracaH LIOpPOO €6p XOOPOHI00 HUMIIK, JOLI ylaM TOMOPHO. TapBaraHTaliH HypyyHbI
Xyy4HH 34 nussHUN TOoMHBI TyHIax ypT 19.4 M, epren 13.6 M, ennep 0.9 M 6aiiB. YynbiH
ap, ©BOp, HAJIyy SHIIPHUIH M43 HYXHHUH J01I Taj OIMITHXIAC YPT 3yyBaHyy, HAMXaBTap
OaiiHa. XapuH XapblaHTyl TATLI rajapraraid Taix, XeHIUH YyJblH O3JIMHH HY29HUN [0
JIyry#iBTap X»103pTaH, oH1ep Hb 1.3 M Xypax Hb Oui.

Baacubt exmeo. Nu3> nyxanit amcpaac 0.5-2.1 M xon 3aiin 6apyyH 3YYH THHAII
caincad 0.6-2.3 M ypt, 30 cM OpYUM TOTYTON MyXap HYX Omif. XaBap HUIIHIIC rapcHaac
XOWII MYMX XYPTIdD sUIrajicaa Xypaaaar UM Myxap HYXHHT OaacHbI exTee raHd. Mums
HYX TOJIIyy X0&p, Xaasia 3-5 0aacHBI 6XTOOT3 0allX Hb TOXHOJIIOHO.

Hyue. OnoH aMTaii W43d HYXOHJ TapBara MYUXJDY HAT aMbIT OHTOPXOH YIIINK
OycIpIl TazHaac Hb IMIOPOO UyIyyraap AapHA. YJIACOH HAT aMbIl JOTPOOC Hb 0aacHBI
OXTOOH]I XYPUMTIYYIICaH OTTOH suIrajcaa mopoo, 8-12 ¢cM XypTail XOMKIITIH dyayyTai
XOIbK, SUITaJjac AyyccaHaac XOWII JaH IIOPOO Uyllyyraap HATTPYY/IaH Iaxax OeriieHe.
Y YHUHIT UX3HX HYTarT MUd) TYJIXOX, HUI) HYXHHHA Oerneer "waur" raHd. Muurawmid ypr
2.5-9.5 cm xypax Hb Omid. Munras 0.5-1.8 M 3aiitaii TyIXCcoH 0aifX Hb TOXHOJIOHO.

VYyiblH HaJlyy ©Bep, 9HIDP, apblH M43 HYXHUI HUUr OOrHHO (6 M XYPTAI), TOJIBIH
XOH/IMIH XapbLAHTyl HUIMI'H HY93 HYXHHUX 9.5 M XYpTaJ1 ypT, HOOXOWH TOrOOHBI 00CT00
XYPTAJ TYJIXCOH Oaipar. Hamap spT yXcaH W4YPOHUIX OOTHMHO, OpOH yXCaH HYXHHMHX
XapbLAHTyH ypT Oaiiraa Hb TYJIXCOHIICID XOWII TOMAOPXOW XyralaaHx copyyH Oaibx
WYHTI) YPTADKIYYIH TYIXAAT OOIOITOM.

Hooxoitn mozoo. Cynanraansl IYHTIIC Y39X9I, HYXHUH amcpaac 9.5-25 M xou 3aif,
ra3perH ragapraac 0.8-3.1 M XepcHHI TYHI, X, I3p CyM XOEpBIH YyI3BapT HOOXOIH
Toroo Oatipnana. HooxoliH Toroo ronmyy 0.7 xy0.M-c mIyyryit 6araamskrail. YymsH ap,
©BOP, JHIIPUNH XyyUUH HY39HUN HOOXOMH TOr00 XapbLAHI'yi TOM, XapHH FOJIbIH XOHIUIHH
“HIMIH” U993 HYXHHUH HOOXOHH TOTOOHKI Oartaamk Oara, 0.2-0.4 xy0.m OaiiHa.

Hooxoii. Baiiranuiin 6yc, Oyciyyp, TyXailH »XHJIMHH 1ar araap, Hac, Xylc, Tapra
TOBYIPIT aBcaH Oaiimaac xamaapan VIII capblH cyya?dc 3XJIDH MOHIOJ TapBara
MUK O3ATIIH HYX9HAID 2.3-5.2 Kr Xyypail eBC (XsuIraHa rojiayy) 306K XypaaHa.
YyHuiir "HooxoM 3yyx" raH3. XaBap Xyy4rH HOOXOMIoo 360 raprana. ANIbIH 6BOIIKee,
XaBaprKaaHbl OMPXU MUIIHUM TapBara HOOXOMI00 ©BCHOOC I'aJlHA XyYUHUH J1aaByy, HOXUH,
UIMPHUN ©616C, OBCHUN MsHICaH 000101 XYPTAJI 306COH 0aiix Hb Ouii. HooxolH eBcuiir
UIBII THKIBIA XIPADIdIAITYH XapuH Jyjaanra mMasraap amuriaHa. HOOXOoMH XaMx3d,
3accan Oaitnan sH3 Oyp. Hooxo#r "maBerap", "xyunara" rak anrunHa. YyiblH ap, eBep,
SHIIPUIH 2 M WYY XOPCHUI T'YHI HOOXOWH TOTOOTOH MY33 HYXHHUH TapBara HOOXOMIoo
JIPBCIIP Masraap 3acHa. XapHH HOOXOHH TOroo Hb 1.3 M XypTan XepcHuil ryHj OaiiBai
HOOXOMH TOrOOI' AYYPT I ©BC Xypaax, JOTOp Hb OpxK M4, Hamap opoil uilm nu’ar
yXaxaj HOOXOWH TOroo OUTYY IIaH [OXHMH 0ara 33par MOCTCOH Oaiiiar.

TyxaliH NONYJISIMAH TOO TOJITOM, HATTIIHI, OYJIMIH OYyTHIAC XamaapaH HAr H4Yd?
HYX9H/1 HUUX OOATalvifH T0O, Hac XylcHu OyTa1] eep eep OaifHa.



Tapsacanmaiin HypyyHulL a2HYYPbIH YHOCIH 2019H 2azapm coneocon 700 ea manbaii 6yxuil
Cyoaneaansl Xoép ysem Hamap mapeaza uduxutin oMHe 63 uusa, 318 bodeans 6ypmeseocan.
DHO H9e uud9HO 2-17 moneou mapeaza uuuxaap yyenaxc oais. Xoép uusse coHeoH yxaxao
H3e uudoHO 5 (2 mapu, 2 oypxu, 1 wap xayap), neceeo 13 mapeaza (3 xomun, 6 mapu, 4
oypxu) uucon batinaa. Ypo Topxutin Xanmpazamotn 3x310 1946 onvl yeo nae uussnac 28
bue eytiycan bypxu 2010yy mapsaza aznaxca?d (I.Oudos aman m2033).

Cynanraansl IYHI93C Y33X5/1, YYJIBIH 0311, TOJIBIH XOHANNH Cyll Xalprarail, MOeHXUIH
LPBJIAT, XOPCHUH yC OWPXOH TrazapT OaiipiacaH H433 HYX 25 M XYPTJI YT, TaXup, MYy>KHT,
canaa canbap onoHTOH, ryHmkaap 50-90 cMm 3y3aaH XepcHHH T'yHI HYXHHT yxax, 0.8-
150 cm rynx 0.2-0.4 m.xy0 OarraamykTaii HOOXOWH TOTOOT TaTaH WYIAT axdd. Muur
XapbLAHTYH YPT, NXABWIAH HOOXOMH TOTOOHBI 00CTO XYPT3JI TYJIXCIH, XydsIara HOOXOHTOH
Oaiijar OHIUIOITOW. 3apyM M4Y33 HYXHHH HOOXOMH TOTOOHBI ©pXHHWil 3y3aaH 15-20 cm
XYPTAJI HUMI9H Oaiix Toxuonmon 6uid. MM nassHuii Xeur, A3p CyM XapbLUaHTyl ypT OaiiHa.

VYynbeIH HaTyy ap, eBpUH HU33 HYX 0oruHO, 3.1 M XypTan xepcHuit ryny 1.2 M.ky0
XYPTAI1 OarraaMXTail HOOXOWH TOTOOT TaTaH WYJIAT, IPBCIIP HOOXOUTOH, MOHXHITH IIIBIIAT,
XOPCHUH yC OWp Ta3phIHXaac HYXHHH Taxup, MyXKHTI, caiaa, canbap 0ara, Xei, I3p CyM,
WYUT OOTHUHO, AIBCTIP HOOXOUTOH Oaiiiar ©BOpMOI] OHIUIOT aKUIIaryiaa.

XaHraiH HypyyHBI TapBaranbl H493 HYXHHH OyTAI OalryyliaMKHiH X0100TI0ITOMH
J99pxu Marepuasslr ToB A3HMIH eHIOp Yy, HYPYYAd, YYJBIH X39PT TapXcaH XOTHIIOW
(M.menzbieri), cyympxar (M.caudata), anraii (M.baibacina), Tan X33puitH OycHiiH
Monron (M.sibirica) TapBaranbixtaii [bubukos, 1967, bepenmsaen, 1956] xapbityynan
Y39X3]1 SPOHXUH OYTAI] Hb XOOPOHI00 TOCT 3apUMBIH sUIraaryii Oais.



PROCEEDINGS of the 7" International Conference on the Genus Marmota “MARMOTS OF THE OLD AND NEW WORLD”

AHIUTIIACAH HOM, BYTJ32JI

1.

10.

11.

12.

13.

14.

15.

16.

17.
18.

Anbsia 51 Monron Tapsara (buosorn, SKoiory, Xamraajual, aX axyiH XOoJ0oraoi)
¥5.2000. x.199

BaBaacan A TapBaransl OYYpAITHUIT SKOJIOTHITH 3apuM acyynai // bruonormiin yxaaHsl
XYPIIIAHTUANH 3pI3M MIHHKIITIIHIHA 0yT391. Yb. 1970. '5. ¢.20-25

bepennsie C.A. Crpoenue Hop cypkoB B Kupruzuu // Tp. Un-Ta 3o0:1. u [Tapasuron.
AH Kuprusckoii CCP. ®pynze, 1956, Bbin.S, ¢.51-59.

bubukos JI.11. T'opusie cypku cpenneit Azuu u Kazaxcrana. M.: Hayka, 1967, 198.C

XKopreiit 1.D. ['pei3yHbl Kak xo3seBa 010X // Jlokn.MIpKyTCK.POTUBOUYM. WH-Ta,
Xabaposck, 1962, Beim.3, ¢.136-139.

3umuna P.II, Tepacumon. W.IT [lpumisunanbHasi SKCHAHCUSI CYpKOB B CpenHen
EBporie B TeueHue BepxHero ruieiicrouena // brommorens M. O-Ba. Hcr. Ilpupoasr.
Ota. buon. 1971. 176 (1), ¢.37-49

KanmuronoB B.1. 3uMHSS packorka HOp YepHOIIAIOYHOTO CYpPKa B CEBEPO-3aIIaTHOM
BepxosHbe // bromn. Mock.00-Ba UCT.IIpupoab! oTA.0moi., 1978, 1.83, Beim. 1, ¢.43-51.

Jleros I.C. Crpoenue xunui tapoarana //M3s. UpkyTck. roc.nmpoTuBoYyM. MH-Ta
Cubupu u lansHero Boctoka, 1950, 1.8, ¢.46-63.

Jlobanos B.C. CrpoeHne 3uMHel HOpBHI Ka3zaxcTaHckoro Oaitbaka // Oxpana, par.
HCIONB30Baue U 3KoJIorus cypkoB. Mat.Beecoros.cos., M.: 1983, ¢.63-63.

Mamkna B.U., Barypun A.JI., Cypox Menz6upa/ HUMO3 mm. [Tpod. b.M.)Kutkoga,
Kupos, 1993. 140.C

Hexunenos H.B. Owuepk Owuonoruu Tapbarana // W3B.MpkyT.HaydHO-HCCIICH.
npotuBodyMHoro un-ta Cubupu u lansuero Bocroka, 1950, 1.8, ¢.27-45.

Hexunemos H.B., IlemxoB bB.M. HaOmomeHuss Han CHSYKOH HEKOTOPBIX
mitexonntaromux // 3B. UpkyT. mpotuBouyyMHOTO HH-Ta, 1958, T.19, ¢.38-49.

Iasnos.E.U. Buonozuueckue nHabniooenus nad mapoazanom u oxoma Ha He2o //
3anucku 3abai. Omo. /B O-sa Kpaeseoenus (30K) Yumunckozo mysesi umeHu
Kysneyosa A.K. Yuma, 1930, T.1, c.47-55.

Pomanosckuii 1. /1. Marepualibl 10 3MMHUM PacKOIKaM HOp TapabaraHoB B 3araHoH
Mouronuu // Tp.Cpene-a3uar.H.1. IpOTUBOYYM.MH-Ta, 1961, BbIn.7, ¢.305-308.

Psa6oB H.W1. Marepuansr k 6uonmornn 3a0alikaibCKOTO CypKa B 3UMHHUHN miepuo //
300m.xypH., 1948, BBII.3, ¢.245-256.

CynnoB B.B. Dkonorus tapbarana (Marmota sibirica Rabbe, 1862) B Tyse // ducc.
Ha COMCKaHMe yué€H. cTeneHu kauj. buon, nayk M., 1982, C.163

Toxapckuii

Tpucran [1.®., Knaccosckuii JI.H. Marepuaiipl 10 3MMHMM PAacKOIIKaM HOpP CEpOro
cypka B Tstap-11lane // Tp.CpenHeasuar. H.1. IPOTUBOIYM.HH-Ta, 1956, BBI.3, .75-79.



THE DELIVERY OF MONGOLIAN MARMOTS TO THE UENO
ZOOLOGICAL GARDENS OF TOKYO, JAPAN.

Adiya Yansanjav', Dagdan Suran? Luvsanjamba Amgalan’
! Institute of General and Experimental Biology, MAS
2 Science School of the National University of Mongolia

His Excellency, Mr. N. Bagabandi, president of Mongolia, during his official visit to
Japan presented Mongolian marmots (Marmota bobac) to the Japanese government and
the Japanese people. By resolution of the president of the Mongolian Academy of Scienc-
es, in 1998 a working group was established, to capture Mongolian marmots from the wild
and prepare them, and accompanying documentation, for transport to Japan. The working
group followed the suggestions from Japanese partners and international rules regarding
the handling of wild animals. The working group included, Doctor Ya. Adiya, head of the
working group and scientist from the Institute of Biology of the Mongolian Academy of
Sciences (MAS) Doctor L. Amgalan, also a scientist at the Institute, and Dr. D. Suran, a
lecturer at the National University of Mongolia.

The working group’s activities were supported by scientists from organizations in-
cluding the Institute of Biology and the Institute Geoecology of at MAS, the National
Center for Zoonotic Diseases at the Ministry of Health, the State Central Veterinary Lab-
oratory, and the Public Health Institute of the Mongolian National University of Medical
Sciences.

During 86 days, July 14-October 07, 1998, the following activities were undertaken
by the working group;

1. Capture of several marmot pups without stress or injuries

2. Research of the biology, ecology, and behavior of marmots in captivity, particu-
larly with regard to their habituation to humans

3. Develop video records and photos of marmots to show their life in the wild for
the purpose of public education, and to prepare space and cages for the captive
marmots.

4. To screen captured marmots for infections diseases and treat them for all present
ecto-and endoparasites

5. Prepare documentation on the capture and adaptation of marmots to captivity in
Mongolia, and design and order cages for transportation to Japan.

6. Select five marmots from the captive population and transport and deliver them
to Ueno Zoological Gardens, Japan, and discuss and agree to future cooperation
with Ueno Zoological Gardens.

The site selected to capture marmots for Ueno Zoological Gardens was in southern
Zaisan valley of the Bogd Mountain Strictly Protected area. Methodology for the safe cap-
ture of marmots was developed and tested at the site. Ultimately a net was used to capture
14 marmot pups during July 14-31, 1998. Following capture, the pups appeared to adapt
to captivity, captive feeding, and human contact with limited stress. During the capture
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period, the natural diet, habitat type and climate were also recorded. During the marmot’s
adaptation to captivity care was taken to create suitable enclosures, establish a high quality
and natural diet, and also introduce domestic vegetables to their diet..

As aresult of research into suitable enclosures, diet in captivity, and behavior, cages
of suitable sizeand shape were built, and we found that in addition to their natural diet,
marmots would also eat domestic vegetables including cabbage, carrots, beets, potatos,
green onions, peas, and spotted barley. By the end of the adaptation period marmots pups
were adapted to human presence, and could sometimes be fed by hand.

Five individuals were selected based on their age, sex, behaviour, and physiological
condition for transport to Japan. The selected individuals were tested for for endoparasites
and bacteria by specialists from the State Central Veterinary Laboratory. Tests detected the
eggs of cestodes and nematodes, and the bacteria, Yersinia entercolitica). All were treated
using Ivomec injections and a 1% Bolfo powder solution.. Tests for Yersinia pseudotuber-
culosis, Yersinia pestis, and Francisella tularensis were run by researchers at the National
Center for Zoonotic Diseases at the Ministry of Health. None of the marmots tested posi-
tive All marmot pups were tested for Hepadnavirus in the blood serum. Only individuals
who tested negative for this virus were selected to send to Japan. After all these prepara-
tions, permission to transport five marmots from Mongolia was received from the Nature
Conservation Department of the Ministry of Nature and the Environment of Mongolia.

Dr. Ya.Adiya and Dr. D.Suran were in the delegation who delivered the marmots to
the one hundred year old Ueno Zoological Gardens, in Japan by a plane flying from Ulaan-
baatar to Osaka to Tokyo on October 03, 1998. The Ueno Zoological Gardens received,
along with the five marmots, documentation on them, an introduction to them, and a 24
minute video intended to explain the marmot’s ecology and biology and raise awareness
of the species

The opening ceremony for the Mongolian Marmot Hall in the Ueno Zoological Gar-
dens was on October 21, 1998. The staff of the Mongolian Embassy in Japan participated
in the event.

Main results of the activity

1. The gift from His Excellency, the President of Mongolian , to the people of Japan and
the Japanese government of Mongolian marmots was delivered officially to Ueno
Zoological Gardens, Japan on October 03, 1998. The marmots sent were captured
in the Bogd Mountain Strictly Protected Area of Mongolia. All marmots and their
documentation were prepared following national and international rules and guide-
lines.,. The event symbolizes the long history of cooperation between the countries
of Mongolia and Japan, and the commitment to future cooperation, which will build
awareness of wildlife and of Mongolia in Japan among Japanese citizens.

2. This represents the first study of Mongolian marmot adaptation, behavior and diet in
captivity. The process of capturing and transporting marmots to Japan also garnered
a significant amount of information on marmot biology, ecology, and behavior in the
wild and in captivity, which can be applied to future research projects

The Mongolian marmots brought to the Ueno Zoological Gardens in Japan lived for
16 years.
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SAINOH YJICBIH YOHO AMBTHBI XYPIO3JI9H/I MOHI'OJI
TAPBATA XYPI'OCOH TYXAU

SA.Anbsa', 1.Cypan?, J.Amranan’
I Moneonvin LIIVA-uiin Eponxuti 60101 copunvli GUOR02ULH XYPIIIIH
2 MYHUC-uiin LLIunoicnsx yxaarnul cypeyyis

Mowron YnceH Epenxwuiinerd H.bara6anau ogoorooc 20 sxunnitH eMHe SInoH yican
anbaH €cHbI allmuias XuiX yeadd SmoHsl 3acrwifH Ta3ap, apJl TYMOHI MOHTOJ TapBarsr
0219m13CHH oM. SIMOHBI Tajlaac TaBbCAH CaHAJI OOJIOH OJIOH YIICBIH XAMJKIOH] 33PIIAT
amMpTaATall Xaphllaxal Jarak MepANer HUUTIAT JKypaM IIaap/ularblH Jaryy aMbTHBIT
Oaiiranuac Oapmx, maranxgax owgaur GapumTeIT OypAYYyIRH SAmoH ynceH “YOHO”-mitn
AMBTHBI XYPIUIIHA XYPTYYIIdX O3IITIAM @XIIBIT XaHTaX aXIJIbIH X3CTUHAT MOHTOM YIICHIH
HIVYA-nita Epenxuitneraniin 1998 onsr 07 capsin 7-ubl eapuiia 119-p Tymaamaap [IVA-
WiH BHOJIOTHIH XYPIIIOHTUAH 3PI3M IIMHKHITIOHANA aKUITaH 191 H0KTop Sl Anmbsa /
QKJIBIH XACTUITH axJjiard/, TyC XYpI3JIdHIHAH 3pJIAM HIMHKWITIIHUN axunTan JI. AMrainaH,
MVYUC-nitn 6arm noa noxrop J.CypaH HapbIH OYPAIAXYYHTIH OalryyaaH aXuiuiaxa?.

HIYA-niin bronoruiin xypaamnsn, MYUC-nitn buosnoruitn dakynsret, [eoskonoruitn
Xypa33719H, OMSI-HbI Xapbsa balfranuitn ronoMToT XanBapT ©BUHUIT 3CIPIYYIRH CyUIax
TOB, YIICBIH MaJl SMHAJIAT apuyH LPBPUiiH TeB nadoparopu, AYUC-uitn xapbsa Hulirmuiin
9PYYJI MOHIMHH XYP32JIDH 33pAT MIPIYMKIMHH Oaiiryymnnara, SpIdMTIATIH XaMTpaH
a)KUJUIaB.

Al xacar 1998.07.14-10.07 xypranx 86 XOHOTMMH Xyramaasj jaapaax Ye
arrairaap JaajraBapT aXJIbIl XUHK TYHLDTIAI9) .

1. MoHron TapBaraHsl 3H? XWINHH TOJI, TOAOPXOH TOOHBI “MOHAEN -UHT TIMTINK
09pTI2IrYHt Oapux,

2. bapbcaH aMbTABII XYHUI HENEOTIH OpuUMHJ JacraH T2KIMK Traplryyrax,
OMOJIOTH SKOJIOTHIH Cyaairaa Xuix,

3. Cypramumiraanj 30puylJaH MOHIOJN TapBaraHbl aMbJIPAJIBIH OHIUIOTHHT
XapyyJcaH Typc OWYIIAT XX, POTO 3ypar aBax, T3KIIH OalpiIyynax TOPOH CaB,
TYp OaiipbIr 631TIrIX,

4. XanaBapT ©BYHHUI IUHKWITIIT XUUITIX, rajaa J0TOO IUMATYAUNAT yCcTrax,
apuyTrai Xuix,

5. MoHro yiceiH O0JIOH OJIOH YIICBIH X3MXKIDH]I Iaraxk MOPIeT XyyiIb TOTTOOMK,
JKypaMm AYPMHUHH Aaryy garajngax Ouaur 0apuMThIT OypayyJIdx, 366K TI9BIPIAX
Tycrai 30puyJaiTbiH XalpUrUiH 3ypar 30XMOH, 3aXUalaH XUIIrX,

6. Smon ynceiH Tokno xoTeiH “YEHO"-witH aMbTHBI XYPI2JI9HJ COHTOX aBCaH
5 TONTOM TapBarell XYJI3NIIPH OreX, MAAIllni XaMTPaH aXKWUlaX caHall TaBHX
33pAT aCYYAJIBIT IMUKAABIPIIX MIaap yiararaii Oais.

Tapsara Oapux raspeir JlapxaH maasar borjaxan yynsiH OBep 3aiicaHIl COHIOH,
aMBTaH IIMTIPVK 0IPTIMVTYH OapuxX apryyabll TYPLIMX X39PUHH TyPIIMIT CyAajiraaHsl
QXJIBIT 9X3JIC3H. TapBara 6apux apryyabl TYPIIUH X3PATIMK, UXIBUIPH “TOp TaBUX



apraap 14 Tosroit Taparseir 1998.07.31 xypTanx xyramaann 6apscad. DH3 yesc 0apbcaH
aAMBTBIT XYHUI HOJIeeTIH OpuuHI JAacrax, OalraauilH HOXIOJ JaXb MBI THKIIIHIH
ypramilblH 3YWIMAH OYypAJMHAT TOrTOOX, TyXalH HYTIMHH YpraMmaiDKuiT, XOPCHHH
OYTUMIH OMYMIVIN XMHX, Yyp aMbCTaJIbIH XOJ0OTI0NTON M3 OYPAYYYJIdX, XYHCHHHA
HOT00, TKIUINHH ypramiaap THKIYK AaCrax, AT THKIIIUAH XOHOTUHH HOPM 30XHOX,
OaiipuryysiaH TKI3X TOP CaBHBI TOXHPOMXKTOH XOMJKI3I TOITOOXOJ| TYJXYY aHXaapaH
QKUJIIAcaH.

AMBb/Ipaxaz, TOXHPOMXKTOW TOPOH caB O3NTrIH OalpuIyymk, 3aH TOpX, WIS
TKITUHH OHIUIOTHHT aHXaapaH CyHaJCHBI QYHJ OalraiauifH 33pJidr ypramiiaac rajgHa
Oaiiniaa, TyyBaH, MaH>KHH, TOMC, HOTOOH COHTHMHO, BaHIYH 39p3T XYHCHHH HOTOO yJlaaH
Oyynaii, XanTap apBai 33par TKINIHIH ypramiIbll' XYH?3C aiik OYMX00 0O0JbXK, rapaac
H3MI THXKI3I UAJBT OOJITOH, aCTaH THKIICIH.

Hac, xyiic, 3aH Topx, Oue OYTIHITH OHIIJIOTHHIT Xapraji3aH COHIOH TK33COH aMbTAal
VIChbIH MaJjl 3MHJIAT apUYH LPBPHUITH TOB JIA00PATOPUIAH MIPTRKIITHYY/] AOTOO/ HIMMATY
XOPXOHH OOJIOH HSIH CY/UIAJIBIH IIUHKHUIITI? XUHX LECTO], HeMaTo/ibiH eHjer, (Yersinia
entercolitica) HsH udpcaH Ty AmoH yincaac upyysicon [IVOMEC Injection, BOLFO POW-
DER 1% apuyTransia OOQUCHIT TapBaraH/ 30XUX 3aaBPBIH Jaryy X3pATIdH rafgaa J0TOOR
MUMATYAMAT OYpAH ycTracaH. balWranuiiH TOJOMTOT XalJBapT ©BYHUUT 3COPTYYIIH
CyUTax TOBHUHH MAPIIKWITIH Hap Xyypmar cypered Oa (Yersinia pseudotuberculosis),
TapBaraH TaxJyiblH HH (Yersinia pestis), xyarana Taxai (Francisella tularensis)-siH 3cpar
Oue WIPYYIdX MUHKUITIIT XHIDK dPYYJT TICOH AYTHIITHNAT Tapracad. HurMuite apyyn
MAHIMMH XYPIUIBHTUUH MAIPIRKUWITHYY MOHIJIUNAH IyCHbl MMIIJCOHJ IenagHOBUPYC
WIPYYIIPX MIUHKUITIAT XUHK, IYH CAHANBIT YHASCIAH 3€paTr IYHTIH rapcaH MOHUTHUAT
SInoH yncan mir3aradryi 60HO. JP3pX MMHKUITIHUHA TyHT YHAYCIYH BOS-Hb1 baliranb
OPYHBIT XaMraanax ajidaHaac XoJoornox 6apuMT OUUTHHT OYPAYYJIdH S5 TOJNTON TapBarsr
SInoH yncaa Uri’sX 360BIIOOPeIT aBCaH.

SAnon yaceiH TOKMO XOTOJ TapBarbil XYpraxX, XYJI3JIr3H erex axJsll S.Anbsa,
JA.Cypan Hap xapuyunaH TyHURTrIB. bamdmiscsn 5 rtonroit tapsareir 1998.10.03-un
“YnaanOaarap, Ocaka, Tokno” Mapuipyraap HHCOX OHIOLOOP XYPI' K, TOKHO XOTBHIH
3axupraansl xapbsga 100 rapyil xumuiiH ynamkiaanT Tyyxtid “YOHO”-uilH aMbTHBEI
XYP23JI3HA Aarajjiax onuur 6apumt, MOHIo OpHBI TapBaraHbl TyXail TOBY TaHWJIILLYY.Ira,
CypTajqumiraaHj, amwuriax 24 MUHYTBIH TapBaraHbl aMbJpajbl XapyyJcaH Aaypc
OMYWIATHIH XaMT XYJIIDJIIH OICOH.

MoHTO0M TapBarbIl HUATH Y3YY/IPX anOaH €CHBI HIANITHIH akmiaraa 1998.10.21-ux
“YOHO” amMbTHBI XYp22i9HA 60k, MoHTOI yicaac SImoH yican cyyraa ST4dH CaiIbIH
sIaMHBI QXKWITHYY/ YT H3JITHIH XHUJUIaraai OpoNLCcoH OaiiHa.

AXKJIBIH I'OJ1 YP IYH

1.  Mouron yncein Epenxuitnerdnitn SInoHs!l 3acruifH raszap, apJ TYM3H] O3II3TINCOH
MOHTOJI TapBarbil MOHTOJ YJICHIH OOJIOH OJIOH YJICBIH X3MJK33HJI Jlarak Mepier
Xyyib, TOTTOOMX, IIaap/ularag HUHAIYYISH O3NITIAM aXIIbIT XaHTax, SITOHBI Tana
abaH €coop XYIIITIH 617166. YT aMbTaH X0EP OpHBI HalpaMail XaMThIH aKHJLIaraar
yaaM TYH3THHPYYIISH XOIKYYJIIXUHH OMIATA3T OONOXBIH 33p3ru3d MOHTOI yICHIT
CypTaJIdIaH TaHUyJIaxa/l OHITOM ad Xon0oraonToi 6aix 6oHO.
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2. Monron TapBarbil 0apbXk, TIMKIPK, Tapluryyiaax OOJOH TapBaraHbl OHOJOTH
9KOJIOTMHH XOJIOOTIIONTONH OHOJIBIH OOJIOH TaHMH MOIIOXYWH a4 XOJIOOTIONTOH MX
XIMIKIIHUH YHIT GapUMT MO XypHUMTIAr[AcaH 0eree SHY Tanaap XUHIICOH
AHXHBI TOMOOXOH TYPIIUIT CYalraaHbl &K OOJICOH FOM.

Snon yncstH YOHO aMbTHBI XYpI2JI3HJ, MOHIOM TapBara 16 »kuil ambaapcaH Hb
Cy[Ulaa4/IbIH COHUPXJIBIT TaTCaH 0ApUMT IOM.

TAJTAPXAJI

Mowsroin TapBarsir SIMoH yincaa O33mI9X OITrNMUIT XaHTaX YYPTHHUT XYJII2raK
QKWIIaX HOXIIOI OOJIOMKOOP XaHTaX, TABBCAH CaHAJ XYCHITHHT XYJI39H aBy Iar TyXai
Hb MIMHBIPIIDH 30XHOH Oairyyncan Monron YicsiH EpeHxuiinerauiiH TaMrslH Ta3pblH
npapra C.basp, non napra Jl.Hamcpaii, BOS, IIVA-uitn Tapryymaruaniin razap, 1IVA-
nitH BrosnoruiiH XypasiasH OONOH XaMTpaH aXwulacaH OalTryysuiara, XamT OJIOHA TYH
Tajapxan A3BIIYYIIbE.



THE CURRENT STATUS OF TRANSLOCATED MARMOTS IN
KHENTII AND DORNOD PROVINCES, MONGOLIA

Adiya Ya., Enkhmaa E., Batdorj S., Tsogtjargal G., Naranbaatar G.,
Undrakhbayar E., Delgerchimeg D.,

Mammalian Ecology Laboratory, Institute of General and Experimental Biology Insti-
tute, Mongolian Academy of Sciences Contact: enkhmaae@mas.ac.mn

Abstract

Forty-five Mongolian marmots (Marmota sibirica) were translocated and released in
Batnorov and Norovlin soums in Khentii province in 2015, resulting in a population den-
sity increase of 210% in the two years following population reinforcement.. One hundred
and seventeen individuals were introduced in Bayan-Uul and Tsagaan-Ovoo soums in
Dornod province in 2016, resulting in a 26% population density increase. The reproduc-
tive rate of the Dornod population has been high, with young marmots making up 23-28%
of the population

Keywords: Mongolian marmot, Marmota sibirica, population reinforcement, trans-
location, monitoring

Introduction

Consecutive years of unsustainable hunting practices, unaccompanied byproper plan-
ning and research , and combined with unfavorable environmental conditions have had
negative impacts on marmot reproduction and overall population structure in Mongolia,
and have resulted in a a reduction in marmot distribution and population size, nationwide.
The greatest declines have been seen in southern Mongolia. The area from Bogd Khan
Mountain to the Sergelen and Bayan soums of Tuv province, which once had very large
marmot populations, now no longer have any. As more and more areas of marmot habitat
are developed, for commercial or domestic use and particularly around Ulaanbaatar, avail-
able habitat is shrinking and becoming increasingly fragmented. As a result, it is becoming
impossible for marmots in growing populations to disperse and also increasing the risk of
plague outbreaks.

In consideration of above circumstances, , the Mammal Ecology Laboratory of the
Institute of General and Experimental Biology in the Mongolian Academy of Sciences
conducted two Mongolian marmot conservation translocation projects, with financing
from the Ministry of Environment and Tourism, the UN Development Program, and MON
12/301 and MON 13,303 projects. In 2015, 45 marmots were released in Batnorov and
Norovlin soums in Khentii province. In 2016, 117 marmots were released in Bayan-Uul
and Tsagaan-Ovoo soums in Dornod province. The goal of the translocations was to to de-
crease marmot density and the risk of a plague outbreak in high density marmot areas near
Ulaanbaatar, including Shargamorit, Huurain am, and Gunt. Here we present the results
of an assessment of the effectiveness of the translocation project in the year following the
last transport of marmots.
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Materials and methods

Data were collected for the evaluation of the effectiveness of Mongolian marmot
population reinforcements using methods developed by Mashkin (1983, 1989) and Mash-
kin et al. (1991).

Results
First release site

Monitoring of marmots released in 2015 on the Mogoitiin Har Undur mountain of
Norovlin soum, was conducted in May, when marmots first emerge from hibernation.
Sixty-one families were recorded on the inner slope of Mogoitiin Har Undur mountain
and 16 families were observed in the vicinity of Suj mountain (Tablel). The location of
colonies and burrows is shown in Figure 1. Marmots were in good condition and active
throughout the day.
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Figure 1. Distribution of Mongolian marmots following population reinforcement in
Khentii and Dornod provinces, Mongolia



Out of 77 families and 287 individuals recorded in the release area, 88 (30.65%)
were yearlings, 56 (19.6%) were two-year-olds, 69 (24.05%) were three-year-old, and 74
(25.79%) were adult marmots. The pre-reinforcement population in Batnorov and Norov-
lin soums in 2015 had a density of approximately 9.2 families per km2 . The 2017 survey
showed an increase of 19.3 families per km2, a 210% population increase in two years.

There was an average of 3.7 individuals per family.

Table 1. Distribution and density of Mongolian marmots following population reinforce-

ment in Norovlin and Batnorov soums in Khentii province, Mongolia

Coordinate Ele- N Number of individuals
Ne Location va- Curo of fami- | ; year | 2 year | 3 year
Lat Long tion type lies ods | ords | ors Adults

1 48.72702 | 112.17976 | 1131 | Chamber 2
T 48.72662 | 112.17921 1132 Den 1 4 1
T 48.72681 | 112.17834 | 1156 | Chamber 2 2
T 48.72806 | 112.17938 1138 Den 1 1
? 48.72805 | 112.18040 | 1121 | Chamber
T 48.7288 112.18242 1096 Den 1 1 1 3
T 48.72852 | 112.18318 | 1096 Den 1 2 2 2
T 48.72842 | 112.18363 | 1085 Den 1 3 2 1
T 48.72954 | 112.18315 | 1083 Den 1 1 1 2
T 48.72952 | 112.18300 | 1084 Den 1 3 1 2
T 48.7296 112.18259 | 1090 Den 1 1 3
T 48.73037 | 112.18204 | 1086 Den 1 1 2 4
T 48.73137 | 112.18269 | 1071 Den 1 3 2 2
T 48.73093 | 112.18438 | 1068 Den 1 1 3 1
T 48.73172 | 112.18379 | 1065 Den 1 3 1 3
T 48.73145 | 112.18091 1072 Den 1 1 2
Z Mogoit mountain, Nor- 48.73215 | 112.18243 | 1064 | Chamber 1

18 ovlin soum, Khentii 48.73303 | 112.18086 | 1076 Den 1 1 3
19 | province 487338 | 112.17947 | 1061 | Den 1 2
T 48.73347 | 112.17677 | 1064 Den 1 4 1 2
T 48.73433 112.17762 1064 Den 1 1 3
7 48.73517 | 112.17513 | 1068 Den 1 2 2
? 48.7345 112.17487 | 1067 Den 1 1 2
7 48.73316 | 112.17348 | 1072 Den 1 3 1 2
? 48.73216 | 112.17012 | 1077 Den 1 1 1 1
7 48.73178 | 112.16383 | 1081 Den 1 2 1 1
7 48.73166 | 112.16278 | 1090 Den 1 3 1 3
? 48.73309 | 112.16765 | 1084 Den 1 1 1 2
7 48.73326 | 112.16929 | 1077 Den 1 3 1 2
T 48.73428 | 112.16988 | 1081 Den 1 1 2 2
T 48.73415 | 112.17184 | 1072 Den 1 1 2 2
T 48.73587 | 112.17694 | 1065 Den 1 2 4
? 48.73393 | 112.18269 | 1056 Den 1 1 1
3_4 48.73293 | 112.18500 | 1058 Den 1 2
? 48.73011 112.18621 1063 Den 1 1
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36 48.73155 | 112.19071 1045 Den 1 1 4
? 48.73296 | 112.19103 | 1043 Den 1 3 1
? 48.73063 | 112.19056 | 1047 Den 1 1 2
3_9 48.72938 | 112.18987 | 1053 Den 1 4
T 48.72937 | 112.18787 | 1062 Den 1 2
T 48.72813 | 112.18825 | 1065 Den 1 1
T 48.72895 | 112.19134 | 1045 Den 1 2
T 48.72853 | 112.19275 | 1044 Den 1 1
7 48.72823 | 112.19301 1043 Den 1 1 1
? 48.72758 | 112.19418 | 1045 Den 1
? 48.72731 112.19355 | 1046 Den 1 2
T 48.72692 | 112.19271 1048 Den 1 3
T 48.72744 | 112.19181 1056 Den 1
? 48.72675 | 112.19019 | 1057 Den 1 2 3
? 48.72605 | 112.19218 | 1050 Den 1 2
T 48.72607 | 112.19267 | 1046 Den 1 4 1
7 48.7251 112.19119 | 1056 Den 1 1 1
? 48.72411 | 112.19013 | 1059 Den 1
7 48.72399 | 112.19080 | 1058 Den 1 1
? 48.724 112.19312 | 1053 Den 1
? 48.72461 | 112.19689 | 1046 Den 1 2
? 48.72433 | 112.19621 1046 Den 1 1
? 48.72056 | 112.19781 1058 Den 1 1
? 48.72581 | 112.18280 | 1104 | Chamber
W 48.72505 | 112.18264 | 1103 Den 1 1
6_1 48.72394 | 112.18245 1107 Den 1 2 1
6_2 48.7235 112.17220 | 1133 Den 1 2
? 48.72305 | 112.17969 | 1135 Den 1 1 6
6_4 48.72172 | 112.18075 | 1133 Den 1 2
? 48.721 112.17932 | 1136 Den 1 1 2
? 48.71935 | 112.18203 1112 Den 1 4 1
67 48.7191 112.18240 | 1105 Den 1 3
K 48.72235 | 112.18393 | 1095 Den 1 2 1
F 48.72694 | 112.18303 | 1095 | Chamber 1 2 1
T 48.14334 | 111.65998 | 1085 Den 1 1 2
T 48.14359 | 111.65829 | 1093 Den 1 2 3
7 48.13935 | 111.65337 1123 Den 1 1 2
E Suj mountain, Bat- 48.13914 | 111.65218 1116 Den 1 3 2
74 norov soum, Khentii 48.23454 | 111.75016 1172 Den 1 4
75 | province 4823516 | 111.74729 | 1179 | Den 1 2
7 48.23772 | 111.74639 1192 Den 1
7 48.23766 | 111.74763 | 1200 Den 1
7 4823675 | 111.75378 | 1176 Den 1 1
7 48.23531 | 111.75397 | 1176 Den 1 4
W 48.14287 | 111.66122 | 1381 Den 1 2
T 48.14189 111.6396 1090 | Chamber




82 48.13872 | 111.65663 | 1108 | Chamber 2

? 48.23553 | 111.75244 | 1178 Den 1

? 48.2375 111.75263 | 1191 Den 1 1

? 48.23743 | 111.75267 | 1190 | Chamber 1

? 48.23697 | 111.75.409 | 1186 | Chamber

? 48.23553 | 111.75573 | 1135 | Chamber 2

? 48.2356 111.75584 | 1179 Den 1 1
Total 287 77 88 56 69 74

At all sites, families had dug new holes, or fixed old holes for such purposes as pro-
tection from predators, reproduction, and hibernation. Families used areas with relatively
abundant forage. During our observations the study site was windy and plant communities
showed typical species composition and density. Families were relaxed in their grazing.
They were active throughout the day and did not graze in the mornings or at night.

Second release site

Marmots were released at the second site in 2016, on the outer slope of Haraat moun-
tain in Bayan-Uul soum and Uvur hooloi of Tsagaan-Ovoo soum. Follow-up surveys were
conducted in May of 2017, at the same time as the first release site was surveyed. During
surveys, weather was mildly favorable vegetation was abundant. Marmots were in good
condition and reproductive rates were higher than at the first translocation site .

Surveys of the reinforced marmot populations in Bayan-Uul and Tsagaan-Ovoo
soums of Dornod province recorded the distribution, location, and elevation of burrows
and the number of individuals in each family, as well as their age and sex (Table 2). Out
of 80 families and 348 individuals recorded at the release sites, 99 (28%) were yearlings,
79 (23%) were two-year-olds, 71 (21%) were three-year-olds, and 97 (28%) were adult
marmots. The balance of the age distribution shows that adaptation to the release area and
winter survival were normal and the breeding rate was high. The density of families in the
Haraat mountain inner slope in 2016 was 13.8 families per km2. By 2017, the density had
increased to 17.4 families per km2, a population increase of 26%.

Table 2. Distribution and density of Mongolian marmots following population reinforce-
ment in Bayan-Uul and Tsagaan-Ovoo soums, Dornod province, Mongolia.

Coordinate Ele- Number Number of individuals
Ne Location Lat Long ;Z;, Colony | of, lfiz;;m- b ()};fl,zr 2 OJ;Z:V 3 ;}Zgr e
1 48.69581 112.77112 | 1007 Den 1 4 1 2
T 48.69713 | 112.77187 | 1006 Den 1 2 1 1 2
T 48.70865 | 112.77538 995 Den 1 1 2
T 48.71883 | 112.80335 940 Den 1 3 2
|5 | Kharaatmountain, [ 4872696 | 112.81366 | 956 | Den 1 4
— Bayan-Uul soum,
| 6 | Domodprovinece | 4872272 | 112.82327 | 943 | Den 1 1 3 2
7 48.72299 | 112.82718 944 Den 1 2 2
T 48.72252 | 112.82805 943 Den 1 4 1
T 48.72281 112.82956 944 Den 1 3 2
T 48.72255 112.83113 943 Den 1 3 1 2
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11 48.72315 | 112.83301 | 942 Den 1 1 3
12 | 48.72397 | 112.83321 | 942 Den 1 4 4
13| 48.72332 | 112.83618 | 941 Den 1 3 2 2
14 | 48.72396 | 112.83903 | 939 Den 1 1 3 1
15 | 48724 | 112.84046 | 936 Den 1 3 1 3
16 | 48.72388 | 112.8411 | 935 Den 1 1 2 2
17 | 48.72416 | 112.84222 | 937 Den 1
18 | 48.72434 | 112.84381 | 935 Den 1 5 1
19 | 48.72429 | 112.84501 | 934 Den 1 3
20 | 48.72433 | 112.84556 | 935 Den 1 4 1 2
21 | 48.72527 | 112.84833 | 935 Den 1 2 2 2
2 | 48.72491 | 112.85264 | 933 Den 1 1 3
23 | 48.72421 | 112.85476 | 931 Den 1 5 1
24 | 48.72471 | 112.85692 | 930 Den 1 1 4 2
25 | 48.72504 | 112.85701 | 930 Den 1 3 2
26 | 48.72523 | 112.8612 | 929 Den 1 5 1 1
27 | 48.72363 | 112.86165 | 930 Den 1 1 1 4
28 | 48.72633 | 112.86714 | 926 Den 1 1 1 2
29 | 48.72659 | 112.86938 | 925 Den 1 2 2
30 | 48.73045 | 112.87529 | 935 Den 1 1 2 2
31| 4872192 | 112.8255 | 940 Den 1 1 2 2
32 | 4872133 | 112.82424 | 941 Den 1 2 4
33 | 48.72074 | 112.82166 | 940 Den 1 3 1 2
[ 34 | 48.72064 | 112.82004 | 942 Den 1 2 1
[ 35 | 48.71901 | 112.8204 | 940 Den 1 3 1
36 | 48.72092 | 112.81616 | 942 Den 1 1 4
37| 48.72328 | 112.81697 | 944 Den 1 5
B3 48.72327 | 112.81697 | 944 Den 1 4
39 | 474843 | 11093152 | 1003 | Den 1 2
40 48.60948 | 112.64336 | 1019 | Den 1 2 2 4
a4 | 48.6099 | 112.64344 | 1029 | Den 1 2 2
4 | 48.61015 | 112.64365 | 1031 | Den 1 4 1
43| 48.61202 | 112.64158 | 1035 | Den 1 1 2
44 | 48.61273 | 112.64076 | 1037 | Den 1 1 3 1
45 | 48309 | 112.63733 | 1050 | Den 1 2
[ 46 | 48.61415 | 112.63851 | 1050 | Den 1 2 5
z Ovor khooloi, Tsagaa. | 4361296 | 11264461 | 1039 | Den 1 4 2
48 Ovoo soum, Dornod 48.61022 112.64791 1035 Den 1 1 2
49 | province 48.60894 | 112.64940 | 1029 | Den 1 3 1
50 | 48.6034 | 112.64539 | 1019 | Den 1 4 1
51| 48.6032 | 112.64342 | 1021 | Den 1 2 2
52 | 48.60259 | 112.64329 | 1023 | Chamber
53 | 48.6018 | 112.64201 | 1021 | Chamber
54 | 48.60175 | 112.64435 | 1011 | Chamber
55 | 48.60667 | 112.64462 | 1022 | Den 1 5 2
56 | 48.60663 | 112.64460 | 1018 |  Den 1 3




57 48.66588 | 112.64636 | 1017 Den 1 3
? 48.60549 | 112.64729 | 1007 Den 1 1
? 48.6036 112.64705 | 1021 Den 1
T 48.60249 | 112.64707 | 1021 Den 1 1
? 48.60231 | 112.64712 | 1020 Den 1 4 3
? 48.6018 112.64675 | 1015 Den 1 2
? 48.60108 | 112.64751 | 1017 Den 1 1 2
7 48.6002 112.64705 | 1015 Den 1 1 4
? 48.6005 112.34793 | 1012 Den 1 1 2 2
? 48.60414 | 112.64735 | 1003 | Chamber
7 48.6127 112.62426 | 950 | Chamber
? 48.60833 | 112.64591 905 Den 1 3 1
? 48.6127 112.64426 | 905 Den 1 1 1
7_0 48.69269 | 113.03404 | 888 Den 1 3 2
T 48.68228 | 112.96265 | 922 | Chamber
7 48.67213 | 112.92159 | 935 | Chamber
? 48.60948 | 112.64336 | 1019 Den 1 3 2 1
? 48.6099 112.64344 | 1029 | Chamber
? 48.61014 | 112.64365 | 1031 Den 4 1 4
? 48.61202 | 112.64158 | 1035 Den 3 3 3
? 48.61273 | 112.64077 | 1037 Den 4 1 1
? 48.61309 | 112.63733 | 1050 Den 1 3
7_9 48.61415 | 112.63851 | 1050 | Chamber
W 48.61297 | 112.64461 | 1039 | Chamber
8_1 48.61022 | 112.64791 | 1035 Den 1 3 2
8_2 48.60894 112.6494 | 1029 | Chamber
? 48.60341 | 112.64539 | 1019 | Chamber
8_4 48.6032 112.64343 | 1021 Den 1 6 4
? 48.6025 112.64329 | 1023 | Chamber
? 48.6018 112.64201 | 1021 | Chamber
7 48.60175 | 112.64435 | 1011 Den 1 3 2
Total 348 80 99 79 73 97

As with the first translocation site, every family in the second area had dug new holes
or fixed old holes for their use. Families occupied areas with abundant forage. During
observations, weather at the study site was mildly windy and sunny, plant communities
showed typical species composition and density, and the families were active grazing from
morning until nightfall.

Conclusion

Our survey found that the number of families and the number of juvenile marmots
(one to three years old) had increased following translocation and the proportion of juve-
niles in all populations was high ( 23-28% yearlings, 23-24.1% two-year olds) at all re-
lease sites . These results demonstrate low mortality and high reproduction rate at release
sites and suggest that the translocation project was a success.
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Sites of marmot population reinforcement were entrusted to local citizens and con-
servation cooperatives who will ensure that the marmot populations continue to thrive.

To ensure proper conservation and availability of marmots as a resource, it is critical
that population structure and density, reproduction, and mortality are regularly monitored
at all sites of interest. To further improve project outcomes, we recommend choosing
release sites surrounded by larger areas of potentially suitable habit, so that as marmot
populations grow, their range can be extended.

XOHTHUM, JOPHOJ AUMTUIH HYTAT'T MOHTOJ1
TAPBATA (MARMOTA SIBIRICA RADDE, 1862) COPT33H
HYTAT'IIYYJICAH AXKJIBIH JIYH, OHOOT MH BAUJIAJI

Sl.Anbsa, 3.9uxmaa, C.barnop:k, I.Llorr:xaprana, I.Hapan6aarap,
9. Yuapaxoasp A./par3punmar

HIVA-uiin Eponxuii 6onon Copunvin Buonozutin Xypoononeuiitn Xoxmuui 3K0102utit
aabopamopu

ToBu aryyJra.

2015 onn Xoutuii adimruitn barHopoB, HopoBmun cymbiH HyTart 45 Oomranb
TapBarkll' COPIIdH HYTarmyyoK 2 )KWIMHH Xyranaana OyiauidH Too 2,1 gaxuH ecceH, 2016
oun Hopuon aiimruiin bastu-Yyi, [{araan-OBoo cyMbIH HyTart HUUT 117 Tonroit Monromn
TapBara COprasH HyTarmryymnK OyJIHiiH TOO O©MHOX KHIHHHXIC 26% -Hap 6CCoH, TyXaiH
TIOTTYJISIIIMIAH YPXKITHHH 9pYUM OHI0p, MOHIOIHUIH 33719X XyBb 23-28 %-11 XypcoH OaiiHa.

TyJaxyyp yr

MoHron TapBara, COprasH HyTarlryyinax, MOHUTOPHUHT Cyiajiraa

OJoH XKW JlapaajaH Xadp ramryi, TOOI0O cynanraa MyyTaid arHacaH OOJIOH
Oaifraip mar yypslH TaajJaMXIYH XY4HH 3YHI99C IaNTraalaH UX3HX HyTarT TapBaraHbl
XOBUIH Yp)KWII, HOXOH TOJDKWIT, MOMYIALUHH 360B OYTAI[ ajjarnax, Tapxam HyTar
TacapxalTaH XyMHUIJIaX, TOO TOJITOH, HOOII Hpc OaracaH 3apyM HyTarT yCTax Yryi 00yox
SIBII SUTAHTYysla TapBaraHbl TapXall HyTTHIH @MHO/] 3aX X3COIT WYY UX23p TIMAMIAIIIX
6omnoB. Tyxaiin6an, 1990-551 oH XypTan »105r TapBararaii 6aiican Tes aitmruiin born xan
yynaac yparm CopramsH, basH cymibiH HyTar TapBararyi 00i100. XapuH aii epx, ax
axyHH HOTXK, ajnbaH Oalryymiara oJHOOp CyypBIIMH ra3ap 333MIIMK Oaiiraa 3apum Oyc,
Tyxain0an HUHCIN YiaaanOaaTap XOT OPYMBIH 3YCIAHTUHH ra3pyynan A3IPXUIH 3Cpar
Oyroy MoHron TapBaranbl Tapxall HyTar XyMHIJaX, aMbJIpaXx OpYMH Hb Xs3raapiaraaH
HSTTIIWII UXCHK, TApXall HyTraa TAJIX O0JIOMKTYH OOJICHBI 39pIridd Taxall ©BUMH Tapxaax
9pPCAI Aaryyink OaiiHa.

J139px HeXIes OaliuTBIT TOOIIOH HUMCIT XOT OPUMBIH TapBaraHbl HATTIINI ©HIOp,
[apra mopst, XyypaitH am, ['YHT 33p3T XOTBIH HOTOOH OYCHIH TapBaraHbl HSTTIINI,
OalramuitH TOIOMTOT ©BUMH Tapxax JPCIUTHUAT Oyypyymax 3opwiroop baiirame opumH,
astman xyymuwriaisH sam, HYB-pra Xerkomiin xetembep, MOH 12/301, MOH 13/303
TOCIIO0C CAHXYYKYY/DK XOXTOH aMbTHBI AKONOTMMH Huiramiar, LIIYA-uitn Epenxuii



0OJIOH COPHJIBIH OHMOJIOTHIH XYPAI3JIOHTHHH cymiaadug xamtpan 2015 onn XoHTHI
aiimruita bataopos, Hoposiua cyman 45 6onrans, 2016 onn JlopHox aiimruiin basH- Yy,
araan-OBoo cyMbIH HyTart HUMT 117 Tonroit MoHron TapBara cIprasH HyTaruryymnax
QKJIBIT TYC TYC XMIDK TYHLPTrIB. DHJ OMJ] 199pX TapBara COprasH HyTarulyyjicaH aKJIblH
MOHHUTOPHHT CyAaJIraaHbl YP AYHT TOBUIOB.

Cynanraansl apra3syii, Xap3rixyyH.

JIP9pX CyMABIH HYTarT COPrIdH HyTaruryyicaH MOHToa TapBaraHbl HSTTIINIL,
HOOIMUT YHAIDX M) XIPANIXYYHHHUT Hyriyyaax axiaelr Mamkwus, 1983, 1989;
MamikuH, 3apyounn, KonecHukoB, 1991 HapblH OOJIOBCpYY/ICaH apra3yiH Aaryy XHibK
TYHITIIB.

CynanraaHsl yp AYH

Crpzryn wymazwiyyncan Hi320y233p manédai. 2017 onx HoposmuH cymbiH 3-p
OarmitH MoroiiteiH Xap eHmep yya 6omon barHopoB cymbrH CyyX XaWpXHBI OpYHM
COPrIdH HyTarmryyiacaH MOHIOJI TapBaraHbl MOHMTOPHHI CyIaJraar 3yHbl 3X9H capl
Oyroy MeHMeln “TamaaincaH” yedp XHibk TYHIPTrB. Tyc cymanraaraap MoroiiteiH Xap
eHJep YyabIH ap 03mx 61 Oyn, Cyyx yynsH opuumM 16 Oy tapsara (xycHarT 1) Tyc Tyc
OyptraH ToMIATIIB. Uuss HyxHUI Oaiiprmisr 3ypar 1-T y3yyncss. bonrammyn rapra xy4
X9BHIH, ©JIPUIH TyPII HIIBXU XO/IOJITOOH caifTail 6auB.

CoprasH HyTarmryyiaaiT XduicoH Oyc HytarT HuUT 77 Oyn, 287 Ooxmrams Tapmara
toonorgaconooc 88 (30.65%) menmen, 56 (19.6%) xorun, 69 (24.05%) map xanap,
74 (25.79%) Owue ryiitucsH Oomrans Tyc Tyc OyprrarmdB. 2015 oHa TapBara CIprasH
HYTarmyyJjaaxslH ©MHOX TaHIaH cyganraaraap Hoposiux, barHopos cymana 100 ra 6yroy
1 kM/kB Tanbaiin 9.2 opurm Oy HoOrmoXk Oaiican 6011 2017 OHBI MOHUTOPHHT CyIajiraaraap
1 xM/kB Tanmbai qax OYJIHIH TOO HAIMAITAMK | KM/KB TanOaiix 19.3 Oyn HArTIIHITAR TYH
rapy, COpragH HyTaruryyiaajiT XMHX39C OMHOX YeTdi Oyoy 2 KWIMIH Xyranaanja aapyi
2.1 naxuH eccen OaiiHa. Har Oy HOOTIOX TapBaraHsl TOO TOJITOM IyHKaap 3.7 OaiiB.
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Capraon myraruyyiacan Monrron Tapsara Marmota sibinica/-ne Tapxan
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1 I'I"EH'-I'E 1 IZ"\ID’U'H NS {'VEI"I::
3ypaz 2. Xonmuii, [loproo aiimaem capeasn wymazutyyican Moneon mapeazanol uus?
HYXHUU daupuiun

byxn tyc Oyp nmaiican ambTaaac OMed xamraajax, YPKHX, TOPOX, HUIIIX 30PHYIIAIT
OyXuil OJIOH HYXMUT IIMHIIP YXCaH, XyyudH HYXHUHT 3accaH Oaiican Oa OyJyyn HIdII
TPKIWIMNH ypramas Xapbl@aHryi apBuH, Oallpuiui HyTTHHUT 339Minmk OaiiB. bumanuit
@KWUIaX Xyranaanja TyXalH Oycol calxuTaid, eBC HOTOOHBI rapll DyHIAX XIMXKIDHI
Oaiican Oereen OoAraaMyl 6INIOOHOOC OPOW OOJITON TalBaH MIIIUIMIDK, OJPUNAH TypILl
WJ9BXH caiiTaii, eriee opoiiH rapaaryii 6ais.



Xycnzem 1. Xonmuii avimeurin bamnopos, Hopoenun cymano copessn Hymazutyyicam

Momneon mapsacanor mapxay, oavpwiun, Oyauiin 60J10H 6002anutii Moo

Boozanuiin moo

Mo Taspoin wop Koopounam Onoep i Bynuiin
Lat Long Ly Zzog Mo | Xo | LIX | bI'

1 48.72702 | 112.17976 1131 | 3ycaan 2
2 | 48.72662 | 112.17921 | 1132 HNund 1 4 1
EN 48.72681 | 112.17834 | 1156 | 3ycaan 2 2
4 48.72806 | 112.17938 | 1138 Nur 1 1
I 48.72805 | 112.18040 | 1121 | 3ycaan
6 | 48.7288 | 112.18242 | 1096 Nurs 1 1 1 3
KR 48.72852 | 112.18318 | 1096 Nus 1 2 2 2
N 48.72842 | 112.18363 | 1085 Nus 1 3 2 1
T 48.72954 | 112.18315 | 1083 HNus 1 1 1 2
T 48.72952 | 112.18300 | 1084 Nus 1 3 1 2
T 48.7296 | 112.18259 | 1090 HNus 1 1 3
T 48.73037 | 112.18204 | 1086 Hus 1 1 2 4
T 48.73137 | 112.18269 | 1071 Hus 1 3 2 2
14 | 48.73093 | 112.18438 | 1068 Hurs 1 1 3 1
T 4873172 | 112.18379 | 1065 Hur 1 3 1 3
7 48.73145 | 112.18091 | 1072 Wund 1 1 2
T 48.73215 | 112.18243 | 1064 | 3ycaan 1
18 | 48.73303 | 112.18086 | 1076 Nur 1 1 3
19 | 48.7338 | 112.17947 | 1061 Nur 1 2
20 | 48.73347 | 112.17677 | 1064 Nur 1 4 1 2
Z Xowruit aitvar, Hoposnn cym, | 4873433 | 112.17762 | 1064 Nur 1 1 3

22 MoroiiTein xap emep yyi 48.73517 | 112.17513 | 1068 Nus 1 2 2
23| 48.7345 | 112.17487 | 1067 Nus 1 1 2
7 48.73316 | 112.17348 | 1072 Nus 1 3 1 2
? 48.73216 | 112.17012 | 1077 HNus 1 1 1 1
7 48.73178 | 112.16383 | 1081 HNus 1 2 1 1
? 48.73166 | 112.16278 | 1090 HNus 1 3 1 3
7 48.73309 | 112.16765 | 1084 Hus 1 1 1 2
? 48.73326 | 112.16929 | 1077 Hurs 1 3 1 2
? 48.73428 | 112.16988 | 1081 Hur 1 1 2 2
3_1 48.73415 | 112.17184 | 1072 Wund 1 1 2
32 | 48.73587 | 112.17694 | 1065 Nur 1 2
33| 48.73393 | 112.18269 | 1056 Nur 1 1 1
34 | 48.73293 | 112.18500 | 1058 Nur 1 2
35 | 48.73011 | 112.18621 | 1063 Nur 1 1
36 | 48.73155 | 112.19071 | 1045 Nus 1 1 4
37| 48.73296 | 112.19103 | 1043 Nus 1 3 1 2
? 48.73063 | 112.19056 | 1047 HNurs 1 1 2
? 48.72938 | 112.18987 | 1053 Nus 1 4
T 48.72937 | 112.18787 | 1062 HNus 1 2
T 48.72813 | 112.18825 | 1065 Hus 1 1
4 | 48.72895 | 112.19134 | 1045 Hus 1 2 1
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43 48.72853 | 112.19275 | 1044 Wurn 1 1 3
7 48.72823 | 112.19301 1043 Nun» 1 1 1
? 48.72758 | 112.19418 | 1045 Nund 1 2
? 48.72731 | 112.19355 | 1046 Nun» 1 2
T 48.72692 | 112.19271 1048 Nus» 1 3
? 48.72744 | 112.19181 1056 Nund 1
? 48.72675 | 112.19019 | 1057 Nund 1 2 3
T 48.72605 | 112.19218 | 1050 Nund 1 2 2
T 48.72607 | 112.19267 | 1046 Wund 1 4 1 2
? 48.7251 112.19119 | 1056 Wund 1 1 1
? 48.72411 | 112.19013 | 1059 Wurs 1
5_4 48.72399 | 112.19080 | 1058 Wurn 1 1
? 48.724 112.19312 | 1053 Wuro 1 2
? 48.72461 | 112.19689 | 1046 Wurn 1 2
? 48.72433 | 112.19621 1046 Wuro 1 1
? 48.72056 | 112.19781 1058 Wurn 1 1
5_9 48.72581 | 112.18280 | 1104 | 3ycaan 1
T 48.72505 | 112.18264 | 1103 Nun» 1 1
T 48.72394 | 112.18245 1107 Nus» 1 2 1
7 48.7235 | 112.17220 | 1133 Nun» 1 2
? 48.72305 | 112.17969 | 1135 Nus» 1 1 6
7 48.72172 | 112.18075 1133 Nund 1 2 2
? 48.721 112.17932 | 1136 HNusd 1 1 2
7 48.71935 | 112.18203 1112 Wund 1 4 1

67 48.7191 112.18240 1105 J4REE) 1 3 3
? 48.72235 | 112.18393 | 1095 Wuro 1 2 1
? 48.72694 | 112.18303 | 1095 | 3ycaan 1 2 1
7 48.14334 | 111.65998 | 1085 Wurn 1 1 2
7_1 48.14359 | 111.65829 | 1093 Wuro 1 2 3
7_2 48.13935 | 111.65337 1123 Nus» 1 1 2
T 48.13914 | 111.65218 1116 Nun» 1 3 2 1
7 48.23454 | 111.75016 | 1172 Nus» 1 4
? 48.23516 | 111.74729 | 1179 Nun» 1 2
? 48.23772 | 111.74639 | 1192 Nus» 1 1
Z Xowruii aiivar, Barropos cyym, | 48-23766 | 111.74763 1200 Nun» 1

78 Cyx yyn 48.23675 | 111.75378 1176 Wus 1 1
7 48.23531 | 111.75397 1176 Nund 1 4
T 48.14287 | 111.66122 1381 Wund 1 2
? 48.14189 111.6396 1090 | 3ycaan
8_2 48.13872 | 111.65663 1108 | 3ycaan 2
? 48.23553 | 111.75244 | 1178 Wuro 1
8_4 48.2375 | 111.75263 1191 Wurn 1 1
? 48.23743 | 111.75267 1190 | 3ycaan 1
8_6 48.23697 | 111.75.409 | 1186 | 3ycaan
? 48.23553 | 111.75573 1135 | 3ycaan 2
W 48.2356 | 111.75584 | 1179 Nus» 1 1

Huiir 287 77 88 | 56 | 69 | 74

76




Capeaan Hymazwiyyncan xoépoyzaap manéai. 2016 oHII COPrIdH HyTaruryyaaiT
XHMHCOH YT MOIYIISIH O©MHOX Tai0aiiTail HaraH mxui Oyroy 2017 oHbl 3yHbI 3X3H capy bastH-
Yy cymbin Xapaarsin eBep 031 60s10H [{araan 0Boo cyMbiH OBOp X000 MOHUTOPHUHT
cyjairaar Xuibk rydHuaTraB. TyxaiiH Oyc HyTarT 1ar yypblH Taatai HOXLeITdH, ypramai
HOTOOHBI rapi| caitn 6aiiB. Tyc Oycon Tapxan Oaiipiican Oofranuys Tapra Xy4 XdBHIH,
YPKJIMIH 9pUnM, Tesepxer yaHap (MeHOJINIHH TOO) faByy Oairaar TOrTOOB.

Jopuox aiimruiin basu-Yyn, [araan-OBoo cymana caprai Hytarummk Oyit MoHron
TapBaraHbl MOHUTOPUHI CyJaliraaHbl Yp AYH TapXal OalpIiui, eHIepUIHi, OOIrainiiH
T0O0, OYIUITH HAC XYHCHHUN OYTIHUT XYCHATIT 2-1 Y3YYII3B.

Cypmanraansl SBIAJA COPrIdH HYTATHIyylmaidT XuicdH Oyc HyTtart HUUT 80 Oym, 348
6oxrane ToonoracoHooc 99 (28 %) menmen, 79 (23 %) xotun, 73 (21 %) map xamap,
97 (28%) Oume ryiincsH Ooarans Tyc Tyc OaitHa. JI39px ayHIIac xapaxaj HacHbl OyTOI
OWPOJIII00 XYBHUIT 33119k Oaiiraa Hb COPII9H HYTATLIyYJICaH TyXaiH Oyca TapBara jacaHn
30XHUII0K, OBOIDKIIITHIT CaifH JaBcaH 0eree Yp KIUIH dp4nM eHIep Oairaar xapyysas.

2016 onx TapBara cOprasH HyTaruryyjaaxblH ©MHOX TaHJIaH cyjairaaraap XapaaTblH
eBep 0ona 1 xkM/kB-1 13.8 Oyir Hoormox OaiicaH GO MOHMTOPHHT cyfanraaraap 1 km/
KB Tainbaiiy 17.4 Oyn TapBara HOOIJIOK OMHOX JKWJIMHHX?3C | KM/KB Tanbaiiy 3.6 Oy
Tapsara Oytoy 26 %-nap ecceH OaiiHa.

CymanraaHpl HATAYTIIp TalOaifH HATIH amgmmaap Oyn Tyc Oyp malicaH ambTaaac
Ouen xamraanax, YpXKux, TOPOX, HUI3JI9X 30pUYNIANT OYXHid OJIOH HYXHHT HMIMHID YXCaH,
XYYYHH HYXUHT 3aCCaH, WIS THKIIMMHH HOOI] apBUH OalpIIvI HYTTHHT 333MIIHK
OaiiB. bumHuMit axxmmax XyranaaHza TyXaifH OyCoI TOTTYYH CallXuTai, XypIl HapTaii, eBC
HOTOOHEI TapIl Malll caifH 6eree ] OOATANNY OTIOOHE0C OPOH OOITOT HAIBXUTIH TaliBaH
WAPDIIIDK OaiB.

Xycuzem 2. Jlopnoo atimeutin basn-Yyn, llacaan-Osoo cymano copesdn Hymazutyyicam
Momneon mapsacanel mapxay, bavupwiui, OyauiiH moo, 6002ANUlH Moo

Koopounam 5 Boozanuiin moo
Ao Taspsin op P Onoop i Bynuiin
Lat Long Ly Zzeg Mo | Xo | LIX | bI"

1 48.69581 | 112.77112 1007 Wurn 1 4 1 2
2 48.69713 | 112.77187 1006 Wun 1 2 1 1

3 48.70865 | 112.77538 995 Wuro 1 1

4 48.71883 | 112.80335 940 Wuro 1 3 2

5 48.72696 | 112.81366 956 Wuro 1 4

6 48.72272 | 112.82327 943 Wuro 1 1 3 2
7 48.72299 | 112.82718 944 Wuro 1 2 2

8 Jlopron aiimar, Basu-Yyncym | 48.72252 | 112.82805 943 Nus 1 4 1
9 XapaarbIH 0BOp 48.72281 | 112.82956 944 Nuro 1 3 2
10 48.72255 | 112.83113 943 Nus 1 3 1 2
11 48.72315 | 112.83301 942 Nurs 1 1 3
12 48.72397 | 112.83321 942 J4EEE] 1 4 4

13 48.72332 | 112.83618 941 Wurs 1 3 2 2
14 48.72396 | 112.83903 939 Wurs 1 1 3 1
15 48.724 112.84046 936 Wurn 1 3 1 3
16 48.72388 112.8411 935 Wurn 1 1 2 2
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17 4872416 | 112.84222 | 937 | Hum
18 | 4872434 | 112.84381 | 935 | Hum 1
19 | 4872429 | 112.84501 | 934 | Hum
20 | 4872433 | 112.84556 | 935 | Hum 4 2
21| 4872527 | 112.84833 | 935 | Mum 2 2
22 | 4872491 | 112.85264 | 933 | Mum
23 | 4872421 | 112.85476 | 931 | Mum 5 1
24 | 4872471 | 112.85692 | 930 | Mum 1 2
25 | 4872504 | 112.85701 | 930 | Mum 3
26 | 4872523 | 1128612 | 929 | Mum 5 1
27 | 4872363 | 112.86165 | 930 | Mum 1 4
28 | 4872633 | 112.86714 | 926 | Mum 1 2
29 | 4872659 | 112.86938 | 925 | Mum 2
30 | 4873045 | 112.87529 | 935 | Mum 1 2
31| 4872192 | 112.8255 | 940 | Hum 1 2
32 | 4872133 | 112.82424 | 941 | Hum 4
33| 4872074 | 112.82166 | 940 | Hum 3 2
34 | 4872064 | 112.82004 | 942 | Hum
35| 4871901 | 112.8204 | 940 | Mum 1
36 | 4872092 | 112.81616 | 942 | Mum 1
37| 4872328 | 112.81697 | 944 | Mum 5
38 | 4872327 | 112.81697 | 944 | Mux
39 | 47.4843 | 11093152 | 1003 | Mo
40 48.60948 | 112.64336 | 1019 | Mum 2 4
41| 48.6099 | 112.64344 | 1029 | Hum
4 | 48.61015 | 112.64365 | 1031 | Hum 4 1
43| 48.61202 | 112.64158 | 1035 | Hum 1 2
44 | 48.61273 | 112.64076 | 1037 | Wum 1 1
45 | 48309 | 112.63733 | 1050 | Mo 2
46 | 48.61415 | 112.63851 | 1050 | Wum 2
47 | 48.61296 | 112.64461 | 1039 | Hum 2
48 | 48.61022 | 112.64791 | 1035 | Hum 1
49 | 48.60894 | 112.64940 | 1029 | Hum 1
50 | 48.6034 | 112.64539 | 1019 | Mo 4 1
El HOPHZ;;'&“;%E?Z‘;'OB"O 48.6032 | 112.64342 | 1021 | Hum 2
52 48.60259 | 112.64329 | 1023 | 3ycaan
53 | 48.6018 | 112.64201 | 1021 | 3ycaan
54 | 48.60175 | 112.64435 | 1011 | 3ycaan
s | 48.60667 | 112.64462 | 1022 | Mum 5 2
56 | 48.60663 | 112.64460 | 1018 | Mum
57 | 48.66588 | 112.64636 | 1017 | Mum
58 | 48.60549 | 112.64729 | 1007 | Mum
59 | 48.6036 | 112.64705 | 1021 | Mo 1
60 | 48.60249 | 112.64707 | 1021 | Hum
61 | 48.60231 | 112.64712 | 1020 | Hum 4
62 | 48.6018 | 112.64675 | 1015 | Mum
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63 48.60108 | 112.64751 1017 Huz» 1 1 2
7 48.6002 112.64705 1015 Hudd 1 1 4
? 48.6005 112.34793 1012 Huzd 1 1 2
7 48.60414 | 112.64735 1003 | 3ycaan
7 48.6127 112.62426 950 3ycaain
? 48.60833 | 112.64591 905 Huzd 1 3 1
? 48.6127 112.64426 905 Huzd 1 1 1
T 48.69269 | 113.03404 888 Huzd 1 3 2
7_1 48.68228 | 112.96265 922 3ycaan
7_2 48.67213 | 112.92159 935 3ycaan
? 48.60948 | 112.64336 1019 Huzd 1 3 2 1
7_4 48.6099 112.64344 1029 | 3ycaan
? 48.61014 | 112.64365 1031 Hurd 4 1 4
7_6 48.61202 | 112.64158 1035 Hurd 3 3 3
7 48.61273 | 112.64077 1037 Hud» 4 1 1
? 48.61309 | 112.63733 1050 Huzd 1 3
7_9 48.61415 | 112.63851 1050 | 3ycaan
W 48.61297 | 112.64461 1039 | 3ycaan
T 48.61022 | 112.64791 1035 Huzd 1 3 2
? 48.60894 112.6494 1029 | 3ycaan
? 48.60341 | 112.64539 1019 | 3ycaan
? 48.6032 112.64343 1021 Huzd 1 6 4
? 48.6025 112.64329 1023 | 3ycaan
? 48.6018 112.64201 1021 | 3ycaan
7 48.60175 | 112.64435 1011 k] 1 3 2

Huiir 348 80 99 79 73 | 97

JyrHsur, canan

MOHHTOPUHT ~ CyfgairaaHbl sBOAA —OOATANMyAbIH HAaCHBI OYTLIMHT eMHeX
KITYYAUHHXTIH XapbhIlyy/DK Y3BJI, YPIKITUIH XOCHIH OyI0y OYIHITH TOO, MOHAOI, XOTHII
33pAr 3aIyy OOATaUiTH TOO ©CCOH, TyXaiH MOIYJSAIH 3373X XyBb OHA6p (MOHIOIHITH
9313X XyBb 23-28%, xoTunuitHx 23-24.1%) Gaiiraa Hb OMONOTHITH YX311 X0oporaon Oara,
YPXKIUHH 3pUUM OHIep, COPII’H HYTArulyylaXx XWwl yp IAYHT3H OOJCHBIT HOTIOH
XapyyJDK OaifHa.

TapBara coprasH HyTaruryyjacan OalWpLIMI HYTTMHT OpOH HYTTHHH api Hpra,
HOXOPJIOJ XapUylyylaH Xamraajlyy/Dk Oalraa Hb TOO TOJNTOH ©ceX OOJOMKHUT
Oypayyik OaifHa.

TapBaransl Oasiarslr Xxamraajaax, 30XUCTON alIMIIAX aCyyAJIbIl 36B IIHHABIPIIXI
YPKIIMHH OHIION, HOXOH TOJDKUX YaJaBXH, YXdJI XOPOTAJIBIH HIAITIaaHbII HOMYIISIHIHH
Hac, XyHCHHI OYT311, TOO TOJITON, HATTIIMIITAH Hb XOJIOOH MOHUTOPHHT CY/IaJITaar TOI'TMOJI
XHIK 0alx Hb yyxas 60HO. J[95pX TapBara caprasH HyTarmuryyscaH 3T HyTarT 39prajiand
OpIINX TapBara OafpIINH aMbApaxaj; TOXUPOMIKTOH OPOH ra3apT Tapxar HyTTHHT T3J9X
30pWJITOOP JJAXMH HAMXK CIPII9H HyTArIIyyJax apra XdOMKIAT XIPIIKYYIIX Hb IHD aXKIIbIH
YP AYHT HOMATIYYJIBX ad XOJIOOTI0NTOH.
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DISTRIBUTION OF MARMOTS AND THEIR
EPIZOOTOLOGICAL VALUE IN AREAS OF NATURAL PLAGUE
FOCI IN MONGOLIA

M.Baigalmaa, D.Tserennorov, Ts.Gankhuyag, D.Otgonbayar,
N.Tsogbadrakh

National Center for Zoonotic Diseases, Mongolia

The main host of plague in Mongolia is the marmot (Marmota sibirica). Many areas
in Mongolia with marmots, including reserves, are natural plague foci. There are a total
137 soums in 17 aimags in Mongolia with natural plague foci.

In Mongolia, human plague cases are frequently associated with marmot hunting.
Since 2005, marmot hunting has been banned, but people still hunt marmots. They do so
for societal reasons., Marmots are a high priced commodity and selling marmots can be an
important source of income for some people. Of course, illegal and independent marmot
hunting increases the risk of human plague cases and negatively affects the distribution
of marmots.

Purpose: To define the distribution and epidemiological value of marmots in natural
plague foci in Mongolia

Materials and Methods. We analysed monitoring data conducted in areas of natural
plague foci in 127 soums and 13 aimags from 1998 through 2017. Geographical distribu-
tion analysis was performed using Arc View 3.2 software.

Results

From 1998 through 2017, monitoring was conducted in areas with natural plague
foci in127 soums and 13 aimags. The study found that the average number of marmots per
hectare was high in Bayan-Ulgii, Zavkhan, and Khovd aimags (2.0-3.0) and low in other
aimags (0.5-1.8).

In the 1990s, marmots occurred in 229 soums and 16 aimags and there was an es-
timated 23 million marmots in the 252 000 km? area of these soums . The 1990s study
served as a baseline for exploring changes in the distribution and status of marmots in
Mongolia.

Since 2005, with the introduction of the marmot hunting ban, the average density of
marmots per hectare has increased from where it was in 1998-2004, including in areas of
natural plague foci.

During the study, 436 plague strains of Y. pestis were identified in 30 soums and 9
aimags. These soums were therefore considered to be natural plague foci. 76.1% of total
plague strains were from marmot carcasses and 23.9% were from marmot fleas (O . silan-
tiew). The epizootological peak period in the natural plague foci occurred in August and
September. In 1998-2017, the highest epizootic activity was in the natural plague foci in
some soums in Bayan-Ulgii, Khovd, Khuvsgul, and Zavkhan aimags.

Fifty-eight cases of human plague in 30 soums and 9 aimags were recorded. Mor-
tality rate was 36.2% (21). 68.7% of human plague patients were males and 31.3% were



females, with a sex ratio 2.2: 1. Patients were 4-61 years old, and their average age was
24. 47.5% of the patients suffered the septic form of plague, 33.3% the bubonic form, and
1.21% the pharyngeal form. 18% experienced primary pulmonary effects, and 70.4% ex-
perienced secondary-pulmonary complications. 67.4% of patients were infected by direct
contact with marmots, including hunting and handling of marmots. 21.3% were bitten by
marmot fleas, 8.8% were infected by airborne droplets, and 2.5% ate sraw marmot organs.

Conclusion

According to our study, the average density of marmots has increased in Bayan-Ulgii,
Zavkhan, and Khovd aimags. Over the past 20 years, an average of 21 plague strains per
soum have been found across 30 soums, indicating that natural plague foci in Mongolia
are still active. Due to the high likelihood of being infected by marmots, it is important to
improve the behavior and awareness of the people most likely to encounter them. Profes-
sional organizations, including scientists and health officials, should work to communicate
the risks associated with illegal marmot hunting and the use of marmot organs as medi-
cine, to reduce the chances of humans contracting plague from marmots..

Key words: marmot, density, plague, strain, natural foci, aimag, Mongolia,

MOHI'OJI OPHBI TAPBATAH TAXJIbIH BAUTAJINIH
I'OJIOMTOT HYTAI' JAXb TAPBAT'AHBI TAPXAJIT,
3MU300TOJOTI MMH XOJBOIT0JI

M.Baiiraamaa, JI.Ippannopos, I.I'anxysr, 1.0Otrondasp, H.Iloréaapax
300H03b1H 06UUN CYONATBIH YHOICHULL MOB

MoHTr01 OpHBI OUT X33p, YYJABIH X3P, X33, Tal XIIPUHH IKOCUCTEMUNH TYIXYYP
3yitn b Mownron tapsara (Marmota sibirica) 1om. Manait opusl 17 adimruiin 137 cym
TapBaraH TaxJbIH OadramuitH romoMtroiirooc 51.7% Hb ToxwommibH, 23.4% HB CyI,
14.5% wub, ayamax, 9.5% ©p eHnep, 0.7% Hb OHITOW HIPBXKWIHNHH Oyc OOIOXBIT
Torrooxa3 (barcaiixan.B, 2001).

VIICBIH X3MJKI3H TapBaraHbl Tapxal, Heell OYXWil HyTTMHH MXSHX Hb TapBara
TaxJIbIH FOJIOMTTON. MaHail OpoHJ TapBaraH TaxJIbIH XYHUH ©Buiell, TapBara aruyyprai
xonmbormoH rapaar ormptortoii (Jleros I.C., 1953, barcyx /1., AxpsacypaH 3., TemepOaarap
., 1990, Honrop T., Barcyx O., 1988, Anssacypsn 3., ['anbaarap C., 1988). Cyynuita
20 rapy# JKHUIWMH XyranaaH] TapBaraH TaxXJbIH TOJIOMTOT HYTraac HWIPYYJICOH HUIT
ecreBpuitH 75.5%-uir TapBara, TapBaraHbl 33M YXA1 OOJOH TYYHHH OYyyparassc,
9.4%-wiir ynuitH naraad orotToHooc, 8.7%-uir MoHroa ornoiHooc, 0.5%-uir naryypsis
orgoitHooc 5.5%-uiir 3ypamuaac, 0.4%-1ir map 4ndyymissce Tyc TycC siracaH OaifHa.

XK.Bar6onn Hap, (2000) 1987-1989 onx BaitranuiiH rosioMToj XajaBapT ©BUHHIT
ACOHPIYYLRPH Cy/IaX CUCTEMHIH Oaliryysuiaryy/abliH OMOJIOIY IbIH CyAajiraansl yp AYHII9D
MOHTOJT YJICBIH XOMKI9H/T TapBaraHnsl TapxaubiH 3ypamaisir 1:1500000 maciitad Oyxwuii
ra3bIH 3ypar 199p aHx yaaa Oyynracan OaiiHa.

2005 oHOoOC TapBara arHaxbIl XOPHIVIOCOH XOOWI W TapBara arHacaap Oaiiraa
Hb TapBaraHbl rapajTail TYYXWH 31WHH YHS XaHII OHIep, apA MPIIAWHH aMKHpraaHsl



PROCEEDINGS of the 7" International Conference on the Genus Marmota “MARMOTS OF THE OLD AND NEW WORLD”

TYBLIMH JOOTYyp Oaiiraa 33p3r HUMIMUNH XYYUH 3YWICTIH caluryi XonbooToi oM.
OH? Hb TapBaraH Taxajl @BUHOOP OBWIOX IPCAAI, HOXLON MIAATraaHbIl HAMAIAYYIIXHIH
39pATLP? TapBaraHbl TapxajuTa] cepreep Henee/npk Oaiina. llaammmpi Tapsara arHajThIr
XOPHUIJIOCHOOP TapBaraHbl TapXalT HAMAIIAMK Oaifraa 3COXMHT cymiax Inaapjjararai
Oaiina.

MoHroi OPpHBbI TapBaraH TaXJIbIH OalraJvifH roJOMTOT HyTl"HﬁH TapBaraHbl TOO
TOJITOMH HATTIIWI, TapXaJIT, SMHU300TOJIOTUIH XOJ'I6OII[J'IBII‘ TOTTOOXBIT" 30PUIIO0.

Cyoanzaanst mamepuan. 300HO3BIH OBUHH CY/IaX TOB Oalryymiaryyaaac1998-2017
oua 13 abimruiiH 127 cyMblH HyTarT XUWIJCOH OalrajauiiH TOJOMTBIH TaHAAJIT
CyJaliraabl TOOH M3IP3JANJ OMumnidn cyfanraa xuitnad. Toon mamdsr 30CY T-uitn
apx¥BT XajAragarmgax Oyl TaimaHraac TyyBIpidB. ['asap 3yitH aypcmammidr Arc Veiw 3.2
MIPOrPaMMBIT AIIXTIAH TYHIDTIIB.

CYIIAJITAAHBI YP IYH

1998-2017 onp GaiiranuitH TOTOMTBIH TaHAANT cynanraar 13 aiMruita 127 cymaac
Apxanraii aiiMruiia 7 cym, basa-enruit aiimruita 10 cym, basuxonrop afimruiia 13 cywm,
ToBb-Anrail aiimruiin 11 cym, [ynarosp aitmruiiH 7 cym, 3aBxaH aimMruiiH 15 cywm,
OBepxanraii aiiMruita 5 cym, Tes aiimruiin 9 cym, YBc aiimruiia 13 cym, XoBa aiiMruiin
14 cym, XeBcremn aitmruita 7 cym, XoHTHiA aitmruita 14 cym, JlopHoa aliMruiiH 2 CyMIbIH
TOJIOMTOT HyTarT Xuiicon 6aifHa (XycHorT 1).

TonomTeIiH TeneB Oaiiiaac xamaapan XoBl, 3aBxaH, basu-Onruit, X3utuii, [0Bb-
Anraii, bassuxonrop, ¥YBc aiimryynaac 10-aac 13311 cyM TaHJQIT CyAalraaH]i XaMparjicaH
OaifHa.

Xycnaem 1. 1 ea daxve mapsaeanvl Haemuui

Adinar Cypsmm TapBaI‘aHj:I HATTIINIT
(1 ra Tanbaiin KyHmHKAAp)

Apxanrait 7 0.21-1.1
Bbasn-Onruit 10 1.5-2.3
BbasuxoHrop 13 0.38-1.02
ToBb-AnTaii 11 0.6-1.4
JlyHarosb 7 0.31-0.5
3aBxaH 15 0.2-3.0
OBepxaHrait 5 0.66-1.0
Ten 9 0.6-1.3
VBC 13 1.45-1.8
XoBn, 14 1.3-2.0
XeBcreon 7 0.8-1.4
XoHTHIA 14 0.3-1.0
JopHon 2 0.1
Huiit 127




JIP9pX XYCHOIITI3C Xapaxaj TapBaraHbl HATTIIMN | ra TanOain ayHmxaap basH-
Ouruii, 3aBxaH, XoBH, aiMryyablH rojomror Hyrryyaan 2.0-3.0 Oyroy eHpep, XapuH
Oycan aiimruiis roiomtot Hytart 0.5-1.8 Oyroy Oara HarrTmiITail Xaparnax 6aiina.(3ypar
1). 1990 onbl yen manait opusl 16 aiimruiin 229 cym tapBararaid, 73 cyMm TapBararyi
Gaiican. Tanrasp 229 cymbia 252 MsHran KM tajibaiig 23 cas TapBaraHbl HOOLTIH I'HK
TOOLI00JICOH Oaiiaar. DHA cyniasiraa Hb MOHIOJI OpHBI TApBAraHbl TaApXall, HOOLUIT TOUMIIOH
raprax 4ajcaH cyypb cynairaa 6oicoH. TyyHd3¢ XOHII TapXaliT, HOOLMHT YHAJIOX aKUII
ayra 1oor XMHrn»K Oaiiraa OOJOBY XamapcaH ra3zap HyTar Xsi3raapiaramali, HAT WKW
Lar XyraraaH, Har apra 3yWranp XUHIrIsryiH yJiMaac TapBaraH TaxJblH FOJIOMTOT HYTarT
XUHUTICOH cypairaar 1990 oHbI Cyypb MAIIIIIITIH XaphIlyyiax OOJOMKIYH FOM.

AopHoroes
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Tapnaranni 1 ra gax narmuun
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3ypac 1. 1 2a daxe mapeazanvl mapxaim HAMWULAAD

2005 oHOOC XOHII TapBara arHaXbIl' XOPUIIIOCOH XyTaraar 998 oHTOH XaphITyynaxasn
TapBaraH TaxJIbIH TOJIOMTOT HYTTHIH TapBaraHbl HATTIIWI | Ta Tanbaiin KyHmKaap eccoH
y3YyJiaaTai Gaiina (3ypar 1).
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3ypaz 2. Tapsacanvi Haemwun (OHOOp)
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Cynanraansl siBUaJ HUAT 6378 copbll MaTepuan (TapBara, TapBaraHbl 30M YXJDI1) -
W IUHKIXI 9 aiMruiin 30 CyMIIbIH TapBaraH TaxJiblH OalraluiiH roJIOMTOT HyTraac
436 TapBaraH TaxJbIH Y.pestis 3yWIMIH YYCTAIYUIH 6CTOBPUIT UIPYYIDK, TapBaraH Taxall
OBUYHMI OaWTaJMITH TOJIOMT HIPBXTAH Oaifraar TorroocoH (XycHart 2, 3ypar 2).

Xycnazem 2. Tapsaean maxivin 2010MMOM HYM2aac UAPYYACIH OC2O8PULH MO0

Afimar CYMBIH TOO WnpyyscaH ecreBpuiiH TOO/XyBb
Apxanrait 1 6/1.4%
basu-Onruit 2 36/8.3%
basiaxoHrop 5 18/4.1%
[oB-AnTaii 6 54/12.4%
3aBxaH 5 53/12.2%
OBepxaHnrai 2 5/1.1%
XoBx 6 28/6.4%
Xescren 2 21649.5
XoHTHIA | 20/4.6

Huiit 30 436
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WMnpyyncaH ecreesp xyeuap

3ypacz 3. Tapsaeanaac urpyyicss 6Ce68putiH moo

DAar,p  WIPYYACOH OCreBpHiH XaMruilH wux XyBuir (49.5%) Xescren
aiimruital[pippier, [araan-Yyn cymaac, xamruiin Oara xysuidr (1.1%) OBepxanraii
aiimruitn XafpxaHayinaaH, YsSHra cymaac WIPYYJICOH ecreBep 333uk OaiHa. (3ypar 2).
TapBaran TaxJblH OalTaJIMKAH TOJOMT Hb razap 3YWH TapxanTaap OUT X39p, YYJIbIH X33p,
X33p, TaJl X33pHUHH OO0IOH yyiapXar HyTTyyJa TOTTOOTAOXK Oaifraa Hb TapBaraH TaXJIbIH
XaJIJIBapbIH LIap XYp3d 6preH 00JOXbIT XapyyJok OaifHa.



TapBaran TaxiblH OalraquifH TOJOMTOOC WIPYYJICOH ©creBpuiiH 76.1%-uir
TapBara,TapBaraibl 33M Yxadi, 23.9%-miir TapBaranel Oyypar (O.silantiew) Tyc Tyc

93350k OaitHa (XycHarT 3).

3ypaz 4. Tapsazanaac urpyyican 0cco8putin mapxaim

Xycnaem 3. Tapsaza myyHuu OYypacHIIC UPYYICIH 6C2080p, 60OUM Moo20op

Wnpyyncan ecreBep /60auT Tooroop/

Alimar TapBaranbl 35M TapBaranbl Huiit
Tapsara
VX0 oyypar

Apxanrait 6 - - 6
basu-Onruit 5 15 16 36
BasuaxonrOp 7 5 18
T'oBb-AnTait 5 31 18 54
3aBxaH 1 43 9 53
OBepxaHrait 2 3 - 5
XoB[ 7 16 5 28
XeBcrei 11 132 73 216
XoHTHit 9 6 5 20

Huiir 56 281 99 436

Cypmanraanbl TYHIDIC Y33X9I TapBaraH TaXJIbIH HSH Hb LAl YYPBIH €OPUWIONTO]
TICBIPTIA ydpaac Oapar >KWIMHH Typll Oairaiipll OpYUX YaJBapTal, yIHPaTdIATbIH
XYBB/JI ATIM300TUITH OPTHJI XyTamnaa 8-9 Iyra3p cap TOXHoIox OaiiHa. TapBaraHn TaxJibIH
©CreBOp MIPIX Xyramnaa S-p capaac 3xnk 10-p cap XypTai Ypramkinxa 9-p cap Xypra
TOrTBOPTOM 6cY 8,9-p capm oprui yead xypd, 10-p capa OyypcaH XxaHjiara aKuriiariax
Oaiina (3ypar 3).
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3ypaz 3. Tapsazanaac uapyyncon oceo8op, capaap

1998-2017 onn basu-Onruiin afimruitn HoroouHyyp, Ynaanxyc, XoBx aliMIuiiH
Mecrt, Yenu, Bynran, Xescrem aiimrmitH I[prppmor, [araan-Yym, 3aBxaH aiimruita
Opmpuaxaiipxad, TyadBTIH CyMABIH TapBaraH TaXJIbIH OalTalnifH TOJIOMTOI TapBaraH
TaxXJIBIH DIIH300TH OHAepP HWIIBXUTIA sBargak Oaiiraar Torroorooy OaifHa. DMHU300T
TOMSIIATACOH 193pX 9 aiimruitH 30 cymaHn TapBaraH TaxJIBIH XYHHH ©BWIONHIH
58 Toxmongon Oyprrarnk, Hac Gapant CFR 36.2 % (21) -raii OaiiHa. Dnranp XyHHH
OBWIONUIT aiiMar, cyMaap Hb aBU Y3BT ApXaHTail aiiMruiiH 2 cym (2), XeBcres aiMriuifH
4 cym (7), basaxonrop aiimruitH 4 cym (9), OBepxanraii aiimMruiiH 3 cym (4), 3aBxaH
aitmruite 5 cym (9), basa-Onruit aiimruita 2 cym (2), ToBp-Aunrait aitmruita 5 cym (11),
XoBnx aiimruita 2 cym (7), XoHTHH aiiMraiid 3 (6) cyMaH TYC TyC XYH ©BUHIDKI. DArId9p
TOJIOMTOT HyTraac YiaanOaatap XoToq OBepxaHTail alMruitH XaipxanmynaaH, ApxaHrai
aitmruitn  Uxrtamup, basaxonrop aiimruitn ['ypBanOymar cymmaac XYHHH ©BUWIeN
300BOPIIOTICOH OaifHa.

Huiit Toxuonisie 68.7% Hb 3parTait, 31.3% Hb aMarTaiuyys Oaiican 0a Xyicuitn
xapblaa 2.2 :1, HacHbI XyBbJ] 4-61, anranpuiin qyHaax Hac 24 6aiina. 44% Hb 4-17 HacHbI
XYYXIYYZ 0a MX9HX XyBHWT 3pArTdd XYYXIYYI 9330K OaiiHa Ounercauiin 47.5% Hb
yxui, 33.3% Hp Oynauupxait, 1.21% up 3anrnyp xoonoiiH, 18% Hb aHXJard yyHurHel
X37103p33p OBUYMIDK, OyauupxaiiH X35103p33p eBwiercauitn 70.4% Xxo€paord yyIruHel
X37109P33p XYHAIPCIH OaiiHa.

Hwiit eBunercamiin 67.4% Hb TapBara arHax, TapBara eBUMX OylOy Max 3BIdX
sIBIIaJiaa rapaa 3CraX, rapblH Xyy4MH IIapxaap JaM)KMH XajaaBap aBcaHaac, 21.3%Hb
Oyyprana xasyyncanaac, 8.8%Hb araap JycibIH 3aMaap, 2.5% Hb ©BUTAH TapBaraHsl 911
SPXTIHT TYYXHHII3p Hb 3QJITHXK HJICOHIAC XajBap aBcaH OaifHa. DHAXYY CydajraaHsl
JIYHT3C XapaxaJl TapBaraH TaxJbIH TOJIOMTOT HyTTMIH TapBaraHsl 1 ra 1axp HATTIIWI Hb
TapBaraHaac WIPYYJIC3H ecreBeptaii 0.58 Oyroy myHn, xyHuii eBwientdit 0.38 Oyroy cyn
xamaapanraii OaifHa.



JYTHDJIT

Cypmanraaraap TapBaranbl HATTIIHI | Ta TanOaiin nyHmkaap basa-Onrnii, 3aBxaH,
XoBx aiimMryymaa eHmep, XapuH Oycaa afMTHifH TOJIOMTOT HYTarT Oara Tapxamran
GaiiHa.

Cyymuita 20 sxung 9 adimruitn 30 CyMIbIH TaxJIbIH OaliraJiniiH roJIOMTOT HyTraac
TapBara, TYYHHH 35M YXJ2JI93C WIPPCOH TapBaraH TaxJIbIH ©CTOBPHHI aBd Y3BAI
xuin gyHpkaap 30 cymann 21 ecreBep midpy Oaiiraa Hb rOJIOMT WAIBXTIH Oailiraar
XapyyJok OaifHa.

TapBaraH TaxaJl ©BYHOOP OBUUIICOH HUUT TOXUOIIBIH 67.4% Hb TapBararail XaBbTal
6osicHoOC XanaBap aBu 8.8% Hb ©BUTAH XYHIIC araap JyciblH 3aMaap XajIBap aBcaH
Hb TapBaraH Taxaj ©BYHUH XaJIBapbIH aHXIard 3X yypxai TapBara 00J0XbIT XapyyJDK
Oaiina. OBunercauitan 47.5%Hub yxun, 33.3% Hp Oymuupxaiin, 1.21% Hb 3anruyp
X00JIoiH, 18% Hb aHXJard yymurHasl X3I03pa3p eBUMIDK, OyTdUpXaiH X35103p3ap
eBwiercauiid 70.4% Hb X0Ep0TY YyIITHHBI XJI03P33p XYHAIPCOH OaiiHa.

TapBaran TaxJbIH ©BWIEON, HAC OapaiNTBIH HWXOHX XyBHUT 3IPITTIAUYYI 332K,
XaJZIBAPBIH 3PCIII 4-17 HACHBI 3PIrTHH XYYXAYYI WYY OpTex OaifHa.

TapBaranaac xajjBap aBu ©BYHHI dPCIAIJ OPTOX Maramjian eHjep Oairaa Ty
Xyyib OyC arHaJITBIT XUMXTYH OaiiX, 9pCadi YYCraX MarajjiaiaTaid aMbTHBI 311 3PXTIHT
TYYXUHI9p XOpAMIKIYH OaiiX 39par apji UPraJuiH 3aH YU, MOIUIAT XaHAJIarsir
caibKpyysax aKJIbII OHOBYTOW 30XMOH Oairyysiax Iaapjsiararaii 0a MIpraKINiH
Oaiiryymiaryy/ XxaMTpaH aXWniax Hb yyxaji OaliHa.
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AMBIENT TEMPERATURE DURING HIBERNATION AS A
FACTOR CONTRIBUTING TO THE DIVERSITY OF
ECOLOGICAL NICHES IN MARMOT SPECIES.

Belovezhets K.I.
Peoples’ Friendship University of Russia belovezhets@gmail.com

Marmots of different species are phenotypically varied but have very similar life-
styles. Even with a range covering a vast area and varied ecological conditions, species of
Marmota maintain nearly identical ecological and behavioral characteristics. As a result,
differentiation of ecological niches in this genus is not obvious. One of the most interest-
ing and distinctive peculiarities of marmots is their winter hibernation. They spend three
to nine months every year in their burrows with their body close to ambient temperature.
Variation by species in the conditions and circumstances of hibernation can potentially be
studied by direct measurements inside burrows or by mathematical modeling of potential-
ly relevant parameters, such as temperature.

The easiest way to study hibernation is to investigate the duration of hibernation and
the construction of burrows where hibernation takes place. Bibikov (1989) noted that var-
iations in the duration of hibernation were more influenced by environmental conditions
than by species. The hibernation period of steppe marmot (M. bobak), for instance, ranges
from six to eight months in different geographical populations. Many mountain-dwelling
species have different periods of hibernation depending on the elevation and orientation
of the slope on which they live. Only the most northern species, such as M. camtschatica,
M. caligata, and M. broweri have specifically adapted their hibernation period for survival
in harsh winter conditions ( Bibikov 1989).

There is no evidence of variation in the depth of hibernacula or other burrow char-
acteristics by species. The exception is the three northernmost species mentioned above,
who live where permafrost prevents the construction of deep burrows.

Thus, there are two groups of species in genus Marmota with differing hibernation
strategies: ‘species of permafrost environment’ with shallow burrows situated in the thin
layer of soil over the permafrost and a long-period hibernation, and ‘other species’. This
study explores whether there is diversity or homogeneity of hibernation behaviour within
the second group of Marmota.

M. bobak (steppe marmot) and M. sibirica (Mongolian marmot), together with M.
baibacina (the grey marmot), are joined into the ‘bobak’ group of species due to their
similar ecology,, external appearance, and supposed relatively recent divergence as sepa-
rate species. The shared range of these three species spreads for thousands of kilometers
from Ukraine in the west to Mongolia and China in the east, making this suite of species
good candidate for investigating possible differences in hibernation conditions by species.
There has been no observed difference in the construction of the burrows between eastern
and western populations (Ryabov, 1948; Shubin, 1991; Tokarskii, 1997). The beginning
and end of hibernation occurs at the same time in Ukraine, at the western edge, and in
Buryatia, at the eastern edge, of the species’ range; extending from the middle/end of Sep-
tember to the beginning of April. Populations in Kazakhstan start hibernation earlier due
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to the scorching of grass in the end of summer and the resulting lack of a food supply for
marmots in the early autumn.

The temperature inside the burrows of two marmot species of different geographi-
cal populations was mathematically modeled. The model was based on surface temper-
ature data from reports published by weather stations (Spravochnik po klimatu..., 1965,
1966a, 1966b, 1967) and further estimation of temperature at burrow depth by solving a
standard heat equation (ccpuika). Method and results have been published previously (see
Nikol’skii & Savchenko, 2005; Belovezhets, 2005; Belovezhets, 2006; Nikol’skii, 2009a;
Nikol’skii, 2009b; Belovezhets & Nikol’skii, 2012).

Populations of M. bobak are found in eastern Ukraine, through the middle Volga and
southern Ural region of Russia and into central Kazakhstan. A population of M. sibirica
occurs in the Buryatia region of Russia..

Annual patterns of temperature variation were similar across all study populations,
although absolute values decreased from west to east. The degree of annual temperature
variation decreased and the maximum and minimum extremes are delayed at increasing
depths below the surface. The delay in temperature fluctuations can be as long as 1.5 to 2
months at the depth of marmot hibernacula (Fig.1).
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Fig. 1. A typical pattern of temperature dynamics in the soil over marmots colonies
over a year, shown is an example from Ukraine (Kharkov weather station, Spravochik...
1965). The solid line represents a depth of 2 m, the black dotted line represents a depth
of 4 m, and grey dotted lines represent intermediate depths. A and B are year maxima
and C and D are year minima at 2 and 4 m respectively.



Investigations of animal physiology during hibernation show a complex and non-lin-
ear dependence of energy consumption on ambient temperature (Buck & Barnes, 1999;
Armitage et al., 2003; Lee et al., 2009). There is an optimal range of temperature around
5-8°C, where energy consumption is minimized. This temperature range is typical for
burrows during the hibernation of western populations of M. bobak from Ukraine and the
Volga region. A further decrease in temperature forces marmots to spend additional energy
to prevent their body temperature from dropping below freezing. Eastern populations of
M. bobak from Southern Ural region and from Central Kazakhstan spend at least three out
of seven to eight months of hibernation in conditions with temperatures lower than 5°C,
and in some cases temperatures can fall below zero, especially in more shallow burrows

(Fig 2).
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Fig.2. Temperature in soil of marmot colonies at depths of 2 and 3 m in _four populations
of M. bobak (Ukraine, Volga region, Southern Ural region and Central Kazakhstan) and
a population of M. sibirica from Buryatiya.

Only the northern edge of M. sibirica s geographical range is within the territory of
Russia. The temperature of the soil in areas with M. sibirica is lower than that within the
range of M. bobak, and there can be local intrusions of permafrost. M. sibirica usually
avoids settling in such hostile conditions, preferring more favorable and mosaic environ-
ments. Nevertheless, data from weather stations and further modeling show that soil at a
depth of 3 m can be below freezing for as long as two to three months during the hiber-
nation period. These results suggest that M. sibirica is capable of hibernating in burrows
with negative temperatures. Moreover, unlike in populations of M. bobak, negative tem-
perature in burrows of M. sibirica can be at any depth and animal cannot avoid them by
constructing deeper burrows. We can suppose that at least northern populations of this M.
sibirica regularly hibernate in temperature conditions below freezing.

In summary, we propose that the frequency of sub-freezing temperatures experienced
by hibernating marmots potentially differentiates species and populations. . Observed
populations can be divided in three groups, those whose burrow temperature:

*  never falls below 0°C (populations of M. bobak from Ukraine and Volga region
of Russia);
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*  occasionally falls below 0°C, depending on relief, burrow depth, and weather
conditions (populations of M. bobak from Kazakhstan and Southern Ural region
of Russia);

e falls below 0°C regularly and predictably (M. sibirica in Buryatia).

These differences in ambient temperature conditions affect patterns of body mass
loss during hibernation and fat accumulation activities prior to hibernation. The process
of hibernation affects nearly every feature of marmots’ lifestyle and our investigation of
suggests that variation in the ambient temperature in burrows during hibernation may be
one possible source of differentiation in the ecological niches of different marmot species.
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STEPPE MARMOTS IN NORTHWEST KAZAKHSTAN

F. G. Bidashko, M. V. Pak, N. S. Maikanov

Uralsk Anti-Plague Station, Uralsk, Kazakhstan (Chapaev st.36/1, Uralsk, Kazakhstan,
090000, Antiplague station)

Assessments of the state of steppe marmot colonies state have been made through-
out the 20th century. They have included the bobak colonies located in western Kazakh-
stan (Kuznetsov, 1928; Ognev, 1947; Kuznetsov, 1948; Demjashev, 1964; Shubin ,1969;
Zimina &Polevaya ,1977; Okulova et al, 2016.). These data now have particular value,
because previously assessed colonies have now disappeared due to the plowing of pre-
viously virgin soil, unlimited hunting of bobak, and poaching (Kuznetsov, 1928; Ognev,
1947; Kuznetsov, 1948; Demjashev, 1964)..

Analysis of the published data shows that in general the steppe marmots in western
Kazakhstan are on the southern edge of their range, limited by dry steppe distribution and
coinciding with the south border of the Obshchy Syrt Plateau. In areas near the Trans-Ural
River, the bobak has spread throughout steppe habitat in the Poduralskoye Plateau in the
Orenburg oblast’ of Russia and in the Aktobe oblast’ of Kazakhstan. West of the Ilek River
no colonies were found. Reports of the species occurring in the Terectinskiy region of the
west-Kazakhstan oblast’ (WKO) in a Kuznecov’ monograph (Kuznetsov, 1928) were not
confirmed (Demjashev, 1964).

No sign of bobak colonies was found along the numerous roads used for great bus-
tard (Otis tarda) assessments, which cover a significant part of the Poduralskoye Plateau
located in the WKO. One exception was the observation of some structures which could
be interpreted as old marmot burrows along a road near Kenashi village at the source of
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the Olenty River. Mounds of earth with sizes (height and diameter) larger than would be
expected for ground squirrels were discovered on the south slopes of the Poduralskoye
Plateau. All were covered by indigenous vegetation (white wormwood, mainly) suggested
the burrows had been unoccupied an extended period of time.

Some observations was made near Mount Bolshaya Ichka (51°12,200N; 50°15.300E)
in the beginning of June (5.06.2007). Burrow complexes (“butan”) were localized along
the base of the mount and in adjacent ravines. The diameter of the occupied butans var-
ied from 17 to 22 m with two to six holes connected by tracks. The surface of the butans
were covered by weed vegetation, including austrian wormwood, peppergrass, mortuk,
henbane, military grass, and agropyron with a low projecting cover. The distance between
butans varied from 50 to 220 m. Nine butans were observed and seven adult marmots
(usually one to three per butan) were counted.Observations were made in the middle of the
day, which probably resulted in underestimation of the number of adult marmots present.
Of nine butans, two were uninhabited and without any sign of marmots being present. In
the evening, west of the Bolshaya Ichka mountain 13 marmots, including two young-of-
year were observed within an area of about 25 ha. From these observations, we estimated
the mean number of bobaks in the area to be 0.5 individuals per ha. It should be noted also
that marmot burrows were also observed in ploughed areas.

On 7.06.2007 on an 8 km long road in Ichka-Taskala three butans with three adult
bobaks were counted. On the same day, along the road from Taskala to Mereke (former
Chizha2) marmots were discovered near Aktay village (51°01,143N;50°09.679E) and
near Mereke. Near Aktay on a classic butan with the diameter 20 m, two adult marmots
were observed and near Mereke (50°50,201N; 49°37.340E) on a small butan of 5x5 m one
adult and two juveniles were observed. On 8.06.2018 near Ermolchevo village one adult
plus one young marmot was observed at 50°56,540N; 49°06,609E.

In 2010, we conducted surveys to the east of those made in 2007. On 1.06.2010,
near Pervosovetsk village three bobaks (one adult plus two juveniles) were observed
in a butan. Next day two marmots were observed northeast of Cyganovo village at
51°18,298N;50°31.625E.

All observed butans are reflected on the map (Figure 1). Most bobak colonies located
in northwestern Kazakhstan were situated in the dry steppe habitat of WKO in the south
part of the Obshchy Syrt Plateau. They bordered with the bobak colonies in the Ozinskiy
region of the Saratov oblast’ of Russia. This colony represents about 80% of all bobaks
dwelling in Trans-Volga Region of Saratov oblast’and numbers about 3000 individuals
(Kondratenkov et al., 1999.). We did not have enough data to estimate the total population
of bobaks in Kazakhstan, but we note that Russian and Kazakhstanian bobak colonies are
linked and form an undivided transboundary population.

The data on unusual migration of the bobak published earlier stand independently
(Bidashko et al.,2009; Demjashev ,1964). A dispersing female was found dead on the road
from Uralsk to Atyrau more than 100 km from the main population. We were unable to find
a marmot colony near the point where the dead female was found, so it remains unknown
whether she was a disperser or member of an undocumented local colony. During the
writing of this paper we have received information about a marmot colony located more to
the south of the main population. This information was confirmed on 27.06.2018. The new
colony was discovered not far from the Khankol location at 50°50.258N; 50°41.996E.
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Seven bobaks including two juveniles were found. There were no clear butans, but bur-
rows were observed. Local people said that the colony appeared three to four years ago.
It is possible that the movement of bobak to the south is the result of successful reproduc-
tion, local population growth, and subsequent migration.
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MOLECULAR DIVERSITY AND TAXONOMY IN MARMOTS
Oleg Brandler

Koltzov Institute of Developmental Biology of Russian Academy of Sciences, Moscow,
Russia rusmarmot@yandex.ru

The use of molecular genetic methods for the assessment of biological diversity led to
a revision of taxonomic systems based on morphological features. A widespread approach
to assessing the reality of morphological subspecies using molecular genetics methods
leads to a revision of intragenus and intraspecies systems in different groups of organisms.
Cytogenetic and molecular genetic approach for the study of marmot variability lead to an
increase in the number of species and changes in subgenus, superspecies and subspecies
system of the genus Marmota.

The use of molecular genetic methods for the assessment of biological diversity led to
a revision of taxonomic systems based on morphological features. Within the phylogenet-
ic species conception, each phyletic lineage having an independent evolutionary history
requires a taxonomic estimation. The crisis of the subspecies category is one consequence
of this. A widespread approach to assessing the reality of morphological subspecies using
molecular genetics methods leads to a revision of intragenus and intraspecies systems in
different groups of organisms.

Marmots represent a clearly defined isolated group in the system of Sciuridae. This
was reflected in the fact that, despite the different treatment of the family taxonomy, mar-
mots were always distinguished as a separate genus and did not unite with other members
of the family.

As for the species composition of the genus Marmota, only so few groups have ex-
pressed such contradictory opinions. The genus Marmota includes a number of forms that
are not clearly diagnosed and differentiated at the morphological level. This is especially
true for Palaearctic marmots including several wide spread species, whose independence
and boundaries are being discussed. This found expression in the existence of many vari-
ety of species systems of Palearctic marmots with considerable unanimity in assessing the
taxonomic composition of Nearctic marmots (Table 1).

Table 1. Different variants of interpretation of the species composition of the genus

Marmota.
Number of species and taxonomic interpretation of
Source
forms
Nearctic
Nowak, 1991 )
1. M. broweri

Barash, 1989

Corbet, Hill, 1991
Wilson & Reeder, 2005
Steppan et al., 1999
Gromov et al., 1965
Bibikov, 1989

2. M. caligata

3. M. flaviventris

4. M. monax

5. M. olympus

6. M. vancouverensis
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Hall, 1981

1. M. caligata caligata
M. c. broweri

2. M. flaviventris

3. M. monax

4. M. olympus

5. M. vancouverensis

Palearctic

Brandler et al., 2010
Krystufek & Vohralik, 2013

1. M. marmota

2. M. bobak

3. M. baibacina

4. M. sibirica

5. M. menzbieri

6. M. himalayana
7. M. caudata

8. M. camtschatica
9. M. kastschenkoi

Ogneyv, 1947

Gromov et al., 1965

Corbet & Hill, 1986
Pavlinov & Rossolimo, 1987
Gromov & Erbaeva, 1995
Rossolimo, 1995

Steppan et al., 1999

Wilson & Reeder, 2005

1. M. marmota
2. M. bobak
3. M. baibacina
M. b. kastschenkoi
4. M. sibirica
5. M. menzbieri
6. M. himalayana
7. M. caudata
8. M. camtschatica

Bibikov, 1967, 1989

1. M. marmota

2. M. camtschatica

3. M. bobak bobak
M. b. baibacina
M. b. sibirica

4. M. menzbieri

5. M. caudata

6. M. himalayana

Bobrinskij et al., 1965

1. M. marmota
2. M. bobak bobak
M. b. baibacina
M. b. sibirica
M. b. camtschatica
3. M. menzbieri
4. M. caudata
5. M. himalayana

Nowak, 1991 Corbet, 1978

1. M. marmota

2. M. camtschatica

3. M. menzbieri

4. M. bobak bobak
M. b. baibacina
M. b. himalayana
M. b. sibirica

5. M. caudata
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1. M. marmota marmota
M. m. camtschatica
M. m. baibacina
M. m. menzbieri

2. M. bobak bobak
M. b. himalayana
M. b. sibirica

3. M. caudata

1. M. marmota marmota
M. m. camtschatica
M. m. bobak
M. m. himalayana
M. m. sibirica
M. m. menzbieri
M. m. caudata
M. m. himalayana

Ellerman & Morrison -Scott, 1951

Rausch, 1953

Close species with fuzzy morphological diagnosis are usually combined into groups
of species. The bobak group (Ognev, 1947) including bobak, himalayana, baibacina and
sibirica is distinguished among the Palearctic species in the traditional systematics. Nearc-
tic species were originally divided into caligata, flaviventris and monax groups (Howell,
1915). Palearctic camtschatica and marmota are often referred to one of the Nearctic
groups, counting either the early (marmota) or the late (camtschatica) American migrants.
The reality of species groups in marmots was recognized by most specialists, but the spe-
cies composition of these groups (with the same names) differed among different authors.

Intraspecific taxonomy of marmots also reflects the weak differentiation of Old World
marmots and more specific of New World ones. Widespread American species caligata,
flaviventris and monax have 8, 11 and 9 subspecies respectively, and locally distributed
broweri, olympus and vancouverensis do not form subspecies (Rausch, Rausch, 1965,
Hall, 1981). At the same time, all Eurasian marmots have subspecies described but not
more than four (Table 2), even for widespread species baibacina (4 subspecies), bobak (3),
camtschatica (3) and himalayana (2) (Gromov et al., 1965; Gromov & Erbaeva, 1995).
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Table 2. System of the genus Marmota Bliimenbach, 1779 based on classical approaches

North American marmots AL n.larmots
(by Hall, 1981; Rausch & Rausch, 1965) (by Gromov et al., 1 19969’3'§)Gr0mov & Erbaeva,
M. broweri Hall and Gilmore, 1934 M. bobak Miiller, 1776
M. caligata Eschscholtz, 1829 M. b. bobak Miiller, 1776
M. c. caligata Eschscholtz, 1829 M. b. kozlovi Fokanov, 1966
M. c. cascadensis Howell, 1914 M. b. schaganensis Bazhanov, 1930
M. c. nivaria Howell, 1914 M. baibacina Kastschenko, 1899
M. c. okanagana King, 1836 M. b. baibacina Kastschenko, 1899
M. c. oxytona Hollister, 1912 M. b. kastschenkoi Stroganov et Yudin,
M. c. raceyi Anderson, 1932 1956
M. c. sheldoni Howell, 1914 M. b. ognevi Skalon, 1950
M. c. vigilis Heller, 1909 M. b. centralis Thomas, 1909
M. flaviventris Audubon et Bachman, 1841 M. sibirica Radde, 1862
M. f avara Bangs, 1899 M. s. sibirica Radde, 1862
M. f. dacota Merriam, 1889 M. s. caliginosus Bannikov et Skalon,
M. f. engelhardti Allen, 1905 1949
M. f. flaviventris Audubon et Bachman, | M. caudata Geoffroy, 1842
1841 M. c. caudata Geoftroy, 1842
M. f. fortirostris Grinnell, 1921 M. c. aurea Blanford, 1875
M. f. luteola Howell, 1914 M. menzbieri Kaschkarov, 1925
M. f. nosophora Howell, 1914 M. m. menzbieri Kaschkarov, 1925
M. f. notioros Warren, 1934 M. m. zachidovi Petrov, 1963
M. f. obscura Howell, 1914 M. camtschatica camtschatica Pallas, 1811
M. f. parvula Howell, 1915 M. c. camtschatica Pallas, 1811
M. f. sierrae Howell, 1915 M. c. doppelmayri Birula, 1922
M. monax Linnaeus, 1758 M. c. bungei Kastschenko, 1901
M. m. bunkeri Black, 1935 M. himalayana, Hodgson, 1841
M. m. canadensis Erxleben, 1777 M. h. himalayana, Hodgson, 1841
M. m. ignava Bangs, 1899 M. h. robusta Milne-Edwards, 1871
M. m. johnsoni Anderson, 1943 M. marmota L., 1758
M. m. monax Linnaeus, 1758 M. m. marmota L., 1758
M. m. ochracea Swarth, 1911 M. m. latirostris Kratochvil, 1961
M. m. petrensis Howell, 1915
M. m. preblorum Howell, 1914
M. m. rufescens Howell, 1914
M. olympus Merriam, 1898
M. vancouverensis Swarth, 1911

The use of genetic markers to assess the taxonomic composition and the level of taxa
in marmots introduced changes in the Marmota system. The number of marmot species in-
creased from 14 to 15 due to the acceptance of the species status of M. kastschenkoi on the
basis of chromosome differences (Brandler, 2003; Pavlinov & Lissovsky, 2012; Krystufek
& Vohralik, 2013). Marmots became one of the first groups for the reconstruction of phy-
logenetic relations of which the sequencing of sufficiently long marker sequences of mtD-
NA cytochrome b was applied (Steppan et al., 1999). One of the results of this study was
the division into two subgenus Marmota and Petromarmota, the composition of which
was further refined (Brandler et al., 2010, Steppan et al., 2011). Earlier attempts dividing
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Marmota into subgenus (Pocock, 1923) were not accepted by classical taxonomists (Gro-
mov et al, 1965).

The study of intraspecific molecular-genetic variability of Marmota is in an active
research stage. The set of used molecular markers has increased and includes both mito-
chondrial DNA sequences (cytochrome b, control region, etc.) and nuclear genome (mi-
crosatellites, introns of autosomal and sex-specific genes). At the same time the taxonomic
significance of the obtained data for different species is different. Thus, for the Nearctic M.
caligata it was shown that detected 2 mtDNA clades do not correspond to 9 morphological
subspecies (Kerhoulas et al., 2015). Molecular variability of M. broweri does not form a
spatial structure that could be interpreted as subspecific (Gunderson et al., 2012). On the
contrary, for the Palearctic M. himalayana, two molecular phyletic lineages correspond to
the described morphological subspecies (Yan et al., 2017).

Some of obtained by us data on the molecular genetic variability of Palearctic mar-
mots correspond to the previously described subspecies structure in some species. Thus,
the results of studying the variability of the nuclear genome according to inter-SINE-PCR
support the separation of M. camtschatica into three subspecies and M. sibirica into two
subspecies, but do not correspond to the described subspecies of M. bobak (Brandler et
al., 2010). According to the sequencing of the complete control region of mtDNA in the
tarbagan (Kapustina et al., 2015) the subspecies M.s. caliginosus is clustered into two
groups, a subspecific divergence level of which may be discussed after collecting addi-
tional data. Intraspecific molecular-genetic differentiation of M. baibacina allows us to
discuss a more complex subspecies structure than described by morphological features.
The level of differentiation of the subspecies M. b. centralis within M. baibacina s. 1. ex-
ceeds the differences between baibacina and kastschenkoi forms according to the variabil-
ity of the nuclear genome (Brandler et al., 2010) and the sequencing of several molecular
markers (our unpublished data). The latter indicate a noticeable differentiation of marmots
from the southern Tien Shan in Xinjiang within the framework of gray marmots. Earlier,
the superspecies M. baibacina was proposed in composition of M. baibacina s. str. and M.
kastschenkoi basing on an analysis of the complex of features (Brandler et al., 2010). Our
preliminary data on the molecular genetic variability of M. bobak (Brandler et al., 2011)
do not correspond to subspecific division and possibly support the biogeographical con-
cept of intra-species differentiation of steppe marmots (Rumyantsev, 1997).

We can propose for discussion a system of Palearctic marmots, including the sepa-
ration of species groups, superspecies and infra-species forms (Table 3), which does not
contradict the available data of molecular-genetic variability.
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Table 3. Proposed classification of Palearctic species of the genus Marmota.

Species groups Superspecies Species Subspecies
M. caudata M. c. caudata
M. c. aurea
M. menzbieri M. m. menzbieri
M. m. zachidovi
M. marmota M. m. marmota
M. m. latirostris
bobak M. baibacina M. baibacina M. b. kastschenkoi
M. b. centralis
M. b. ssp. nov.
M. kastschenkoi
M. bobak
camtschatica M. camtschatica M. c. camtschatica
M. c. doppelmayri
M. c. bungei
M. himalayana M. h. himalayana
M. h. robusta
M. sibirica M. s. sibirica

M. s. caliginosus
M. s. ssp. nov.

We distinguish bobak and camtschatica groups but do not support the caudata group
(Steppan et al., 1999) which was composed from M. caudata and M. menzbieri based on
the similarity of mtDNA markers. According to the morphological data and the variability
of nDNA markers these species are distant related (Brandler et al., 2010). The separation
of the marmota group (Krystufek & Vohralik, 2013) in the same species M. marmota com-
position seems to us unjustified.

The separation of M. camtschatica superspecies (Boeskorov et al., 1999) seems to us
to be insufficiently justified. It is necessary to obtain additional data for acceptance of the
species independents of doppelmayri. The mention of new subspecies in M. baibacina and
M. sibirica (Table 3) is suggested by us as the discussed possibility of their reality.

It should be noted that the available data on intraspecific molecular-genetic varia-
bility of marmots are fragmentary and not obtained for all species. In this regard, further
research in this area is relevant.
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SIBERIAN MARMOT (MARMOTA SIBIRICA) ECOSYSTEM
ENGINEERING SUPPORTS DARKLING BEETLES (BLAPS
RUGOSA) IN HUSTAI NATIONAL PARK, MONGOLIA
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Ecosystem engineering — the physical modification of habitat by a species - can cre-
ate habitat patches that affect the distribution and abundance of other species relative to
adjacent, unmodified habitats. The Siberian marmot (Marmota sibirica) is a large, endan-
gered rodent that lives colonially and creates extensive burrow systems that change the
soil nutrient profile and influence plant and animal community composition and produc-
tivity. The effect of marmot burrows on invertebrates remains largely unexplored, yet may
have conservation implications for species that perform various ecosystem services. Here
we surveyed the occupancy of darkling beetles (Blaps rugosa), a common invertebrate
in forest-steppe ecosystems, in relation to marmot burrow colonies and other landscape
variables in Hustai National Park, Mongolia. We surveyed 130 sites, including 43 active
burrow sites, 45 non-active burrow sites, and 42 control sites with no burrows in the
summer of 2016 and used a model selection approach to develop an occupancy model for
the species that accounted for imperfect detection. We recorded beetles at 30 active and
27 non-active sites during 43.8% of surveys. Our top-ranking model indicated that beetle
occupancy probability was positively influenced by the presence of marmot burrows (both
active and inactive) and that detection probability was a function of temperature and was
highest at +26.5°C. Our model represents the first quantitative, empirically-based occu-
pancy model of Blaps rugosa, and reveals the impact of marmot engineering on the distri-
bution of beetles in a landscape. Our results also suggest that improving the conservation
status of marmots will indirectly benefit beetles.

Key words: Blaps rugosa, ecosystem engineering, forest steppe, marmot burrow,
Marmota sibirica, Mongolia

Running title: Buyandelger et al. Siberian marmot ecosystem engineering supports
darkling beetles

Introduction

Siberian marmots (Marmota sibirica (Radde, 1862) are large (approximately 3.9-4.2
kg as adults) herbivorous rodents that burrow and live colonially. Marmots are highly
endangered in Mongolia due to overharvesting for fur and meat (IUCN Red List ‘EN’;
criteria A2 ad) and have been experiencing significant population declines (62%-75% )
across Mongolia (Kolesnikov et al., 2009; Buuveibaatar & Yoshihara, 2012).

Burrowing mammals are keystone ecosystem engineers in many communities be-
cause burrowing is an engineering activity that can directly and indirectly alter the availa-

E— 105 —_—

:
s
@
!
]
{



PROCEEDINGS of the 7" International Conference on the Genus Marmota “MARMOTS OF THE OLD AND NEW WORLD”

bility of resources, has affects at multiple spatial and temporal scales, and has a significant
role in community organization (Dickman, 1999; Reichman & Seabloom, 2002).

Siberian marmots are known as ecosystem engineers and their mound building trans-
forms grassland landscapes, creating unique habitats for many other species (Van Staal-
duinen & Werger, 2007; Davidson et al., 2008; Townsend, 2009). Ecosystem engineers
are organisms that control the availability of resources for other species by creating and
modifying habitat (Jones et al., 1994). Ecosystem engineers alter habitat in such a way as
to reduce physical and biological stresses for other organisms (Crain & Bertness, 20006).
We expect that the Siberian marmot has an important role in their ecosystems within their
range, and is likely a 'keystone species' (Mills et al., 1993; Adiya, 2000; Townsend &
Zahler, 2006), however, little is known about some of its ecological role, and in particular
if marmot colonies represent a biodiversity hotspot.

Ecosystem engineering is the physical modification of habitat by a species which
creates patches with altered species richness relative to adjacent, unmodified habitats. One
marmot family or colony usually has several burrows, including active burrows (sum-
mer and wintering burrows) and non-active burrows (Adiya, 2000). Non-active burrows
are those which temporarily shelter marmots from carnivores, raptors, and bad weath-
er conditions, when traveling looking for food far from their active burrows. In Eastern
Mongolia, where the marmot density is high, one family could have an average of 2.9
(2.1-3.5) non-active burrows, whereas marmots in lower density areas have an average of
4.8 (3.7-5.7) non-active burrows (Kucheruk, 1983).

Marmot colonies also act as primary producers and providers of rich resources of
organic materials as well as important shelter in the microenvironment (e.g. microcli-
mate, soil nutrients and moisture) which they create. They are of vital importance for the
distribution and structure of soil and ground-dwelling invertebrate communities (Deville,
1927; Zinchenko, 2006). Rodent burrows appear to exert disproportionately large effects
on species of Coleoptera, especially Scarabaeidae (Moradi and Ziani 2009, 2010; Ziani
and Moradi, 2011) and Leiodidae (Peck and Skelley 2001).

The diversity of Coleoptera found in marmot burrows has been studied by various
authors. Zinchenko (1997) recorded 31 species of beetles belonging to three families in-
cluding Histeridae, Scarabaeidae, and Eucinetidae from burrows of M. bobak in Orenburg
Province, Russia. Zinchenko (1999, 2002) found 44 species of Scarabaeidae from the
burrows of M. baibacina in the European part of Russia, and 25 species belonging to five
families of beetles from the burrows of M. bobak in Kemerovo Province, Russia. In ad-
dition, several new species, such as Atheta mariei, Aleochara marmotae (Staphylinidae),
Catops joffrei (Leiodidae), and Cryptophagus arctomyos (Cryptophagidae) were found in
marmot burrows (Deville, 1927) and Grandinaphodius inferorum (Scarabaeidae) in small
rodent burrows (Ziani, 2002). Beetles found in marmot burrows represented the families
Scarabaeidae, Histeridae, Phalacridae, Staphylinidae, and Eucinatidae. There was no re-
cord of Blaps rugosa or other member of the family Tenebrionidae. However, the studies
at the same sites did show that species richness and abundance of coprophilous beetles
(Scarabaeidae) had negative correlations with domestic herbivore density (Bayartogtokh
& Otgonjargal, 2009).

The omnivorous and saprophagous Blaps rugosa (Tenebrionidae) is a flightless dar-
kling beetle which is well adapted to semi-arid and arid environments because of specific
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behavioral and morphological traits. Its body structure and habits allow it to live in the
dry and hot habitats. Adults are not attracted to light, and their living activities have clear
cycles. The beetles live mostly underground in the burrows of rodents and in natural holes.
They also can be found under various objects, such as livestock and wild herbivore dung,
logs, accumulated plant debris etc., which serve as shelter. The hatching larvae and beetles
hibernate inside rodent burrows and appear above ground at the end of April, when the sun
warms the upper soil layers (Sagdi, 1996). The species is known to make use of a defen-
sive gland to protect itself, and it is possible that the gland secretion might be usuable as a
crude medicine (Gunbilig & Boland, 2009).

One of the important ecosystem services performed by B. rugosa is that the faeces of
the darkling beetles, despite their insignificant mass, have a great stimulating effect on cel-
lulose-degrading microflora, which contributes to an increase in the rate of mineralization
of plant litter in arid and semi-arid zones (Dorzhieva & Chimitova, 2008, Mordkovich,
2003). In addition, various Blaps species become food resources for other animals. For ex-
ample, B. femoralis formed 89.5% of the content of Daurian hedgehog scats (N=38 scats)
(Murdoch et al., 2006), and was present in 10.1-12.9% of corsac fox (Vulpes corsac) scats
(N=996), 9.8-21.6% of red fox (Vulpes vulpes) scats (N=1142) (Buyandelger 2008) and
~40% (unpublished data table) of Eurasian badger (Meles leucurus) scats (N=116) (50%
of Tenebrionidae (Murdoch and Buyandelger 2010). Many birds also feed on the Blaps
beetles, including Mongolian Skylark (Melanocorypha mongolica mongolica) (Ling,
1992) and Lesser Kestrels (Falco naumanni) (Onolragchaa et al., 2017).

In this paper, we estimate B. rugosa occurrence in relation to the availability of mar-
mot colonies. More specifically, we examined the influence of colonies on the probability
of B. rugosa occurring within certain habitat on the landscape. Our general hypothesis
was that marmot colonies have a positive influence on B. rugosa occupancy probability
because burrows offer shelter from environmental conditions and refuges from predation,
and also support a high diversity of insects and other prey items. We also examined an
alternative hypothesis focused on investigating the influence of forest steppe habitats in
Hustai National Park, including open plains, foothills and upper slopes, drainages, and
near springs on B. rugosa occupancy. Our approach involved 1) developing a set of a
priori candidate models that we believed potentially described B. rugosa occupancy in the
landscape, 2) surveying B. rugosa at multiple sites to collect detection and non-detection
data, and information on marmot and habitat features associated with each site, and 3)
using model selection to rank models to evaluate which best represented the data.

Material and Methods
Study area

We conducted this study in the Hustai National Park, situated 100 km southwest
of Ulaanbaatar, the capital city of Mongolia. Hustai National Parkcovers approximately
60,000 has at elevations ranging from 1100 to 1840 m above sea level. The National
Park occurs at the southern edge of the forest-steppe zone and includes mountains, plains,
dunes, and a river valley. Only 4%, or 2000 ha, of the park is covered by forest and 88%
is grassland and shrub-land steppe (Buuveibaatar & Yoshihara 2012). Several dry steppe
and mountain steppe vegetation types, which occur in the Mongol Dahuria and Middle
Khalkha biogeographical regions, are represented in the park. The region is arid with <240
mm of annual precipitation, which falls mostly as rain (80%) between June and August,
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and air temperature ranges from -40 (average winter temperature -20°C) to +40 (average
summer temperature +18°C). The landscape is dominated by mountains of granitic rocks
with valleys creating varying habitat types. The vegetation is dominated by bunch grass,
Stipa krylovi, with Artemisia adamsii, Artemisia frigida, Agropyron cristatum and Cym-
baria dahurica as typical species (van Staalduinen, 2005). Marmot abundance is high
there, with population density of 70.6 families/km? (Kolesnikov et al., 2009). Grey wolves
(Canis lupus) and raptors, such as steppe eagle (4quila rapax) and golden eagle (Aquila
chrysaetos) prey on marmots.

Survey

We surveyed 130 sites (Figure 1), including 45 non-active, 43 active burrow sites and
42 control sites during the summer of 2016. The randomly surveyed sites were selected
from an array of elevation outcroppings in variable areas, and from a digitized land cover
layer using ArcGIS version 10.3 (ESRI, Redlands California, USA) in combination with
information from the rangers of the National Park. We visited all the selected points and
identified active and non-active colonies as we observed marmots or saw signs of recent
marmot activity, including >3 open burrows with fresh scat and tracks at the beginning of
the study. The recording of new sites was spaced >500 m apart to ensure independence,
and this distance was based on another lizard survey (see Murdoch et al., 2013). We re-
corded B. rugosa occupancy with three repetitions in a plot, and conducted our first survey
in June, the second in July, and the third in August.

Each survey site was a 25 m radius circular plot. We estimated air temperature and
wind speed (at the plot center) using a handheld weather station (measured with a Kestrel
3000 Pocket Weather Meter) at the beginning of each survey, then an observer walked
through the plot in a circlular pattern for 5 min, and recorded whether the beetles were
present (1) or absent (0). We based the survey time on trials before the study began that
indicated B. rugosa were usually quickly detected.

At each site, we quantified habitat on the basis of substrate. Habitats were classified
by aspect/elevation 1) foothill, which included a low hill at the base of the mountain, 2)
upper slope, which included the side of a hill or mountain, 3) open plain, which included
gently rolling gravel plains of short grasses and forbs, or 4) drainage, which included nat-
ural removal of surface and sub-surface water from an area.

Survey modeling approach

Occupancy modeling is a statistical tool developed to estimate population parame-
ters and investigate the influence of habitat variables on those parameters (Mackenzie et
al., 2002). We used single-season occupancy models implemented in the program PRES-
ENCE (v. 4.4, J. E. Hines, Patuxent Wildlife Research Center, Laurel, Maryland, USA)
adjusted for detection probabilities. Models were ranked by their AIC (Akaike Informa-
tion Criterion) scores corrected for small sample size (AIC,) and weight (AIC weight) in
program PRESENCE for model selection (Burnham & Anderson, 2002). We considered
the model with the smallest AICc value to be the best model to fit the data and any model
within 2 AICc values as a competing model (Burnham & Anderson 2002). We used Akai-
ke weights to assess the strength of evidence for one model versus another model.
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Results

We conducted 390 surveys and detected B. rugosa during 43.8% of them. We detect-
ed B. rugosa at 30 marmot active burrow sites and 27 non-active burrow sites, resulting in
a naive occupancy estimate (i.e., total number of sites where darkling beetles were detect-
ed/total number of sites surveyed) of 0.452 across all sites. Air temperature in the survey
ranged from +17.4 to +38.0°C (mean + SD = 24.23+0.26). The mean percent of habitat
surrounding sites was: 28+0.2 for foothill, 33+0.1 for drainage, 25+0.2 for open plain and
14+0.1 for upper slope.

Bootstrap analysis indicated that our data fit the assumptions of single-season occu-
pancy modelling (MacKenzie et al., 2002). The ¥* of the observed data was 11.696 and
probability of this value was 0.0594 (mean y? of the bootstraps simulations =5.1267). Giv-
en little evidence of lack of fit, we continued with model selection procedures to estimate
the weight of evidence of all models in the model set.

Model selection results indicated that B. rugosa occupancy is influenced by burrow
presence: Marmot burrow y(Burrow), p(temp+temp?) was the best approximating model
(Table 1). This model accounted for 55.7% of the AICc weight among the competing
models, with no competing model <1.70AAIC . The exclusion of habitat to the top model
produced the 2nd ranked model (AICc weight = 23.8), and followed by exclusion detec-
tion probability from the top model (Table 1, AIC, weight = 14.5%). The model which
included burrow as a variable was >70.24%, and habitat+burrow was <29.75%.

The remaining models were >19.2 AAICc from the best model. Beta (B) coefficients
for both the active burrow sites and non-active burrow sites were positive, indicating that
with a higher percent of these marmot colonies around a given site on the landscape, occu-
pancy probability increased (Table 2). Confidence intervals (95%) around these betas also
did not cross zero, suggesting that the effect of these parameters on occupancy was real
(Table 2). Additionally, aspect/elevation had little influence on the B. rugosa occupancy.

Our top model estimated the effect of temperature on detection probability. Beta es-
timates from the model (Table 2) indicated that detection probability was >37% between
+20.8°C and +27.1°C (Figure 2). B. rugosa detection probability was highest at approxi-
mately +26.5°C.

Discussion

This study is consistent with the hypothesis that Siberian marmot may be keystone
species for certain species’ occupancy due to their engineering activities (Murdoch et al.,
2013). Our results show that ecosystem engineering by Siberian marmot had keystone-lev-
el effects on B. rugosa occupancy in all types of habitat in the study area. B. rugosa occu-
pancy 55.7% in relation to marmot burrows + detection probability.. Especially interesting
was our finding that habitat diversity and elevation did not affect the beetles’ occupancy.
The occupancy of many other invertebrates is largely associated with rodent burrows. The
reason may be the availability of habitat patches, through ecosystem engineering (Bangert
& Slobodchikoff, 2006; Davidson & Lightfoot, 2007; Kenney et al., 2016), food resources
(Zinchenko, 1997, 1999, 2002; Peck & Skelley, 2001; Moradi & Ziani, 2009, 2010; Ziani
& Moradi, 2011), shelter (Adiya, 2000; Nikol’skii, 2003), and increased nitrogen level in
soils for oviposition(Dempster, 1963).
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Burrowing reduces soil bulk density, which in turn increases water infiltration into
the soil, as well as the concentration of soil nutrients, such as carbon, nitrogen and phos-
phorus (Gabet et al., 2003; Eldridge et al., 2012). Burrowing activity by marmots indi-
rectly creates favorable microhabitat for plant communities by a physical process that
mixes and aerates soil layers (Townsend, 2006; Yoshihara et al., 2010b). By providing
key habitat with high concentration of resources, rodent burrows enhance population, spe-
cies richness, and occupancy for various taxonomic groups. The insect-pollinated plant
productivity promoted by marmot ecosystem engineering supports pollinators (Yoshihara
et al., 2010a). Furthermore, we very often observed the darkling beetles at the entrance
of marmot burrows. Burrow entrances are usually surrounded by bare soil and short-turf
vegetation. Cizek et al. (2012) showed that B. lethifera was associated with bare-ground
patches, especially rodent burrows.

The strong association of omnivorous B. rugosa with marmot burrows appears to be
in large part because burrows provided food sources. Other studies showed that keratino-
philic fungi, especially Microsporum gypseum had greater occurrence in marmot burrow
soil than in the surrounding area (Battelli, 1978). B. rugosa can use marmot faeces as their
food resource, in the same manner as dung beetles. Also, B. rugosa probably feeds as a
scavenger on decomposing nest matter or microorganisms growing on the marmot faeces
in the burrow, same as carrion beetles (Peck & Skelley, 2001).

Darkling beetle occupancy is not only limited to the active burrow sites. They also
occur in non-active marmot burrows (see Figure 3). The non-active burrow, which is usu-
ally farther away from the active burrow, is also used by species besides marmots (Kuche-
ruk, 1983). B. rugosa may not use burrows only as a food source , but also for shelter from
extreme environmental conditions. Microclimate in marmot burrows is relatively stable,
not overheating even in hot weather, and remains above freezing even with significant
decreases in air temperature on the soil surface (Adiya, 2000; Nikol’skii, 2003). The high
moisture content is probably advantageous to many species, especially in arid environ-
ments where evaporative water loss may be significant above ground, although high rel-
ative humidity may restrict evaporative cooling in animals, which may be a problem for
individuals with excessively high body temperatures (Reichman & Smith, 1990). Rodent
burrows also support species richness as many beetles, including those from the families
Leiodidae, Staphylinidae, Carabidae, Scarabaeidae etc. use marmot droppings as a food
resource for themselves and their larvae.

Another alternative hypothesis for the co-occurrence of rodents and beetles is that
beetles lay their eggs in rodent burrows. Species searching for a substrate upon which
to oviposit must be guided in the darkness by an acute sense of smell (Pont & Ackland,
1995). Therefore, for the darkling beetle the oviposition process might include the need
for conditions such as the presence of animal droppings, burrows, or caves etc. Mclntyre
(1999) showed that some darkling beetles use ant nest-sites for oviposition and thermoreg-
ulation in the grasslands of North America. However, at our research site, darkling beetle
occupancy was significantly influenced by marmot burrow presence not only in the breed-
ing season of the beetle but also during non-breeding periods.

The ecosystem engineering concept focuses on how organisms physically change
their landscape and how these changes create feedback mechanisms that affect the biota
of these sites (Jones et al., 1994). Our research results give insight into how marmots
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create important habitats for the darkling beetle and demonstrate that engineering spe-
cies have an irreplaceable role in this ecosystem. Marmot burrows provide a network of
basking sites for thermoregulation, foraging locations, and refuge for B. rugosa across the
landscape, likely resulting in more favorable habitat and higher survivorship at the land-
scape-scale. Our occupancy analysis supports our hypothesis that marmot colonies have a
positive influence on B. rugosa occupancy probability because burrows offer shelter from
extreme environmental conditions, refuges from predation, and support a high diversity of
insects and other prey items.

Our model is the first quantitative, empirically based occupancy model of B. rugosa,
and may be adaptable for analysis of different ecosystems with marmots in Mongolia.
Further studies should consider examining the B. rugosa diet, the relationship between
marmot burrows and B. rugosa food preferences, the ontogenetic life history of this dar-
kling beetle species, and importance burrows for the species’ larval development. Other
burrow digging rodents may influence darkling beetle occupancy in the steppe ecosystem.
We focused on marmot colonies and habitat types at one spatial scale. It is possible that B.
rugosa occupancy may also be influenced by other predators (e.g. hedgehog, badger and
birds) and sympatric species (e.g., B. reflexa and Carabus spp.), and further studies should
consider assessing patterns of co-occurrence with these species.
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Table 1. Response variables used to examine Blaps rugosa occupancy probability (y) in
Hustai National Park, from June to August 2016.

Covariate Description Measure Predicted Supporting Literature

name effect on y

Burrow Occupancy probability Active and | Positive Murdoch et al, 2009,
influenced by active burrow | non-active 2013, 2016; Shipley
site and in non-active and Reading 2006
burrow.

Upper slope | Including the side of a hill | Proportion | Negative Todgerel 1998, Yoshi-
or mountain hara et al, 2010 b

Foothill Including a low hill at the Proportion | Positive Todgerel 1998, Yoshi-
base of a mountain hara et al, 2010b

Drainage Including natural removal Proportion | Positive Todgerel 1998, Yoshi-
of surface and sub-surface hara et al, 2010b
water from an area

Open plain Including gently rolling Proportion | Positive Murdoch et al, 2013,
gravel plains of short grass- 2016, Yoshihara et al,
es and forbs 2010 b

Table 2. Model selection results of Blaps rugosa probability of occupancy (y) indicating
the fit of 8§ models to the observed data collected in Hustai National Park, from June to
August 2016. Occupancy covariates included: presence on marmot burrow site, and hab-
itat including foothill, open plain, drainage and upper slope within 250 m of a site.

Model AIC deltaAIC | AIC wat gl‘zgﬁim 4 |nopar
psi(Burrow),p(temp+temp?) 371 0 0.5572 1 5
?:E;E&Zﬁ::;ﬁf;;s 2 373.65 1.70 0.2382 02328 6
psi(Burrow),p(.) 374.64  |2.69 0.1452 0.1065 3
psi(Burrow-+Habitat),p(.) 37643 | 4.48 0.0593 0.1065 4
psi(.),p(temp-+temp2) 391.21 19.26 0.0000 0.0001 4
psi(Habitat),p(temp-+temp2) 39276 |20.81 0.0000 0.0000 5
psi(.),p() 394.16  |2221 0.0000 0.0000 2
psi(Habitat),p(.) 395.77 | 23.82 0.0000 0.0000 3
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Figure 1. Map of the study area in Hustai National Park, Mongolia, showing the survey
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Figure 2. Blaps rugosa probability of detection p(temp+temp2) as a function of temper-

ature. Probability estimated from the top-ranking model of occupancy data collected in
Hustai National Park, from June to August 2016.

1.0

Occupancy probability
e
s

Non-marmot Marmot
burrow burrow

Site type

Figure 3. Blaps rugosa occupancy probability y(Burrow) as a function of the proportion
of marmot burrow site within 250 m of each location. Probability estimated from the
top-ranking model of occupancy data collected in Hustai National Park, from June to
August 2016.
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Steppe marmot (Marmota bobak Miiller, 1776) is a typical inhabitant of the South
Ural steppes. References to it go back centuries, to the legends and signs of the indigenous
peoples of the South Ural region — Bashkirs. The first scientific mention of the steppe
marmot appeared in the classical works of researchers of the Orenburg region relatively
recently, in XVIII-XIX centuries. To the present time there is a significant amount of in-
formation about the steppe marmot. Various works on the biology and ecology of bobak
have been carried out. Numerous articles, notes, monographs, abstracts of dissertations
requiring a systematic approach to their analysis were published.

This paper presents bibliographic listing of scientific papers grouped according to
the subject and the nature of their content.

I. Distribution, abundance and structure of populations of the steppe
marmot.
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5. Bezuglov Ye. V. 2009. The history of the steppe marmot in the steppes of the South
Ural Region (preliminary data). Orenburg State Pedagogical University: history and
modernity. Materials of XLVIII scientific-practical conference. Vol.5. Orenburg. p.
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ferent years covered the most important aspects of biology and ecology of steppe marmot
in the South Ural Region. However, it is necessary to carry out additional studies concern-
ing the ecology and modern distribution of the species in the area in order to preserve the
bobak in the South Ural steppes .
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Crennoii cypok (Marmota bobak Miiller, 1776) - TunuuHbBId OOHTATEIH
FOXKHOYPAJIbCKUX CTCICH. YIOMUHAHHS O HEM YXOIIT B TNIyOb BEKOB, K IMPHIAHHSIM
U TpUMETaM KOpEHHBIX HapomoB HOxxHoro VYpama - Oamkupam. [lepBbie HaydHBIC
YIOMHHAHUSI O CTCITHOM CYpKE MOSBWJIMCh CPABHUTEIBHO HEIABHO B KIIACCHUCCKUX
Tpynax wuccienoBareneii OpenOyprckoro kpas B XVIII-XIX BB. K Hacrosmemy
BPEMCHHU HAKOIWICS 3HAYUTEIBHBIA 00BEM UH(POPMAIMK O CTEITHOM cypke. [IpoBeaeHsI
Pa3HOCTOPOHHUE PAOOTHI MO M3YUYCHUIO OMOJIOTUU U DKOJIOTUH Oaiibaka. OmyOIuKOBaHbI
MHOTOYHCIICHHBIC CTaThM, 3aMETKH, MOHOTpa(uu, aBropedeparbl IUCCEPTAUOHHBIX
pabor 1 T.11., TpeOyIoIIre CUCTEMHOTO TOJIX0/1a B X aHaJIH3e.

B manHOif paboTe mpencTaBieHB OmOMMorpadUvecKre CIHUCKH HAaydHBIX DPadoT,
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Steppe marmot, or bobac (Marmota bobak), lives in the South Ural steppes from
ancient times attracting a person’s attention. So, in the Bashkir folk calendar the last snow
blizzards were called "huur buran" ("huur" is «bobac» in Bashkir) since according to the
folk sign - the first whistle of a bobac (Kirikov, 1980) precedes the approach of these bu-
rans. The first mention of the steppe marmot appeared in the classic works of researchers
of the Orenburg region in the X VIII-XIX centuries. Thus, P. S. Pallas (1786) wrote about
the" great multitude" of bobacs in the vicinity of the Tatishcheva fortress. He reported that
near the village Novosergievka marmots and ground squirrels lived in all grave hills. In a
note to the general land surveying of the Orenburg district the habitation of marmots was
noted in the lands of the Verkhneye-Ozernaya, Nizhneye-Ozernaya and Elinskaya fortress-
es, settlement Kargala of Sakmarskii town. In the middle of the XIX century, according
to E. A. Eversman’s reports (1850), there were many marmots in the steppes of Obshchiy
Syrt, in the south-western and southern foothills of the Ural covered with "northern grass
steppes". Noting the distribution features of the marmot in the forest-steppe Urals, the
author wrote that the settlements of marmots had been found in the steppe with hilly and
mountainous terrain. However, E. A. Eversman pointed out that these animals were mined
only by the local population using their meat for food, and skins for the manufacture of
caps and edges of caftans and fur coats. Every year up to one hundred thousand or more
marmot skins were brought to the Orsk fortress for sale.

In the second half of the XIX century S. T. Aksakov had given some information
about the way of life of marmots in the Buguruslan district in his "Notes of rifle hunter of
Orenburg province" (Aksakov, 1852): "...I still remember that around the villages, where
used will not look, everywhere on the hillocks, remaining after digging a hole, they were
sitting on their hind legs like bear cubs, and noisy whistles echo each other".

Later, at the end of the XIX century, N.A. Zarudny had described the settlement of
marmots in the Orenburg steppes in detail in the "Notes to the knowledge of the mammal
fauna of the Orenburg territory" (Zarudny, 1897) noting them in the north of the middle
course of the Ural river, in the feather-grass steppes between Kargala and the Yangiz,
aroud the Salmysh, on the watershed between the bottom of the Sakmara river and the
valley of the middle Ural river, in the steppes between the Sakmara and the Guberlinsky
mountains. He had met numerous colonies in the Ural-Ilek interfluve of the rivers near the
Donguz river, the Vetlyanka river, the Peschanka river, the Berdanka river, etc. Also, N. A.
Zarudny had described an interesting migration of marmots. In 1890 on the Grebenskaya
mountain where there was a colony of 30-35 marmots most of its inhabitants abandoned
it for no apparent reason and established a new settlement 15 miles to the East. He had
repeatedly observed the movement of marmots on several individuals in the morning,
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evening, and even at night when they sailed among the hollow water. In addition, he noted
the time of hibernation and the revival of the Orenburg bobac.

More detailed studies relating to the distribution features of the steppe marmot were
conducted at the beginning of the XX century. However, these activities were sporadic.
So, in the South-Western part of the Orenburg region, on the left bank of the Chagan river,
near the village Miroshkino, a subspecies of the steppe marmot Marmota bobak skagan-
ensis (Bazhanov, 1930) was first described, now it is called "kazakhstanskiy" (Bazhanov,
1930). Small colonies of marmots were described near Buzuluk (Bazhanov, 1928), on the
watershed of the Kamsak and the Kumak (Kuznetsov, 1928).

A. P. Raysky (1951) was observing the colony of marmots almost in the forest on the
border of the Orenburg region with Bashkiria between the villages Otradny and Ermolaev-
ka. The author described an unusual way of hunting animals: hunters hiding behind the
trees guard the coming out of marmots from holes. In S.V. Kirikov’s work (1952) it was
mentioned that the colony including more than a hundred animals was located on 25 hec-
tares on the left bank of the Curuil river, between the villages Curuil and Yanybaevo, and it
was also described several colonies in the Ural left bank of the hills in surrounding villages
Konoplyanka, Podgorny, Adaevo, Ilinskaya. Later, Yu. A. Dubrovsky (1962) mentioned
small colonies of marmots located to the East of the upper reaches of the Kumak river to
Zhety-Kol lake on the plain areas of turf-grass steppes. According to the author, the most
extensive settlements were concentrated on the watershed of the Irgiz and Ushkaty rivers
as well as the basin of Shalkar-Yega-Kara lake.

Thus, the main result of the work of the second half of the XVIII century-the first half
of the XX century was the study of the geographical distribution of the species. No other
purposeful researches had been carried out during that period in the South Ural steppes.

Scientific work on the study of the bobac population in the steppes of the South Ural
region intensified only in the 70-80s of the XX century. It was during that period that there
was an increase in general interest in the study of the steppe marmot in the region. There-
fore, it is not accidental that the published works of that time covered a variety of aspects
of biology and ecology of the species.

Thus, a number of works on bioacoustic analysis of the vocalization of marmots by
A. A. Nikol’sky (1969, 1976, 1983, 1984, etc.) was published. A. A. Nikol’sky (1969)
suggested the term "phonotype" to describe biologically similar signals of bobacs with
their similar physical characteristics. Later, he showed the species specificity of the mar-
mot scream and determined its reflective features which turned out to be spectral and
amplitude-time characteristics (Nikolsky, 1976, 1984). A warning signal of the marmot
with absolute specificity of species is a reliable diagnostic feature for taxonomic studies
(Nikol’sky, 1976).

No less actuality in that period were the works devoted to the biology of reproduction
of steppe marmot in the South Ural region (Rudi et al., 1993, 1994, 1996; Soustin et al.,
1996; Shevlyuk, 1996b, 1997; Shevlyuk et al., 1997, 1999, 2000; Bragirova (Fedorenko),
Shevlyuk, 2002). Thus, these studies revealed a clear age structure of populations which
includes animals of three groups: 1. fingerlings - animals of the same age, don’t participate
in the reproduction; 2. yearlings-in reproduction, as a rule, not participating; 3. animals
at the age of 2-3 years and elder-are the main producers. The seasonal dynamics of the
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marmot reproductive activity was determined, which has several significant features: the
mating period is limited to very short time frames; males are characterized by extremely
deep inhibition of the functions of the sex glands which occurs immediately after the
mating; the presence of two peaks of the concentration of male sex hormones in the blood
serum of these animals; the state of reproductive activity depends on calendar terms but
not on weather conditions (Shevlyuk et al., 2000).

In addition, it was studied in detail such aspects of biology of reproduction of steppe
marmot as the fecundity of the species, the sex ratio in the population as well as caring for
offspring, which is realized by the resources of the family group in which marmot cubs
were born (Shevlyuk et al., 2000).

With the advent of the Commission for the study of marmots at the Academy of
Sciences of the USSR, organized by D. . Bibikov, this research had accelerated not only
in the South Ural region and in many regions of the country but also abroad. During the
implementation of the joint Russian-French program "Ecological basis for management
of marmots biodiversity in Eurasia" in the period from 1994 -1996 various works on the
study of steppe marmot ecology were carried out. In particular, the comparative effect of
anthropogenic and abiotic factors as well as their combined effect on marmot settlements
(Le Berre et al., 1994) were investigated.

In the future, one of the important directions in the study of biology and ecology of
steppe marmot was the fact that absolutely protected mode in the areas of the state nature
reserve "Orenburgsky", organized in 1989, influences on the population of the bobac. In
the works of G. M. Geide (1991) the distribution of marmot settlements was described
in detail as well as the approximate number of species in the reserve. A little later, O. V.
Soroka (2001) noted that the population of bobaks increased for a ten-year period of con-
ducting absolutely-reserved mode in the territory of the state nature reserve "Orenburg".
As aresult of long-term observations in the protected area environmental factors affecting
the dynamics of seasonal and daily activity of bobak as well as the duration of its hiberna-
tion (Soroka, 2000) were identified. It was established that hibernation of animals in our
region lasts for about 8 months, and the period of active life makes only 4 months that
coincides with phenological timing which are a characteristic feature of marmots living in
the Central Kazakhstan (Shubin, 1963).

At the turn of the centuries, researches devoted to the influence of human economic
activity on the steppe marmot population and its adaptation to man-made landscapes as
well as the protection and rational use of marmots come to the fore (Bibikov, 1980; Bibik-
ov, Rudi, 1987; Mashkin, 1991, 1997, 2000; Rudi, 1989, 1991, 1994, 1995, 1997; Rudi,
Malyutina, 1991; Rudi, Smetanin, 1996, 1997, 1999; Rudi, Shevlyuk, 2000; Fedorenko et
al., 2005; Fedorenko, 2006). As the authors note, with the advent of the settled population
in the XVI-XVII centuries in the South Ural region, the human impact on the environment
had increased. Steppes were getting to be ploughed. The development of virgin and fallow
lands continued in the XX century. Thus, by the middle of the 1960s most of the South
Ural steppes had turned into agricultural land. Therefore, not plowed lands, pastures and
grazings, inconveniences and boundaries became the main biotopes of the steppe mar-
mot. However, the marmot had adapted to living on plowed lands, crops of cereals, fields
of perennial forage grasses, roads, on the territory of not promising villages, etc. (Rudi,
Shevlyuk, 2000).
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Just almost bicentennial history of the study of the marmot in the South Ural region

more than 350 papers that outline the main aspects of the biology of the steppe marmot,
the peculiarities of its distribution and spatial distribution had been published. However,
it is necessary to carry out additional studies concerning the ecology and modern distri-
bution of the species in the area in order to preserve the bobak in the South Ural steppes
(Bezuglov, 2009).
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HNUCTOPUSA N3YUEHUSA CTEITHOI'O CYPKA HA IO KHOM
YPAJIE

Besyriios E.B.
MAOY «llepsomaiickas COILLLy Ilepsomatiickoeo pationa Openbypeckou obnacmu

Aodpec: 461980, n. Ilepsomatickuii, ya. Ilobeowt 1, I[lepeomaiickuii pation Openbypeckast
obnacmw, Poccuiickas @edepayusi.

Aodpec a1. noumsi: bezuglov87@list.ru

CrenHoli cypok, wiu Oaitbak (Marmota bobak) u3npepie 00UTaET B FOXKHOYPATbCKIX
CTeIsIX, IPUBJICKAs BHUMaHKE YejoBeKa. Tak, B HApOIHOM KajeH1ape OaliKkup mociieHIe
CHEXHbIE METEJIU TIOJIyYHIH HA3BaHUE «Xyyp Oypan» («Xyyp» - Mo Oamkupcku 6aitbax),
TaK Kak COIVIACHO HApPOJHOW MPHUMETE - HACTYIUICHHUIO 3THX OYpaHOB MPEIIIECTBYET
nepBbIil cBUCT Oaitbaka (Kupukos, 1980).

[lepBble yNMOMHHAHHS O CTEIHOM CypKEe IOSBHINCh B KIACCHUECKUX TpyAax
uccienoBareneit Opendyprekoro kpast B XVIII-XIX BB. Tak, 0 «BEJIHMKOM MHOXECTBE
OaiibakoB B okpecTHOCTsAX TarmmeBoil kpermoctu mucan emie [1.C. [Nammac (1786). On
coobmai, uyTo y cena HoBoceprueBka CypKM M CYCIHMKH XHMBYT BO BCEX MOTHIIBHBIX
XonMax. B mpumeuanun k reHepambHOMY MekeBaHHIO OpeHOyprckoro yesga oOMTaHHe
CYpKOB OTMeueHO Ha 3emisix Bepxnee-Osepnoif, Hmxknee-O3epHoit n MinbuHCKON
kpenocteii, cnobonsr Kaprama Cakmapckoro ropoaka. B cepeamuae XIX B., M0 TaHHBIM
D.A. OBepcmana (1850), cypkoB Obuto MHOTO B cremsix no O6memy ChIpTY, IO 10TO-
3ama{HBIM 1 I0KHBIM IIPEIrOpbsiM Ypaiia, HOKPHITEIM «CEBEPHBIMH TPABSHBIMH CTETISIMID.
OtMmeuast 0COOEHHOCTH pacmpocTpaHeHus Oaiibaka B yecocrenHoM IIpenypanbe, aBTop
ITHCAJI, YTO MOCEIEHHS CYPKOB BCTPEYAIICH B CTEIH C XOJIMHCTBIM 1 TOPHBIM PenbedoM.
Bwmecte ¢ Tem, D.A DBepcMaH yKa3blBall, YTO 3TUX 3BEPHKOB JOOBIBAJIO JIUIIHL MECTHOE
HaceJIeHUEe, UCIOb3Ysl MSCO B ITHILY, & MIKYPKU IS U3TOTOBJICHHS IIANOK M OIMYIIKH
ka(Tanos u ury0. ExxeronrHo B OpcKyro KpenocTh MPUBO3MIN JUIS TIPOAAXKHU JI0 CTa THICSAY
n OoJjiee MIKYpOK cypKa.

Bo Bropoii nonosune XIX B. HexoTopble cBesieHHs 00 o0pa3e JKM3HH CYpKOB B
byrypycnanckom ye3ne mpuBogut C.T. AkcakoB B «3ammckax pyKEHHOTO OXOTHHKA
Openbyprekoii Ty0epHun» (AkcakoB, 1852): «...s elie MOMHIO, YTO OKOJIO CaMHUX
JIepeBeHb, Ky/1a, ObIBAJIO HE B3IVIAHEIIb, BE3/I€ M0 CypUYrHAM CHIAT OHU Ha 3a/IHUX JIaNKax,
KaK Me/IBeXKaTa, M IIyMHBIM CBUCTOM NEPEKIMKAIOTCS MEXLy CO00i».

Hecxkonbko nozxe, B koHue XIX B., H.A. 3apyaublii B paboTe «3aMeTKH K O3HAHHIO
(aynsl muexonuTaromux Opendyprekoro kpas» (3apyausiid, 1897) moapoOHO onuckBaeT
noceseHust cypkoB B OpeHOyprckumx cremsx, OTMedass MX Ha CeBepe OT CPEAHEro
TEUeHMs peKu Ypal, B KOBbUIbHOW cTenu Mexay Kapranoit u Snruzom, no Canmslry,
Ha Bojiopasese Mexay HikHel Cakmapoil U JOIMHOM cpeHero Ypania, B CTeNU MEXIY
Caxmapoii u ['yOepnuHcknmu ropamu. MHOTOUHCIICHHBIE KOJIOHUH OBLIM BCTPEYESHBI UM
B Ypano-Unexckom Mexypeube BOm3u pek Jourys, Betnsaku, [lecuanku, bepnsaku u
ap. Taxxe H.A. 3apynnsiM Obuta onvcaHa MHTEpecHast Murpanus cypkos. B 1890 romy
Ha ['pebeHckoii rope, rae cymecTBoBaja koioHHs B 30-35 cypuuH, OOJBIIMHCTBO €€
oburareseit 6e3 BCSIKOW BUANMOM IPUYMHBI OPOCHITN €€ M 000CHOBAJIM HOBOE [TOCEJICHHE B
15 Bepcrax k BocToky. OH He pa3 HaOIIo/1all epe/IBIKeHNE CYPKOB 110 HECKOJIBKO 0co0ei
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B YTPEHHHE, BEUCPHHE YAChI U Ja)Ke HOUBIO, KOTJIa OHH IUIBLIN CPEIH M0JI0M Bombl. Kpome
3TOro, UM OBLIM OTMEYEHBI CPOKH 3aJIeraHus v MPOOYKICHHUs OpeHOYPrcKux Oaiibakos.

Bornee neranbHble HCCIIENOBAHUSI, KACAMOIIMECS OCOOCHHOCTEH pacrpoCTpaHeHHs
CTEITHOTO CypKa, TPOBOAMIHCH B Hadasre X X B. OTHAKO 3TH paOOTHI HOCHIITH TTA30IUIC CKHI
xapakTep. Tak, B 1oro-3amagHoil wactu OpeHOyprckoid 00JacTé Ha JEBOOCPEIKBE PEKH
Yaran 6nu3 noc. MuUpomKiHO ObUT BIIEPBBIE OMKCAH MMOJBH]] CTEIHOTO cypka Marmo-
ta bobak skaganensis Bazanov, 1930, HbelHe MMeHyeMBbIll «KazaxcTaHCKuM» (baxaHOB,
1928). HeGonpume komoHmm OaiibakoB ObuIM ommcaHbl BOMW3M bBysymyka (baxkaHoB,
1928), na Bomopasnene Kamcaka u Kymaka (Kysuemnos, 1928).

A.Il. Paiickmii (1951) HaOmromanm KOJOHHUIO CYpKOB IIOYTH B JieCy Ha T'paHHUIE
OpenOyprckoit obmactu ¢ bamkupueit mexy cenamu OTpanabiM 1 EpMoaeBkoii. ABTOp
orucang HeOOBIYHBIH CHOCOO OXOTHI Ha 3BEPHKOB: OXOTHHUKH, IPAYach 32 JCPEBBIMH,
KapayJquin BbIXOA CypkoB u3 Hop. B pabore C.B. Kupukosa (1952) ymommuaercs
0 KOJIOHWHM, BKJIIOYAIOIIel Oojiee COTHM 3BEPHKOB, pacroiaraBileiicss Ha 25 ra 1o
neBobepexbio pekn Kypywi, mexy cenamu Kypywn n SIHb10aeBo, a TakyKe OMUCHIBACTCS
HECKOJIBKO KOJIOHHH B [IpHypaabCKoM JIEBOOEPEKHOM MEIKOCOMOYHHUKE B OKPECTHOCTAX
cen Konorutsiaky, [oaropunoro, Anaesa, cranuiiel Mimbuackoi. [To3zxke F0.A. JIyOopoBckuit
(1962) ynmomunHaetr o HEOOIBIIUX KOJOHUAX 0aii0aKoOB pacIioiaraBIIMXCs K BOCTOKY OT
BepxoBbeB pekn Kymak 110 o3epa Xerbi-Kosib Ha paBHMHHBIX ydacTKax JAEPHOBHHHO-
31aKkoBoii crenu. Hanbosee oO1IMpHbIe TOCENSHNSI, 110 CBEACHHUSIM aBTOPa, COCPEAOTOYCHBI
Ha Bonopasaene Mprusa n Yimkarsel, a Takxke Oacceiina ozepa [llankap-Era-Kapa.

Takum o0pa3om, IIaBHBIM pe3ynbratoM pabor Bropoit mosoBuHbl XVIII Beka —
repBoii ToJI0BHHBI XX BEKa, CTAJI0 M3yueHHE Teorpaduieckoro pacnpocTpaHeHus BUIA.
Jpyrux LeieHanpaBlIeHHBIX UCCIENOBAHUN B YKa3aHHBIA NEPHUOJ B HOXKHOYPAIBCKUX
CTEMNsAX He IPOBOAUINCE.

Hayunere pa®oThl Mo u3ydeHHWIO TOMyIsiuu Oaiibaka B cremsix FOkHOoro Ypana
AKTHBHU3UPOBATICH UMb B 70-80-e rompl XX Beka. FIMEHHO B 3TOT IeproA HaOII01aIoch
TIOBBIIIIEHUE OOIIEro MHTEpeca K M3Yy4YCHHIO CTEMHOTo cypka B pernone. llostomy
HE CJIydaiiHO, YTO OITyOJNMKOBaHHbIE pabOTBI 3TOr0 BPEMEHM OXBATHIBAIM CaMble
pa3HooOpa3HbIe aCTIEKTHl OMOJIOTHH U SKOJIOTHH BUAA.

Tak, BeixomuT psin pador A.A. Hukosibckoro (1969, 1976, 1983, 1984 u ap.) mo
0M0aKyCTHUECKOMY aHaJIM3y BOKAIN3AIMY CypKOB. J[iist onrcanust OMOIOrnuecKy CXOIHBIX
CUTHAJIOB ¢ Onm3kuMu (u3MuecKuMu xapakrepuctukamu A.A. Hukonbckuit (1969)
NPEIUIOKHII TEPMHUH «(POHOTUI. BIiocsencTBum oH rmokasan BUIoCenn(pUIHOCTh KPUKa
CYPKOB M OIPEJIENINII OTPaXKAIOIINE €€ PU3HAKH, KOTOPHIMH OKa3aJMCh CIIEKTPAJIbHbIE U
aMIUTUTYIHO-BpeMeHHbIe ocobenHocTr (Hukonsckuit, 1976, 1984). Ipenynpexnatormii
00 ONAacCHOCTH CHTHAJl CYpPKOB, O0Jamaroniuidi aOCOJIOTHOW BHAOCHCHU(DUIHOCTHIO,
SIBJISICTCS HAJISKHBIM JUArHOCTHYECKUM TPHU3HAKOM B TAKCOHOMHYECKHX UCCIIEIOBAHUSIX
(Huxomsckuit, 1976).

He MeHbIIyI0 aKTYaJIbHOCTD B 3TOT IIEPUOJ UIMEIOT PaOOTBHI, TIOCBSIILIEHHBIC BOIIPOCY
Ononornu pasMHOXKeHHUs crenHoro cypka Ha lOxuom Ypane (Pynu, Coycrun, IlleBmiok,
1993, 1994, 1996; Coyctus u ap., 1996; lllesnrok, 1996a, 19966, 1997; lllesntok, Pymu,
Cramuukos, 1997, 1999, 2000; bparuposa (Penopenko), Lllesmtok, 2002). Tax, B Xoze 3THX
HCCIIEIOBAaHUI BBISIBIIEHA YETKasl BO3PACTHAs CTPYKTypa MOIYJSALUHA, KOTOpask BKIIOUAET
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JKUBOTHBIX TPeX TPYII: 1. CEroleTKH - JKUBOTHBIE OJHOTO BO3PACTa, B Pa3MHOKEHUU
y4acTHsl He IPUHUMAIOT; 2. TOIOBUKH - B PENIPOAYKINH, KaK IPABUIIO, HE YJaCTBYIOIIHE;
3. JKUBOTHBIE B BO3pacTe 2-3-X JIeT U cTaplle - OCHOBHBIC Ipou3BoauTenu. OnpeaeneHa
Ce30HHAs JMHAMUKA pPENpOAYKTUBHONH aKTUBHOCTH CypKa, HMeEIoIIas HECKOIbKO
CYIIECTBEHHBIX OCOOEHHOCTEH: Mepuoj] CHapUBaHMUA OrPAaHUYEH OYEeHb KOPOTKHMHU
BPEMEHHBIMH PaMKaMH; Ul CaMIIOB XapaKTepHO Ype3BbIYaHO ITyOOKOE yrHEeTeHHe
(GyHKIUH TOJOBBIX JKeJie3, HACTyIalollee cpasy IOCIE 3aBEepLICHHS CIApPUBAHUSA;
HaJIMYMC IBYX IMWKOB KOHICHTPAUNU MYKCKUX ITOJIOBBIX TOPMOHOB B CbIBOPOTKE KPOBHU
O9THUX KHUBOTHBIX, COCTOSHHC perO}lyKTMBHOﬁ AKTUBHOCTU 3aBHUCUT OT KaJICHAAPHBIX
CpPOKOB, a He oT noroaHsIx ycnosuit (Illesntok, Pynu, Cragauxos, 2000).

Kpowme Toro, moapoOHO U3y4eHbl TAKHE ACHEKThI OHOIIOTHH PA3MHOKEHHS CypPKa KaK,
IUIOJJOBUTOCTh BH/Id, COOTHOIICHHUE MOJIOB B MOMYJISIIIMH, a TaK e 3a00Ta O MOTOMCTBE,
peaiu3yemMasi 3a CUET PECypCOB TOW CEMEWHON TIPYIIbI, B KOTOPOH POIIIKCH Cypyara
(IIepmrok, Pymu, Cragaukos, 2000).

C mnosieienneM Komuccuum 1o m3ydeHuto cypkoB mnpu Axamemuu Hayk CCCP,
opranuzaropom kotopoi 0bu1 JI.M1. BuOUKOB, yCKOPUINCH MCCIEIOBAaHUS HE TOIBKO Ha
IOxxHOM VYpane m BO MHOTHX PErHMOHax CTpaHbl, HO W 3a pyOexoM. IIpu BeImONMHEHUH
COBMECTHOH POCCHIUCKO-(PpaHIly3CKOH MpOrpaMMbl «DKOJIOTHUECKHA Oazuc s
yrIpaBieHus: OnopazHooopasueM cypkoB B EBpazum» B iepuos ¢ 1994-1996 rr. mpoBeneHs
Pa3sHOCTOPOHHHME PAOOTHl MO0 HW3YYCHHWIO JKOJOTHH CTEMHOrO Ccypka. B dacTHOCTH
WCCIICZIOBAHO CPABHUTENBHOE JCHCTBHE aHTPOIIOTEHHBIX M a0HOTHYECKUX (aKTOpOB, a
TaK K€ UX COBMECTHOE BO3/ielicTBHEe Ha moceneHus cypka (Jle-bep u np., 1994).

B nanpHeiilieM OJHMM W3 Ba)XKHBIX HANPABICHUH B MCCIICIOBAaHMU OHOJIOTHH M
9KOJIOTHH CTEITHOTO CypKa CTajlo U3y4YeHHUE BIMSIHUE Ha TOMYJsIInK Oaiibaka abcoaroTHO
3all0BEIHOTO0 pEXKMMa Ha YydyacTKaX TIOCYIapCTBEHHOTO IIPHUPOJHOIO 3allOBEIHHUKA
«OpenOyprckuiiy, opranu3oBaHHoro B 1989 rony. B padorax I'M. I'etine (1991) mogpobHO
0XapaKTepH30BaHO pacIpeeeHUe IOCEJICHUH CypKa, a TakKe yKazaHa IMpUMepHas
YHCJICHHOCTb BU/JIa HAa TeppuTopuu 3anosegHuka. Heckonsko nmosxe O.B. Copoxa (2001)
OTMEYaeT, 4YTO 3a JECATHJICTHUH IepUOJ BeIeHMs aOCOIIOTHO-3aMIOBEIHOTO PEKMMa
YHCIIEHHOCTH Oaiibaka Ha repputopuu ['T13 «OpenOyprekuiiy yBennuuiack. B pesynbrare
MHOTOJIETHHX HaOJIIOJIeHNiI Ha 3aloBEAHONW TEPPUTOPHUU OBUIM BBISBIEHBI (DAKTOPBI
OKpY’)KaloIeil cpejpl, BIMAIONIME HAa JUHAMHKY CE30HHOM M CYTOYHOH aKTUBHOCTH
Gaiibaka, a TaK)Ke NPOJOJLKUTENBHOCTD ero crstuku (Copoxka, 2000). beuto ycranoieHo,
YTO CIISTYKA 3BEPHKOB B HAIIIEM PErUOHE JUTUTCS IPUMEPHO § MECSIIEB, a IEPUOJT aKTHBHON
JKM3HH COCTaBJIsIeT Bcero 4 Mecsia, YTo COBIAAaeT ¢ (PEHOJOIMYECKUMH CPOKaMH,
XapaKTepHBIMHU JJIsl CypKoB, oouTaronux B Llentpansnom Kazaxcrane (Llyoun, 1963).

Ha py0exe BeKoB Ha TIEPBEIH TJIAaH BBIXOIAT UCCIICTOBAHNS, TOCBSIIICHHBIC BIUSIHUIO
XO3HCTBEHHOMW JIEATETHHOCTH YEIOBEKa Ha IIOMYIISAIIUIO CTEITHOTO CypKa U €T0 aJarTaIlii
K aHTPOIIOTEHHBIM JaHImadTaM, a TakKe OXpaHe W PAIOHAIEHOMY HCIIONb30BaHHIO
cypxkoB (bubukos, 1980; bubukos, Pymu, 1987; Mamxus, 1991, 1997, 2000; Pymam, 1989,
1991, 1994, 1995, 1997; Pyau, Mamtotuna, 1991; Pynn, Cmeranun, 1996, 1997, 1999;
Pymu, Hlesmok, 2000; ®enopenko, Yndunes, Jlepsikun, 2005; demopenko, 2006). Kax
OTMEUAIOT aBTOPHI, ¢ MosBIeHHEM ocemmoro HaceneHus B XVI-XVII BB. Ha FOxHOM
VYpane Bo3aeicTBHE YETOBEKa HAa OKPYKAIOMIYIO MPUPOIHYIO Cpeny YCHImIoch. Cremu
HAauYMHAIOT pacnaxuBarhcsi. OCBOCHUE IETMHHBIX U 3aJICKHBIX 3eMeNb MTPOI0OIDKAIOCh U B
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XX cronerun. Takum o0paszom, k cepearne 60-X rof0B 00JIbIIast YaCTh KXKHOYPaIbCKUX
CTernel MpeBpalleHa B CeIbCKOX03sMCTBEHHbIE yTro/bs. [103ToMy HepacraxaHHbIE 3eMJIH,
BBII'OHBI W HaCT6IdHJ,a, Heyﬂ06bﬂ n MCXH CTaJId OCHOBHBIMU 6I/IOTOHaMI/I CTCITHOI'O
cypka. OJJHaKo CypoOK afanTHpOBaJICS U K OOMTAaHMIO Ha pacliaxaHHbIX 3eMJISIX, OCEBaxX
3JIAKOBBIX KYJIBTYDP, MOJIIX MHOT'OJICTHUX KOPMOBBIX TpaB, AOpPOrax, Ha TCPPUTOPUU HE
nepcerneKTUBHBIX celt U T.A4. (Pymau, [lesmrok, 2000).

Bcero 3a modrm JBYXCOTJIETHIOIO HCTOPHMIO H3ydeHHMIo Oaiibaka Ha HOxHOM
VYpane omy6nukoBano Ooinee 350 paboT, B KOTOPBIX OCBELICHBI INIABHEHIINE ACHEKTHI
OMOJIOTMHU CTEIHOTO CypKa, OCOOEHHOCTH €ro PaclpoCTPAaHEHUs] U MPOCTPAHCTBEHHOTO
pasmemienus. OpHako JUIsI  cOXpaHeHWst Oaiibaka B IOKHOYPAJIbCKHUX — CTEIIAX
HEOOXOANMBI JIOTIOJIHUTEJIEHBIE UCCIIE0BAHMS, KaCAIOIINecs SKOJIOTHH U COBPEMEHHOTO
pacmpocTpaHeHus BuIa Ha ganHoU Tepputopuu (besyrios, 2009).
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PAST DISTRIBUTION OF THE MARMOTS IN THE SOUTH-
EAST OF WESTERN SIBERIA

M.M. Devyashin, V.V. Gasilin

Institute of Plant and Animal Ecology, Ural Branch, Russian Academy of Sciences, Yeka-
terinburg 620144, Russia

e-mail: devjashinm@yandex.ru, gasilinv@yandex.ru

Three marmot species currently inhabit the south-east of Western Siberia: steppe mar-
mot (Marmota bobak Miiller 1776), gray marmot (M. baibacina Kastschenko 1899) and
forest-steppe marmot (M. kastschenkoi Stroganov et Yudin, 1956). We reconstructed the
past ranges of these three species using original and previously published data on marmot
remains from 43 Holocene localities and records of marmot historical distribution. Spe-
cies discrimination of marmot remains was conducted using discriminant analysis of skull
morphometric characteristics. Results suggest that throughout the Holocene, the northern
extent of marmot distribution reached the southern limit of the forest zone. In the Ob river
valley, it stretched above the treeline and then crossed the Yenisei River at 56° N. At the
end of the Late Holocene the northern limit of marmot distribution in the Yenisey valley
shifted to the south-west. Discriminant analysis of remains from the Aidashinskaya cave
of Lower Chulym (56°12' N; 90°18' E) suggests the presence of gray and forest-steppe
marmots. Neither species now inhabits the area. One skull and mandible from the Ai-
dashinskaya cave was attributed to gray marmot, and one skull and three mandibles were
attributed to forest-steppe marmot. We can assume that in the Late Holocene the range of
the gray marmot has retreated to the south-east and the range of the forest-steppe marmot
has shifted to the west. The eastern boundary of the steppe marmot was most likely limited
to the Irtysh river valley. Range fragmentation in all three species was caused by spread
of farming in the last 100-150 years and extirpation of remaining populations of marmots.

The current distribution of the three marmot species, steppe marmot, gray marmot,
and forest-steppe marmot, extend across or stop in the territory of the south-east of West-
ern Siberia and adjacent regions of Altai and Kazakhstan. The eastern part of the steppe
marmot range extends from the flat steppes of Central Kazakhstan to the left bank of Irtysh
river, where it overlaps with the western part of the gray marmot range. The most northern
colonies of gray marmot occur in the Northern Altai near the Cherga settlement (51°34'
N). Further to the east the gray marmot’s range extends to the Abakan riverhead and the
south-east districts of the Tyva Republic (Bibikov&Berendyaev, 1978; Ognev, 1947). The
forest-steppe marmot’s range extends along the right bank of the Ob river beginning at
the Tom river mouth (56°N) in the north and continuing to the south boundary of the
forest-steppe zone, at the confluence of the Biya and Katun’ rivers (52°N). At the present
time, there is no overlap between its range and that of the gray marmot (Taranenko, 2011).
The Mongolian marmot (Marmota sibirica Radde 1862) occupies an adjacent region of
southern Tyva and the Mongolian Altai (Gromov&Erbaeva, 1995).

The problem of species identification arises during the investigation of subfossils of
the Marmota genus obtained from the territory of south-east Western Siberia. The diffi-
culty is due to the morphological similarity of steppe, gray, and forest-steppe marmots,
who are phylogenetically close to each other. In the past, some authors regard this taxon
as one species with two subspecies — steppe and gray marmots (Bibikov, 1986). Others
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referred to steppe and gray marmots as separate species but considerfed forest-steppe
marmot a subspecies of gray marmot (Laptev& Yudin, 1952; Gromov&Erbaeva, 1995),
or even as the same species (Ognev, 1947). Recent investigations have shown that ge-
netically, steppe, gray, and forest-steppe marmots represent three closely related but still
taxonomically separate ‘bobak’-type species (Brandler et al., 2010).

Modern representatives of the Marmota genus morphologically differ by fur color
and density, length of awn hairs, skull structure, and by the form of their tooth crowns
(Gromov, 1965; Galkina et al. 1970; Galkina et al., 2005). Because this study worked with
subfossil material not all of these characteristics could be used for species identification.
Assessment of morphotypic and morphometric features of the cranium and mandible is
the optimal diagnosis method for identifying steppe vs grey marmots (Gasilin&Kosintsev,
2011) . This method was also used to identify potential members of the third species — for-
est-steppe marmot - samples from which were also present in the ofsubfossil material from
the study area. The range of the Mongolian marmot is further to the south-east (Fig.1) so
it was not included in the analysis.

The aim of the study was to investigate the history of the range of the Marmota
genus with a focus on three representative species, steppe marmot, gray marmot, and
forest-steppe marmot, in the territory of the south-east of Western Siberia during the Hol-
ocene.

Materials and methods

The study area was in the subtaiga, forest-steppe, and steppe zones of the south-east-
ern part of the Western Siberian Plain, the Salair Ridge, the Kuznetsk Alatau, and the East
Sayan Mountains also (Fig.1).

We investigated subfossil materials from zoogenic deposits and mixed complexes
from deposits in karst cavities, and from archaeological sites.

Zoogenic material was dated using the base of deposit’s stratigraphy data and by the
accompanying fauna subfossils. Some of the material collected had a very wide date range
— the whole Holocene (10300-300 years B.P.). Other samples were dated with the help of
archaeological methods (Troitskaya&Novikov, 2004). Some sites possessed radiocarbon
dates (Table 5). The dates of marmot samples were correlated with climate-stratigraphy
subdivisions of the Holocene (Khotinsky et al., 1991) for analysis. The subfossil bones of
marmots from a total of 45 sites were explored (Fig.1).
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Figure. 1. Modern boundaries of the ranges of representatives of the genus Marmota
and the location of their remains in the southeast of Western Siberia. 1 - north-eastern
border of the range of steppe marmot (Marmota bobak); 2 - northern border of the range
of gray marmots (M. baibacina); 3 - the range of forest-steppe marmot (M. kastschen-
koi); 4 - the western border of the range of Mongolian marmot (M. sibirica), 5 - samples
of marmots dating from the late Holocene, Subboreal period; 6 - samples of marmots
dating from the Subatlantic period of the Holocene, 7 - samples of marmots dating from
the late Pleistocene-Holocene; 8 - samples of marmots dating from the Subboreal and
Subatlantic periods of the Holocene, a - Aidashinskaya cave; b - Chekist settlement; c -
Elovskoye settlement; d - Milovanovo 3 settlement.

To develop a method for identifying recent species we used craniums with mandibles
from 68 steppe marmot (from the collection of the Zoological Institute of the Russian
Academy of Sciences [RAS]), 58 gray marmot(from the collection of the Museum of the
Institute of Plant and Animal Ecology, Ural Branch of the RAS and the Museum of the
Institute of Systematics and Ecology of Animals, Siberian Branch of the RAS [ISEA SB
RAS]) and 51 forest-steppe marmot(from the collection of the Museum of ISEA SB RAS
and Zoological Museum of Tomsk State University). We took 20 measurements (Fig. 2)
from the skulls (Gasilin&Kosintsev, 2011). The set of cranial measurements (Gasilin&Ko-
sintsev, 2011) was supplemented by measurements 26-29 (Fig. 3) whereas measurements
4-7 were not taken and were not analyzed because it is rare to find subfossil mandibles
with teeth.
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The samples used for species identification included the whole and fragmented skulls
(n=4) and mandibles (n=18) from four sites located in the territory of the Russian Feder-
ation. All skulls and 14 mandibles were found in Aidashinskaya cave, located in Krasno-
yarsk region ner Achinsk town (56°12'N; 90°18'E). Osteological material from this cave
covered a wide date range - the whole Holocene (Ovodov, 1980). Four mandibles were
found in archaeological sites from the Late Bronze Age - the end of Subboreal period
(SB3, 3200-2600 years B.P.) - in the settlements Elovskoe (n=2), Chekist (n=1) and Mi-
lovanovo 3 (n=1). The settlement Elovskoe is located in Kozhevnikovsky district of the
Tomsk region (55°34'N; 83°25'E); Chekist is located in the Tomsk district of Tomsk re-
gion (56°22'N; 84°29'E), and Milovanovo 3 in the Ordynsky district of the Novosibirsk
region (54°5'N; 81°33'E).

Measurements were conducted with the help of electronic caliper accurate to 0.1 mm.
The software package Statistica 6 was used for statistical calculations.

Discriminant analysis with standard and single-step inclusion of variants was used to
determine the species of recent and subfossil samples. The sexual dimorphism of marmots
by dimensional features was not greater than the interspecies differences (Cardini, 2004).
Thus, sexual dimorphism did not interfere with the results of species identification, so sex
identification was not included in analysis. Statistical models for species classification
were specially built for almost every subfossil cranium or mandible because most samples
were fragmented. Besides morphometric characteristics, lacrimal bone morphotype anal-
ysis of the subfossil cranium was also used for species identification(Fig. 4).

Fig. 4. Morphotypes of the position of the lacrimal bone in representatives of the
genus Marmota used in this study (Gasilin & Kosintsev, 2011)

Results and discussion

The diagnostics of recent representatives of Marmota

Morphotypic characteristics. The results of the analysis showed that lacrimal bone
morphotypes a, b, ¢, d and e occurred in steppe marmot samples, morphotype b in gray
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marmot samples (Gasilin&Kosintsev, 2011) and morphotypes a, b and c¢ in forest-steppe
marmots. The frequencies of these morphotypes in forest-steppe and steppe marmots was
virtually equal while b was the most common morphotype among all three species (Table 1).

Table 1. Percent of samples showing each morphotype of lacrimal bone position for each
marmot species; steppe (Marmota bobak), gray (M. baibacina) and forest-steppe (M.

kastschenkoi) .
: % of samples showing each morphotype
Species # of samples
a b c d e
M. bobak 14+2,6 68 9422 8+2,1 1+0,1 173
M. baibacina 0 10040 0 0 0 218
M. kastschenkoi. 18+5,3 | 74+6,1 8+3.8 0 0 52

Morphotypes d and e appear to be diagnostic of steppe marmot. The absolute pre-
dominance (100%) of morphotype b in gray marmot suggests that the occurrence of this
morphotype can be used to determine the presence of gray marmots. An occurrence of
>75% of samples with the b morphotype (68% and 74% of steppe and forest-steppe mar-
mots had morphotype b in the sample population) may indicate the presence of gray mar-
mots.

Morphometric characteristics. Metric data from recent marmot samples constituted
learning groups used in standard and single-step with inclusion discriminant analysis. Cor-
rect identification of sampling on the total assortment of characteristics both for cranium
and mandible was 97-98%. The validity of the resulting statistical model was examined
with the help of test groups that included three mandibles of known species. All test sam-
ples were identified correctly. Thus, the model appears to be effective in discriminating
between the three species based on cranium and mandible measurements. The degree of
differentiation of forest-steppe marmot from grey and steppe marmots based on cranium
and mandible measurements was close to 100% (Fig. 5).
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Fig. 5. Distribution of recurrent cranium (a) and mandible (b) measurements in
the space of discriminant axes: 1—steppe marmot (Marmota bobak), 2—gray marmot (M.
baibacina); 3—forest-steppe marmot (M. kastschenkoi).

E— 171

o s (Do o s o |G



PROCEEDINGS of the 7" International Conference on the Genus Marmota “MARMOTS OF THE OLD AND NEW WORLD”

Determining the species of subfossil cranium remains.

Lacrimal bones were not common in the sampled subfossil skulls and only displayed
morphotype b. Thus, it was not possible to determine marmot species based on the lacri-
mal bone morphology of the sample population.

Using morphometric characteristics, two craniums and four mandibles from two sites
were identified to species level. Samples from the Chekist and Milovanovo sites could not
be identified to species level. The marmot mandibles from the Elovskoe settlement be-
longed to forest-steppe marmot. Of particular interest were the subfossil remains from Ai-
dashinskaya cave. Two species were identified there, with one cranium and one mandible
belong to gray marmots, and one cranium and three mandibles to forest-steppe marmots.

The area reconstruction of the Marmota genus.

Marmot remains were found at one Early Holocene site (9680—8860 years B.P.),
14 Middle Holocene sites (3800-2600 years B.P.), seven Late Holocene sites (2500-300
years B.P.), and 23 sites dated from sometime during the Holocene.

The most northern occurrence of Marmota from Priirtyshje was documented at the
Isakovsky 1 burial ground (55°27'N), dated by archaeological and radiocarbon dating as
from beginning of the Subatlantic period of the Late Holocene. The most northern occur-
rence of Marmota from Priobye was from the Chekist settlement (56°36'N), dated from
the end of the Subboeral period (SB3, 3200-2600 years B.P.) of the Holocene. Sites of
Marmota bones from the Yenisei river basin were found at about 56°20'N (the caves Ele-
neva and Karaul’naya 1), and dated as Early (PB-BO, 9600-8000 years B.P.) and Middle
Holocene (AT, 8000-5000 years B.P.). The most northern occurrence of Marmota from
the samples, dated as from sometime during the Holocene, were from theAudashinskaya
cave (56°12'N) and from caves on the Yenisei river (Ledopadnaya, Kazyreevskie and oth-
ers nearby at S6°N). There data show that the northern boundary of Marmota distribution
in the Early and the Middle Holocene was between 56 and 57°N in the south-east of
Western Siberia. At the beginning of the Late Holocene the range extended to 55°27'N
in Priirtyshje. The northern extent of Marmota’s range in Priobye hasn’t shifted latitude
between modern days and the end of the Middle Holocene. The edge of Marmota’s range
along the Yenisey river in the Late Holocene isn’t precisely known. In the 18th and 19th
centuries, the distribution of Marmota did not change in Priirtyshje, and signs of marmot
habitation have been documented at 55°N (Ognev, 1947). Although the range of marmots
was unchanged over time in Priobye, along the Yenisei river up to the beginning of the
17" century t there is no record of marmots occurring in the Krasnoyarsk outskirts or on
the right bank of Yenisei river.

In the central and southern parts of the study area there were numerous Middle Holo-
cene sites with marmot remains and a few Late Holocene sites (Fig. 1). Marmots occurred
here in the 18" and 19* centuries as well. In the description of Kolyvanskie plants there is
reference to the abundance of marmots in the Altai forest-steppe territory in 1730 . In the
middle of 18" century, P.S. Pallas encountered a great number of marmots on the wood-
less slopes between the Aley and Talovka rivers (Kirikov, 1966). All these data seem to
indicate that the southern boundary range of Marmota hasn’t substantially changed over
the last few thousand years.
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The area reconstruction of separate species

According to findings at the Elovskoe settlement, the forest-steppe marmot has in-
habited the region of Novosibirsk Priobye and partly Tomsk Priobye since the end of Sub-
boreal period of the Holocene. However, the range of the forest-steppe marmot was con-
siderably larger during the Subboreal period than it is today.. Its range extended to the east
at least as far as upstream of the Chulym river, where the remains of forest-steppe marmot
were found in the Aidashinskaya cave. The forest-steppe marmot was initially identified as
a gray marmot by the first scientists to document it. Since then, it has also been identified
as a subspecies of gray marmot (Ognev, 1947). As a result, it is challenging to differen-
tiate the historical, and recent, southern boundary of the forest-steppe marmot’s range
from that of the northern edge of the gray marmot’s historical range. The forest-steppe
marmot appears to have had a limited range over the last few centuries. There was sharp
decrease in its population size in the middle of the 20" century due to systematic hunting
(Laptev, 1958). According to data from the Western Siberian Branch of “VNIIOZ” the
forest-steppe marmot’s population hasn’t undergone considerable changes in recent years
and has showed some signs of increase (The resolution..., 2014).

The first written record of the distribution of gray marmot in the Altai Mountains
appeared at the beginning of the 20" century. According to the records of different authors
(Ognev, 1947; Yudin et al., 1979), gray marmot inhabited a large part of the Altai Moun-
tains during this time. It was absent only in taiga districts of the northern and partly the
north-eastern parts of the Altai and also in the forest south-west of the Ust-Koksinskiy
district of Altai Republic. The boundaries of the gray marmot’s range experienced some
fluctuations during this time. The main cause was usually direct extermination by man
(Yudin et al., 1979). It is challenging to assess the range of the gray marmot over the 21+
century due to lack of data.

ubfossil bones confirmed to be those steppe marmot were absent. Written records on
its distribution from the south-east of West Siberia are from the 19" century. During that
time the northern edge of its range came up to 55°N, on the Irtysh river. At the end of the
19th century steppe marmot was recorded in the Omsk town outskirts (Ognev, 1947). The
decline of the steppe marmot population and the shift of its range began in 1865, when
mass peasant migrations to the forest-steppe zone began (Kirikov, 1966). From that time
the steppe marmot’s range shifted to what it is today, retreating to the south and dividing
into isolated pockets. According to data from the Western Siberian Branch of “VNIIOZ”,
in 2008, the population of steppe marmot showed increases and its range appeared less
patchy (Mashkin, 2009).

Conclusion

The analysis of the results of subfossil cranium remains from Holocene sites, to-
gether with records from the 19" and 20" centuries made it possible to reconstruct shifts
in the range of Marmota over time in the south-east of Western Siberia in the Holocene.
We used discriminant analysis to identify the species of marmot cranium remains. This
method allowed us to differentiate forest-steppe marmots from gray and steppe marmots
with close to 100% confidence.

The distribution of marmot remains indicates that the northern boundary of Marmo-
ta’s range during the Holocene extended along the south boundary of the forest zone, to
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the basin of the Ob river, across the mountains of Southern Siberia, and over the Yenisei
river at a latitude of about 56°N, extending to its east bank. Written records did not confirm
the presence of marmots in basin of Chulym river or in the outskirts of Krasnoyarsk city. It
may be the marmot’s range retreated from the area before Russian colonization, i.e. more
than 300 years B.P. By the time of Russian colonization, the range extended to the basin
of the Yenisei river had been to the south and west to the Western Sayan Mountains, and
marmots had disappeared from the east bank of the Yenisei river. In the first third of the
20™ century the northern boundary extending to the basin of the Irtysh river was displaced
to the south (Ognev, 1947).

Species identification of marmot cranium remains showed that the range of gray and
forest-steppe marmots was larger in the past and included the upper stream of the Chu-
lym river (56°12'N; 90°18'E). The current range of the gray marmot is now considerably
further south (between 51° and 52°N). Forest-steppe marmots inhabit more western ter-
ritories (between 85° and 86°E) in the indicated district (Fig.1). The edge of the steppe
marmot’s range in the Holocene is not well known. During the last 100 to 150 years the
range of all three species contracted and fragmented due to the expansion of agriculture
and active extirpation of marmots by humans.
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There are several cases in evolutionary history, in which species of large population
size get suddenly extinct. While low genetic diversity is considered a general risk factor,
the sudden disappearance of a species has often followed global changes in climate, such
as the disappearance of the Pleistocene cold-steppe, commonly known as the great ice age.
Upon assembling a reference genome and re-sequencing individuals from representative
populations, we reconstructed the genetic past of the Alpine Marmot (Marmota marmota),
a rodent remnant of this glacial epoch that persists in large numbers in the high altitude
Alpine meadow. Unexpectedly, despite a large consensus population size, we called the
so far lowest level of intra-individual genetic diversity of any wild animal, and discover
that the marmot is compromised in purifying selection of deleterious mutations. We can
trace this situation to a life history that is characterized by consecutive events of climate
and niche adaptation. By acting together, these events disentangle population size from
genetic diversity. First, a successful metabolic adaptation to an ice-age climate altered
Marmot’s fatty acid metabolism, and consistent with a life history of an increase in body
size, triggered a progressive, long-term decline from an effective population size of more
than 200,000 to only tens of thousands. Upon disappearance of the cold steppe a colonisa-
tion of the high Altitude habitat, in which temperatures remained in their favourable range,
created local bottlenecks. In the warmer Neocene, the new habitat eventually insularized
the Marmot sub-populations, effectively preventing their genetic diversity to recover. The
case of the Alpine marmot reveals that upon a global changes in climate, a large popu-
lation size does not necessarily ensure purifying selection of deleterious variants, and
predispose a species for the progressive loss of its genetic fitness.

INTRODUCTION

With the threat of global climate change, it is increasingly important to understand
how populations respond to rapidly changing environments. Past events have shown that
while some species respond successfully to major changes in climate (Kumar et al., 2015;
Robson et al., 2015), others fail to adapt and get extinct (Nogues-Bravo et al., 2008).
Mechanisms that define the successful re-adaptation are barely understood, and at present,
it is hence difficult to predict the outcome for a given species in the context of contempo-
rary or even future changes in climate.

A major change in the prehistoric climate was characterized by the disappearance
of the cold steppe of the Pleistocene, an extensive biome during the Last Glacial Max-
imum, spanning Eurasia to North America, and from the Arctic islands southwards to
China. This habitat was Abundant for approximately 100,000 years, but disappeared about
12,000 years ago. With the decline of the cold steppe, came a decline of its fauna, with
several uniquely adapted species, like the woolly mammoth (Mammuthus primigenius),
and woolly rhinoceros (Coelodonta antiquitatis), becoming extinct, while others, like the
muskox (Ovibos moschatus) and Arctic fox (Dicrostonyx torquatus) persisted in the arc-
tic, where temperatures remained in the favourable range (Alvarez-Lao and Garcia, 2011;
Stewart et al., 2010).

A third group of ice-age adapted animals persisted in high-altitude mountain habitats.
This group contains a ground-dwelling squirrel, known as the Alpine marmot (Marmota
marmota), a close relative of the American groundhog. Widely distributed across the Eu-
ropean Steppe during the cold period of the early Quaternary (Besson, 1971; Couturier,
1955), the Alpine marmot now inhabits the high altitude meadows of the Alps and Tatra
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Mountains. Here it persists with a cold-adapted physiology and lifestyle, including large
body size, an extensive period of winter hibernation, and a high degree of sociality, in-
cluding a form of cooperative breeding, where adult subordinates warm juveniles during
hibernation (Allaine and Theuriau, 2004; Arnold, 1988; Zimina and Gerasimov, 1973).

With tens of thousands of animals found in a wide range of populations across the
Alps, according to the current IUCN classification, the conservation status of the Alpine
marmot is considered of least concern. However, recent surveys revealed that Alpine mar-
mots are affected by contemporary climate warming over the last 25 years. Body mass,
litter size, and pup winter survival are all negatively impacted by increases in winter tem-
perature (Canale et al., 2016; Rezouki et al., 2016; Tafani et al., 2013). Paradoxically, this
is explained by a decrease in the temperature of their winter burrows, caused by thinning
of the snow cover (Canale et al., 2016; Rezouki et al., 2016; Tafani et al., 2013). A direct
sensitivity to the most recent changes in climate is specific to the A/pine marmot, and not
observed in the 13 other species of marmots, and consistent with their tight niche adapta-
tion. (Bichet et al., 2016; Tafani etal., 2013).

Here, we addressed the genetic basis of the Alpine marmot’s physiology and adap-
tation, by sequencing, assembling and analysing its complete genome, extended by re-se-
quencing individuals from different populations, that enabled a combined demographic,
phylogenetic and physiological analysis of this species in unprecedented detail. We find,
to our surprise, that despite clear evidence for effective niche adaptation and large census
population size, the Alpine marmot represents one of the most extreme cases of low ge-
netic diversity among mammalia. For instance, we observe lower levels of heterozygosity
than extremely isolated or endangered species such as the Iberian Lynx, and comparable
levels to artificially inbred laboratory mice. As a consequence, - at present - purifying se-
lection appears ineffective. We find an explanation to this situation in a very slow recovery
from past losses in genetic diversity, including that caused by the range contraction at the
end of the Pleistocene. We show further that this slow recovery is a consequence of the
marmot’s climate-adapted life history. The case of the Alpine marmot, revealing a species
that does not recover its genetic diversity due to its climate-adapted life history, provides
a plausible explanation why a large population size might not protect a species from inef-
fective natural selection, or even sudden extinction (Murray et al., 2017).

METHODS

Sample collection

Four animals (two males, two females) each were obtained from three wild Alpine
marmot populations in the Central Alps near Mauls (I, at 2367 m.a.s.l. at Mt Senges
46°52'40.55"N 11°34'56.12"E (Suppl Figure 1), around St Martin, Gsies, (I) (at >2,000
m.a.s.l, 46°49'44.2"N 12°12'15.5"E), and in the nature reserve of La Grande Sassiere (at
2,340 m a.s.l., French Alps, 45°29'N, 65°90'E, animals 1426, 1442, 1467 and 1508). All
animals were from different families. The animals’ sex was confirmed by genome analysis
(Supplementary Table 12).

DNA extraction, genomic sequencing and resequencing

Genomic DNA was extracted from spleen, liver, bone and hair tissues by the QlAamp
DNA Mini-Kit (Qiagen) according to the manufacturer’s instructions (including protein-
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ase K digest to obtain high molecular weight DNA). To create the Alpine marmot refer-
ence genome, we sequenced an animal from the most centrally located population (Mauls
I) using Illumina Hiseq 2500 short read and Roche / 454 long read sequencing technolo-
gies. We constructed paired end (500 bp and 800 bp gel selected fragment size, Truseq ver-
sion2 kit), mate pair (“gelfree” library (MP3000) and 5kbp, 10kbp and 20kbp gel selected
fragment size, Nextera Mate Pair Kit) and Roche/454 single read libraries. We produced
a high sequencing coverage based on the paired end libraries and supplementary lower
coverage using the mate pair libraries and the 454 technology. For genome re-sequencing
of the other individuals we constructed paired end libraries with insert sizes of 300-500 bp
using the Illumina Truseq version2 kit. Sequence data were generated by either Hiseq2500
(2 x 100 bp) or Nextseq500 sequencers (2 x 150 bp).

RESULTS

To sequence, assemble and annotate a reference genome for the Alpine marmot (Fig-
ure 1A) including both sex chromosomes, we selected a wild-living male, in a typical hab-
itat: a high altitude valley of the Central Alps that is largely free of artificial barriers due to
tourism or industrial agriculture (mount Senges, near ‘Mauls’ village, Bolzano province,
Italy, 46°52'40.5"N 11°34'56.1"E, 2367 above sea level; In order to minimize potential
technology biases in low-frequency variant calling (Raiser et al., 2012), genomic DNA
was sequenced by two complementary sequencing technologies (Illumina, Roche/454)
and different types of library protocols for illumina sequencing. Using a hybrid assembly
approach to make the best use of short and long read data we assembled a genome consen-
sus sequence of 2.51 Gbp, with a contigN, size of ~44 Kbp, scaffold N, size of 5.6 Mbp
and superscaffold N50 size of 31.3 Mbp. The large superscaffold N, size was achieved by
collinearity analyses based on the genome of the thirteen-lined ground squirrel (Ictidomys
tridecemlineatus), the closest Alpine marmot relative for which a genome was availa-
ble), and the house mouse (Mus musculus, Supplementary Table 2). The draft genome as-
semblies of thirteen-lined ground squirrel (scaff N_=8.2 Mbp) and Alpine marmot (scaff
N,,=5.6 Mbp) were highly complementary during the collinearity scaffolding process.
Thus a future genome assembly version of the thirteen-lined ground squirrel could like-
wise take advantage from the M marmota genome assembly. The Alpine marmot genome
was then annotated upon the inclusion of mRNA expression data, generated by mRNA
sequencing from spleen and liver tissues, employing the MAKER pipeline (Cantarel et
al., 2008), expanded by comparative approaches as well as manual curation. Eventually,
we yielded a reference set of 22,349 protein coding genes. Of this gene set, -19,000 genes
could be annotated with gene symbols and -14,700 associated to functional pathways.

Slow rates of evolution in the nuclear genome of the Alpine marmot.

A phylogenomic analysis of the Alpine marmot genome confirmed its relationships to
other mammalian and rodent species (Blanga-Kanfi et al., 2009; Fabre et al., 2012) (Figure
1B-D). Consistent results were obtained from collinearity analyses of conserved regions
(Figure 1B), and from phylogenetic inference, whether using large alignments of nuclear
genome (Figure 1C), or whole mitochondrial genomes (Figure 1D), or the well-sampled
Cytochrome B gene.

We also identified an integration of the mitochondrial genome into the nuclear ge-
nome (a nuclear mitochondrial DNA segment or NUMT (Hazkani-Covo et al., 2010). The
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marmot NUMT is unusually large (comprising 91% of the mitochondrial genome), and
well conserved (with 84% similarity). This conservation is unlikely to be due to purifying
selection, because the NUMT carries a high number of stop codons (due to differenc-
es between the nuclear and mitochondrial genetic codes), and had no detectable mRNA
expression. Furthermore, the conservation cannot be attributed to a very recent date of
insertion. The same NUMT is found in Ictidomys (NW_004936830.1), and phylogenetic
analysis suggests that the insertion occurred before the common ancestor of Marmota,
Ictidomys and Cynomys. Over the same evolutionary time period, substitutions occurred
at most synonymous sites in their mitochondrial genomes (mitochondrial KS estimates:
Ictidomys-Marmota 0.48; Tamias-Marmota 1.11). As such, the high conservation of the
NUMT suggests a slow rate of evolution in the nuclear genome of the Alpine marmot, par-
ticularly when compared to rodent species such as the mouse and rat. This is also consist-
ent with the high levels of conservation observed between the marmot and human genome
assemblies (Figure 1B). and the short branch leading to the marmot in (Figure 1C). This
slow rate is one way that the life history of the marmot can affect its genome evolution.

DISCUSSION

When environments change, some populations respond successfully, while others go
extinct. The reasons for this variation remain unclear, and particular uncertainty surrounds
the role - if any - of low genetic variation. This is especially true of notorious cases in
which a very large population has suddenly become extinct. The passenger pigeon is one
such case, and a recent genomic analysis has shown, intriguingly, that this species was
characterized by low variation (Murray et al., 2017). But this cannot tell us whether the
low variation contributed to the extinction. Indeed, some evidence against a causal role
comes from the work of Romiguier et al. (Romiguier et al., 2014), who showed, across a
wide range of animal species, that genome-wide variation was well predicted by their life
history, and not at all by their conservation status (Romiguier et al., 2014).

Our analyses of the genomic history of the Alpine marmot has a special relevance
to these debates. We have shown that the Alpine marmot is extremely well adapted to
its current niche, with an adaptive life history that is matched by physiological changes
in fatty acid biosynthesis and storage, and with parasite clearance, which occurs before
hibernation. This high level of adaptive fit is reflected in the species' current abundance
in its Alpine meadow habitat. However, we have also shown that natural selection against
deleterious mutations is now largely ineffective in this species. This is because, despite its
large population size, the Alpine marmot has very low levels of genetic variation. Indeed,
the levels observed have previously been associated to species associated with serious
conservation concerns, or extreme isolation, such as the the extremely isolated Califor-
nia island fox, Iberian lynx or Polar Bear, and are much lower as the values obtained for
Mountain Gorilla or Naked Mole rat, for instance (Figure 3A).

We have shown that a reduction in genetic variation occurred during a past event of
climate change: the retreat of the cold steppe at the end of the last glacial cycle. But de-
spite this signature of contingent environmental change, we have also shown that the low
diversity of the Alpine marmot was explained from its life history, both before and after
the range contraction. We have argued that these two facts are intimately connected. The
recovery of genetic variation, following the end-Pleistocene event, has been retarded by
the marmot's adaptive life history. Put another way, the long-lasting effects of occasional

E— 181 —_—



PROCEEDINGS of the 7" International Conference on the Genus Marmota “MARMOTS OF THE OLD AND NEW WORLD”

environmental changes have led to the predictably low levels of genetic variation we ob-
serve today.

Our results have two, contrasting implications for our understanding of extinction
risk. First, it is clear that low levels of genome-wide variation, on their own, need not im-
ply an imminent threat of extinction. The Alpine marmot has persisted successfully, with
low levels of genetic variation, for tens of thousands of years. Conversely, however, there
is no cause for complacency. If adaptation to future environmental change does require
abundant genomic variation, then populations may be unable to respond, even if they are
characterized by high levels of microsatellite diversity and large population size. If low
genetic variation is a contributory factor to extinction risk, then large populations might
be at risk, as well as small ones.

Figure 1. A slow rate of genomic evolution and the phylogenetic relationship of the
Alpine marmot as revealed by its nuclear and mitochondrial reference genome.
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A. Marmota marmota is a large, ground-dwelling, highly social rodent, which has
colonized high-altitude meadows across the Alps since the end of the last glaciation in the
Quaternary.

B. Collinearity of the M. marmota marmota genome with its close relatives, and that
of other rodents. The M marmota genome aligns to a higher fraction of the human genome
(outgroup) than to its fellow rodents (i.e. mouse and mole), one of several indicators of a
slower rate of genomic evolution. Here collinear blocks in the human chromosomes are
colored by assigning random colors for each scaffold/chromosome in the aligned species
genome assemblies. Thus small blocks with many colors depict lower N, scaffold length
of genome assemblies. Connections indicate collinearity breaks / block rearrangements
compared to thehuman genome (intra-chromosomal only for the plotted rodents, except
for M marmota where interchromosomal rearrangements are plotted inside of the graph).
Connections observed in M. marmota that are conserved across the rodents shown (green;
//=72); in all except M. musculus (blue, n=13); conserved between 1. tridecemlineatus and
M. marmota (purple; //=57); or specific to M marmota (orange; n=148/

C. Reconstruction of the phylogenetic tree of Rodentia. The tree is derived from
multiple whole-genome alignments of protein coding and non-coding sequences from
avilable rodent genomes (about 94 Mbp alignment per species). Humans are included as
an outgroup. The short branch length of the Alpine marmot since the split from the LCA
of primates and rodents agrees with the higher fraction of alignable genomic sequence
between the Alpine marmot and human compared to Alpine marmot and Mouse/Mole-rat
(Supp. Table 6).

D. A phylogenetic tree for Sciuridae based on their mitochondrial genomes, of the
subfamilies Xerinae (including Marmotini), Sciurinae (Squirrels), Callosciurinae, and
Ratufmae.
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Figure 2. Genomic signatures of cold-climate adaptation affect metabolism in the Alpine
marmot

A. Phylogenetic Analysis by Maximum Likelihood (PAML) followed by tests for
functional enrichment identifies biological processes that underwent increased selection
in Alpine marmot The hibernating rodents, marmot and thirteen-lined ground squirrel,
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show significant enrichment of adaptive substitutions in the metabolic pathways required
for diacylglyceride (DAG) and triacylglyceride (TAG) biosynthesis. Enzymes encoded by
genes under positive selection are highlighted in red.

B. Alpine marmot shows specific and significant enrichment of adaptive substitutions
in genes required for fatty acid storage, when compared to the thirteen-lined ground squir-
rel. Enzyme encoding genes positively selected are highlighted in red.

C. Partial least squares-discriminatory analysis (PLS-DA), of the white adipose tis-
sue (WAT) lipid composition, as determined by liquid chromatography - tandem mass
spectrometry, comparing mouse, rat, and Alpine marmot WAT. The Alpine marmot WAT
clearly distinguishes from that of rat and mouse.

D. Higher degree of unsaturation, and longer chain lengths, in Alpine marmot WAT
DAGs and TAGs, as determined by liquid chromatography - tandem mass spectrometry.
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Figure 3. Extremely low levels of genetic diversity and impaired purifying selection
characterize different Alpine marmot populations
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A. The Alpine marmot genome is characterized by low heterozygosity at the ge-
nome level. The heterozygosity for the other mammalian genomes has been determined by
re-mapping the original sequence reads used to assemble their reference genomes, using
identical software parameters (Supplementary Table 11).

B. Alpine marmot populations located in Mauls (I, Supplementary Figure 1), Gsies
(I) and La Grande Sassiere (LGS), shown as geographical distances as well as height pro-
files between these.

C. Principal component analysis (PCA) of whole genome genetic diversity (single
nucleotide polymorphisms, including singletons) of animals from Mauls, Gsies, and La
Grande Sassiere. PCI distinguishes the Mauls and Gsies from the La Grande Sassiere
marmots, while PC5 separates all three populations. Axes 2 to 4 mainly describe genetic
diversity within the "La Grande Sassiere" (LGS) population, which has comparable diver-
sity to the combined sample.

D. Logarithmic density distributions of runs of homozygosity for individuals of the
three populations. Distributions are very similar for the Mauls and Gsies populations but
different for LGS, well explained by their differences in local breeding sizes. There is little
evidence of consanguineous mating, nor of a recent bottleneck recovery.

E. Differences in the coding diversity (synonymous and nonsynonymous sites)
among the three marmot populations. La Grande Sassiere (LGS) individuals are around
three times more diverse that the inner Alpine populations. (Right panel)

F. Distribution of fitness effects of nonsynonymous mutations suggests that more
than 30% of nonsynonymous mutations within the Alpine marmot populations are effec-
tively neutral, with a further 5-10% in the nearly neutral range. There is little variation of
fitness effects across populations.
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Figure 4. The low genomic diversity in the Alpine marmot is explained by its life history
and a lack of recovery from a past bottleneck

A. The genetic diversity of the Alpine marmot is explained from its Life History.
Species-wide synonymous site diversity from a wide range of animal species (Romiguier
et al., 2014), plotted against their "propagule size" (i.e., the size in centimetres of the dis-
persing life stage). The delayed dispersal of the alpine marmot, and its large adult body
size, yields a very large propagule size (Ge et al., 2013), consistent with the observed
low diversity (filled red point). The fit is even closer when we consider the diversity we
have inferred for the ancestral marmot population at the end of the Pleistocene (empty red
point; Figure 4F). The correlations observed are very similar whether the marmot data are
excluded (gray lines) or included (black lines).

B. The strength of purifying selection on amino acid variation in Alpine marmots
is consistent with their effective population size, and the pattern observed across diverse
animal species. Data from the Alpine marmot (colored points), have been added to the data
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of (Romiguier et al., 2014). The correlations are very similar whether the marmot data are
excluded (gray lines) or included (black lines).

C. Microsatellite diversity in different Alpine marmot populations compared to many
other species of mammals, including other marmot and rodent species. The number of
microsatellite alleles (y-axis) is plotted against the expected heterozygosity (x-axis). Pop-
ulations of the Alpine marmot from LGS are shown as red points, and estimates from other
subpopulations of the same species, also from the French alps, are shown in as empty red
bordered circles. Other species in the genus Marmota are shown as black filled circles, in-
cluding the threatened M. Vancouver ensis, which appears at the bottom left of the graph.

D. Life history of the Alpine marmot (red point) in comparison to other Eutherian
mammals (data from (Jones et al., 2009)). After correcting for body mass, much of the
variance in mammalian life histories can be captured by two factors (Bielby et al., 2007):
“reproductive output” (in which species vary according to their investment in offspring
“quality” versus “quantity”) and “reproductive timing” (in which species vary on a “fast-
slow” continuum). The Alpine marmot appears as an extreme outlier.

E. Pairwise sequential Markovian coalescent (PSMC) analysis reveals details of the
genetic past of the Alpine marmot. Evident is a decline in the LGS population after the
last glacial maximum. Earlier events might suggest a longer-term decline, but might also
indicate partial isolation between breeding populations.

F. The ancient migration {AM) is the most likely demographic scenario for the Gsies
and La Grande Sassiere (LGS) populations inferred from the joint site frequency spectrum
(SFS). This model predicts that a large ancestral population split up ~26,145ya into two
smaller daughter populations. Gene flow between these two populations ceased ~785ya
and was strongly asymmetrical with most migrants going from the large LGS population
to the very small Gsies population (right upper panel). The joint SFS for the LGS and
Gsies populations was obtained from 178,098 SNPs (right lower panel).
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NONSPECIFIC PREVENTION OF PLAGUE IN FOCAL
MOUNTAINOUS AREAS

Ibragimov E.Sh

The Republican Center for Quarantine and Highly Dangerous Infections of the Ministry
of Health of the Kyrgyz Republic, Bishkek, e-mail: esibragimov@mail.ru

Summary. It was found that nonspecific prophylaxis carried out by the method of
pest control in marmot burrows in areas of high-mountain natural plague foci in the Kyr-
gyz Republic is an effective means of reducing their epizootic activity. The results of the
survey carried out in recent decades confirm the possibility of an epizootic plague occur-
ring independently in populations of mouse-like rodents and in populations of marmots.
These facts give us reason to believe that the Tien-Shan natural plague focus is not strictly
monohostal as it was considered to be for many years. It was also documented the return
of plague enzootic to previously treated areas by introduction of the pathogen from the
adjacent focal area, where preventive work was not carried out, although the return of
infection took longer than previously expected.

Key words: nonspecific prophylaxis, pest control, highland plague foci, epizootic
activity, plague microbe, marmots, fleas, mouse-like rodents.

The plague foci in the territory of Kyrgyzstan is confined mainly to the cold mountain
zone of Tien Shan and Pamiro-Alai and are characterized as monohostal where the main
carriers of infection are marmots because of their dominant position among other rodents,
as the main carriers of fleas (O. Silantievi, R. li ventricosa and C. Lebedevi ). This is
facilitated by the continuous mosaic of colonies of marmots across relatively large areas,
characterized by a significant diversity of environmental conditions. The lack of optimal
habitats can promote high mobility of marmots, which results in close interpopulation
contact, which provides the possibility of circulation of the plague microbe. The cold,
severe climate of the high plateau negatively influences migration activity and delays
marmot flea activity. The peculiar microclimate in the deep burrows - high humidity and
low temperature without significant seasonal fluctuations - largely determines the life span
of fleas and their preservation of the causative agent of plague in their bodies. In some
years, the causative agent of the infection is isolated from other warm-blooded animals
(narrow-skull and silver voles, gray hamsters, forest mice, steppe polecat, ermine, fox,
hare, shrews ) and from some representatives of arthropods (ticks; Ixodes crenulatus, lice;
Neohaematopinus palaearctus) but such cases are rare (Bibikov et al., 1961; Tyulembaev
et al.,1982).

A great variety of natural conditions in the mountains and obstacles for the dispersal
of marmots made it possible isolate the Tien Shan plague focus from other foci in Aksai,
Verkhnenaryn and Saryjaz. Using landscape-epizootological zoning, autonomous foci,
and the Alai natural focus divided by the areas of foci - mezofoci, differing by the nature
of the distribution of the number of main carriers and vectors of the pathogen, the degree
of activity of epizootics can be determined (Bibikov et al., 1973; Usenbaev et al., 1985).

The annual registration of epizootics, from 1941 to 1983 and up until the end of
non-specific prevention activities in 1989, demonstrated how persistent the presence of
the causative agent in the foci was. At the same time, the degree of intensity of epizootics
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at the sites were different. Infected marmots averaged 0.5% of the population at each site,
and in some years in some areas this figure reached 1% (Bibikov et al., 1973; Usenbaev
et al., 1985).

The observed stable and intense epizooty of plague among marmots created the con-
stant threat of human infection. In connection with the current epizootological situation,
non-specific prevention has become an important part of a number of sanitary and preven-
tive measures to influence the natural foci of the plague. Preventive measures were carried
out by disrupting natural biocenoses focused on parts directly related to the circulation of
the plague microbe. Anti-epizootic effect was achieved by reducing the number of main
carriers, marmots, and vectors of the plague pathogen.

Non-specific prophylaxis by elimination of marmots was initiated in 1955. The ef-
fort focused on killing marmorts across large areas within the natural boundaries of their
colonies. Conducted from 1955 to 1972 in the Aksai autonomous region, the focus of the
extermination work was on an area of 700 thousand hectares. Two extermination events,
in some areas more, did not provide long-term suppression of epizootic activity. Seven
years after extermination efforts epizootic plague among marmots continued to occur. In
the Saryjaz autonomous region focus on the cultural agent of plague was highlighted in
—the three to four years following extermination efforts.

The low antiepizootic efficiency of marmot elimination lead specialists to shift fo-
cus to developing another method of preventing plague, aimed at control of the vectors,
marmot fleas. During 1957-1970 various insecticides were used in a series of experiments
conducted under the direction of S.V. Vishnyakov and V.K. Popov. Results of the exper-
iments showed high Pulicidae mortality and anti-epizootic effectiveness of DDT dust in
the field. During the study, the dosage of the drug was established, organizational forms,
applied technology for burrow treatment, and production standards were developed. An
important positive feature of this method was the ability to preserve marmots as valuable
objects for fur trade. The insecticide was introduced into the burrows by shots from the
AL-1 dinners, and settled in the courses of the upper tier of the burrow system.

Further transportation of the poison to the places with high concentrations of fleas
(nesting chambers of burrows) was completed by animals, who transported dust that ad-
hered to their fur at the opening of the burrow. Persistent targeted and antiepizootic effect
was achieved by two consecutive applications of the treatment regularly repeated in the
years following the initial treatment year. The highest effect of field disinfection was ob-
served in high-altitude areas, where the number of fleas in marmot nests (in comparison
with the pre-work period) decreased by more than 1000 times.

In the areas of the middle reaches on the Gulchinsky site of the Alai natural plague
focus the number of fleas decreased by only 68 times.

Across large areas, the method of deep de-infestation of marmot burrows has been
used since 1971. The area of the recovered territories using this method by 1989, was
1584,4 thousand has at the Tien Shan natural focus, and 216 thousand has at the Alay
natural focus-.

Control over the treated territories was regularly carried out by anti-epidemic teams
and zoological groups in each autonomous focus region of Tien Shan, as well as in the Alai
natural foci. Long-term control stationary points were organized, taking into account the
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typical landscape and biocenotic features characteristic of the treated territories. Over 20
years, from 1974 to 2003, more than 39 800 marmots, 31 252 fleas, 25 814 other animals,
55 472 mites, and 16 393 lice from the healthy territories of the Tianshan natural focus of
plague were tested.

Currently, we can say that the experience of the prevention method for thorough
insect extermination in the burrows of marmots in the conditions of Tien Shan and Alai
natural foci showed positive results .

In the territory of the Aksai autonomous region focal area from 1941 to 1975 before
carrying out insect control actions 667 cultures of the causative agent of plague were
detected.

After insect control activities, control surveys for the period from 1978 to 2016 de-
tected only 5 cultures of the causative agent of plague (of which two cultures were from
gray hamsters and three from their fleas, 4. primaries). Among the marmots and their
ectoparasites specific cultures of the plague pathogen were not detected.

In the Verkhnenarynsky autonomous focal area, before the field pest control pro-
gramme was implemented, during a 30-year period, 838 crops were isolated. After a deep
disinfestation of the burrows of marmots, in the following 11 years at the Bolgart focal site
three plague cultures were identified (one from silver vole and two from grey hamsters).

In the 23rd year after working on the Ishtyk-Akshirak plague focal area, nine cultures
of the plague pathogen were detected: six from marmots, two from narrow-skulled voles
and one culture from a silver vole. At the time of culture collection, the number of fleas
of the marmots was in this region at only 20-70% of the original population (Ibragimov
& Gavrilova, 2001). An epizootological inspection at the same site in 2015 and 2016 de-
tected two occurrences of the causative agent of plague (one from a marmot and one from
aflea).

In the Saryjaz autonomous focal site in the territory of Kyrgyzstan from 1944 to
1976, 462 cultures of the plague were detected. In 2012 (after 25 years spent using insect
eradication in marmot burrows), one of the focal areas detected five occurrences of plague
infection (four from marmots and one from grey hamster). In 2013, in the same focal area
one case of human infection of with bubonic plague as a result of contact with a sick mar-
mot was registered. In 2014 in the same areathree plague cultures (two from the corpses of
marmots and one from a killed marmot with fleas). By this time, the number fleas on main
host, marmots, was everywhere restored to the original level of population.

In the Alai focal areas, including the 1975 Gulczinski site, for the period from 1948
to 1981 (prior to the insect eradication programme intiation) 145 cultures of the plague
microbe were detected. After initiation of the treatments here in 1982-1983, cultures of
plague in these areas were not again identified, although the number of fleas of the mar-
mots in the middle reaches of the Gulchinsky focal area have reached pre-treatment ca-

pacity.

Analysis of the results of long-term (over 40 years) epizootological survey of the
territory, on which non-specific prophylaxis was carried out by the method of deep disin-
festation of marmot burrows, showed that over this period there was no spread of plague
from neighbouring areas where insect eradications were not carried out (Ibragimov, 2015).
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After the recovery of the natural state of the focal areas were this method was applied,
there was a noticeable increase in the frequency of cases of plague occurrence in mouse-
like rodents and their ectoparasites without participation in the epizootic process by mar-
mots and their specific ectoparasites. This fact indicates the possibility of occurrence of
epizootics among species besides marmots, including species such as mouse-like rodents.
Results also suggest that in the Tien-Shan focal area plague is not strictly monohostal, as
it was considered to be for many decades (Pole et al., 1996; Pole, 1999; Ibragimov, 2017).
Our main conclusion is that the use of non-specific prevention methods for deep disinsec-
tion of burrows of marmots in the Alpine conditions of focal areas of the Tian-Shan and
Alai is an effective measure to reduce epizootic activity of these mountain foci of plague.
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BEST TIMES FOR QUANTITATIVE POPULATION
ASSESSMENT OF NORTHERN POPULATIONS OF THE BOBAK
(MARMOTA BOBAK MULL.)

Kapitonov V.I.!, Zagumenov M.N.%, Saitaeva L.V.?
"' Tobolsk Complex Scientific Station of the UB RAS. Tobolsk, Russia

2 Udmurt State University, Izhevsk, Russia

Abstract

From studying the terrestrial activity of bobak (Marmota bobak; also known as
steppe marmot) from 2009 to 2010 in the Sokolovsky colony (Udmurt republic, Russia)
we determined the optimal time for quantitative assessment at the northern edge of the
species’ distribution range. We recommend performing quantitative assessments of bobak
populations during the second half of June in the morning and evening hours.

Estimation of population density is one of the most important tasks in marmot popu-
lation studies and also has a great importance for managing marmot protection and ration-
al use as a resource. The main methods for marmot quantitative assessment are based on
the visual observation of animals during their periods terrestrial activity (Bibikov, 1989;
Mashkin, 1997). To obtain more accurate data on population size, it is important to con-
duct surveys at times when the maximum number of animals are above ground.

To determine the best time for quantitative assessment of bobak at the northern limit
of their distribution, we investigated trends in bobak terrestrial activity in the Sarapulsky
district of Udmurtia, where bobak were introduced in 2001-2003. During the snowless pe-
riod of 2009-2010, quantitative assessment of bobak in the Sokolovsky colony (56°16'53
"N, 54°03'10" E) were conducted. This colony is currently one of the northernmost outside
the natural range of the species. Bobak were counted from the moment the first individual
appeared on the surface in the morning ntil the last one entered its burrow in the evening.
We used field binoculars for observations. Knowing the exact number of bobak in the ob-
served families, we calculated the proportion of animals that were present on the surface
together at any given time across the day. Observations took place every month for three
to seven days

We found that the most active above ground period for post-hibernation bobak, be-
fore the young-of-year first appeared on the surface (which usually occurred by the end of
May or beginning of June), was from 6 to 8 a.m. and 5 to 7 p.m. (Samara time, UTC+4).
At the end of the first fortnight of Maya maximum of 56% of individuals were simulta-
neously on the surface, with bi-modal peaks of activity in morning and evening (Fig.1).
Thus, in the spring a considerable underestimation of the total number of successfully
overwintered individuals is possible.
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Fig. 1. The dynamics of terrestrial activity of overwintered bobak in May (showing ob-
servations from 08.05.2010).

In June, after young-of-year begin to appear above ground, the greatest proportion
(75-80%) of bobak above ground at the same time occurred between 5 and 7 a.m. and
between 7 and 9 p.m. At the end of the first fortnight ofJune, in the morning 100% of
yearlings were observed above ground (Fig.2).
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Fig. 2. The dynamics of terrestrial activity of adult (blue) and young (red) bobak in June
(showing observations from 08.06.2010).

In July and August the maximum proportion of above ground bobak did not exceed
75%. In September, before hibernation, a single peak of above ground activity occurred in
the afternoon, from 1 p.m. to 5 p.m. (Fig.3).
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Fig. 3. The dynamics of terrestrial activity of adult (blue) and young (red) bobak in Sep-
tember (according to observations at 10.09.2010).

High air temperatures during the day and high levels of human activity near the
bobak colony during strawberry gathering season both negatively affected the above
ground activity of the bobak. During the strawberry gathering season, bobak peak activity
shifted to a later tim e.

Thus, to maximize the accuracy of bobak population estimates in northern popu-
lations, we recommend conducting population counts in the second and third weeks of
June, between 5 and 7 a.m. and between 7 and 9 p.m. Further, population counts are best
performed on cool days with clear dry weather, as the most bobak tend to be above ground
in those conditions.

REFERENCES

Bibikov D.I. Marmots. 1989. Moscow: Agropromizdat. (in russian)

Maskin V.I. 1997. European bobak: ecology, conservation and use. Kirov. (in Russian)

E— 200 —



ECO-GENETICALLY FACTORS DETERMINING THE
STRUCTURE AND FUNCTION OF THE SOUND SIGNAL OF

EURASIAN MARMOTS
Nikol’skii A.A.

Ecological Faculty, Peoples’ Friendship University of Russia
Podol skoye road, 8/5, Moscow, Russia, 113093, bobak@list.ru

Marmots are a life form (or ecotype), characterized by diurnal activity, high pop-
ulation density and dwelling in open landscapes. The key behavioral component of this
life form is the timely warning of neighbors about the danger by means of a sound sig-
nal. Among ecological determined factors, I distinguish selection for the specialization of
vocal activity of marmots, selection for optimization of the rhythmic structure of signal
and selection for increasing the noise immunity of the transmitted message. Among the
genetically determined factors, I distinguish the process of speciation, geographical vari-
ability, and gene drift in small isolated populations and variability in joint settlements of
different species of marmots. The role of the landscape is so great that it even affects the
rhythmical structure of the alarm call. The rhythmical structure of the signal is controlled
by a vertical dismemberment of the relief of the terrain populated by marmots. The alarm
call is designed not only for the animals outside of the burrow but also for those in the bur-
row. Similar to tubes, burrows have radial resonance. Judging from their diameter marmot
burrows suppress the frequencies higher than 1 kHz but amplifies the lower frequencies.
In order to increase noise immunity in the burrows the marmot alarm call has the low
frequency component and an amplitude modulation. All the marmot species are charac-
terized by species-specificity of structure of the alarm call. The genetically-determined
species specificity of the signal structure encodes the population genotype. As a result;
different species encode the same function using different symbols.

By this report, I sum up the long-term field studies of the vocal activity of Eurasian
marmots, associated with an acoustic warning of danger.

All species of plants and animals are affected by two main factors — ecologically de-
termined and genetically determined. Among ecological determined factors, determining
the structure and function of the sound signal of Eurasian marmots, I distinguish selection
for the specialization of vocal activity of marmots, selection for optimization of the rhyth-
mic structure of signal and selection for increasing the noise immunity of the transmitted
message. Among the genetically determined factors, I distinguish the process of specia-
tion, geographical variability, and gene drift in small isolated populations and variability
in joint settlements of different species of marmots. The above factors confirm that the
alarm call performs two basic functions: facilitates the implementation of the ecological
niche of species and the realization of the gene pool of populations (Nikol’skii, 2016).

Among the ecological factors responsible for the alarm call key factor is selection
for specialization of vocal activity. Marmots are a life form (or ecotype), characterized
by diurnal activity, high population density and dwelling in open landscapes. Open land-
scapes make it possible to see danger at a great distance and warn neighbors of it. The key
behavioral component of this life form is the timely warning of neighbors about the danger
by means of a sound signal.
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The role of the landscape is so great that it even affects the structure of the signal.
The rhythmical structure of the alarm call is controlled by a vertical dismemberment of the
relief of the terrain populated by marmots. The greater the dismemberment of the relief the
shorter the period of sound sequence producing the call. On the plain these are normally
series of slow sound sequences. In the mountains these are series of rapid sequences.

Regressive analysis (Fig. 1) has supported a strong relationship between the relief of
the terrain populated by marmots and the period of sound sequence.

t=(1.88731-0.00172041xh)*; R>=89.8%, p<0.001.
Where ¢ is the period of sound sequence, 4 is the vertical dismemberment of the relief.

Assumed to be an independent variable is the vertical dismemberment of the relief
- the distance from the nearest mountain top to the bottom of the valley. The relation-
ship revealed is supported both on the intra- and inter-specific level (Huxonpckmii, 1984,
Nikol’skii. 2002, Nikol’skii. 1994).
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Fig. 1. The relationship between extent of a vertical dismemberment (h) in a relief and

the period following of the sounds (t). Species of marmot: 1 — M. bobak, 2 — M. baibaci-

na, 3 — M. sibirica, 4 — M. caudata. Fragments of the signal of the listed species in one
time scale — (1), (2, 2a), (3), (4).

I believe that the selection mechanism is a high probability of marmots facing dan-
ger at an unexpectedly short distance. This is promoted by the down cuttings to the main
slope, divided by ridges (Fig. 2).
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The distance of danger detection
relief. B — Flat relief.

We do not know what factors are selected at the nervous system level.

There are grounds to believe that selection fixes different levels of reactivity in mar-
mots. The levels of reactivity can be estimated by the gradients of situational changes in
the rhythmical structure of the signal, as shown in Figure 3. The Situation “A” of moderate
danger is associated with a low level of reactivity. The Situation “B” implies an increased
danger level and is associated with a high level of reactivity. An increase in the level of
reactivity is accompanied by a reduction in the periods of following the sounds in the
signal. In extreme cases, the signal turns into a series of rapidly following sounds, which
is typical for all species of marmots (Fig. 3). In the mountains the probability of increased
danger (Situation “B”) is higher than in a plain area. As a result, selection extracts a high
reactivity of the animals and respective rhythmic structure of the signal from the gradient
of situational changes.

A,
i))
Fig. 2. Influence of relief on the perception of danger by marmots. A — Mountainous }

The normal form of a signal The aberrant form a signal
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Fig. 3. Situational changes in the signal. A - The rhythmic structure of the signal corre-
sponding to situation "A". B - The same is situation “B”.
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A special case is the variability of the rhythmic structure of the signal of the Marmota
sibirica. In the signal of one individual, there may be single sounds, doubles and a series
of three sounds, as shown on the Figure 4. In my opinion, the signal of the Mongolian
marmot is an intermediate (or transitional) form of the rhythmic structure of the alarm call.
Further research may be useful for understanding the evolutionary mechanisms of signal
structure formation.

| | | | | |
i 2 4 & b 10

Fig. 4. The diversity of the rhythmic structure of the signal of Marmota. sibirica. The
signal forms: a — Single sounds predominate, there are double; b — Absolutely dominate
the dual sounds; ¢ — Doubled sounds predominate, there are a series of three sounds.

The structure of any signal is to have some properties ensuring noise immunity of the
messages transmitted .The alarm call is designed not only for the animals outside of the
burrow but also for those in the burrow. Similar to tubes, burrows have radial resonance.
Judging from their diameter marmot burrows suppress the frequencies higher than 1 kHz
but amplifies the lower frequencies (Nikol’skii, Vinogradov, 2000).

In order to increase noise immunity in the burrows the marmot alarm call has two
sources of lower frequency — the low frequency component and an amplitude modulation
(Nikol’skii et al., 2015). The main energy of the low-frequency component is concentrat-
ed in the range lower than 500 Hz. The frequency of modulating oscillation ranges from
several dozens to hundreds of Hz.

On an example of the Marmota bobak (Figure, 5). The Figure 5 demonstrates the
function of the low-frequency component as a source of low frequency augmenting the
noise immunity of the call in the burrows. We see that dominant on the surface is the high
frequency component, whereas in the burrow, the low-frequency component predomi-
nates.
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Fig. 5. Low-frequency component as a source of low frequency. M. bobak. The signal on
the surface of burrow: a — oscillation, ¢ — sonogram. The signal into burrow: b — oscilla-
tion, d — sonogram. If — low-frequency component, hf — high-frequency component.

On an example of the call of the Marmota caudate the Figure 6 shows the functions
of the amplitude modulations as a source of low frequency increasing the noise immunity
of the call in case of its distribution in the burrows. The source of low frequency is a slow
modulating oscillation. One can see that in the burrow the rapid carrier frequency is sup-
pressed but the slow frequency of the amplitude modulation is dominant.
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Fig. 6. Amplitude modulation as a source of low frequency. M. caudate. The signal on
the surface of burrow: a — oscillation, ¢ — sonogram. The signal into burrow: b — oscilla-
tion, d — sonogram.
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In some species as, for instance, the Marmota baibacina and the Marmota sibirica
the call may contain both sources of low frequency — the high frequency component and
amplitude modulation (Nikol’skii, 2014).

The signal structure is highly-sensitive to genetically-determined variability. We
have found 4 forms of genetically-determined structure variability of the signal, reflecting
species-specificity, geographic variability and aberrations in small-number populations
and also variability in joint inter-species settlements.

All the marmot species are characterized by species-specificity of the alarm call
(Nikol’skii, 2014).

The genetically-determined species specificity of the signal structure encodes the
population genotype and the ecologically-determined function (danger warning). As a re-
sult; different species encode the same function using different symbols (Figure 7).

M. baibacina M. kastschenkoi

‘ M. sibirica

-
= A o S
M. bobak "g: ﬁ'- ﬁ M. camtschatica
= Pq

A BN Ca

M. marmota
FUNCTION A‘audma
ﬁﬂ,ﬂ__————-—f Warning of danger =
M. himalayana / \
M. menzhbieri .
~ i
Time

Fig. 7. The same ecologically determined function of the alarm call is encoded by differ-
ent genetically determined symbols.

This phenomenon of parallelism of function and divergence of the structure of sound
signals is widespread in many groups of animals, but has not been practically studied.
These indicate to two relatively independent directions of evolution: ecological expedien-
cy and genetic uniqueness.

Naturally, in the course of geographical (allopathic) species formation was preceded
by geographic variability of the populations divided by eco-geographical barriers.

A characteristic example is the geographic variability of the signal of the Marmota
caudata in the Central Pamir, where the southern and the northern population groups (Fig.
8), which are attributed the subspecies status were for a long time isolated by a thickness
of the glacier (Nikol’skii et al., 1999). The boundary passes along the deep valleys of
modern rivers Bartang, Murgab and Aksu (Fig. 9).
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Fig. 8. Geographic variability of the signal. M. caudate. a — the north_form of signal; b —
the southern form of signal . }

!
{
C
{
{

a5 L
Ay, '%ﬁ«y
i .fo% b A.mq,
AXTapURCKET Xp -Annuypekiil xp, -7
R iy w_f\.‘\‘
S /ﬁ;ﬁ% i
by _ 2

Fig. 9. Local populations of M. caudate. 1 — 12 — local populations. a — glaciers; b —
ridges; ¢ — southern group of local populations,; d — northern group of local populations;
e — group of populations with intermediate signal signs.
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Another example of genetically-determined variability of the signal is the high prob-
ability of the aberrations that occur in small isolated populations, which is in keeping with
the theory of gene drift.

A very high frequency of signal aberrations was revealed in the most distant popula-
tion of the Marmota bobak in Ukraine (Nikol’skii, 2008a, b). This small population is iso-
lated in main portion of the species distribution range along hundreds of miles (Fig. 10).
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Fig. 10. The modern (1) and restored (2) area of M. bobak.

An aberration is a distorted characteristic of frequency modulation as shown in the
Figure 10. This is the most common aberration that is found not only in the Steppe marmot
but also in the Marmota baibacina and Marmota sibirica.

The normal form of a signal The aberrant form a signal
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Fig. 11. Aberration of a frequency modulation of the signal of M. bobak. L. fr. — Low-fre-
quency component; H. Fr — High-frequency component; Ab — aberration.

The Steppe marmot has a rare aberration of “amplitude modulation”. There are only
3 instances per over 400 observations. The aberrant alarm call of the Steppe marmot is
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little different from the normal call of the Mongolian marmot. For it, the amplitude modu-
lation is common. The distance between the species is several thousand kilometers.

The Fig. 12 shows that the probability of the signal aberration in the Steppe marmot
increases from the center of the species range to its periphery, where fragmentation is
particularly great.
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Fig. 12. Probability (percents, in circles) of aberrations in populations of M. bobak.

The fourth genetic factors are the variability of the signal in the zone of secondary
contacts. In joint interspecies settlements variability is such that there are grounds to infer
hybridization between the species.

In particular, in the joint settlements of Marmota baibacina and Marmota bobak in
Central Kazakhstan we revealed a great diversity of signal forms — from species-specific
to intermediate forms (Hukombckuit u np., 1983). In intermediate forms the relationship
between the ascending and descending branches of frequency modulation shows a great
diversity. As demonstrated in the Figures 13, they are normally equal.

Signal form “hobak” Signal form “baibacina”  Intermediate signal form
kHz

kHz kHz
5r - 5 5
A. br.
4 - T 4 F 4+ H.fi
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F ¥
~ 2 & 2 [
18 | =
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Fig. 13. The signal of Marmota. bobak and Marmota. baibacina from the contact zone
in the Central Kazakhstan. The ascending branch (A. br.) and descending branch (D.
br.) of the frequency modulation characteristic. L. fr. — low-frequency component; H. fr —
high-frequency component.
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With increasing distance from the boundary of the contact between the species the
probability of species-specific forms of the signal increases (Fig. 14).

5

d‘t)
a 10,
. ' . Jse e ﬁm@
@ Signal form “bobak SR RS TAY
— Signal form “bobak”
with signs “baibacina”

| —Signal form “baibacina™
with signs “bobak”

. 7 Signal form “baibacina™

T

-,; «8a. u“:#‘

a w0
Populations within ) :
the species area P fToet b2

F N

5

Fig. 14. Populations in the contact zone of Marmota. bobak and Marmota. Baibacina.

The results obtained confirm the existence of two relatively independent processes:
1) the influence of ecologically determined factors on the vocal activity of marmots and
the structure of the sound signal associated with increasing the noise immunity of the
transmitted message; 2) the influence of genetically determined factors on the structure
of the signal. These two processes are relatively independent, and their most significant
result is: 1) inter specific parallelisms of the signal function and 2) inter- and intr a specific
divergence of the signal structure. The relative independence of the two directions of evo-
lution confirms that the signal performs two basic functions — the realization of the species
of ecological niches and the realization of the population’s genotype.

The above suggests the most unexpected and intriguing conclusion is the effect of
the relief of the terrain populated by marmots on the rhythmic organization of the signal.
The greater the dismemberment of the relief, the shorter the periods of sound sequence.
The extreme forms differ by an order of magnitude as demonstrated by the Figure 15. The
main intrigue lies in the fact that so far we can only state a strong effect of selection on the
signal structure. But we do not know that is the object of selection at the nervous system
level. True enough, selection does not affect the signal directly but rather its source — the
nervous system of marmots.

E— 210 —



M. bobak M. himalayana
| L }““ N M*H
' ! s ! ’ |

R

Plains of Ukraine. M. bobak The highest mountains of Nepal. M. hymalayana

Fig. 15. The extreme forms of the dismemberment of the relief and their respective the
extreme forms of the rhythmic organization of the signal.
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PACIIPOCTPAHEHUE U DKOJOI'USI TUMAJIAMCKOI'O
CYPKA (RODENTIA, SCIURIDAE, MARMOTA HIMALAYANA
HODGSON 1841) BKUTAUCKOW HAPOJHOM PECITYBJIMKE

A. A. Hukouabcknii, Ban Un
Poccuiickuti ynusepcumem opyoicovt hapodos, Mocksa 113093, Poccus
e-mail: bobak@list.ru

B 0030pe pacmpoctpaHeHus ¥ DKOJOrMU ruMainaiickoro cypka (Marmota himala-
yana Hodgson 1841) ma tepputopun Kuraiickoit HapogHoii Pecriy6nuky ncnonp3oBaHa
JuTeparypa Ha KuTaickoM s3bike. B Kurae rumanaiickuil cypok Hacenser Llunxaii-
Tuberckoe Haropbe OT BEpXHEH IPaHUIIbI JIeca U 10 CHETOBOH JIMHUU B TMANIa30HE BBHICOT
ot 1800 mo 5670 m Hax yp. M. braromapsi BEICOKOMY HOJOKEHHIO TOP BHI IMPOHUKACT
Janeko Ha for, B I'mmamnan, moutu g0 27° c.au. IIpoaBmkeHHIO THMAIAHCKOTO Cypka Ha
CeBep MPEenATCTBYIOT MycThIHN L{eHTpansHoit Aznu. HanbomnpImas mioTHOCTh HAaCETICHUS
TUMaJIaliCKOro CypKa XapaKTepHa JUlsl HUXKHEH 4acTH CKJIOHOB Ha IIOJHOKHOM paBHUHE.
[MuTaercs ruManaiickuii CypoK B OCHOBHOM BETETATUBHBIMH YaCTSIMH MHOTHX BHJIOB
37IaKOBBIX, OCOKOBBIX, 000OBBIX, TPEUUIIIHBIX M PO3OLBETHHIX. TATOTEET K MOCEICHHUSIM
YeNOBEeKa, IJE BBIMACAeMBIl CKOT CHOCOOCTBYET ITOCTOSSHHOMY BO30OHOBICHHIO
BEPXYIICYHBIX MTOOETOB pacTeHHU, KOTOPBIMH MUTAIOTCS Cypku. Hanbompmas HazeMHas
AKTUBHOCThH HAOJIONAETCsl B MIOJIe - aBrycTe, HAUMEHbIIas - B ceHTss0pe. Hanbonbmas
CYTOYHAsl aKTUBHOCTh OTMEYCHA B TEUCHHE 3 YacOB MOCJIE BOCXO/IA COMHIIA M 3a 4 Jaca 10
3axona. CeMbsi COCTOUT U3 B3POCIBIX CaMIla M CAMKH, CETOJIETKOB U ABYXJIETHUX CYPKOB.
Hopsl rumanaiickoro cypka AByX THUIIOB - IIOCTOSHHbIE M BpeMEHHble. Temmeparypa
Bo3ayxa B Hopax komebmercst or 1°C mo 7°C, oTHOCHTENbHas BIAXKHOCTH BO3IyXa
npudmmkaercs Kk 100%. Cypku 3ajeraioT B CIITUKy B TpeThel Jekaae okTsaops. Crsaka
mtes 5-8 mecsnes. [locie BeIXoma M3 CISIYKKA CYPKH CIIapHBAIOTCSA. bepeMeHHOCTH
camok gmutes 30-35 nuei. B momere 4-6 merensimed. ['mmanaiickuii Cypok sBIseTCS
OJTHUM M3 aKTHBHBIX KOMIIOHCHTOB MPHUPOIHOTO OYara YyMbl, 9TO OCOOEHHO aKTyalbHO
s Kuras B cBsi3u ¢ akcruryaranueit Llmaxaii-TubeTckoil jkene3Hoil JOpory.

KaloueBbie cioBa: ['mmanaiickuii cypok, Kwuraiickas Hapoamas PecmyOnuxa,
pacripoctpanenue, skonorus, [{nnxaii-Tuberckoe Haropbe.

YunThIBas HE3HAYUTEIBHBIH 00bEM ITyOMKALINI HA PYCCKOM SI3bIKE, TIOCBSIIICHHBIX
TUMaJIaiickoMy CYpPKY, ¥ TPaJUINOHHO BBICOKMH MHTEPEC K M3YyUeHHIO CypkoB B Poccun
1 B HEKOTOPBIX COCEIHHX CTPaHax, 3ajada HAIIero COOOIIEHMSI COCTOUT B TOM, YTOOBI,
HCTIONB3YSl JINTEpaTypy Ha KHTAHCKOM S3bIKE, HPEICTaBUTH 0030p, IMOCBAIICHHBINA
pacupoCTpaHEHUIO U JKOJOTMU ruMasiaiickoro cypka B Kutae. YcroiuuBblil MHTEpEC
K 9KOJIOTHHM CYPKOB OOBSICHSIETCS MX MOIIHBIM BIIMSIHUEM Ha HKOCHCTEMBI, MINPOKHM
pacIpocTpaHeHHeM U OOJIBIINM HPAKTUYECKUM 3HAUCHUEM, MPEXIE BCETO, aKTUBHBIM
y4acTHEM CYPKOB B IOAJICP>KaHUHN ITPUPOJHOTO OYara YyMbl B TyCTOHACEICHHBIX paiioHax
LenTtpanbHoit A3um.

I'mmanaiickuii Cypok sBIsSeTCS OJHMM M3 Hauboiee 3HAYUMBIX KOMIIOHEHTOB
IentpanbHo-A3uaTckoro oudara uyMmbl. Ero apean coBmajaeT ¢ apeajoM YyMHOTO
mukpoba (Cynnos, CynuoBa, 2006), KynbTypa KOTOPOro BIEpBbIe BblieneHa B 1954
r. B npoBuHuuu [lunxai (J3u Lymm, 1988; Bam Wxkumnsions, 1992). lanpHeiimmne
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UCCIIE0BAHUS TI0KAa3ald, YTO Ha M'MMAJIAafiCKOM CypKe OOBIYHBI HOCHTEIH BO30YIUTEINS
gymbl. B ocHoBHOM 310 3 Buaa Onox: Callopsylla dolabris, Oropsylla silantiewi, Rhadi-
nopsylla ralipsyllali (Ban Wxunzions, 1992).

B nocnennue rogs! B Knrae n3y4eHHIO SKOJIOTHH TMMAIAHCKOTO CypKa MPUAaeTCs
ocoboe 3Ha4YeHHE B CBS3HM CO CTpouTenabcTBOM llmHxail-Tuberckoil jkene3HOH MOpOrH.
OKcIuTyarays TPaHCTHOSTCKOH MarucTpajn BO MHOTO pa3 IIOBBIIIAET BEPOSTHOCTH
KOHTaKTOB YeJIOBeKa ¢ TpbI3yHaMu U ux Omoxamu (LI3stH Wkwnron, Jlu 1[3urwkyH, 2009).
Haunnas ¢ 1990-x rooB, B HOCEJIEHUAX THMAJIANCKOr0 CypKa PEryIsipHO PETUCTPUPYIOT
HE TOJIBKO 3MHM300THH YyMBbI, HO 1 3apaxkeHus dymoii uenoseka (JIro Csiowxkn, Xait JKyH,
2010).

Hcnonb3ys umeromuecs B KUTalCKON HayYHOM JInTepaType CBEJIEHU O TUMajlaiicKoM
CypKe, MBI CMOITIA BBLACIHNTH B HamleM 0030pe Takhe pasenbl Kak: PaclpoCTpaHCHHE
ruMajaiickoro cypka B Kurae, ero mecra oOHWTaHUs, YCTPOWCTBO M HCIIOJIH30BAHHUE
HOp, MUTaHHUe, pa3MHOKEHHE, CE30HHAS W CyTOYHAs aKTUBHOCTb, BKJIIOYAs aKTHBHOCTH,
CBSI3aHHYIO C 3UMHEHN CIsIYKoM, JuHbKa. [loje3HbIM OKa3anoch CpaBHEHUE HEKOTOPBIX
YepT HKOJIOTUH TUMAJIAHCKOTO CypKa C SKOJIOTHYECKHIMU 0COOECHHOCTSIMH APYTHX BHIOB
cypkoB EBpazumn.

N3o0pakeHne rumaaickoro cypka B €ro eCTeCTBeHHOM cpezie ooutanus (B Henae)
MPEJCTABICHO Ha puUC. 1.

PacnpocTpanenne. OnuceiBasi paclpoCcTpaHEHNE THMAJIANCKOTO CypKa, MBI, B TOM
YHCIIe, CChIIaeMcs Ha COOTBETCTByIomue npoBuHIMKH Kutas. Ho u3-3a orpanndeHHOTO
Macmtaba KapTel (puc. 2) MBI HEe W300pa3wid TpaHUIBI TPOBHHIMH. B kadecTBe
KOMIIPOMHMCCHOTO BapHaHTa Mbl OOO3HAYMIIM AJAMHUHHUCTPATUBHBIC LEHTPHI MPOBHHIMNA
u ropol JIML3sSH, OKPECTHOCTH KOTOPOIO SBISIOTCA IOKHOM TIpaHUUEd apeaia
ruManaiickoro cypka B Kurae. [Ipu mepBoM ymOMHUHAHUH TPOBUHITHIA B CKOOKAX yKa3aHbI
WX aIMUHUCTPATHBHBIE IIEHTPHI.

XOTs CypOK M Ha3bIBaeTCA “TUMAalIalCKUM™’, HO TI0 XapaKTepy paclpoCTpaHEHUs OH,
KOHEYHO, “THOETCKMI” — OCHOBHAsl 4acTh €ro apeaja HaxoAutcs B Tubere (B MIMPOKOM
MOHUMAaHUU 3TOTO TormoHuMa, FOcoB, 1958), u numib KpaeBble MOMYJISAIMN TPOHUKAIOT B
I'mmanan (Hukonsckuit, Ynaxk, 2005).

Bun Brimrouaer nBa monsuna: M. himalayana himalayana Hodgson 1841 u M. h.
robusta Milne-Edwards 1871 (I'pomoB u ap., 1965). M. h. himalayana pacupocrpaHexn
B I0KHOW "yacTH TubeTckoro aBToHOMHOro paiiona, Cuizan (JIxaca), a M. h. robusta — B
npouHiyy Lunxait (CunnH), B THOeTCKOM aBTOHOMHOM paiioHe, Ha 3ama/ie MPOBUHINH
Ceruyans (Usnpay), B npoBuHumsix lOupnane (Kynemun), Ianbcy (Jlanpwkoy) um B
CunbL3gH-YirypckoMm aBToHOMHOM paiioHe (Ypymun) (Hoffmann et al., 2010).

B Kurae rumanaiickuii cypok HacenseT L{naxaii-TruOeTckoe Haropbe v MprjIeraromne
K HEMy paifoHBI (pHc. 2) K BOCTOKY J0 oTa MPOBHHITMH [ aHbCY W 110 3amaja MPOBUHITIH
Crruyans, K fory no Tubera u ceBepo-3amanHoi yacTd mpoBuHIMK FOHbHAHB, W Ha
CeBep 0 CeBEPHOI yacTh CHCTeMHBIX XpeOToB L{msHpmans B npoBuHImm ['anscy (MaH
Hexyn, 1996). Lnnxaii-Tuberckoe Haropse SABIsETCS He TOIBKO OCHOBHOI YacThIO apeasa
TUMaJIaiiCKoTO CypKa, HO, Kak cuutaeT Yxao Wxynmm (1982), IeHTpOM IPOUCXOKICHHS
BHIA.
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I'mmanaiickuii Cypok HacensieT MHOTHE TOopHble MaccuBbl Kwuras, Takue Kak
Kynenyns, basu-Xapa-VYna, Amae Mauun, Apkarar, AnteiaTar, Kapakopym B Tuberckom
aBTOHOMHOM paifoHe, Haup-lllan B mnpoBuHmmMu [anbcy, XsHayanbimadb (CuHO-
Tubetckue ropsl) Ha ceBepo-3amnajae npouHimyu Chiuyanb U MaccuBbl [euew, [llanrpu-
Jla, JIuzsH Ha ceBepo-3anaje npoBuHIMK FOHpHaHE (Uxao WkyHnim, 1982). FOxHbIe
IIpe/ieNbl 00IaCTH PAaCcIPOCTPAHEH S TUMAJIaCKOro CypKa JOXOSIT J10 rpaHuiisl Tubera ¢
I'umanasiMu 1 FXKHBIMHU CKJIOHaMU ropHO# cucteMsl Kapakopywm B Karmvupe (Ban Cri0o,
SIu Tanton, 1983).

PactipocTpaneHne  TOpHBIX  BHAOB CYpKOB  OIDAaHWYMBAECT  COOTHOIICHHE
reorpaMuecKoi MUPOTHI TOP M MX BBICOTHI HaJl YPOBHEM MOps. Bricokoe monoxeHue
rop MO3BOJISIET I'MMaJIaiickoMy CYpKy NpOHHKaTh jaaneko Ha for (Hwukombckuii, Ynak,
2005). B paiione X3HyaHbIIIaHb, BKIFOUAsi BOCTOYHYIO Y4acTh TuOeTa, 3ama]| MpOBHHITIH
Coruyans (JIucsiap, Jluranr) u 3anan nposuniuu tOupHane (Ianrpu-Jla, JIumgsh),
apeas TUMaNalCKOTO CypKa ITOXOomuT a0 27°15°-29°20" c.mr. m 98°25°-100°25" B.1. 3mech
oH m3 [laneapkruku npornkaet B Mumo-Mamnatickyto obmacts (Uxao Wkynmm, 1982).
3TO eMHCTBEHHBIH ClTydail MPOHUKHOBEHUs cypkoB EBpasuu 3a npenenst [laneapkTuky.
IOxHOW TOUYKON HaXOXKIEHHs THMAJIaliCKOro cypka Ha Tepputopun Kwuras gBistoTcs
okpecTHOCTH ropoza JInmzsa B nposuanmy FOHBHAHG (27°157 c.1.).

[IponBmwkeHHI0O BHUAAa Ha IOT CIOCOOCTBYIOT BbICOKHME CuHHO-THOETCKHE TOpbhI
(XoHnyanbpmans). B aToM palione Ha mmpote 27°06” c.1i1. rpaHuIia jieca MOJHUMAETCS 10
4200 M, BBIIIIE KOTOPOH PACIONOKEHBI ATBIIMACKHE KYCTAPHUKH U JIyTa, 9TO MO3BOJISIET
cypkaM cenutbes oT 4200 1o 4800 M Ha yp. M. BILIOTH 10 JenHnka FOimyHcro3manb. OToT
JIETHHUK, CAMBIH BBICOKMH M3 I0XKHBIX JIeTHUKOB KuTas, mocturaeTt BeICOTH 5596 M (Uxkao
Wxynmm, 1982). Takum 00pa3oMm, OKHBIE MPEAeNbl PacCIpOCTPAHEHHUS TUMAIaliCKOTO
CypKa, Kak B ['mMasasx, Tak 1 B CHHO-THOSTCKHX Topax JOXOIsAT MOuTH 10 27° C.1I.

CeBepHyI0 TpaHHIly apeajla IMMaJalickoro cypka o0Opasyior XpeOTbl KyHbiIyHb,
AunreiaTar, Hunsabimanb. DT XpeOThI SABISIOTCS SKOJIOTMYECKUME KOPUA0PaMH MEXITy
nycTbiHsIMu Takina-Makan, ['o0u 1 Anamanp Ha ceBepe W IMYCTHIHHOW BBICOKOTOPHOM
paBuuHOl [laiinam, nexameit Ha Beicote 2000-3000 M Hax yp. M. MeXIy XpeOramu
Aunreiatar, Hanws-11ane u Kyneiayns (puc. 2) (Hukonbsckuii u ap., 2014).

[TperpagaMu, TMMUTHPYIOMIMMH PACIIUPEHNE apeasa T’MMalaicKoro Cypka Ha ceBep
U ceBepo-3amaj, SBJSIOTCS paBHUHHBIE NMycTbiHM LleHTpasnbHON A3suu. ['paHauos3Hbie
pa3Mepbl LEHTPaIbHO-a3UaTCKUX IyCTBIHb Ha TeppuTOpuH KnTas He MpeosonnuMbl A
cypkoB (Huxonmbckuit u nip., 2014). OHE TPOTAHYNIHCH C 3amajia Ha BOCTOK Ha MHOTHE
TBICSYM KWJIOMETPOB: TapuMcKas BNaJnHA, BKIIOYAs OHY W3 BEIMYAWIINX ITyCTHIHbD
Mupa — mycThiHI0 Takima-MakaH, mycteian Anamrans, [o6u, Opaoc, JleccoBoe maro.

Pacmmpenue apeana ruMaiaiickoro cypka Ha 3araji OrpaHHYMBaOT TOPHBIE BEPILUHEI,
IIOKPBITHIE JIEIHUKAaMU, U peku. Ero 3amanHoil rpaHuLel SBIs0TCS BeplunHbel My3Tarara
(7546 m) u Yoropu (8611 M), KOTOpbIC HAXOAATCS HA BOCTOYHOM OEpery BEpXOBbsI PEKU
Spxenn. O0e BepiMHBL, a Takxke peka Spkenn, nputok Tapuma, MpeacTaBisioT co0oit
Oapnep, pasaeIIONIHiA apealibl THMAIANCKOTo U KPACHOT0, HJIH JJTHHHOXBOCTOTO (M. cau-
data) cypxos.

ComnacHo juyHOMY coobmienuto JIsio Jludy, Ha roro-3amane TapuMckoi BIaguHbI
B Bosloct Tomone, yesna Tamkyprana ¢ reorpadpuueckuMu koopaunatamu 37°68 c..,
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76°21" B.A. rUMaNlAiCKUil ¥ KpaCHBIA CYypKH 00pasyloT HEOOJBIIYIO 30HY MEpEKPbIBAHHS
apeasioB, HO COBMECTHBIE IOCETICHUS 3TUX JIBYX BUIOB HE N3BECTHHI.

B CuHbL3sH- YITypCKOM aBTOHOMHOM paiiOHe rMManaiiCKHii CypOK BCTPEYaeTcsl B
ropax KyHbyHb OT BEpXOBbs peku Snurap K BOCTOKY. 3alajHee, Ha CEBEPHOM CKIIOHE
KyHbyHB, CypKOB HET W3-3a Tperpaibl, odopasyemoii pekoir Smurap. Topsl, KoTopbIe
HaXosITCs Ha IIPAaBOM (BOCTOUYHOM) Oepery BepXoBbeB peku S aurap, 00pas3yroT 3amnaiHyo
rpaHuIly apeaia rumainaiickoro cypka (Ban Cei00, STu 'anron, 1983).

Mecra ooutanus. B npenenax apeana Ha Tepputopuu Kuras rumanaiickuii cypok
obuTaeT OT BepXHEH I'paHUIIbI Jeca 10 cHeroBoi auHuu oT 1800 mo 5670 M Ham yp. M.
(Ban Wkuinzons, 1992; Hoffmann et al., 2010). Panee coobmanocs (Hukonbckwii, Yiaxk,
2005), 9T0 HWXKHsIS TPaHUIA PACIPOCTPAHEHHS TUMAIAWCKOTO CypKa HE OITyCKaeTcs
Hmwke 3000 M, yTo crpaBemIMBO s Hemana, HO HE COOTBETCTBYET OCOOEHHOCTSIM €ro
pactipoctpaneHusi B Kurae.

B Tuberckom aBroHoMHOM paiione (Cuuzan) u B npoBuHIMH lluHxail cypku
HaCeJSIIOT aJbIIMICKUE ¥ TOPHOCTEIHBIE Jyra ¢ KycTapHHUKaMHu. B ocHOBHOM Ha BbICOTE
ot 3750 no 5200 M, Mectamu nogHuMasich 10 5670 M. Kpome ceBepo-3amnaiHbIX TyCTHIHb
1 HEKOTOPBIX JIECHBIX PaiiOHOB Ha I0Te, CYPKH PaclipOCTPaHEHbI IIOYTH 10 BCEMY PETHOHY.
3nech, B 3aBUCHMOCTH OT MECTOOOUTAHUS, TNIOTHOCTh HACEJICHHsI CYpKOB KOJIeOJIeTcs B
LIMPOKKX mpenenax, ot 8 1o 114 ocobeit Ha 1 kv? (L3e Sn, Cmut, 2009; Hoffmann et al.,
2010).

B ropax Kywenyns cypku o6srgabl ot 3300 mo 4300 M mHam yp. M. Ho Hamboee
TIPUTOTHBIC MeCTa OOUTAHHS COCPEIOTOUYEHBI B Y3KOM CTEITHOM mosice, oT 3500 mo 4100
M. 371ech, B MOCEJIEHHAX JICHTOYHOIO THIA, IJIOTHOCTh HOMyssinuu jpocturaer 10+20
ocobeii Ha 1 kM2, Ha BeIcoTe oT 2500 10 2800 M Hax yp. M. CypKH H3pEAKa BCTPEUAIOTCS B
MaJIOYNCIIEHHBIX, OMMHOYHO pa3opocaHHbIX noceneHusax (Uxao Wkynmm, 1982).

B npoBuHiuu ["aHbey, B BOCTOYHO# yacTu cucteMHbIX XpeOToB L{usHbmans (Haub-
[IaHp), cypku IPeAIOYUTAIOT CeMUThesa Ha BhicoTax oT 3000 mo 3500 m Hax yp. M. Hike
3200 M u Boimre 3500 M umcio HOp cokpamiaercsi. Ha BbIOOp MeCTOOOUTAHHUS BIHSIET
KpyTH3Ha ckJIoHa. ONTHUMAaIbHOH sBIsSeTCS KpyTu3Ha oT 5° 1o 15°. ITo mepe yBennyeHus
KPYTH3HBI CKJIOHOB 4nciI0 HOp yMmeHbinaetcs ([ait [lnmoit u ap., 2008).

I'mmanaiickuii CypoK TSATOTEET K JIyTaM ¢ Pa3pesKeHHBIM TPABOCTOEM M KYCTAPHUKOM.
B pacturensHOM MOKpOBE OOJBIIMHCTBA MECT €ro OOMTaHMs OOBIYHBI OCOKA, CHBITH,
KoBbUIb. Korya ;1yrosasi cTerns nepexoiuT B CyXHe WM OITyCThIHEHHbBIE CTEIH, TNIOTHOCTD
TIOMYJISIIMK CYPKOB COoKparaercsi. Eciy xke B TaknX 3acylUIMBBIX MecTax OOMTaHMS Ha
CEBEPHBIX CKJIOHAX IOp KyCTapHHUKOB HET, HO Xopowlo pa3Buthbl kierpa (Clethra sp.)
W TSATWIMCTHUK KyCTapHUKOBBIN (Potentilla fruticosa), 4MCIEHHOCTh CypKOB BHOBB
Bo3pacraet (L[3sH Wkuron, JIu L3unwkyH, 2009).

Jpyrue aBTopbl OTMEYAIOT, YTO TMMaJaliCKUNl CypOK TATOTEET K OTHOCHUTEIBHO
3aCyNUINBEIM YCIOBUSAM OOMTaHWSA W OTKphIToMy JaHmmadpty (Ban Creibo, Su [anrow,
1983; Xan Uyncroanp, 2005; Hoffmann et al., 2010). B [{unxaii-TuGerckoM Haropoe
OH YaCTO JKMBET 10 BBICOKOTOPHBIM JJOJIMHAM, TJI€ TPEIIOYUTAET COMHEUHBIE, XOPOIIO
nporpeBacMele CKIOHB. Ho HamGomblnas MIOTHOCTH MOMYIALMH CypKOB XapaKTepHa
JUIsl TIOZTHO’KHOM paBHUHBI, B HUXKHEM 4acTH MporpeBaeMblX CKiIOHOB. Ha Teppacax u B
JOJMHAX PEeK Cypku BeTpedaroTcs pexke (Ban Cri6o, fAu [Manton, 1983).
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B 60-x rojax mpouuioro CToJeTHsl IUIOIIAJb MOCEICHHH T'MMajialiCKoro cypka B
Cesepo-3anannom Haropbe Kurtas Oblia 04eHb BBICOKOW, HO K 90-M rogam MpUTOAHbBIE
MecCTa OOMTaHUsI CHJIBHO COKPATWJIMCh. AHTPONOreHHas TpaHcdopmanus JaHmmadra
U aKTUBHOE INPECIIeIOBaHHE CYpKOB OXOTHHKAMH BBITECHWIM HMX W3 OTKPBITBIX
MECTOOOUTAHUI JTyTrOBOM CTENH HA OKPAMHBI JIECOCTEIHBIX JIYTOB U JIYTOB C KYCTapHUKAMU
(JIu Homoy, 1995).

JHait Ilumoaii ¢ coaBropamu ([ait umaii u ap., 2008) pa3nensror reorpapudeckue u
9KOJIOTHYECKHE (DaKTOPHI, BIHSIONINE Ha PACIPOCTPAHEHNE CYPKOB B IPOBUHIINY | aHBCIO.
Benymmmu reorpaduueckumu akTopaMu, COrTacHO X HaOIIONCHUSIM, SIBIISTIOTCS BBICOTA
HaJl ypOBHEM MOpsi, KPyTHU3Ha CKJIOHOB M reorpaduyeckas JOIroTra. JKOJIOTHYECKHE
(axTOpHI, TAKKE KAaK BEICOTA PACTUTEIBHOTO MOKPOBA M HaA3eMHas Onomacca, OKa3bIBatoT
COBMECTHOE BIHMSHHE C MEpPEYHCICHHBIMH BBIIIE TeorpaduiyeckuMu (akTopamu.
HawuGomnbIas mioTHOCTs HOP Ha €IMHMILY IJIOIAAN OTMEUeHA B MecTax OOWTaHMs, IIe
BBICOTA TPABSIHOTO IOKpoBa cocrasisier 10-15 cM, a Haj3eMHas OnmoMacca NpEeBBIIIACT
150 r ma M2. Bricora TpaBocTos 6oinee 15 cMm HeOnmaronpusTHa s 00HAPYKESHUS CypKaMU
BpAaroB, IO3TOMY YMCJIO HOP Ha €IMHHUILY IUIOLIAaJH B 3TOM ciydae cokpamaercs ([lai
umoit 1 gp., 2008).

Bru30CTh KUITbs, TOPOT, CEIbCKOXO3SIMCTBEHHBIX YTOIUN MPUBIIEKAIOT CYPKOB (pHC.
3). Ilo mMepe ymajeHHS OT YEIOBEUECKOTO JKHJIbS M YBEITHUEHHS PACCTOSHHUSA OT JAOPOT
HOPBI CYpKOB BeTpeuarotcs pexe (Hait [Lumoii u ap., 2008).

B cocennem Hemnane (puc. 1), kak u B Kurae, cypku Tak jke TEPIHMO OTHOCSATCS K
yenoBeky (Hukonbckuii, Ynak, 2006). TaroreHne ruMalaiickux CypKoB K IOCEIEHHSIM
YeJIOBeKa CBS3aHO, BEPOSITHO, C BBIIIACOM CKOTa. BbINac CrocoOCTByeT MOCTOSHHOMY
BO300HOBJICHUIO BEPXYILEYHBIX IT0OETOB PAaCTEHM, KOTOPHIMU NHUTAIOTCS Cypku. PaHee
MBI TIPEIOJIOKUIN, YTO B MPOLUIOM TI'MMAJIACKMH CYpOK el MacTOMINa C SIKOM
(Poéphagus mutus), KOTOpbIA ObUT HE TOJBKO OOBIYCH, HO M MHOTOYMCIICH B Tubere
(ITp>xeBanbckuit, 1946), B OCHOBHOM 4acTH apealia rHMayaiickoro cypka. B Hacrosiee
BpEMsI MECTO JIMKOTO sIKa 3aHsUI JOMAIIHHUI CKOT, BKJIFOYast M OJIOMAalIHEHHBIX SIKOB, 00pa3
JKM3HU KOTOPBIX MaJI0 OTJIMYAETCsl OT 00pas3a )KM3HU MX JUKHX npeakoB (Huxonbckui,
Vnak, 2006).

[IpuBsA3aHHOCTH CYPKOB K AHTPONOI€HHOMY JIaHAMA(TY MOBBILIAET BEPOSTHOCTD
KOHTAKTOB YeJIOBEKa C CypKaMH U HX OJI0XaMH, OBBIILIAst, COOTBETCTBEHHO, BEPOSTHOCTb
3a00JIeBaHUs YeJOBeKa YyMOM, YTO SIBIISETCS IMPEIMETOM CHJIBHOTO OecroKoHcTBa
MeaumHCKoi ciry:x0b1 Kutas (JIro Csowku, Xait XKyn, 2010)

Hopsbl. Komonust rumanaiickoro cypka oObeIWHSET HECKONbKHX cemeid. Cembs
COCTOUT M3 B3POCJBIX CamIla U CaMKH, CETOJIETOK U JBYXJIETHUX CypKoB. Kaxknas cembst
3aHUMAET CBOIO, OTJIEIBHYIO0 HOPY. MOJIObIE 3BEPU PACCENSIOTCSI TOCIIE JOCTHXKEHUSI UMU
nosioBoi 3penoctu (1I3sa Wknron, Ju [3uawkyH, 2009).

HOpI)I y THUMajaliCKUX CYPKOB OBIBAIOT IIOCTOSIHHBIE U BPEMCHHBIC. IlocTostHHEIE HOPBI
ACTIATCA Ha 3MMOBOYHBIC HOPBI U JICTHUC, BBIBOAKOBBIC, B KOTOPBIX CAMKHU BbIpAlllMBAIOT
IIOTOMCTBO.

['myOmHa, yCcTpOHCTBO M CE30HHAs IWHAMHKA WCIIONB30BAHASA THMaTaliCKUMHU
CypKaMH HOp CBsI3aHBI, B TOM 4YHCJIE, C pacIpPOCTPAHEHHEM BEYHOW MEP3IIOTHI,
morpe0CHHOW B OMHOM W3 TOYBEHHBIX Topu3oHTOB. B I{mHxaii-TmOeTckoM Haropse,
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I7ie HOPbI CYpKOB IPOHUKAIOT B 4 MOYBEHHBIX TOPU30HTA, BEPXHUIl CIION NpeacTaBieH
cJ1a00MIEeNIOYHON CTENHOM MOYBOM, €ro MOACTHIIAET JKENTO3EM, 32 HUM CIIeIyeT TPeTHi
CJIOH, CJIOM YMCTOrO MeCKa, M, HAKOHEIl, YeTBEPTHII CII0M, 00pa30BaHHbII CMEChIO MeCcKa
U DIMHBL. BedHast Mep3iioTa cocpeioToueHa B TPEThEM CIIoe Ha TIIyOMHe OKoJo 2-2.5 M
(tabn. 1) (Ban YWxunnzionn,1992).

CypkH BBIKaNbIBAIOT HOPBI BBIIIE, WM HUXKE MEP3JIOro rpyHra. Bee raesnoBble
KaMepbl, HaXOMSAIINeCs HaJl BEYHOW MEp3IOTOH, OOBIYHO MOCTUTAIOT ryOmHEI 1.5-3.0,
MakcuMyM - 10 4.0 M. 'He3710BbIe KaMepbl HM)KE ITOTO CJIOSI PACIOJIOKEHBI HA ITyOuHe
ot 1.5 mo 6-7 M, a 3MMOBOYHAsI KaMepa MOXKET HaXOAUThC emie mryoxke (Ban WxnIzoHb
1992; Xau Yynctoans, 2005; L[3sa Yxuron, JIn [[3uawxyH, 2009). Hackonpko “rydxe”
aBTOPHI HE cooO0ImaroT, Ho 3amedanue FOcosa (1958, c. 152), uro rumanaiickuii cypox,
KOTOpPOTO OH Ha3bIBaeT “‘THOETCKUM’, TPOBONUT 3UMy B Hopax “mo 10 m um Ooimee”,
moBropeHHoe banamkoBbM (BanHmkoB U np., 1964), ckopee Bcero, He COOTBETCTBYET
JIeWCTBUTEIILHOCTH.

CornacHo HaOmoneHusM Ban Wxwunstonb (1992), xapakrepubie ans L{uaxaii-
TubeTcKkoro Haropbsi MOCTOSIHHBIE HOPBI 0OBIYHO UMEIOT JIBE 'HE3/I0BbIE KAMEPbI, 3MMHIOI0
u JieTHIo0 (puc. 4). IlepBbIii MOBOPOT OT BXofa pacmnoyiiokeH Ha Tiryoune 100 — 140 cm.
O0BEM THE3TOBBIX KaMep cocTanisieT npumepHo 0.23 m3.

Mo npyrum naOmomenusim (L[3sa Yxwuron, Jlu I[[3uawkyn 2009), B omHOM
3MMOBOYHOM HOpE pa3MelaeTcst 0 5 THEe3/I0BbIX KaMmep, 00beM KaKA0H W3 HUX OKOJIO
0.0875 m* (0.5x0.5x0.35 m). Ot BX0oaa BHE3 nox yriioM 15-45° cryckaeTcst MonyKpy bl
B nonepeunuke xox. JlocturHyB riyOuHbl 0.5 M, OH TOCTENEHHO BBIPAaBHHBACTCS
napajulelbHO NOBEpXHOCTH 3eMid. [locnenHee 3aMedyaHne OYEHb BaXKHO — yMEHBIIIEHHUE
yIJla HaKJIOHA XOJIOB 3aMe/IsieT KOHBEKTUBHBIIN MEepPEeHOC TeIuIa, Jenas TeMIepaTypHbIi
PEXUM HOPBI O0Jiee pOBHBIM, MEHEE 3aBUCHMBIM OT KoJIeOaHHUH TeMIIepaTyphl B IPU3EMHOI
armocepe (Huxonbcknit, Xyropckoit, 2001).

B BbIcokorOpbe, TIZe OOBIYHO CE30HHOE IPOMEP3aHUE II0YBBI, HOPBI CYpPKOB
pacmonararoTcss HHKEe HauOonblneld rmyOmHbl Mepsnoro rpyHrta (L[3sa Wkuron, JIn
3urwkyH, 2009).

Junamerp Bxoma B HOpy paBeH 18-20 cm, mmamerp TynHens — 20-23 cm (Banm
Wxni3ioHb, 1992), HO 3MMOBOYHBIE, Yallle MOCEIIAeMbIe U JIOJIbIIE HCIIOIb3yeMble HOPBI,
UMEIOT CYIECTBEHHO OOJIBILIUI MONEPEYHUK BXOIHOTO OTBEPCTHUS, B CPEIHEM paBHBI
38.1 cm (II3sH Wxkuton, JIu [3unwxyH, 2009).

Bce Benymue HapyKy X0/[bl Ha 3UMY 3aKpBIBAIOTCS 3eMJISIHBIMU ITpoOKamMu. Borxozs
13 HOPBI MOCJIE CISIYKH, CYpKH HCIOJB3YIOT HOBOE OTBepcTHe. JliMHa 3a0HUTHIX XOJ0B
cocrasisier 1.5-2, pexe -3 M. Huci0 cTapbIx BXOJ0B B HOpY Kousiebnercst oT 7 10 15, BXoas!
COeIMHEHBI Mex 1ty co00it Tpormukamu. (L[3stH Wkuron, JIu L3unwkyH, 2009).

Crapble HOPBI, HCIOJIb3yeMble MHOTUMH HOKOJICHHSAMH CYPKOB, 00pa3yloT MaTpUIly
cTabunpHBIX 31eMeHToB (HaymoB u mp., 1981) Omonmormueckoro CHTHAJIBHOTO IO,
Ie DIABHBIMH aTTPAaKTOpaMH (CTaOMJIBHBIMU BJIEMEHTAMH IIOJ) SIBIISIOTCS HOPOBBIE
OTBEPCTHS, BEIOPOCHI TPYHTA M TPOIIMHKHU. XapaKTepHble IS JaHAAPTOB, HACEIEHHBIX
cypkamu (Banrmcosa, 2015), oHH, KOHEYHO, XapaKTEPHBI U IS TIOCEIEHUI rHMaaiickoro

cypka (puc. 3a).
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JInuHa OTAENBHBIX XO0B B HOpax I'MMajaiCKoro cypka cocramBisgeT 7-12 M, a ux
obmast nporsbkeHHOCTh gocturaer 10-30 M. B HOpax HeT crenuaibHO YCTPOEHHBIX
yOOpHBIX U KJIaq0BoW. B KauecTBe YOOPHBIX CypKH HCIIOJB3YIOT TYyNHUKOBbIE X0zbl (Ban
Wxunisions, 1992; Xan UyHncroans, 2005; Lzsan Ykuton, JIu [[3unuxyH, 2009).

['myOuHa Menkux JIeTHUX HOp He mpeBbimaet 1-2 m (Xan Uyncroansp, 2005; L3sH
WxutoH, Jlu [3uawkynH, 2009). Xan Yyncroans (2005) Ha3pBaeT WX “BPeMEHHBIMHU
Hopamu”. OHM pacnonararoTcs MoJ YyTONTAHHOM IUIOIIAIKON OKOJIO MOCTOSIHHBIX HOP
1 OTKPBIBAIOTCS OJHUM-ABYMS OTBepCTHsIMU. Kak mpaBuiio, JIETHHE HOPHI UMEIOT OfIHY
HeOOoJbIIYI0 Kamepy, 1-2 BXoJa M JIETKO y3HAIOTCS 110 HEOONBIIOTO pa3Mepa CypuHHE.
[NoxcTrika B IETHUX KaMepax COCTOMT M3 CBEXKMX PacTeHHH. BpeMeHHbIE HOPBI MOTYT
OBITH NEPECTPOCHBI B JIETHIOIO BBIBOAKOBYIO HOPY. OCEHBIO CYpKH OCTaBISIIOT €€, WIH
MpeBpaInaioT B 3uMOoBOUHY0 HOpY (LI3sH Wkuton, JIu [[3uawkyH, 2009).

B 2014 r. na CeBepo-3amnanHom miaro B npoBuHimu [{unxaii (Qinghai) Ham ynanock
caenars (ororpaduio OOHaKEHHST HOPBI, 0OPa30BAaHHOIO OOpPYIICHHEM CKJIOHA (pHC.
5). Ha ¢ororpaduu BuAHO, 4TO HOpA cTapas, BRIPHITA B MOIIHOM, HE MEeHee 4 M, TOJIIIE
MEJKO3eMa, XOJIbl PACIIOIOKEHBI Ha OTHOM ypOBHE, Ha TTyOnHE 1-2 M OT MOBEPXHOCTH.
Cyns 1o cieaM MHOTOYHCIICHHBIX MPOOOK, HUXKE PACIIONIOKEH €Ille OJIMH SIPYC XOJIOB.
Ha 3T0 e yka3bIBa€T W OTKPBITHIA OOpYIICHHEM XOJ, YXOASUIMH B TIYOMHY HOPBI
noz GonbimM yrmoM. CyJisi 0 CBEXKECTH CJICH0B, 9Ta IMOCTOSIHHASI THE30Basi HOpa 110
HACTOSIIIIEr0 BPEMEHHU HCIIOJB3YETCsl CypKaMu KakK BBIBOJKOBAsl, MM KaK 3MMOBOYHASL.
Cyns mo ¢ororpaduu (puc. 5), oCHOBHYyIO Tonmry oOHaxxeHHsi oOpasyer sécc. JI€cc
OOBIYCH B paifoHe HalMx HaOMomeHui Ha 3amagHoi nepudepun Jlanswkoyckoi (Lan-
zhou) BIaguHbI U Jajiee Ha BOCTOK, Tie poctupaercs JI€éccoroe mraro (ITaBnuuos, 1959,
c. 56).

OnHUM W3 XapaKTEepHBIX CBOMCTB JIECCOBBIX TPYHTOB SIBIISIETCS HMX CKJIOHHOCTB
K eepmukanrbHomy otcinamanuto (Kpurep, 1965, c. 95). Craemsl BepTHKaIbHOTO
OTCIIaBaHKsI XOPOLIO BU/IHBI Ha Haiel (hortorpaduu — o BCei MoBEpXHOCTH OOHAKEHHS,
3a UCKIIIOYEHUEM BEPXHEro, I'yMyCOBOIO TOPH30HTA, CINIAXKEHHBIE TIOBEPXHOCTH I'PYHTa
YKa3bIBAIOT Ha IPAHHMILY pa3jielia BEPTUKAIBHBIX CJIOEB, IO KOTOPBIM MPOLLIO 00pYIIEHHE
CKJIOHA. VIMEHHO BepTHKaIbHOE OTCIanBaHKe NPUIAET XapaKTepHbIH 0OINK anamadTy
B MecTax pacrpocTtpaHeHus jéccoBbix rpyHToB (ITaBamuos, 1959; Kprorep, 1965).
BepruxanbHoe orciianBaHue Jiécca pecTaBIsieT CO00i MOCTOSHHYIO YIpo3y pa3pylieHHs
HOp CYPKOB, OIPaHUYMBast, TEM CaAMbIM, X PACIPOCTPaHEHHE.

Panee (Huxombckuit u np., 2014) bl mokasamm, 49ro B Kwurae MOIIHOH,
HENpPEeOoJIONUMON TpPEerpagoi, oTAeNsromei apeansl KpacHoro (M. caudata), ceporo
(M. baibacina) n mouTONBCKOTO (M. sibirica) cypkoB OT apeaja THMajaliCKOro Cypka
SIBJISIIOTCSL PaBHUHHBIC TycThIHM LleHTpanbsHOi A3un. OOHapyKeHHOe HaMH OOpyIICHUE
HOPBI TUMAJIAiCKOTO CypKa Ha CEBEPO-BOCTOYHON OKpPaHE ero apealia IoJCKa3bIBaCeT, YTO
ero paclpoCTPaHCHUIO Ha BOCTOK IMPEIATCTBYIOT CBOMCTBA IPYHTA: JIECCOBBIC TPYHTBI,
00JafaroIe CKIOHHOCTBIO K BEPTUKAJIBHOMY OTCIIaMBAaHMIO, CO3MAIOT HOCTOSHHYIO
yIpo3y paspyLICHUIO HOP CYypPKOB.

'mmanaiickie Cypku, post HOpbl Ha CKJIOHaxX rop, B JIOJMHAX M MO Oeperam pek,
u3oerator rpyHTOBBIX BoA (L[3sH Wkuton, Jlu 1[3unwkyn, 2009). Kak npaBuio, HOps
pacrosiaratoTcsi Ha XOpOIIO IMPOTrpeBaeMbIX CKIIOHAX, TJIe TOCIE CHEronaaa CHET JISKUT
HEIoJIro, a Mecta oburanus 6osee cyxue (Ban Yxuizions, 1992).
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3UMHIOIO CIAYKY CYpKH IIPOBOJST B YCIOBUSAX OTHOCHUTENIBHO YCTOMYMBOIO
MmukpokiauMata. Kax cunraer Ban Yxunsions (1992), ycToiiunBoCTh MUKpOKINMATA B
HOpPax CypKOB 3aBUCHUT OT MHOTHX (DaKTOPOB, TAKMX KaK AMAMETp U JUIMHA XOJI0B, INTyOHHa
3aJIeraHys U CBOMCTBA IPyHTA.

Ms! 106aBUM OT ce0sl, YTO THE3/I0BBIE KaMephl, 0COOCHHO 3MMOBOYHBIE, HAXOIATCS
Ha DIyOMHE TEPMOHEWTPAIBHOTO CIIOS, B KOTOPHIM HE NPOHMKAIOT, MJIM IOYTH HE
MIPOHUKAIOT KOJIeOaHUs TeMIIepaTyphl Ipru3eMHoi atMocdeps! (Hukonbckuit, XyTopckoii,
2001; Huxonbckwii u ap., 2005). bonpimas miyOnHA HOp TMMAaJaiiCKOTO CypKa BITOIHE
COOTBETCTBYET JTOMY Ba)KHEHIIEMY YCIOBUIO TEMIIEPATYPHOTO pEeXHMMa HOP. 3UMHSA
CIIsTYKa YePHOIIANOYHOTO cypka (M. camtschatica) B CeepnoM BepxosiHbe (KanmutoHos,
1978, cM. HWXKE) - peNKHd TpPUMEp YHUKAIFHOW CIIENHANIN3AlUN K OOWUTaHHIO 32
npenesamMu TEPMOHEHTpaabHOro ciios. B 3TOM peruoHe TepMOHEWUTpasbHBIN CioH
HaXOIUTCS B BEYHOMEP3JIOM I'PYHTE,

YCTORYHMBBIA MUKPOKIMMAT HOP TUMAIAWCKOTO CypKa, XapaKTepu3yeTcs CTaOHUIbHO
BBICOKOI OTHOCHTEJIBHOM BIIAYKHOCTHIO BO3/TyXa M OTHOCUTEIBHO HU3KOH, HO CTA0MIIBHON
temnieparypoit (Ban Wkuizions, 1992). Kpymisiii rog Temmneparypa B Hopax Bbiiie 0°C,
HO peako npesbimaet 10°C. O0pI9HO TemmepaTypa konebnercs B quanasone ot 1°C a0
7°C, a Bnaxxnocts npubmmxaercs K 100% (I3sa Yxuron, JIn LzuawxyH, 2009).

[To nabmonenusm Ban Illyuyns (1988), ecnmu B HeXHJIOH 3UMHEH TrHE310BOM
KaMmepe OTHOCHUTEJNbHAsl BIaKHOCTh Bozmyxa gocturaer 100%, To B xuioil kamepe —
BIQXKHOCTh HIKE, cocTaBiisia 85%-90%. AMIUIUTYIa CpeTHEMECIYHON TeMIlepaTyphl B
3UMHEH rHe310Boi kamepe Menbie 1°C. JletoM cpenHsis Temmeparypa B 6osiee y0oKux
3UMOBOYHBIX HOpax cocTraBisgeT npumepHo 7°C, a B neTHUX Hopax — 9.3°C. YBenuueHue
YHCIIa CYpKOB B JKHIIBIX HOPaxX Ha OJHY OCOOb MOBBIIIAET TEMIIEPATypy BO3/yXa B HOpE
npumMepHo Ha 1°C.

[Momo0OHO ruManaiickoMy CYpKYy, Y Pa3HbIX BHJOB CYPKOB CYIIECTBYIOT YCTOWYHBBIC
amanTanuy K n3beraHmio mepsioro rpyHta (bemoexer, 2015). DTu aganTamuyu MOTyT
OBITh Pa3/INYHbBI, B 3aBUCHMOCTH OT I'€HE3KCa, MOLIIHOCTH U INTyOHHBI 3aJI€TaHHSI MEP3JIOTHI.

Tak, y KpacHOTro Cypka 3UMHHE KaMepbl HAXOISTCS HUKE MAaKCHUMAaJIbHOM TIIyOHHBI
CE30HHOTI'0 IIPOMEP3aHHMsI MTOYBBI. B anaiickoil momyJsiiuy noysa npomMep3aet 10 TIIyOHHbI
2.5 M, a 3UMHHME KaMepbl pacronaraiorcs Ha rmyouHe no 3.6 M. ABtopsl (Kusmios,
Bepennses, 1978) mpuBoasAT aHANOTUYHbIE IPUMEPHI U TSI IPYTUX MOMYJIALUN KPAaCHOTO
Cypka, I[e INpoMep3aHHe TIPyHTa Ha MEHBIIYI0 DIyOMHY CONPOBOXKIAETCS MEHee
TTyOOKHM PacIioioKeHHEM 3UMOBOUYHBIX Kamep. B naHHOM citydae peub HAET 0 Ce30HHOM
IpOMEp3aHUH IPYHTA.

Wnyro crpareruto wn30eraHvst Mep3JjOoThl NPHUMEHSIOT YEepHOIIAIIOYHBIE CYPKH
B Xapaynaxckux ropax (oxkoso 70° c.m) B ycree peku Jlensl. Ecnu rumanaiicknit u
KpacHBI CYpKHM POIOT TIIyOOKHE HOpBI HM)KE MEP3JIOro IpyHTa, TO YEepHOIIAIIOYHBIH
CYpOK pacrojaraeT MeJIKHe 3UMOBOYHBIE HOpBI HaJ BedyHOU Mep3noroil. B CesepHoMm
BepxosiHbe, MOLITHOCTS €105 MEIIKO3€Ma HaJl THE310BOM KaMepOii CypKOB COCTABIISIET BCETO
0.25-0.61 M (B cpennem 0.47 M), a Temreparypa rpyHTa Ha 3TOW IIIyOMHE ITOHM)KAETCS
1o -14°C, -16°C n naxe no -22 °C. B xpebre Xapaynmax Toua MHOTOJIETHEMEP3IIbIX
nopox gocturaet 450-600 M, a NryOMHA CE30HHOTO NPOTaNBaHMs, C KOHIIA Masi — Havaja
HIOHS U JI0 CEPEIUHBI CEHTSOps, cocramiseT Bcero Jmmb 0.3-1.4 m (Kopeiimra, 1989).
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UepHo1Iano4uHbIi CypOK yTEIIsIET 3MMOBOUYHYIO KAMEPY MOIIHOM I'HE3/J0BOM MOJICTUIIKOM,
BEC KOTOpOi jocturaer 9-12 kr, nmpuckinas HOpy ¢ rnoBepxHocTH IiedHem (KamuroHos,
1978). 'mmanaiickuii cypok, o HaOmonenusm Ban Wkuiztons (1992), nenaer Ha 3umy
HeOOoJIbIIHe, OKOJIO 6 KT, 3ar1achl “‘ceHa’, 4acTh KOTOPOT'o K BECHE IPEBPAILACTCS B TPYXY,
a 4yacTh ChEJaeTCs CypKaMu.

[TpuBeneHHbIE BBINIE MPUMEPH MO3BOJSIIOT BBIACIUTH 3 pa3liMuHbIC CTPATETHH
n30eraHusi cypkaMyd Meps3jioro rpyHTa. ['MManaickuii CypoK pacroiiaraeT 3MMOBOYHBIE
KaMepbl IOJ CJIOeM CE30HHOW MM BEYHOW Mep3ioThl. KpacHbIii Cypok pacmonaraer
3MMOBOYHBIE KaMephl IO/l CE30HHOH Mep3ioToi. UepHOIIAmoYHbIH CYypoK COOpY)KaeT
HenTyOOKHE 3MMHHME HOPBI HaJl MHOTOMETPOBOI TOJILEH BEYHOMEP3IBIX MOPOJ, 3UMYs
B CE30HHO MEp3JIOM TpyHTE B YTEIIEHHOH Kamepe. He MCKIIIOUEHO, YTO MOHIOJILCKHNA
CYpOK, uiu Tapoaran (M. sibirica), Tak ke IPOBOJUT 3UMHIOIO CIISTYKY B MEP3JIOM I'PYHTE
(Cynnos, CyHnuosa, 2006). YcroiiunBble pa3HOOOpa3HbIE aJalTalluk CyPKOB K H30€TaHHI0
MEp3JI0THl KOCBEHHO YKa3bIBAalOT Ha JIABHIOIO CBS3b IPEIKOB COBPEMEHHBIX CYPKOB C
nmaHgmadTamMy, Ut KOTOPBIX ObUT XapaKTepeH MOLIHBIN CJIOH MEeJKO3eMa, OCIOKHEHHBIH
BEYHOW MJIM CE30HHON MEp3JI0TOM.

IMuranue. [luraercs rumanalickuii Cypok B OCHOBHOM BETe€TaTUBHBIMU YaCTSMHU
TPaBSHUCTBIX PACTEHUH, HO TaKXKe IOeJaeT KOPHH M CeMeHa. B ero paunmoH BXOAAT B
OCHOBHOM 3JIaKH ¥ OCOKOBBIE, Jlajiee UayT 0000BBIe, rpednIHbie U po3orBeTHbie (Hoff-
mann et al., 2010). Boay cypku He IbIOT, HO B Hadaje JHS MOCAAI0T TPaBy C YTPEHHEH
pocoii (Xan YyHcroans, 2005). Kak u apyrue Buasl cypkoB (buoukos, 1967; JlaBbiioB,
1974; Toxapckuii, 1997; Pouxun, CaBuenko, 2000), THMaIaiicKuii CypoK KOPMHUTCSI Ha
macTOMImax, I7e BBIIACAEMBIH CKOT IONICP)KUBACT KOPMOBBIE PACTEHHUS B COCTOSHHUH
Bereranuy. BOnm3u genoBeka CypKH 4acTo MacyTcs Ha MOCEBaX CEIbCKOXO3SHCTBEHHBIX
kyneTyp (Ban Coei60, Su 'anton, 1983).

CocTaB KOPMOB Yy THUMANaiiCKOro Cypka 3aBUCHT OT CE30HHOH M JIOKAJbHOI
JOCTYITHOCTH MHIIK. PaHHEH BeCHOM, BO BPEMsI BBIXO/IA U3 CIISTYKH, CYPKHU MOYTH HE CJIST,
pacxomysi OCTaTKH HAKOIUICHHOTO C OCEHH JKHpa. B 9TO BpeMsi OHU MUTAKOTCS, TIIABHBIM
o0pa3om, ocokoit u nymmieit (Eriophorum). B sxenyaxe CypKOB HaXO/IMIIU TaK)KE KOBBLIb
NypIypHbIi  (Stipa purpurea), TSATHIMCTHUK KyCTapHUKOBBIH (Potentilla fruticose),
Jamyarky kuranckyrwo (Potentilla chinensis), ropen ronoBuareiii (Polygonum capitatum)
(Xan Yyncroans, 2005).

Jletom cypku enaT odeHb MHOTO. Bec mx skeyaka mociie mpueMa UMK J0CTUTAeT
500 ©. A B ycIOBHSAX KJIETOYHOTO CONCPKAHUS PACXOI CBEXKEH TpaBbI Ha ONHY TOJOBY
noxommi 1o 1500 r B cytku (Xan UyHcroans, 2005).

KopmsTes cypku B mpenenax CeMEWHOTO ydacTKa, He yXOHIs OT HOPHI Jajee ueM
Ha 350 M. HempepriBHOE mHUTaHHE HA MOBEPXHOCTH JUIUTCSA A0 2 4. Paanyc HazeMHOU
AKTUBHOCTH MEHsETCs 1o ce30HaM. Camblil O0BIIOI — B HIONIE — aBI'yCTe, HAUMEHBIINN
— B cenrsiope (Ban Cei0o, Su Tanron, 1983; 1[3sta Wkuton, Jlu 1[3unwkyH, 2009).
B3pociibie cypku yaassiioTcesi OT HOpbI Ha OOJiblliee PacCTOsIHUE, YEM MOJIOJIbIC, & CaMIIbl —
Ha Oonpiiee, yeM camku (L[3au Wxnton, JIn [3unwkys, 2009).

Pa3MHO)KeHI/le. HOJ’IOBOI\/‘I 3pCJIOCTHU CYPKH JOCTHUIalOT Ha TPEThE JIETO, B BO3PACTE
ABYX JICT, HO BCTYIIAKOT B PA3MHOXXCHUEC TOJILKO B TPECXJICTHEM BO3PACTE (XaH quCIOﬁHI),
2005).
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B Iunxaii-TuGeTckom Haropbe CypKH MpoOyKIar0TCsi OT 3UMHEH CIISTYKU B CEpeIMHe
ampesis 1 BCKOpe HaunHaroT crapuBathes (Ban Wxuisions, 1992). bepemennoctu niaurces
30-35 gueii. Poapl mpoxonsT B cepenuue Masi. KopmieHne MOIoKoM MaTepu POI0JIKAETCS
OKOJIO TISITH HeJeib. UKCII0 yYacTBYIONIMX B Pa3MHOXKCHHUU caMOK Oyn3ko K 50% oT ux
o01eil yncneHHocTH B momyssinui. CpeaHsisi BeIMYMHA BBIBOJKA 4-0 JeTeHbIlIed Ha
OJHy caMKy. Mosofple MOSBISIOTCA Ha MOBEPXHOCTH HOPHI CITYCTS TPU HEAEIH IOCIHe
POXIeHUs, KaK IPAaBUIIO, BO BTOPOH JIeKajie HIOHS.

PurMmbl akTHBHOCTH. 3UMHSS cnsiuka. YToObl n30ekarhb IMMOBTOPOB, MbI COYJIN
].[eJ'IeCOO6paBHBIM 06’B€I[I/IHI/ITL OIMMCaHUueC PpUTMOB AKTHBHOCTHU THMaJIaliCKUX CYPKOB C
0COOEHHOCTSIMHU UX 3UMHEH CIISTYKU (Haqano, OKOHYaHMHE, HpOZ[OJ'DKI/ITCJ'IBHOCTB).

HawuGonbiias Ha3eMHasi aKTHBHOCTh MMMAJIAHCKUX CYPKOB HAOJIONAETCsl B TEUCHHE
3-X mepBbIX YaCOB MOCJIE BOCXO/A CONHIIA U 3a 4 yaca Jio 3axoza. Ha akTHBHOCTB CypKOB
BIIMSIIOT TIOTOJIHBIE YCIIOBHsl. BO BpeMsi CHIIBHBIX JOXKACH, B XOJIOJHYIO M BETPEHYIO
0TO/Ty, 0COOCHHO CO CHErOM, UX aKTHBHOCTH COKPAIIAETCs, U OHU B TEUEHHE BCErO JIHS
MOTYT HE BBIXOIUTh Ha MoBepXHOCTH (L[3stH Wknron, JIu [[3uawkyH, 2009).

[Ipu moAroTOBKE K CIISTYKE, B TIEPBOW — BTOPOIL JIeKaie CEHTAOPs, Y CYPKOB BO3pacTaeT
4acToTa MpeObIBaHMs Ha MOBEPXHOCTH. OHU BBITAIKHBAIOT U3 HOP CTAPYIO MOJICTHIIKY H
KaMHHU, IPUHOCSIT B HOPY TPaBy, MPUICPKUBas e€ 3y0amu, 3a0UBaIOT BXOJIbI, TIOCTEIICHHO
OCTaBJIsisl TOJBKO OUH U3 HUX. Ho yxe ¢ TpeThel eKaibl CEHTIOPS U 710 Havajia OKTIOps
oOuTaTeNIl HOPBI BCE PEKE TIOSBIISIFOTCS Ha MOBEPXHOCTH. B 3TO BpeMsi OHU HE KOPMSITCS
1 OCBOOOXKIAIOT KUILIEYHHK, BBIXO/s M3 HOP B 11-15 4, uToOBI Orpersest Ha conHie. B
TpeThel JieKane OKTSOPs CypKH, BBITAJIKUBAs TPYHT M3HYTPU HOPBI, 3a0MBAIOT MPOOKOI
mocyieHui Bxon. Ha Bpemst J10yroil 3UMHEH CISIYKA CeMbU COOMPAIOTCS B THE3JI0BOM
KaMepe 3MMOBOYHBIX HOP, [JIC OHHU JICJIAar0T HeOOJbIIUE 3arnachkl kopma. OOBIYHO B IICHTPE
THE3/I0BOM KaMephI JICXKUT KOIHA, a PSJIOM C HEW KPOILIEHOE CEHO, B KOTOPOM CYPKH CIIAT.
B Havasie BbIX0o/1a U3 CIISTYKH CYPKH MIOSIAI0T OCTAaBIIeeCs B THE3I0BOM Kamepe ceHo (Ban
Wkui3oHb, 1992).

B HOpe 00BIHO 3uMyeT OmHa ceMbsi. Ho M3BECTHBI ciy4aw, KOTJa B OTHOW HOpE
3MMOBAJI HECKOJBKO ceMel. BoibHbIE 0CO0M 3MMYIOT OTAETHHO OT OCTAIBHBIX (XaH
Uyncroanp, 2005). Bo Bpems CIITYKH B3pOCIIbIC KUBOTHBIE JIS)KAaT B THE3TOBOW Kamepe
TUTAIMS, a MEXy HAMH YKJIaJIbIBatoTCsl cypuaTta. Ecim HeT cypdar, B3pOCIbIe JIEXKAT,
IUIOTHO CBEPHYBIINCH, HX MopAa oOpamieHa K xBocTy (Xan UyHcroans, 2005). [o3a,
XapakTepHasi BEPOSATHO, JUIS BCEX BUJIOB CypKOB BO Bpems cristaku (bubukos, 1967).

[TpoOy:xaaroTcst ruManaiickue Cypku, KOrja TeMIepaTrypa Bo3/yXa yCTaHaBIHBaCTCs
Boilie 5°C. BbIXoj Ha MOBEPXHOCTh HAUMHAETCS 3a J[BE HEJENHU O TOSBICHUS 3€JICHU
(Ysup XyHI13HB, 2005).

Ce30HHas aKTUBHOCTB B OOJIBIION Mepe CBsi3aHa C Pa3IMYMsIMHU B CE30HHBIX PUTMaX
B Pa3HBIX reorpaMuecKkux NOMy/sinusx. Hanpumep, Ha CEBEepHOM CKJIOHE T'OPHOTO
MaccuBa KyHbIIyHb Ha 3MMHHX TAacTOMINAX BBIXOJ M3 CISIYKM HAaYWHAETCS y CYpKOB B
KOHIIE MapTa, a Ha JICTHUX MacTOMIaxX — B KOHIIE arpess. 3ajleranue B CIITYKy Ha 3MMHHUX
racTOMIIAX HaYMHACTCS B KOHIE OKTSOpS, a Ha JISTHUX NAacTOMIAX — B KOHIE CEHTIOpPA
(Ban Cw160, 51 I'anton, 1983).

B Ilunxaii-TubeTckoM Haropbe B pa3HBIX TeorpapuuecKuX TOMYISAIISIX CPOKH
MpOoOYKACHUS U 3aJIETaHUS CYPKOB B CIITUKY pa3nuyarorcs Ha 15 nueit (UsHbp XyHI3SHB,
2005).
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[To nabmonennssim Xan Yyncroans (2005), 3anerarth B CHISAYKY CYpPKH HaYMHAIOT
TIOCJIe MOSABJICHHUS MEPBOM KEITU3HBI Ha pacTeHUAX. B 3To Bpems Temmeparypa Bo3ayxa
npubmmxkaercs k 0°C. B ceHTssOpe OHM 3aBeplIalOT HAKOIUICHHE 3allacoB JKHpa, Bec
kotoporo gocturaer 2.5 kr. [ToaroroBka k cristuke (PeMOHT yOEKHIL, CMEHA MOACTHIIKH)
Ha4YMHAETCSl BO BTOPOM JIeKasle CEHTSOps, a 3ajeraHue B CIISTYKY — B TpeTbeil JeKaie
OKTsIOpst. BHyTpeHHHME BXOJHBIE OTBEPCTHsSI CypKH 3a0HMBAIOT NPOOKOW W3 3eMIIM U
SKCKPEMEHTOB. B KOHIle Mast — B HayaJle HIOHS HaUMHAETCs pacCceeHUe Mepe3snMOBaBIINX
3Bepeit (Taom. 2).

Panee CynmoB u Cynmosa (2006, c. 122) coobmanmu: “B omimume ot npouux
(xypcuB Ham — A.H., B.Y4.) BUIOB, MOHTOJIBCKHI CYPOK YCTPAaUBACT 3UMOBOYHBIC TIPOOKH
13 CHENNaJIbHO MOATOTOBJIEHHON CMecH INeOHS M KaJIOBBIX MAacC, HAaKallLIMBaeMbIX B
OTHOpPKax-yOOpHBIX”. DTO omMOOuUHBIN akieHT. He Tombko TapbaraH u ero cocex mno
apeairy, TUMaJIalCKUI CYpOK HCIIOIB3YIOT ISl TIPUTOTOBJICHUSI MPOOKH AKCKPEMEHTEI,
HO ¥ Apyrue (He Bce) BUIBI cypkoB. Hampumep, cremHoii cypok (M. bobak) ucrionp3yeT
AKCKPEMEHTHI [T TpurotoBieHus npoOku (Mamkus, 1997), a cepsiit (M. baibacina)
(bubuxos, 1967) u kpacusrii (Kuzuios, Cemenosa, 1967) cypku He UCIIONB3YIOT. ABTOPHI
(Cynnos, Cynnosa, 2006), onupasch, B TOM 4YHCIIE, Ha 3Ty OCOOEHHOCTH OHOJIOTHH
TapbaraHa OTBOIST €My HCKJIIOUYUTEIBbHYIO POJIb B IPOUCXOXKACHUH MPUPOIHOTO OYara
yymbl B LleHTpansHoii A3un. He umckioueHo, 4to co BpeMeHEM MecTO TapOaraHa B
KOHIICTIIINY TIPOUCXOXKICHHS YyMBbI 3aliMEeT TMMallaiiCKuii CypoK.

CornacHo HaOmopenusM Ban Wxkunzions (1992), y B3poCHbIX CypKOB Iepen
3aJIETaHNEM B CIITUKY Bec Tela gocturaet 10 K, a B KOHIIE CIISTYKH HE TIPeBBIIaeT 3-4 K.
B niepros1 3uMHei#t CISIYKK YyacToTa CepACUHBIX PUTMOB cocTaBiseT 20 yrapos, a 4actora
JIbIXaTeNIbHBIX PUTMOB — 14 B MuHyTy. Ho 4epe3 20 MUHYT 1OCIie U3BIICUCHHUS] CYPKOB U3
THE3ZIOBBIX HOP 9acTOTa CEPJCUYHBIX PUTMOB TIOBBIIIIAETCS 10 62 yapoB, a abixanue 22-28
LUKJIOB B MHHYTY. ECiin BO Bpemsl CIIsSTYKH JOCTaTh CYyPKOB U3 3MIMOBOYHBIX HOP, TO CITYCTsI
S MHHYT OHM HAQYMHAIOT IIPOCKINATHCS, @ Yepe3 25 MUHYT MpoOYK/Iat0TCsl TOJTHOCTHIO.

Jlunbka. JIMHAIOT TUMasnaiickue CypKkd OIMH pa3 B roay. JIMHbka HauMHAeTCs B
koHiie Masi. [Tocre BbIx0/1a U3 CISTYKY KOHYMKU BOJIOC U3HAIIMBAIOTCS, CTAPBIA BOJOCSHON
ITOKPOB TYCKHEET U IPUOOpETacT cepoBarhiii OTTeHOK. OTHaleHHE BOJIOC HAYNHACTCS CO
CIIMHBI M MIPOJIBUTACTCS K OOKaM M OT'y3KY, IIOCJICI0BATEIBbHO OXBAThIBAs TOJIOBY, XBOCT U
KOHeYyHOCTH. B Hayasne TMHbKY BOJIOCSIHON MOKPOB IMOCTENEHHO PENIEET, a B KOHIIE UIOHS
BOJIOCHI B Macce BhINaatoT. OJHOBPEMEHHO C BBINAJEHUEM CTapbIX BOJIOC OTPACTAOT
HOBBIE. 3aKaHYMBAETCs JIMHbKAa B MEPBOM Aekane aBrycta. HoBblii BOJNOCSHON MOKpPOB,
prOOpeTast CBeXKHUIA B, CTAHOBUTCS IIAJKUM, B pa3HbIe Ce30HBI ro/la MEX THMaTalCKUX
CYpKOB UMEET pa3Hble OTTEHKU. BecHON Mex cBeTiiee, C KEJITU3HOM, a OCEHBI0 TEMHEET,
npuodperas cuHeBarblii orTeHok (Xan Uyncroans, 2005).

3akmaiouenne. Kuraii Hacemsior 4 Buma cypkoB. Kpome rumamaiickoro cypka,
9TO KPacHBIA CYpOK, Cepblii U TapbaraH. Bce oHH, B OTIHYHE OT TUMAaJIAiiCKOTO CypKa,
MIPECTaBICHBI KpaeBBIMU monyIisisivu (Hukomsckuit u ap., 2014).

Kpacublif cypok HacenseT 3amajgHble paiioHBI NPOBHMHIMK CHHBISH B ye3dax
Vnyruar, Akt, Tamkyprad. 3nech OH 00MTaeT Ha IOKHBIX OTporax Bocrounoro TsHb-
[lans, Ha xpedrax Kapakopym, B ceBepo-3anaanoM KyHbiiyHe u B Haropbsix Bocrounoro
[Mamupa (Bau Cei00, 51 'anron, 1983).
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Ceppslii cypok B mpenenax Kuras mpoHUKaeT B ceBepo-3ananyto 4acth CHHBIBSIH-
Yiirypckoro aBTOHOMHOro paiioHa. Ero apean cOCTOMT U3 TpeX HE CBSI3AHHBIX MEXKIY
coboit yacreit. Onu pacrnionaratorcs B Boctounom Tsiup-1llane, JxyHrapckux ropax
(3amagHbie ropel JKyHrapckoit BriainHel) U B oTporax Mouroibsckoro Ainras (Ban Cei0o,
SIu Tanton, 1983; Ma On u ap., 1987).

Tapbaran pacnpoCTpaHEH B CyXHX CTEISIX CEBEPO-BOCTOYHBIX U LEHTPAIbHBIX
yacreid Baytpenneit Monronuu ([Ipx FOudaH, 1986).

OCHOBHBIMU  JIMMUTHPYIOIIUMH  (haKTOpaMy  PaclpoOCTPaHEHHss BCEX BHJIOB
CYPKOB SIBJISIETCSI HAJM4YME MOIIHOTO CJIOS MEJKO3eMa, HeOOXOAMMOro JJisi YCTpOUCTBa
rmy6okux Hop (KobmoB, 1941), u oOmupHBIE OTKPBITBIE MPOCTPAHCTBA, MOKPHITHIC
TPaBSHHUCTON PACTUTENBLHOCTBIO. DTO MOTYT OBITH JIYrO-CTEIH, CTENH, CyXHe CTEeNu U
JIaKe MOy YCThIHM, MO3aMKa KOTOPBIX IIMPOKO MPEJICTaBlIeHa B TOPHBIX cucTemax Kuras
(FOcoB, 1958). T'opsl, ¢ MOBCEMECTHBIM Pa3BUTHEM aKKyMY/ISITHBHO-3PO3HOHHBIX (OpM
penbeda, MpeoCTaBISIFOT CypKaM HJleallbHbIC YCIOBUS JIJIsl YCTPOMCTBA HOP B HIMPOKOM
nuana3one BoicoT (Hukonbekuii, Yimak, 2006).

Vcnonb3yst 3HaHMS, HAKOIIJICHHBIE B KUTAHCKOM JTUTEpaType, Mbl IPEATIOKUIN CXEMY
BBICOTHOT'O PaclpoCTpaHeHus CypkoB Ha Tepputopun Kutas (puc. 6) (Ban Uu, 2016).

CormacHo HaOmoneHusM crieranuctoB (Uhxkao Wikynmmu, 1982; Ban Cribo, Su
Tanton, 1983; Jpa FOuaH, 1986; Ma tOH u ap., 1987; Ban Wkunztons, 1992; Jlait
Tumoii u np., 2008; Hoffmann et al., 2010), onTiMyMBbl 0OUTaHUS CypKOB, HACEISFOIINX
Tepputoputo Kurasi, pacnonokeHbl B pPa3HbIX BBICOTHBIX JMAaNa3zoHaX: I'MMaJlalCKUN
cypok — 3800-5200 m Hag yp. M.; KpacHBIN cypok — 3500-4500 M Hax yp. M.; Cepblii Cypok
B — 1500-3000 M Hazg yp. M. u Tapbaras — 800-1100 M Hax yp. M. HEBO3MOXKHO BBIICTUTH
OOTIIyIO AJIsl BCEX BUIOB MPEAIOYNTACMYIO BEICOTY BEPTHKAIBHOTO PACIIPOCTPAHEHHS, UTO
CBSI3aHO KaK C UCTOPUICCKUMHU IPUIHHAME (POPMUPOBAHHS apeajia KaKI0TO U3 YeThIpeX
BHJIOB, TaK ¥ CO CIICIII(HKON B3aUMOICHCTBHS IKOJIOTHUECKUX (hakTopoB. [Ipexne Beero,
TaKAX KaK, BBICOTA HAJ YPOBHEM MOpS W Treorpaduyeckas IUPOTa, B3aUMOACHCTBHUEC
KOTOPBIX (DOPMHPYET BHICOTHYIO IMOSCHOCTH, W KCIIO3HINS CKIIOHOB, UCIBITHIBAIOIINX
BIIMSTHHAE BO3AYITHOTO MTEPEHOCA TETIa B BIarH.

I'mmanaiickuii Cypok, Hacessisi BbICOYAMIIME IOpbl IIJIAHEThl, CMOI IPOHUKHYThb
Jlanexo Ha 1or (mo4TH 70 27° c.11.) 6maronapsi BBICOKOMY TIOJI0KEHHUIO CHETOBOM JIMHUH,
a ero oburanue B Tubere cTaso BOBMOXKHBIM B 3HAYMTENILHOM CTENEHU M3-32 TOTO, 4TO
9Ta, BBICOKO IOAHATAs FOPHAsI CTPaHa, HAXOAUTCs B JOXkAeBOU TeHU ['mmanaes. ['umanau,
npoTAHyBIIUCH 601ee ueM Ha 1000 km, 3amuiaroT THOET 0T MOIITHOTO MPOAOIKUTEIBHOTO
MYCCOHa, puxoasdmiero jertom ¢ Muaniickoro okeana (FOcos, 1958).

HOﬂBOﬂﬂ O6IIIPII7[ HUTOI, Mbl MOKEM BbIJCIUTH CJICAYIOLINC CHCIII/I(l)I/ILICCKI/Ie JJIsA
rUMaiaicKoro CypKa O0COOEHHOCTH €r0 DKOJIOTHH U 06pa3a JKHU3HU:

1. HOxHBIe Tpenesl pacpoCTpaHEHHUs] THMATAHCKOTO CypKa SBIAIOTCS FOKHOMH
TpaHUIeH pacrpocTpaneHus poga Marmota. Jlocturas modtu 27° c.ml., BUA U3
[ManeapkTuku nmpoHukaeT B MIHI0-Manaiickyro 0061acTs.

2. T'mmanaiickuii cypok siBisieTCs: HanOoJiee BHICOKOTOPHBIM BUJIOM CPE/IU CYPKOB
MHUpOBO# (ayHbl. Ero moceneHust ocTUraroT CHEroBoi jauHuM Beie 5500 M
HaJa yp. M.
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3. Tumanaiickuii CypoK 3aHUMaeT caMbli LIUPOKUN JUAMa30H BBICOTHOTO
pacnpocTpaHeHus cpeu CypkoB MupoBoil (ayrsr — ot 1800 1o 5670 M Hax yp.
M.

4. TnyOuHa, ycTpOWCTBO M C€30HHAS TMHAMHKA HCII0JIb30BAHHS HOP THMAJIACKUMHU
CypKaMH CBSI3aHBI C paclpOCTPAHECHHEM BEYHOW M CE30HHOM MEp3JIOTHI B
npenenax [uaxaii-TubeTcKoro Harophs.

baarogaproctu. Mp1 OnarogapuM Hamux kutaiickux kosuter Cy lI3sHbIUH U
Wxan Tynm3o, corpyaaukos MucTuTyTa 6nomorun CeBepo-3ananHoro miaro Kuraickoit
Axanemnn Hayk (r. CHHUH), 32 COJCHCTBHE B OpraHM3ALMH IIOJIEBBIX HAOIIONEHUHA B
[uuxait-TubeTckoM Harophe U 3a MOMOIIb B MOJ00PE JINTEPATYPHI HA KUTANCKOM SI3bIKE.
Mpl Onarogapum coTpyaHukoB LleHTpa mo npoduiakTike U KOHTPOIO 3a00eBaHuN B
Cumnbizsue JIso Judy u Croit buH 3a 1udHbIe COOOIIECHHUS O PACIPOCTPAHSHUH U KOOI HU
cypxoB B Kurae. Ms1 6marogapum T.1O. Jlucuneiny u E.A. Banucosy 3a momornrs B pabote
HaJ PYKONHUCHIO Hameil cratbr. Mbl Onmarogapum AH.A. Hukosnbckoro 3a dororpaduro
THUMaJIaiiCKOTO CypKa B €ro €CTECTBEHHOH cpese oouranus B Hemarne.
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DISTRIBUTION AND ECOLOGY OF THE HIMALAYAN
MARMOT (RODENTIA, SCIURIDAE, MARMOTA
HIMALAYANA HODGSON 1841) IN THE PEOPLE'S REPUBLIC
OF CHINA

A. A. Nikol’skii, Wang Chi

Review of the spread and ecology of the Marmota himalayana in the People's Repub-
lic of China. In China, the Himalayan marmot inhabits all of the Qinghai-Tibet Highlands.
It penetrates to the south almost to 27 © N. The Himalayan marmot is distributed from the
upper boundary of the forest and up to the snow line. The altitude optimum ranges from
4800 to 5200 m above sea level. It feeds on vegetative parts of plants. It had the greatest
ground activity in July - August, the lowest - in September. It had the greatest daily activity
with sunrise for 3 hours and 4 hours before sunset. Hibernation begins in the third ten-day
period of October. Pregnancy lasts 30-35 days. There are 4-6 cubs in the litter.

Keywords: Marmota himalayana, People's Republic of China, distribution, ecology,
Qinghai-Tibet Highlands.

Tabnuya 1. Cmpyxmypa noussi 8 00HOU U3 HOP SUMANAUCKO20 cypKa (no Ban
WYoicuysionw, 1992)

[TopsinkoBbIN HOMED CITOSI
TTousa
1 2 3 4
.. .. CMech mmecka u
Cocras UepHoszémbr | KenTozémbl HucTteie necku
JIMHBI
100
MOoIHOCTE, CM 60 80 Bonemre 100
40 60
Croin 3MMOBOYHbBIE
XapaktepucTuka CIo)KHBIE XOJIbI HOP
MEpP3IOThI KaMephI

Taonuuya 2. Ce30nnas akmugHOCHb 2UMALAUCKO20 cypKa (no Xan Yyncroanv, 2005)

Bpewmst rona AKTUBHOCTb

Brixon u3 cnstuku Ha 3UMHHAX HaCT6I/IH.[aX

Kowner mapra
Cypku He paccensorcs

BBIXO,Z[ U3 CIITYKH Ha JICTHUX HaCT6I/IH.IaX

Kounen anpens
CypKH HE paccensoTcs

CypkH paccensitoTcst

Hasemnast aktTuBHOCTH BO3pacTacT

Tpetbs nexana mast Panuyc nazemuoit aktusHoct 200-300 M

Hwuzkas kopMoBast akTHBHOCTS (pa3 B 5-10 MuH)

PasmHoxxenne

Poct xopMOBOi1 akTHUBHOCTH

ITocne TpeTbeil nekaabl HIOHS

VBenuueHue paguyca Ha3eMHON aKTUBHOCTH
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Hakormuienue xupa

Wronb-aBrycr
HawuGonpIas Ha3eMHasi aKTUBHOCTh

BTOpaﬂ " TPCThA ACKada CGHTSI6P$I HOI[FOTOBKEI K CIIIYKE

Konerr cenTsops 3ajeranue B CIISTYKY HA JETHUX MAcTOMIIIax

KOHCH OKTSI6pH 3aeranue B CIIAYKY HAa 3UMHHUX HaCT6I/IHIaX

ITongmucu x pucynkam cratb A.A. Hukomsckoro, Ban Uu “Pacmpoctpanenue u
9KoJIorusi rumanaiickoro cypka (Rodentia, Sciuridae, Marmota himalayana Hodgson,
1841) B Kuraiickoit Haponnoii Pecriy6mike”

Puc. 1. 'umanaiickuii Cypok OKOJIO HOpbI Ha BbIIlace JOMalIHero ckora. LleHTpaabHbIi
Hemnau, ropusrit maccuB Manaciy, 3530 m Hag yp. M. (Poro AH.A. HukoibcKOro, KOHEIl
arperst 2004 ).

Puc.2. PactipocTpanenne rumanaiickoro cypka Ha Tepputopun Kuraiickoit Haponaoit
Pecrry6nmuku (mo Hukombckuii, Pymsaues, Ban Uu, 2014). Jletanu pacrpocTpaHeHHS
TUMaJaiiCKoTo CypKa, Ha OCHOBAaHMH KOTOPBIX COCTaBJIeHA KapTa, omyonmkoBansl B Hoff-
mann et al., 2010. 1 — ropHBIE CHCTEMBI; 2 — TOPHBIE BEPIINHBL;, 3 — pacpoCTpaHEHHE
TUMaJIaiiCKoTO CypKa, 4 — aIMUHUCTPATUBHBIC IIEHTPHI MPOBUHIMIA; 5 — ropon JIum3sH.
OKPECTHOCTHU KOTOPOTO SIBIIIFOTCSI FO’KHOM TpaHULIel apeasa rumanaiickoro cypka B Kurae.

Puc. 3. Hopel rumanaiickoro cypka Ha CeBepo-3amagHOM IJIaTo B HPOBHHLIUHU
unxaii (KHP). Boicota Hax ypoBHem mMopst 3100 M. a — HOpOBbIE OTBEPCTHSI, BHIOPOCHI
IPYHTa U3 HOPBI, TPOIIMHKH MEXKY BXOJJAMH B HOPY — OCHOBHBIE CTAOMIIbHBIE DJIEMEHTBHI,
IJIaBHBIE aTTPAKTOPbI OMOJIOTMYECKOrO CUTHAJIBHOTO TIO0JISl B ITOCEJICHUH CYpKOB; O — Ha
NepeHeM IJIaHe BXOJl B HOPY THMMAaJIaliCKOTO CypKa, Ha 3aJHEeM IIJIaHe BUJHA PETyJSpHO
HCIIONIb3yeMasi JIFOABMH JIOpOra U CeJIbCKOXO3sICTBeHHbIE yronbsi. Ha 00oux cHHMKax
BUJIHBI CJIeJbI BbITIaca aomariHero ckota. (Poro A.A. Hukonbckoro, aBryct, 2012 1.)

Puc. 4. Topu3oHTanbHas MIPOEKIUS THE3IOBON HOPBI THMANIAliCKOTo cypka (mmo Ban
Wknn3toHk, 1992). UTOOBI HE OTXOMUTH OT OPUTHHAA, MBI HE CTaJIA BEIHOCUTH B JICTCHIY
YCIIOBHBIC 0003HAYCHUSI.

Puc. 5. Pa3zpe3 HOpBI rEIMaIaiickoro cypka, 00pa3oBaHHBIN B pe3ylbTaTe 0OpyIICHUS]
ckiona. CeBepo-3anaanoe miaro B mpoBuHimu [{uuxai (KHP), Beicota Hag yp. M. 3100
M. | —OyTaHbl, BRIOPOCHI TPYHTA HAJl HOPOii; 2 — BXOIHBIC OTBEPCTHUS B HOPY; 3 — OTKPHITHIC
B pe3yipTare OOpYIICHHS XOIBbl BHYTPH HOPBI; 4 — CTpEelKaMH IOKa3aHbl T'PaHHIEI
3eMIISIHBIX TPOOOK BHYTPH XO/I0B; M30THYTasl JIBOWHASI CTPEJIKA ClIeBa — TPASKTOPHSI BIOJIb
BCKPBITOTO 00pytIienrneM xona Hopel. (Poto A.A. Hukombckoro, aBryct, 2012 ).

Puc. 6. Cxema BBICOTHOTO pPacHpOCTPaHEHUSI CYPKOB, HACENSIOUUX TEPPUTOPHUIO
Kuras. 1 — BBICOTHBII AMana3oH paclpoOCTPaHEHHs! CYpKOB; 2 — MpPEANOYUTaeMbIi
CypKamH Jiaria3oH BbICOT. [Ipu cocraBiieHMH cXeMbl HCIIOJIB30BaHbI ITyOnukanuu: Yxao
Wxynmm, 1982; Ban Cri60, 1 [Manton, 1983; J1sH FOHDaH, 1986; Ma IOH u np., 1987,
Ban Wxuizronb, 1992; Mait Humoii u np., 2008; Hoffmann et al., 2010.
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Puc. 5 (acenamenvro pazmecmums pucyHoKk 20pu30HmMaibHO, 4moobl Tyyule Obiiu 6UOHbL
demanu)
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MONITORING OF GRAY MARMOT (MARMOTA BAIBACINA) IN
A ZONE OF ACTIVE TOURISM IN ZAILTYSKY ALATAU

V. G. Meka-Mechenko, S.B. Pole

M. Aikimbayev's Kazakh Scientific Center for Quarantine and Zoonotic Diseases Almaty,
Kazakhstan

E-mail: vim_m@bk.ru; polekscqzd@rambler.ru

The paper analyzes the literature and own data (from may 2007 to September 2017)
on the structure of the settlements of the gray marmot (Marmota baibacina Kastschenko,
1899) on a limited section of the Northern slope of the Zailiysky Alatau, located near the
city of Almaty and often visited by tourists. Its territory is considered to be potentially
focal for plague and was previously examined by specialists of the anti-plague service
for the presence of the causative agent of plague with a negative result. However, the rare
frequency of surveys and the small amount of field material studied are not sufficient to
assess the epizootic situation. The main carrier of plague in adjacent mountain natural foci
is a grey marmot, therefore, additional observations are required for the spatial distribu-
tion and the number of rodents of this species. The results of long-term monitoring of set-
tlements on the site showed that the spatial distribution and fluctuations in the number of
marmots depend on a complex of abiotic and biotic factors, with anthropogenic influence
is not dominant. The absence of marmot in the low mountains and the decrease in its num-
ber in the subalpine zone of the surveyed area is mainly due to the cessation of grazing.

Key words: Zailiysky Alatau, settlement of gray marmot, spatial distribution, family
burrows (bhutan), namber, human influence.

Introduction. The surveyed area is located on the Northern slope of the Zailiysky
Alatau ridge (Fig. 1) within the boundaries of Kungei-Zailiysky geographical population
of the Tianshan subspecies of the grey marmot - one of the most isolated and insufficiently
studied species in the area (Bibikov, 1965; Bibikov, Berendyaev, 1978)

Judging by the literature data, the distribution of grey marmot on the territory of
observations in the 30-60s of the last century was much wider. So, E.M. Vakulenko-Sneg-
irevskaya (1940) noted that in the summer of 1933 "dwelling burrows of marmots met at
1 kilometer above the resort Medeo on the right bank of the river M. Almatinka, and the
whole settlement of gray marmot was begun from the height of 1600-1700 m.". Ognev S.1.
(1940) in 1937-1938 noted quite a large number of marmots in subalpine zone on passes
Terisbutak and Talgar. According to Kapitonov V.I. (1969), the settlements of the gray
marmot in Zailiysky Alatau in the 60s were located at altitudes from 1400 to 3500 m above
sea level, although the density of their populations near the lower border of settlements
was significantly reduced by human activities. In publications of recent years, it has been
suggested that the reason for the reduction population of the grey marmot in the Northern
slopes of the ridge of the Ile (Zailiysky) Alatau is the anthropogenic pressure, including
tourism development (Tashibaev et al., 2012; Grachev et al., 2014).

The Northern slope of Zailiysky Alatau is considered to be potentially focal in plaque
territory (Aubakirov et al., 1992). In 1993-1994 epizootological observation was carried
out in the basins of the rivers Malaya and Bolshaya Almatinka at altitudes of 1075 to
2100 m a.s.l. as a result of examination of plague microbe was not found (Zveryfnsky et
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Fig. 1. The location of the surveyed area.

al., 1996). However, it should be taken into account that the investigated field samples
consisted mainly of mouse-like rodents and their fleas, while the main carrier of plague in
adjacent mountain natural foci of plague is a gray marmot (Pole et al., 1996; Atshabar et
al., 2012). Therefore, a reliable assessment of the epizootic situation in this area requires
further study, taking into account the spatial structure and a namber of marmot population.

Material and methods. Mapping of the settlements of the grey marmot (Marmo-
ta baibacina Kastschenko, 1899) was carried out between May 3, 2007 and September
23, 2017 within the boundaries of the Ile-Alatau state natural Park. Covered area of 100
square kilometers from the left Talgar river (in the East) to the watershed between the
rivers Kazashka and Kumbel (in the West) and from Lake Maloe Almatinskoe (South) to
the northern slope of Katyrbulak (North - 43,17° N. lat.). Surveyed the upper reaches of
the rivers komisarivka and Gorelnik, Kazashka, Malaya Almatinka, the area adjacent to
the passes Butakovsky, Talgar, Terisbutak and Sarasai, Katyrbulak and the slopes of the
Kumbel ridge. During the observation period, we visited the family burrow (bhutan) grey
marmot with a frequency of 1 to 4 times a year. The number of marmots was recorded on
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footpaths in the middle of the day and coincided with the reduced daily activity of adults
and adult animals. For this reason, additional indirect signs of habitat of burrows (the
presence of trails, litter, traces of clearing, etc.) were taken into account.

Research result. Kungei-zailiyskaya geographical population inhabits the periphery
of the species area, so it, like many species populations, is characterized by a relatively
high amplitude of fluctuations in the number of individuals and the instability of the spatial
structure, compared with its central part (Bibikov, 1967; Odum, 1975). For Kungei-zaili-
yskaya grey marmot population, as for most Tien Shan subspecies populations, the daily
activity of animals in the early spring and late summer has the form of a single-vertex
curve, and in the middle of summer - a two-vertex (Bibikov, 1967; Kapitonov, 1969).

During the survey period, 159 bhutanes (family burrows) of the grey marmot were
observed, with all occupied burrow within the range of 2,450 m to 3,550 m above sea
level. This indicates that during the 40-year period the lower boundary of the marmot set-
tlements moved up by more than 1000 m. Most of the observed family burrows referred
us to the type of the permanent winter-summer, a few - for the summer, but only two for
the winter. In a radius of 200 m around the occupied bhutans found 197 protective burows,
more than 90% of which were old or very old. In the summer marmots often use stone
scree (with a stones diameter of 0.3 to 4 m), located both in close proximity to the occu-
pied burrow, and at a distance of 100-150 m from them. For this reason, in the period from
mid-June to early August bhutans, located near the scree, less visited marmots and had
a non-residential appearance (especially after the summer rains). Such burows are more
difficult to differentiate between inhabited and visited, as well as difficult to determine the
size of the family plot.

Marmots are most often settled in old moraine with low grasses and the slopes of the
gully to the river. Settlements of predominantly island and belt types occupy about 10-
25% of the territory, consist of isolated colonies (usually from 1 to 5 families), distributed
unevenly across the territory (Pole et al., 1971).

During the period of observation of the 159 bhutane, mapped on the site, 136 dif-
ferentiated as constant and periodically inhabited, 9-as uninhabited, 14-as long ago aban-
doned. Moreover, bhutans classified as the last category were equally located, both at the
lower border of the settlements (at an altitude of 2230-2600 m) and in the upper part (at an
altitude of 2800-3080 m). Over 90% of permanently inhabited burrows were in the Alpine
meadows at altitudes of 2800-3450 m above sea level (optimum zone). In the subalpine
zone inhabited settlement remained only in the upper reaches at altitudes from 2450 to
2600 m.
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To determine the trends in the number of marmots in the survey territory, we have
identified areas with different multiplicity of accounting (tables 1, 2).

Table 1. The dynamics of the number of marmots (individuals by year) in areas with a
maximum number of accounts.

The upper reaches of | The upper Sl £ The upper The upper
Years of r. Komisarovka and | reaches of tl:)e P Iisef?t reaches of the | reaches of
observation | the surrounding area | the river Talear river river Malaya the river
of Butakovskiy pass | Gorelnik & Almatinka Kazashka
2007 22-25 81-84 - - -
2008 21-24 80-83 20-23 - -
2009 16-19 85-88 19-22 230-240 48-52
2010 17-20 86-89 18-20 225-235 53-58
2011 14-16 84-88 16-18 235-240 52-56
2012 12-15 85-89 17-20 245-250 50-54
2013 10-13 84-88 17-20 240-245 38-42
2014 9-12 87-90 18-21 235-240 42-45
2015 8-11 81-84 16-17 235-240 48-52
2016 5-6 86-89 8-10 245-250 46-50
2017 6-8 93-97 18-21 250-255 50-54
The trend in .
Falling Poor growth Stable Growth Stable
the number

Analysis of the data table. 1 shows that in intensively visited by tourists upper reach-
es of the basin of the Malaya Almatinka and Gorelnik, the number of marmots in the set-
tlements has increased. One of the largest inhabited bhutan is located at a distance of about
150 m from the terminal station of the cable car. In the upper reaches of the river Gorelnik
inhabited settlement gray marmot is located from a height of 3040 m to 3400 m. During
the observations all bhutans within the settlement were occupied or visited, and, in 2009,
2010 and in 2016 in the colony appeared three new family burrow. The exception was
one small bhutan, where in May 2010, found dead young marmot, after that the animals
burrow left. Abandoned burrows observed here at 0.5-1.0 km lower slopes at an altitude
0f2800-2900 m. Settlement of gray marmots in the upper river Malaya Almatinka and the
river Gorelnik can be considered the same as rodents can theoretically contact in Myn-
zhilki space and, especially, in the region of "Tuyuksu Gate", where the distance between
the inhabited burrows does not exceed 400-450 m. A high probability of contacts between
marmots from these settlements is possible at the Talgar pass (at an altitude of 3475 m),
where cleared protective burrows are found.

The decline in the number was observed only on one site of the five-in the upper
Komissarovka river and near Butakovsky pass. In the upper river Komissarovka in the
North-Western slope of a hill Furmanovka, in the period of our observation was inhabited
by 2 families of marmots on the elevation 2625 m and 3060 m a.s.l. The upper bhutan was
occupied all the years of observation. Lower bhutane marmots settled in 2007, 2008, 2010
and 2011. In 2009, marmots were not observed on it, but in the early summer of 2010,
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a adult male was observed there, and in the spring of 2011, young growth appeared. In
subsequent years bhutan was not inhabited.

In the basin of the river Butakovka at altitudes 2230-2535 m was recorded, mainly,
long ago abandoned by marmots burrows. In the South-Eastern slope of the Butakovka
pass at the altitude of 2750-2900m at the beginning of the observations (2007) noted the
inhabited colony, but gradually the number of marmots has declined and by August 2015,
the inhabited burrows were not recorded (Fig. 2).
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Fig. 2. The trend of changes in the number of marmot in the surveyed area in 2007-2017
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Table 2. Dynamics of the number of marmots (individuals by year) in areas with average
and minimum number of accounts.

Years of observation The surroundings of | The Nqﬂhern slopes | The neighborhood of
pass Sarysai of the ridge Kumbel. pass Talgarsky

2011 35-40 - -

2012 38-42 5-6

2013 36-39 6-7

2014 30-35 9-11 -

2015 15-18 11-14 75-80

2016 2-5 12-15 82-90

2017 9-12 10-11 84-95
Theirtlrfl?:slfrzll;?;ges Unstable Growth Growth

On the Northern slopes of the Kumbel ridge on the local site was inhabited by a colony of
marmots (1-3 families), resettlement from this site to the previously inhabited territory did not
occur — all bhutan were uninhabited or abandoned. In the vicinity of Talgar pass the number
of animals increased and at the end of summer 2017 all Bhutan were inhabited (Table. 2, Fig.
2). In the vicinity of the pass Sarysai for the period of 2015-2016, the number of marmots has
declined sharply, but in 2017, began its restoration (Table 2, Fig. 3-4).
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Fig. 3. A fragment of the surveyed area in August 2016
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Fig. 4. A fragment of the surveyed area in August 2017

In upper reaches of Malaya Almatinka river (Mynzhilki region) despite the large
number of tourists and the weather station located there, the number of marmots is rela-
tively high with almost one hundred percent of the occupied burrows. On the left bank of
river the habitat optimal for marmot and the number of animals is much higher than on
the right bank.

The upper limit of settlement in Mynzhilki region is in the area of scientific glacio-
logical station at the height of 3400-3525 m. The lower boundary of marmot’s settlements
are harder to catch because of the high grass.

Abandoned burrows on the left bank of the river Malaya Almatinka are marked at an
altitude of 2600 m (at a distance of about 900 m from the nearest inhabited burrows). At
the end of August 2016, these burrows were infested by 2 adults. On the right bank of the
river. M. Almatinka settlement marmots begins at an altitude of 3000 m.

Cases of resettlement of marmots we have registered twice. In July 2010, in the upper
reaches of the Kazashka river on 2 bhutans, the corpse of a young and fresh bone remains
of an adult marmot were found, after which the animals ceased to visit these holes. In June
2011 near to a large family bhutan the cowherds ' camp appeared with a few shepherds

E— 241 —_




PROCEEDINGS of the 7" International Conference on the Genus Marmota “MARMOTS OF THE OLD AND NEW WORLD”

herding dogs. The marmots who lived here left and the next 5 years (till 2016) only occa-
sionally visited peripheral entrance openings of this bhutan.

In 2015, 500 m Southeast of the pass Terisbutak at the height of 2660 meters was
discovered a small but frequently visited bhutan, at the distance of 1 km from the nearest
settlement of marmots in the upper river Kazashka. Bhutan was inhabited until the sum-
mer of 2016, bhutan probably served as temporary shelters for the migrating individuals.
In previous years, only 2 abandoned burrows were found in this area on the Northern slope
of pass Kumbel at an altitude of 2460 and 2850 m.

During the monitoring period within the boundaries of the study area taken into ac-
count from 450 to 520 marmot (average site density was about 5 individuals per 1 sq km),
with 65-70% of the individuals lived in the upper reaches of the river Malaya Almatinka
and the river Gorelnik.

The output of gray marmots after hibernation to the surface at the altitude 2450-2550
m a.s.l. it was noted in the 3 decade of March — 1 decade of April, at the height of 2550-
2650 m — in the 2nd-3rd decades of April, at the altitude of 2750-3250 m — 3 decade of
April - 1 decade of May.

The most intensive resettlement took place from the second decade of June to the
2nd decade of July. Occurrence of animals in hibernation began at the lower border of set-
tlements since the middle of August, the most mass it was noted in 3 decade of August-1
decade of September, and by the middle of September, as a rule, marmots lay everywhere.

Discussion.

The main factors destabilizing the spatial structure in the area of the Tian Shan sub-
species of the gray marmot in the second half of the last century were: field deratization
in order to suppress plague epizooty, hunting, poaching and economic use of the territory,
including plowing of land, mowing, laying roads, grazing, etc.

The first of these destabilizing factors have dominated in the territory of natural foci
of plague until 1972, when anti-plague service switched to method the flea of pest control.
It is also important to note that in places of winter pastures the pressure of the person was
shown much less, than in the territory of summer pastures where during all warm period
marmots are caught by herding dogs and the affects the factor of disturbance (Pole, 1990).
In contrast to the action of destabilizing factors, ecological adaptations of compensatory
nature aimed at restoring the disturbed specific structure are manifested. In places with a
low number of marmots, the spatial structure of their settlements is characterized by an
island and belt type of colonies (from 5 to 30 families). Within the boundaries of such
isolated clusters, the density is close to optimal and the species need of marmots in the
family-colonial way of life is realized (Pole, 1974; 1980). However, in dismembered the
settlements of marmots (as is the case in the surveyed area) the level of intra-population
contacts dramatically reduced, at the expense of what was achieved and anti-epidemic
effect.

Currently enzootic plague in the mountainous areas bordering on the East with the
Kungey-zailiyskaya population, at altitudes of about 2000 m has preserved the traditional
farming, and along rivers and streams through the 400-600 m are herders, with cattle and
dogs. In such places of illegal extraction of marmot by shepherds is ongoing (mainly due
to healing of fat and feed the dogs), and marmots are very shy there. But, at the same time,
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the number of marmots in this area is relatively stable and has remained at the level of 32
to 46 individuals per 1 square km in recent years (Nauryzbayev et al., 2014.

The attachment of marmots to pastures and their connection with ungulates have long
been widely known to specialists (Bibikov, 1967; Kapitonov, 1969). One of the key fac-
tors of the ecological niche of marmots (Marmota) is their biotopic timed to the places of
grazing ungulate mammals, wild or domestic. Ungulates, forming a coadaptive complex
with marmots, represent selective force in relation to them, acting as a selection factor
(Karpukhina et al, 2015). This problem is studied in detail on the example of a steppe
marmot. Thus, according to V.V. Kolesnikov (2007), "the reduction in the number of col-
onies in bobak in the South of the Ulyanovsk region was due to a decline in the number of
grazing cattle from 1990 to 2004 by 14 times". The most negative impact on the resources
of marmots plowing, extermination and excessive extraction, and the most positive effect
of intensive grazing (Kolesnikov, 2011). In the highlands, the impact of grazing on the
number of gray marmots is estimated ambiguously. Thus, according to Van Chi (2016),
"the anthropogenic impact on the distribution and density of marmot populations in China
is not too great. If people are not actively pursuing marmot, they peacefully coexist with

man .

Judging from the remaining traces, in the subalpine zone of the observed area, the
intensity of grazing in the past was incomparably higher than in recent decades. This fact
gives the basis to claim that in the subalpine zone this factor had a positive impact on the
life of marmots. In the conditions of a sharp reduction in livestock and grazing area in the
surveyed area in the summer, the height of the vegetation cover reaches 1-1.5 m, which is
likely to have served as the main reason for the displacement of the lower boundary of the
marmot settlements by more than 1000 m up the slopes. At the same time, in the Alpine
zone of the study area during the observation period, was observed as a single uninhab-
ited butane, and the group of nonoccupied and abandoned burrow suitable for marmots
and have sites not visited by people (the river basin of Kazashka, North-Western and
North-Eastern slopes of the pass Sarysai). Thus, in the vicinity of pass Sarysai in 2011-
2013 there was a high number of gray marmot. During the period from 2014 to 2015, there
was a sharp reduction in it and by the summer of 2016 there was one residential family
burrow (table. 2). This fact allows to conclude that the number of marmots in the subalpine
zone is under the influence of a complex of biotic and abiotic factors not related to grazing.

Summary.

1. The distribution of gray marmot in the surveyed area is currently uneven. Its settle-
ments date back to the island and belt type, relatively isolated from each other and
occupy less than 20% of habitable areas.

2. Over the past 60 years, the lower boundary of the settlements has moved up by more
than 1000 m (from 1400 to 2450 m).

3. Low density of marmots, the isolation of their settlements and the low level of in-
tra-population contacts in the study area define a slight chance of plague.

4. Man-made factor has a significant impact on the spatial distribution and number of
marmots, and in the middle high-altitude zone is more important to limit grazing and,
as a result, the increase in height and density of grass, and in the Alpine zone operates
a complex of abiotic and biotic factors.
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MOHUTOPHUHI" CEPOI'O CYPKA (MARMOTA BAIBACINA) B
30HE AKTUBHOI'O TYPU3MA 3ANJIHUMACKOI'O AJIATAY

B. I. Meka-Meuenko, C.b. IToje

Kazaxckuil Hayunviil yenmp KapanmunHolX U 300H03HbIX uH@ekyuil um. M. Aiikumbaesa,
Anmamul, Kazaxcman

E-mail: vm_m@bk.ru; polekscqzd@rambler/ru

AunHoranusi. [IpoaHanu3upoBaHbl JUTEpaTypHble U COOCTBEHHBIC (32 TEpPHOJ C
Mmast 2007 o cents6ps 2017 rT.) maHHBIE IO CTPYKTYpE MOCETICHUH ceporo cypka (Mar-
mota baibacina Kastschenko, 1899) Ha orpaHMYeHHOM Yy4YacTKe CEBEPHOIO CKJIOHA
3ammmiickoro Arnaray, pacIoIOKEHHOTO BOIHM3H ropoja AJIMAaThl M 4acTO MOCENaeMOTo
Typuctamu. Ero TeppuTopHst cuuTaeTCsl MOTSHI[MAIbHO 04aroBOM 10 YyMe U paHee Oblia
o0ciie[oBaHa CHeNUaIMCTaMK IIPOTUBOYYMHOW CITy>KObI Ha HAJIMUUE BO30OYAUTEISI UyMbl
C OTPHUIATEIBHBIM pe3yiasTaroM. OJHAKO, peAKas YacToTa 00CIeIOBaHIH U MaJIbIi 00beM
HCCIICIOBAHHOTO II0JIEBOTO Marepualia He JOCTATOYHBI JUIsS OLEHKU SIMH300THYECKOM
curyarud. OCHOBHBIM HOCHTEJIEM YyMbl B COINPEACIbHBIX TOPHBIX MPHPOAHBIX Odarax
SIBJISIETCSL  CePbId  CYypOK, I03TOMY TpeOyIOTCs JIOTOMHUTENIbHbIC HAOIIOJCHUS 32
MIPOCTPAHCTBEHHBIM PACTIPE/ICICHUEM H YUCIICHHOCTBIO IPHI3YHOB 3TOT0 BU/1a. Pe3ynbrarst
JUIUTEIBHOTO MOHHTOPHHIA MOCEJCHUI Ha y4acTKe MMOKa3ajd, YTO MPOCTPAHCTBEHHOE
pa3MelleHne 1 KoJeOaHusl YUCICHHOCTH CypPKOB 3aBHCST OT KOMILIEKCa aOHOTHYSCKUX U
O6unornueckux HaKTopoB, IPHUEM aHTPOIIOTCHHOE BIMSHUE HE SIBIISICTCS JOMUHHUPYFOILUM.
OtcyTcTBHE CypKa B HU3KOTOPBSIX U CHHXKEHHUE €TI0 YUCIICHHOCTH B CYOaJIbIIUIICKOM TI0sICe
o0ciieIyeMoil TeppUTOPUH CBSI3aHO, TVIABHBIM 00pa30M, C IIPEKPAILICHHEM BbITaca CKOTa.

KarodeBblie cjioBa: 1oceieHus: Ceporo cypka, IpoCTPaHCTBEHHOE paclipe/ieiIcHUE,
ceMeiiHast Hopa (OyTaH), YUCIEHHOCTh, aHTPOIIOTCHHOE BIIMSIHUE, 3aMIIMHCKUI Alaray.

Bgenenue. OOcie/[0BaHHBI yYacTOK PACIOJIOKEH Ha CEBEPHOM CKIIOHE XpeOTa
3ammmiickuii  Anaray (Puc. 1) B rpaHumax KyHred-3amimiickod reorpadudeckon
MOMYJISIMU TSHBIIAHHCKOTO TTOJ[BH/IA CEPOT0 CYyPKa — OJTHOM M3 HAUOO0JIee H30JIUPOBAHHBIX
¥ HEJOCTAaTOYHO M3YYCHHBIX B apeaine Bupa (bubukos, 1967; bubukoB & bepennses,
1978).

Puc. 1. Pacnonoosicenue 06¢1e008anio2o yuacmxa.

Cyass mo JuTepaTypHbIM JaHHBIM, PacIOpOCTpaHEHHE CypKa Ha TEPPUTOPUU
HabOmroneHuid B 30-60-¢ TObI MPOIIOro CTOJIETUsS ObLIO 3HAYMTENBHO mupe. Tak, E.M.
Bakynenko-Creruperckast (1940) ormeuaina, uro netom 1933 T. «OKUIIbIE HOPBI CYpKOB
BCTpeyaJIuch Ha | KMIoMeTp BhIIIE KypopTa Merneo Ha mpaBoM Oepery p. M. AnMaTnHKH,
a B 1I€JIOM TIOCEJIEHUS CEpOro cypka HaunHaiuch ¢ BoICOThI 1600-1700 m». C.11. Orues B
1937-1938 rr. oT™Me4as 10BOJILHO OOJIBIIOE KOJIMYECTBO CYPKOB B CyOalIbITNICKOM TOsICe
Ha nepeBanax TepucOyrak u Tamrap (Orues, 1940). ITo manaeim B.M. Kanuronosa,
MOCEJIEHHsI CEpPOro cypka B 3auuiickoM Aunatay B 60-e roJbl pacnonarajiuch Ha BbICOTax
ot 1400 1o 3500 M Ha1 ypOBHEM MOPSI, XOTsI INIOTHOCTh UX HACEJIEHUH Y HUKHEH TpaHUIbI
MMOCEJICHNH ObLIA 3HAYMTEBHO CHIDKEHA JCATeIBHOCTRIO YenoBeka (Kamuronos, 1969).
B nmyOnukanusix mociegHHUX JIET BBICKa3bIBACTCS MHEHHE, YTO HNPUYMHOM COKpaIleHHs
TIOITYJISIIIASI CEPOTO CypKa Ha CEBEPHOM MakpockiioHe xpebra Wie (3aunmiickoro) Anaray
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SIBJISIETCS] @aHTPOIIOT€HHBIH IIPECCHHT, B TOM 4uciie U pa3Butue Typusma (Tammbaes u ap.,
2012; I'paués u ap., 2014).

CeBepHbIl CKJIOH 3auiuiickoro Aulatay CUMTAeTCsl NOTEHUHUAIbHO O04aroBOH
mo gyme Teppuropueit (AybakupoB u ap., 1992). B 1993-1994 rr. Obuto mpoBeneHO
AMHU300TOJIOTHYECKOE 00CIenoBanne B OacceiiHax pek Manoii u bonbmioit AnMaTHHKH Ha
BeicoTax 1075 mo 2100 M H. y. M. B pe3ynsrare o0cienoBaHus 9yMHOW MUKPOO HE OBLT
HaiineH (3BepsHckuid U Ap., 1996). OmgHako, clemyeT YYUTHIBATh, YTO HUCCIICIOBAHHEIC
MTOJICBBIC TIPOOBI COCTOSUTH MPEHMYIIESCTBCHHO M3 MBIIICBHIHBIX TPHI3YHOB U UX OIIOX,
TOTa KaK OCHOBHBIM HOCHTEIIEM YyMBI B COMTPEACITHHBIX TOPHBIX IPUPOIHBIX O9arax qyMbI
sBrsieTcst cepbiit cypok (Pole et al., 1996; Armabap u ap., 2012). TToatomy mocToBepHas
OIICHKA 3MU300THYECKON CHUTYaIlMl HA 3TOW TEPPHUTOPHH TPeOyeT IOMOTHHTEIBHOTO
H3yYCHISI C YYETOM IMPOCTPAHCTBEHHON CTPYKTYPHI M YUCICHHOCTH IOIYIISIIHA CYPKOB.

Marepuana u MmeToabl. KaptupoBanue nocenenuit ceporo cypka (Marmota baibaci-
na Kastschenko, 1899) nposeneno B nepuon ¢ 3 mas 2007 mo 23 centsiops 2017 rr. B
rpaHumax Mie-Amatayckoro ToCyJapCTBEHHOTO MPHUPOTHOTO HAIIMOHAIBHOTO MapKa.
OxBauyeHa tepputopust miomaasio 100 kB. km: oT p. JleBwni Tanrap (Ha BOCTOKe) 110
Bozopazaena Mmexay pp. Kazamka nu Kym6ens (Ha 3amaze) u oT 03. Manoe AnMaTuHCKOe
(na rore) o cepepHoro ckiona KoteipOynak (Ha ceBepe — 43,17° c. m1.). OGcienoBaHbl
BepxoBbs p.p. Komuccaposka, I'openpHuk, Kazamka, Manass AamMaTruHKa, TEPPUTOPHS,
npwiieraromias K mepeBaigam byrakoBckuii, Tanrapckuii, TepucOyrak u Capbicaid,
ckionbl KoteipOymak n xpedra KymGens. B nepuon Habmonenuii OyTaHbl ceporo cypka
MOCENIAIMCh HaMU € 9acTOTOH OT 1 710 4 pa3 B roa. YUET YUCICHHOCTH CYPKOB IPOBOIMIICS
Ha MEIINX MapuIpyTax B CEpeANHE THS U, [T0 BPEMEHH, COBITAAJ CO CHIYKEHHON CYTOYHOM
AKTHBHOCTBIO B3POCIIBIX U MOJTYB3POCHBIX 3BEPHKOB. 10 3TOM MpHYMHE TOTONIHUTEIHFHO
YYUTBHIBAIUCH KOCBEHHBIE MPHU3HAKH OOMTAEMOCTH HOpP (HAJWYHE TPOII, TTOMET, CIICHBI
PACUUCTKH U JIp.).

Pesynbrarel mccaenoBanmii. KyHrel-zamnmiickas reorpaduueckas HOMYIISIMS
3acessieT nepudepuro apeana BHJA, [MO3TOMY Uil Hee, KaK W Ui MHOTHUX BHIOBBIX
TIOIYJISIMNA, XapaKTepPHbI OTHOCUTEIBHO BBICOKAsl aMILUIUTY/a KOJIEOaHUH YHCIEHHOCTH
oco0eii 1 HecTaOWIILHOCTB ITPOCTPAHCTBEHHOM CTPYKTYPBI, IT0 CPABHEHUIO C ICHTPAIBHON
ero yactbto (bubukos, 1967; Onym, 1975). Jnsa KyHrel-3auauicKoM MOIMyISLUE CEPOTO
CypKa, KaK ¥ /151 OOJIbIIIMHCTBA MOIMYJISILUH TSHBIIAHCKOTO IOBH/IA, CyTOYHASI aKTHBHOCTh
3BEpPHKOB B PAHHEBECEHHUH U MO3/JHETIETHU IEPHO UMEET BUJ] OIHOBEPIINHHON KPUBOIA,
a B cepenuHe Jieta — aByxBepurHHol (bubukos, 1967; KanntoHos, 1969).

3a mepuox obcienoBaHus Mo HaOMOIEHHEM HaX0MWIOCh 159 OyTaHOB (CeMEeHHBIX
HOp) Ceporo cypka, mpuueM Bce oduTaemble OyTaHBI OTMEUCHEI B mpeaenax oT 2450 m
1o 3550 M Hag ypoBHEM MOps. DTO CBHIETEIBCTBYET O TOM, YTO 3a 40-JIeTHUHA mepruon
HIDKHSA TPAHULIA TTOCEIIEHUH TiepeMecTrach BBepx 0oree ueM Ha 1000 M. BompmmHCTBO
13 HaOJIIOIaeMBIX CEMEHHBIX HOP OTHECEHBI HAMH K THILY MOCTOSIHHBIX (3MMHE-JIETHHUX),
HECKOJIBKO — K JIETHUM W TOJBKO ABE — K 3UMHHM. B pammyce 200 M BOKpyr OyTaHOB
obHapyxeHo 197 3ammTHBIX HOp, Ooee 90% W3 KOTOPBIX OBUTM CTApbIMHU WM OYCHB
cTapbeIMU. JIeTOM CYypKH 4acTO HCIIOTB3YIOT KAMEHHBIE OCHIIH (¢ ArameTpoM Kamuei 0,3 1o
4 M), HaxXOAMIMECS KaK B HETIOCPEACTBEHHOH OIM30CTH OT OyTaHOB, TaK U HA PACCTOSHUH
100-150 m ot Hux. Ilo 3TON mpUYMHE B MEPUOA C CEPEAMHBI MIOHS J0 Hayaja aBrycra
OyTaHbI, HAXOSIIMECs BOIM3H OCBINICH, peke MOCEIAINCh CypKaMH M MIMEJIN HEXHIION
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BUJl (0COOCHHO mocie JeTHUX joxnei). Takue HOpbI cioxHee quddepeHunpoBarh Ha
obuTaeMble U IOCELIaeMble, a TAKXKe 3aTPYIHAIOT ONPENEICHHE Pa3sMepoB CEMEHHOro
y4acTKa.

Cypkn HamboJee 4acTo 3acelBLIN CTapbhle MOPEHBI C HEBBICOKUM pPa3HOTPaBbEM
W CKJIOHBI PaCMaJkoB K pyciaMm pek. [loceneHusl MperMyIIeCTBEHHO OCTPOBHOTO H
JIEHTOYHOI'O THUIIOB 3aHUMaloT okosio 10-25% TeppuTopHuM, COCTOSAT U3 U30JIMPOBAHHBIX

KOJIOHUH (00BIYHO U3 1-5 cemeit), pacpeeieHHBIX 10 TeppuTopun HepaBHOMepHO ([Tome
u ap., 1971).

3a nepuox HaOiropeHus u3 159 OyTaHOB, 3aKapTUPOBAaHHBIX Ha yd4acTke, 136
nu(hepeHIINPOBAHBI KaK MOCTOSHHBIC K ICPUOAMYCCKU 0OUTAEMBbIC, 9 — KaK HEOOUTaeMBbIe
u 14 — xak maBHO OpomeHHbIe. [Ipudem OyTaHbI, OTHECEHHbBIE K MOCIECTHEH KaTeropuu,
pacrionarajinuch MOPOBHY, KaK y HIDKHEH rpaHUIbI oceneHuit (Ha Beicote 2230-2600 m),
Tak 1 B BepxHer ux gactu (Ha Beicote 2800-3080 m). CBpimre 90% mocToIHHO 0OUTaeMBIX
HOp HaXOIMJIACh B 30HE aJNBITUICKHUX JIyroB Ha BeicoTax 2800-3450 M Hax ypoBHEM MOPS
(30oHa ontumyMma). B cybampnmiickoM mosice 00MTaeMoe MOCEIEHHE OCTAJIOCh TOJBKO B
BEPXOBBSX Ha BbIicoTax oT 2450 10 2600 M.

Jist onpenesieHuss TEHACGHIMH JWHAMHUKH YHCICHHOCTH CYPKOB Ha TEpPUTOPUH
o0cieToBaHNsl Mbl BBIJICIHMIM YYaCTKH C Pa3JIMuHON KPaTHOCTHIO NMPOBEACHHS Y4YETOB
(Tabmuupt 1, 2).

Tabnuya 1. Junamuxa yucieHHocmu cypkos (ocobeli no 200am) Ha y4acmKax ¢
MAKCUMATTLHBIM KOAUYECINEOM YUemos.

BepxoBss p. BepxoBbs
Toner KomuccapoBka | BepxoBbs p. CKJIOHBI P. pMaJI BepxoBss p.
HaOJroIeHN I U OKp. Iep. TopenbHUK Jles. Tanrap p: ) Kaszamixa
. AnmaruHka
ByrakoBckuit
2007 22-25 81-84
2008 21-24 80-83 20-23 - -
2009 16-19 85-88 19-22 230-240 48-52
2010 17-20 86-89 18-20 225-235 53-58
2011 14-16 84-88 16-18 235-240 52-56
2012 12-15 85-89 17-20 245-250 50-54
2013 10-13 84-88 17-20 240-245 38-42
2014 9-12 87-90 18-21 235-240 42-45
2015 8-11 81-84 16-17 235-240 48-52
2016 5-6 86-89 8-10 245-250 46-50
2017 6-8 93-97 18-21 250-255 50-54
TenneHmus
HM3MEHEHUS [Tanenue Cumabsrit poct | CrabmiabHa Pocr CrabuinbHa
YHCIIEHHOCTH

AHanu3 JaHHBIX TaOn. | MOKa3bIBaCT, YTO B MHTEHCUBHO MOCEUIAEMbBIX TypHCTaMU
BEPXOBbsIX OacceifHa p. Manast AjamaruHka W yp. [OperbHUK YHCIEHHOCTh CYPKOB B
nocesneHusx Bozpocia. OIUH M3 CaMbIX KPYIHBIX OOMTaeMbIX OyTaHOB pacIOJIOKEH
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Ha PacCcTOSIHUU OkoJ0 150 M OT KOHEYHOH CTaHIUHM KaHATHOM Joporu. B BepXoBbsX p.
TopenbHHK 00MTaeMOE MOCEICHUE CEPOro CypKa pacmoiaraercs ¢ Boicotel 3040 M U 110
3400 M. 3a Bpems HaOIrOCHUN Bce OyTaHBI B Mpeeiax MOCEICHUs ObLTH 00UTaeMbIMU
WUIH nioceniaeMbiMu, pudeM, B 2009, 2010 rr. u B 2016 B KOJTIOHUM TIOSIBUJIUCH TPU HOBBIX
CEMEIHBIX HOPBI. VICKITIOUEHIE COCTABIII OJMH HEOOIbIIOH OyTaH, Ha koTopoM B Mae 2010
I. Hali/IeH TPYII [OJIYB3POCIIOro CypKa, IIOCIIe Yero 3BepbKH HOPY MOKHHYIIN. 3aruIbIBIIHE
(OporreHHbIC) HOpPBI 0OTMeueHbI 31ech B 0,5-1,0 kM HibKe MO ckiioHaMm Ha Beicote 2800-
2900 m. IToceneHus cepbIX CypKOB B BEpXOBbAX p. Mamas AnmMarunka u p. [openbHHK
MOYKHO CYMTaTh €IMHBIMH, TaK KaK I'PbI3yHbl TEOPUTHUYECKH MOI'YT KOHTAKTHPOBAThH B
yp. MBIHXMIKH U, 0cOOEHHO, B oOkpecTHOCTH «Bopot Tytokcy», rie paccTosiHue Mexy
obutaembiMu OyraHamu He mpeBbimact 400-450 M. Bbeicokas BEpOSTHOCTh KOHTaKTOB
MEXy CypKaMH M3 3TUX [TOCEJICHNI BO3MOXKHA Ha MPOXoHOM Tanrapckom nepesasie (Ha
BbicoTe 3475 M.), rie 0OHapyKEeHbI PACUUILICHHBIE 3AI[UTHBIE HOPBI.

[TasieHne YMCIEHHOCTH OTMEUEHO JINIIb HA OJJHOM YYacTKE U3 IISITH — B BEPXOBBIX
p- Komuccaposka u B paiione bytakosckoro nepesana. B BepxoBbsix p. Komuccaposka Ha
CeBepo-3ariaIHoOM CKJIOHE cortkn DypMaHOBKa, B TIEPHUOJ HAINX HAOIIOACHUH, oOuTamy 2
CEMbH CypKOB Ha BeIcoTax 2625 M 1 3060 M H. y. M. BepxHuii OyTan Ob1T 00HTaeM BCe TOIBI
Habmronernii. Hkauit Oytan cypku 3acemstmi B 2007, 2008, 2010 u 2011 rr. B 2009 1.
CypKoB Ha HEM He HaOmoanoch, HO Havase yieta 2010 r. TaM HabIrOAAIN TTOTYB3POCIIOTO
camima, a BecHod 2011 r. mosiBmicsS MONOmHSAK. B mocnemyromue rompl OyTaH OBLI
HeoOutaeM. B OacceifHe p. ByrakoBka Ha BbIcOTax 2230-2535 M peruCTpUpPOBAIUCH,
B OCHOBHOM, 3aIlIbIBIINE (JaBHO OpOIIEHHbIE CypkamH) HOpbl. Ha roro-socroynom
ckioHe byTrakoBckoro nmepesana Ha BeicoTe 2750-2900 M B Hauane HaOmroneHuit (2007 1)
OTMeYajach 00MTaeMast KOJIOHHS, HO IIOCTENIEHHO YHCICHHOCTh CYPKOB YMEHbBIIAIACh U K
asrycty 2015 1. oburaemMble HOPEI TaM He (PUKCHPOBAJIHCE (puC. 2).

Puc. 2. Tenoenyus uzmeneHull YUCIEHHOCIU 8 NOCENEHUSX CYPKA HA 00CNe)08aHHOU
meppumopuu 6 2007-2017 ee:

Taonuuya 2. /[unamuxa yucieHHOCmu Cypkos (0cobeil no 200am) Ha y4acmKax co
CPEOHUM U MUHUMATLHBIM KOLUYECTBOM YUEMO8.

. OxpectHoctr mep. | CeB. CKIIOHBI XP. OKpecTHOCTH TIep.
Tonp! HabmoneHUH o .
Capgicaii Kymbens Tanrapckuit
2011 35-40 - -
2012 38-42 5-6 -
2013 36-39 6-7 -
2014 30-35 9-11 -
2015 15-18 11-14 75-80
2016 2-5 12-15 82-90
2017 9-12 10-11 84-95
UEEEEL S Hecrabunsaa Poct Pocrt
YHCIIEHHOCTH

Ha ceBepHbIx ckioHax xpe6Ta KymOesp Ha JOKaTbHOM ydacTKe OOWTaa KOJIOHHS
cypkoB (1-3 ceMbH), pacceseHre ¢ 3TOT0 y4acTKa Ha paHee 0OUTaeMyH0 TEPPUTOPHIO HE
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HPOUCXOIUIIO — Bce OyTaHbl ObLIM HEOOMTAEMbIMU MM 3a0pOIIEHHBIMH. B okpecTHOCTSIX
Tanrapckoro nepepana 4HCICHHOCTh 3BEPHKOB yBEeJIMYMBajlIach W B KoHIe yera 2017
Bce OyTanbl ObutH oOuTaembiMu (Tabm. 2, Puc. 2). B okpectHocTu nepesana Capeicaid
3a 2015-2016 rr. 4MCIEHHOCTh CYpPKOB pe3Ko cHu3minack, HO B 2017 r. Hawyanoch eé
BOCcTaHoBIeHHE (Ta0i. 2, Puc. 3-4).

Puc. 3. Dpaecmenm obcnedosannoti meppumopuu 6 agzycme 2016 e,

Puc. 4. Dpacmenm obcredosannoii meppumopuu 6 ageycme 2017 &

B BepxoBbsix p. M. AnmaruHKka (yp. MBIHXKIIKH) HECMOTPSI Ha OOJIBIIIOE KOJIMYECTBO
TYPUCTOB U PACIOJIOKEHHYIO TaM METEOCTAHILUI0 YHCIEHHOCTb CYPKOB OTHOCHUTEIIBHO
BBICOKAsI ITPU MTPAKTHYECKH CTONPOLIEHTHON oOuTaemocTr Hop. Ha neBom Gepery mecra
obuTaHus HanOoJiee ONTHUMANIBHBI JUIS CYPKOB M YHCJIEHHOCTH 3BEPHKOB 3/I€Ch 3aMETHO
BBIIIIE, YEM Ha IIpaBoOepexbe. BepxHsis rpanuna nocejaeHust B yp. MbIHXUIKA HAXOIUTCS
B pailoHe Hay4yHOH misnuonorudeckoil cranmuu Ha Beicote 3400-3525 M. Hipkaue
I'PaHHMIBI [TOCEIEHUH 0OUTaHUS CypPKOB OOHAPYKUTH CIOKHEE M3-32 BEICOKOTO TPABOCTOSI.
3aruibIBIIME HOPHI Ha JieBoOepexkbe p. M. AnmarnHka orMedeHsl Ha Beicote 2600 M (Ha
paccrosiHuu okoiio 900 M oT OnmkalmMx odutaeMbIXx HOp). B konie aBrycra 2016 1. B
9TH HOPBI BCEJIMIIUCH 2 B3pocibie ocobu. Ha mpaBom Gepery p. M. AiimaTtiHKa roceneHue
cypkoB HaunHaeTcs Ha BeicoTe 3000 M.

Crnyyan mepeceseHusi CypKOB HaMH 3aperucTpUpOBaHBI MBakAbl. B mrome 2010 T
B BepxoBhiX p. Kazamka Ha 2 OyTanax ObUTM OOHApPY>KEHBI TPYI MOJOIOTO H CBEXKHE
KOCTHBIE OCTaHKH B3POCIIOTO CypKa, IIOCJIE Yero 3BEPhKHU MEPECTAIH ITOCEIaTh 3TH HOPBHI.
B utone 2011 . psgoM ¢ KpyIHBEIM CEMEHHBIM OyTaHOM TOSBHIIACH CTOSTHKA 9a0aHOB C
HECKOJIbKMMH NacTyIbUMH cobakamu. OONTaBIINE 3[€Ch CYpPKH YIIUIA U HOCIIEAYIOLIHE
5 net (o 2016 1) MU STH30AMYECKH MTOCEIIATH IepUPEPUICCKIE BXOTHBIC OTBEPCTHS
aTOrO OyTaHa.

B 2015 rogy B 500 M roro-BoctouHee mepeBana TepucOyrak Ha BbhicoTe 2660 M
ObUT OOHApPY)KEH HEOOJIBIIOH, HO YacTO MOCeHMaeMblii OyTaH, OTCTOSIIUWN Ha | KM OT
OuryKaiIero MoceseHus: CypkoB B BepxoBbsx p. Kazamika. Byran Obu1 oduraem 1o jera
2016 . BepostHO OyTaH CIIy>KIJI BPEMEHHBIM yOSKHUINEM Ui MUTPHUPOBABIINX 0COOEii.
B nipeanrecTByromye rofpl B 9TOM paiioHe HamMy ObLIM 00HAPY>KEHBI JIMIIb 2 3aIUTBIBIINX
OyTaHa Ha ceBepHOM CKiIoHE Xp. Kym0Oens Ha BeicoTe 2460 u 2850 M.

3a neproy HaOIIOAEHHS B TPaHUIIAX 00CIIeIOBAHHOM TeppuTOpuH yuTeHo ot 450 o
520 cypkoB (B cpeHEM IO TepPUTOPUH IUIOTHOCTH COCTaBHJIa OKOJIO 5 ocobelt Ha 1 KB.
KM), mpudeM 65-70% ocoOeii oOuTanu B BepXoBbsx p. Manast AnMarnHka u p. [openbHuK.

BrIxox ceprIx CypkoB IMOCHE CISTYKH Ha MOBEPXHOCTh Ha BeIcoTe 2450-2550 M H.
y. M. oTMeuascs B 3 mekane mapra-l mekane ampens, Ha BeicoTe 2550-2650 M — Bo 2-3
JeKanax amnperns, Ha Beicote 2750-3250 M — 3 mekazae ampens -1 mexane masi.

Hawnbosee MHTEHCHBHOE pacceleHHe MPOXOAMIIO CO BTOPOH JEKaabl HIOHS 1Mo 2
JIeKaJTy UIoJisl. 3ajieraHue 3BEPhKOB B CIISTUKY HAYWHAIOCH Y HIDKHEN TPaHHUIIBI [TOCETeH A
C CepequHBI aBrycra, Hanboiee MacCcoBOe OTMEYanoch B 3 nekame aBrycra-1 jgekase
CEHTSOPSI, & K CepelHe CeHTSIOPS, Kak MPaBUIIO, CypPKH 3aieraii TOBCEMECTHO.
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Obcy:xnenue.

OCHOBHBIMH (haKTOpaMu AeCTaOMIN3aNH IIPOCTPAHCTBEHHON CTPYKTYPBI B apeaie
TSHBILAHCKOTO MOJBHUA CEPOro Cypka BO BTOPOIl MOJIOBHHE MPOILIONO BEKa SBISUIUCH:
T10JIeBast AePaTH3ALMS B LIEJISIX TIOJIaBICHNUS SIIM300THI YyMBbI, IPOMBICEN, OpaKOHbEpPCKast
0X0Ta U XO3SIIICTBEHHOE HCIOJIb30BaHUE TEPPUTOPHM, BKIIIOUAsl pacHallKy 3eMelb,
CEHOKOUIEHUE, MPOKJIAAKY IOPOrL, BbIMAc ckoTa, U Ap. IlepBblii M3 IepeunCIeHHBIX
JlecTabmIM3npyomux (HakTopoB JOMHHUPOBAI Ha TEPPUTOPUH IPUPOJHBIX OYaroB
gyymbl 10 1972 roma, Korja NpOTHBOYYMHAsi CIy)kOa Iepelnia Ha METOJ I0JEeBOH
JE3UHCEeKIMH. Ba)kHO Takke OTMETUTh, YTO B MECTaX 3MMHHUX BBIIACOB [aBJICHHUE
YelI0BEeKa MPOSBIISIOCh 3HAUUTEIbHO MEHBIIE, YEM HA TEPPUTOPHUU JETHUX BHINACOB,
I7ie B TEYEHHE BCEro TEIIIOTO MEPUOAa CypKOB JIOBIT yabaHCKHUE COOAKHM M CKa3bIBacTCs
¢dakrop OecnokorictBa (ITone, 1990). B mpoTuBOBec MCHCTBUIO JECTAOMIN3UPYHOIIUX
(aKTOpOB TPOSIBISIOTCS OJKOJIOTHYECKHE aJallTaluy KOMIIEHCATOPHOTO XapakTepa,
HalpaBsJIeHHbIC HAa BOCCTAHOBJICHHE HAPYIICHHON crieliu(uIecKoil cTpyKTypbl. B Mecrax
C HU3KOM UYHCIEHHOCTBIO CYPKOB JUI NPOCTPAHCTBEHHOM CTPYKTYpbl UX MOCEICHHIH
XapaKTepeH OCTPOBHOM M JICHTOUHBIN THIT KosIoHUH (0T 5 10 30 cemeit). B rpanumax raknux
M30JMPOBAHHBIX CKOIUICHUH TUIOTHOCTH OJIM3Ka K ONTHMAJIBHON U peasn3yeTcsl BUI0Bas
MOTPEOHOCTh CYpPKOB B CeMeWHO-KoJoHHaabHOM oOpase skusuu (ITome, 1974; 1980).
OnHako B pa3opBaHHBIX MOCENCHUSIX CYpKOB (KakK 3TO MMEET MECTO Ha 00CIeJOBaHHON
HaMH TEPPUTOPHUH) YPOBEHb BHYTPUIOMYISALHUOHHBIX KOHTAKTOB PE3KO CHUXKEH, 33 CUET
Yero M JIOCTUTAJICS IPOTHBOIMHM300THYECKHN 3(DPEKT.

B HacrosIee BpeMst B DH300THYHBIX 10 YyMe TOPHBIX pailoHaxX, IpaHHYaIluX Ha
BOCTOKE C KYHTeH-3aMIMICKON MOIMyisinueli, Ha BbIcoTax okoio 2000 M cOXpaHHMIOCH
TpaJUIIMOHHOE JKHBOTHOBOJICTBO, a BIOJTH PeK U pydneB uepe3 400-600 m pacmonaratorcs
yabaHCKHE CTOSHKH CO CKOTOM M coOakamu. B Takmx mectax OpakoHbepcKas M0OBrda
CYpKOB 9abaHaMH BEAETCS MTOCTOSTHHO (B OCHOBHOM, H3-3a IIeTICOHOTO KHUpa U HA TPOKOPM
cobakaM), a CypKH TaM O4eHb ITyIHBEL. Ho, BMecTe ¢ TeM, YHCIEHHOCTh CYPKOB Ha 9TOH
TEPPUTOPHUU OTHOCHUTEIILHO CTaOMIbHA M JEPIKUTCS B IOCIIEAHHE TOAbI Ha YPOBHE OT 32
1o 46 ocobeit Ha 1 xB. kM (Haypys0aeB u ap, 2014).

HpI/IBHSaHHOCTb CYPKOB K HaCT6I/ILLlaM 1 UX CBA3b C KOINBITHBIMH JABHO W HIMPOKO
u3BectHbl crenuanucram (bubdukos, 1967; Kamutonos, 1969). OgHuM U3 KITFOYEBBIX
(haKTOpPOB 3KOJIOTHMUYCCKONM HHUIIM CYPKOB (Marmota) sBisercss wx OHOTONUYECKAs
MPpUYPOUYCHHOCTb K MECTaM BbIIIaCa KOIBITHBIX MJICKOIIUTAOMINX, TUKUX UJIU JOMAIIIHUX.
KombiTHBIE, 00pa3ysi ¢ CypkaMH KOaJalTHUBHBIM KOMIUIEKC, TPEACTaBISIOT CO00# Mo
OTHOIIICHUIO K HUM CEJICKTHBHYIO CHJIY, IeHCTBYs Kak (aktop orbopa (KapmyxuHna u ap.,
2015). Haubosnee aeraiapbHO 3Ta mMpobieMa M3yueHa Ha MPUMEPE CTEIHOro cypka. Tak,
no mHeHuto B.B. KonecHukoBa, «coxpalleHue KojaudyecTBa KOJOHHMH Oaiibaka Ha tore
VibsiHOBCKOW 00JIaCTH MPOM30IILIO BCICACTBUE COKPAILCHUS KOJIMYECTBA BbIACAEMOTO
ckora ¢ 1990 o 2004 rr. B 14 pa3» (Konecuukos, 2007). Haubonee orpunarenbHo Ha
pPEeCYpChl CYpKOB BIIMSICT pacliallika, HCTPEOJICHHEe U HEYMEpPCHHAs 00bIYa, a Hanbolee
MOJIOKUTENIBHO CKa3bIBAeTCsl HHTEHCUBHBIN BhInac ckorta (Konecuukos, 2011).

B BBICOKOTOpBE BIMSHHUE BBIIIACA CKOTA HA YUCICHHOCTH CEPBIX CYpKOB OLIEHUBACTCS
HeomgHOo3HayHO. Tak, mo MHeHmro Ban Um (2016), «aHTpOIOTEHHOE BIUSHHE Ha
pacIpocTpaHeHHe U INIOTHOCTh NONyJsinnu cypkoB B Kurae e cimmkoM Benuko. Eciu
JIIOJIM aKTHBHO HE TIpeCiie/lyeT CYPKOB, OHH BIIOJIHE MUPHO Y>KUBAIOTCSI C YEIIOBEKOM.
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Cyzst 10 COXpaHHUBIIUMCS ClIEAaM, B CyOalIbITUIICKOM 30HE HAOI0IaeMOro yJ4acTka
HWHTCHCUBHOCTH BbIlIaCa B IIPOLIJIOM ObLIa HCECpPAaBHCHHO BbIIIE, Y€EM B IOCJICIHHC
JECATUIIETHSI. DTO 0OCTOSATENHCTBO JIA€T OCHOBAHUE YTBEPXKIATh, UTO B CyOaIbIIMHCKON
30HE ATOT (haKTOp OKa3all MOJIOKHUTEILHOE BIUSIHUE Ha JKU3HEIESTEIbHOCTh CypKoB. B
YCIIOBUSIX PE3KOT0 COKPAIIIEHHSI [TOTOJIOBBS CKOTA U IIJIOIIA/IM BBIIIACOB Ha 00CIIeI0BAHHON
TEePPUTOPUH B JIETHUH MEPUOJ] BBICOTA PACTUTENIFHOTO MOKPOBA focTUraer 1-1,5 M, uro,
BEPOSTHO, U MOCILY>KMJIO OCHOBHOU NPUYMHON CMELICHUSI HUXKHEN I'PAaHULbI II0CEIEHUN
cypkoB Oosiee yem Ha 1000 M BBepX 1o CkjIoHaM. B Toke Bpemsi, B ajbIIUHCKOM IOsICE
o0ciieIyeMOil TEeppUTOPHM B TEUEHHE BCEro IIepHoja HAOJIOACHUs, OTMEYAINCh Kak
OZIMHOYHBbIE HeoOuTaeMble OyTaHbl, TaK W TPYMIbl HEOOMTAEMbIX W 3aIUIBIBLIIMX HOP
Ha TIOIXOASALIMX JUIsl CYpKOB M JIaBHO HE IOCENIaeMBIX JIOIbMH ydacTKax (OacceilH
p. Kazamika, ceBepo-3amajiHble U ceBepo-BOCTOUHBIE CKJIOHBI mep. Capbicail). Tak, B
okpecTtHOcTax nep. Capsoicaii B 2011-2013 rr. oTMedanach BEICOKasl YHCIEHHOCTh CEPOro
cypka. 3a nepuon ¢ 2014 o 2015 rr. mpousonuio pe3koe e€ cokparieHue u k ety 2016
I ocTajach OJIHA JXKWias ceMeiHas Hopa (Tali. 2). DTO 00CTOSATENBLCTBO MO3BOJISCT
3aKJIIOYUTh, YTO YHUCJIICHHOCTb CYPKOB B Cy6aﬂbHHﬁCKOM I1051CE€ HAaXOAUTCH 110/ BINSIHUEM
KOMIIJIEKCa OMOTHYECKUX U aOMOTHUECKUX (PAKTOPOB, HE CBSI3AHHBIX C BBIIACOM.

BriBOALI.

1. Pacmpenesnenue ceporo cypka Ha 00CJIeIOBAHHOW TEPPUTOPHUU B HACTOSIIIEE BPEMsi
HepaBHOMepHO. Ero moceneHusi OTHOCSATCS K JIGHTOYHOMY W OCTPOBHOMY THITY,
OTHOCHTEIBHO H30JMPOBAHBI IPYT OT ApyTa U 3aHUMAaroT MeHee 20% MpUrogHo A
0OHUTaHUS TEPPUTOPHH.

2. 3amnocnennue 60 JIET HIKHSS IPAaHUIIA TIOCEICHUH MIepeMECTHIIaCh BBEPX OoJiee yeM
Ha 1000 M (¢ 1400 no 2450 M H. y. M.).

3.  Hu3zkas mIOTHOCTH CYpKOB, M30JIMPOBAHHOCTb MX INOCEJIEHUH M HU3KUH YpOBEHb
BHYTPUIOMYJISIIMOHHBIX KOHTaKTOB Ha OOCIJIEIOBAaHHOW TEPPUTOPUH OMPEICISIOT
c11a0y10 BEpOATHOCTb 3H300THH UYMBI.

4.  AHTpOIOTreHHbIH (aKTOp OKa3blBAET 3aMETHOE BIUSIHUE Ha IPOCTPAHCTBEHHOE
pacripeienieHie 1 YUCIEHHOCTh CYPKOB, IIPUYEM B CPEIHEM BHICOTHOM I10siCe OOJIbIIee
3HAYEHHE UMEET OTPaHUYEHUE BbIIaca CKOTA U, KaK CJIEACTBUE, YBEIUYCHUE BbICOTHI
1 TYCTOTHI TPABOCTOS, @ B AJBIIUICKOI 30HE IEHCTBYET KOMILIEKC a0MOTHUECKUX U
OroTHYCCKUX (HAKTOPOB.
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COMPLETE GENOME SEQUENCING OF MONGOLIAN
MARMOT HEPADNAVIRUS
Oyunbileg J', Tsatsral Kh', Altantuya L', Nyamadawa P?
! National Center for Public Health
2 Mongolian Academy of Sciences, Mongolian Academy of Medical Sciences
Background

Previously proposed the animal models for studies of immune-pathogenesis of he-
padnavirus infection, particularly the mechanisms of hepatocellular carcinoma: North
American Woodchuck (Summers, et al. 1978) Tree squirrels (Feitelson, M.A et al. 1980).
Therefore, we thought that we can find similar virus in population of Mongolian marmots.
On the other hand, sequencing of the latent virus in the organism allows to make conclu-
sion on origin and evolutionary pathway of host organism.

Goal

To detect the hepadnavirus and to sequence complete genome, to propose new animal
model for studies of immune-pathogenesis of hepadnavirus infection

Objectives

Detecting of hepadnavirus in the population of Mongolian marmots (Marmota sibir-
ica, Radde, 1862)

Sequencing of complete genome of marmot hepadnavirus

To propose the new animal model of immune-pathogenesis studies of hepadnavirus
infection

Materials and methods

In total, we collected 980 samples of blood serum and liver samples. We used ELISA
kits for detection of HBV and WHV markers. We performed PCR using the conserved
primers of hepadnavirus and complete genome was sequenced.

Results

We detected anti-WHc in 25.3%, anti-WHs in 8.9% of Mongolian marmot popula-
tion. These markers were different in Khentii, East Gobi, and Gobi-Altay Regions. We
sequenced complete genome of Mongolian marmot hepadnavirus by amplification of ge-
nome by PCR, then sequencing.
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Comparison of nucleotide and amino acid sequences of MMHYV and WHYV

Number of nucleotide | Differences in Differences in

Gene regions and amino acid nucleotides amino acids

Number % Number | % Number %
Gene “S” (Pre-

o +Pre—sII( ) 1296/432 | 1296/432 0 0 0 0
Gene “X” 426/142 402/134 5 1.24 4 2.98
Gene “C” 678/226 678/226 1 0.14 0 0
Gene “P” 2655/885 | 2655/885 11 0.41 7 0.79

Total length of MMHYV was 3223 nucleotides. By comparing of MMHV genome
regions to WHV was found that there were no nucleotide and amino acid differences in
“S” region, there was 1.24% difference in nucleotide and 2.98% difference in amino acid
sequences in “X” region, 0.14% difference in nucleotide, however no difference in amino
acid sequence in “C” region, there was 0.41% in nucleotide, 0.79% difference in amino
acid sequence in “P” region. “X” gene, which has a trans-activating role for the genome
is shorter in 24 nucleotides, its product in 8§ amino acids in the MMHV than the WHY,
therefore virion numbers are very few 10? to 10°. MMHV genome sequence was the most
conserved comparing to five published sequences of Woodchuck hepatitis viruses. In the
example of human hepatitis B virus was shown “X” gene is getting longer by evolution
development. Above mentioned data show that Mongolian marmot might be an ancestor
species among the marmot family. 2 marmots were taken to animal house and infected by
MMHY, and observed PCR detection, however no infection.

Conclusion

Mongolian marmot and MMHYV are the new model for studies of immune-pathogen-
esis of hepadnavirus infection.

MMHYV genome has a most conserved sequence and “X” gene, which has a trans-ac-
tivating role for the genome is shorter in 24 nucleotides, its product in 8§ amino acids than
the WHY, therefore its host the Mongolian marmot is the most ancestor of marmot family.
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MOHTIOJI TAPBATAHBI XEITATHABUPYCHUIHH 'EHOMBIH
BYPOH JAPAAJIAJL

K.Owyuomwnr', X.Haupaa', J.Anranrysia', ILHamaasaa®
I Hutiemutin opyyn MoHOUUH YHOICHULL MO8
? Moneonvin anazaax yxaanvl akaoemu

XenagHaBUPYCHUIH XaJIABApBIH AMIAT JKaM, HOH SUTAaHTysia DJISTHUN aHXIard eMeH
(BAO) yycax MexaHU3MBIT Cy/uiax Xoua AMEpUKHitH OWH TapBaranbsl Bupyc (Summers,
J et al. 1978), oiin xapamuwmii Bupyc (Feitelson, M. A et al. 1980) 33par cyyH TK32JITHHI
3arBapell’ TapraH aBcaH Hb OWASHA MOHIOJ TapBaraHbl TMOMYJSAIHUI XEMaJHaBUPYC
WIPYYIIRX IMHHKIIT? XAWX COUIAAT TOPYYIICHH oM. Heree Tamaac Tyxaif Omemaxoonna
Oyriigar BUPYCHHH T'CHHHH Japaauibll TOTTOOX Hb 333%H OMeMaxOoAWiH rapan yycod,
SBOJIIOIH XOMKIMIHH Tajlaap TYTHAIT XHUX OOJIO0NII00 OJIT0X IOM.

3opmiaro. Mouron TapBaranel nonyisinun (Marmota sibirica, Radde, 1862)
XenaaHaBUPYC WIPYYIDK, TYYHUH T€HOMBIH OYyTAIl, OYpAH Japaauibil TOJOPXOWDK, YT
BUPYCHIH XaJ{BAPBIH SMIIT KAMBIT CY/IaX aMBTHBI 3arBap rapraH aBax

3opuit. MoHTO TapBaraHbl MOMYJISIN A XEIa JHABUPY C LIIPYYIIIX, X €TIaIHABUPY CHITH
TEHOMBIH OYPAH Jlapaauibll’ TOJOPXOHIOX, Xena HaBUPYCHIHH XaJABAPbIH IMIAT )KaMbIT
Cy[UlaX BUPYC-aMbTHBI 3arBap raprat aBax

Marepuain, apra3syii. Xouruii, [oBp-Anraii, TeB 6a JlyHaross aiiMruiiH HyTraac
HUUT 980 TapBaranbl IyCHBl HMMIAAIC, DJATHUN JOPK IYIIyyJcaH. XenagHaBUPYC
WIpYYIdxuidH Ty XBB-nitn 6a AMepuKuiiH OWH TapBaraHbl I'aJaprbiH 3cparreperd 0a
acpardue mwipyymx @XVY-bH HOMOT, XeMaTHABUPYCUIHH HUHTIAT Japaanai YHIICIIH
npaiiMep HuiArKYyink, [1I'Y-aap reHOMBIH Jlapaauibll ONLIPYYJiaH OYTOH T€HOMBIH
CEKBEHC XUIB.

Yp ayn. Monron TtapBaransl nomymsiuup xernamgHaBupycuiiH (MTXB) unemuitn
ACPITTOPOrYHiAH ICPITOUE IyHpKaap 25.3%, ragaprblH 3¢pIrToperduia scparoue 8.9%
6aiiB. Dnranp mapkepyyn XoHTuH, Jlynaross, [oBb-AnTaiin TapBaransl Cypart eep, eep
Oaitiaa. XenaaHaBUPYCHIH HUHTIST npaiiMep ammniad [11'Y-aap reHOMBIH japaauibir
OJILIPYYJIaH CEKBEHC XUIX31 MOHroa TapBaraHbl XenaJHaBUPYCUIH T€HOMBIH ypT 3223
HykJieoTus OaiiB. 2 TapBarsir rapuryy/nk MTXB-asp xangaaxan [1I'Y-aap nanpu Oatican
60s10BY, TapBara XxaJaBap aBaaryii.

MTXB 6a OTXB-utin HyK1€0muoblH 64 AMUHXYUIULUH A12aa2 XapbyyVICaH OYH

Hykneorun 6a HyxneotuayynblH | AMUHXYWIYYIUIH
Ten AMUHXYWIANHH X3MXK33 Anraa saraa
OTXB MTXB Too XyBb Too XyBb
“S” ren 1296/432 1296/432 0 0 0 0
“X” ren 426/142 402/134 5 1.24 4 2.98
“C” ren 678/226 678/226 1 0.14 0 0
“P” ren 2655/885 2655/885 11 0.41 7 0.79
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MTXB-uitH reHoMbIH Japaaniasir Xoiin AmepukuitH oiH TapBaranel (OTXB)
TEHOMTOM Xapblyynaxaja “S” reHJ HyKJICOTHIbIH 0a aMUHXYWIMHH AapaajlibiH suiraa
Oaiixryit, “X” reHn HyKJIeOoTHIbIH dapaananya 1.24%, aMuHxywiniiH napaanang 2.98%-
uith, “C” rena HykieotuabiH napaanana 0.14%-uitH sraaraii 00JIOBY aMUHXYUWIHITH
napaanainn suiraa Oauxryit, “P” rewa nykimeotuabiH TyBmuHI 0.41%, aMHUHXYYWIHITH
napaanany 0.79%-uitn snraaraii 6aiiB. MOHros1 TapBaraHsl MOIYJISILIL XeTaJHABUPYCUITH
BUPHOHBI TOO Malll ieeH Oyroy 10%-10° Gaiis.

OTXB-uiiH reHOMbIH X3BIAIACOH S5 napaanantail xapeuyynaxag MTXB xamruiin
OBOT, yIIaM)KJIaracaH napaanantail 0aiiB. MeH xynuit XBB-mifH xum»H 133p “X” reH
SBOJIIOIM XOTKIUIH sBIAJ ypracd Oyir OarancaH Gereen sH> Hb MTXB-uiiH reHoMza
24 HyKJIEOTH/II3p, TYYHHH OYTIITIOXYYH Hb 8 aMHHXYWIp OOTMHO OaiiB. DArasp Hb
MTXB-uiiH 3330 6uemax0016 60:10x MOHTOJI TapBara Hb OycaJI TapBaraHbl ©BOT OOJIOXBIT
Y3YYIDK OaiiHa.

Jyraaar

MTXB Hp XenaJHaBHUPYCHUNH Xal[BApPBIH OSMIDIKAMBIT CyAlax IIUHD 3arBap
Ooomk OaitHa. MTXB-uitH TeHOM Hb XaMTHHH yIaMKJIarjcaH Japaanantail Oaiiraa 6a
HA3BXKYYIIX YYpar Oyxuit “X” reH Hb 24 HyKJICOTH], OYTIIIIOXYYH Hb 8§ aMUHXYWII9D
6oruHo Oaitraa Ty’ MOHTOJI TapBara Hb ©BOT IUHXKTAH I'ICOH JYTHAITHHT XUHX 00000
onirox OaifHa.
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Introduction

We obtain from marmots their pelts, edible meat and healing medicinal fat. All those
products are in high demand. For 5-8 months a year marmots are dormant, and need nei-
ther food provision for winter, nor care in that season. The base of their nutrition is veg-
etable foods. Marmots are large sized: the body length of adult animals is 40 to 70 cm,
the weight, 3.5 - 10 kg. In nature marmots spend 9/10 of their life span in burrows. Estrus
occurs in April-May, and pregnancy lasts 30-35 days. They whelp 4-6 kits on the average.
Lactation lasts 35-50 days (Bibikov, 1989).

Material and methods

The subjects of the study were steppe marmots (n=280) of a European subspecies
(Marmota bobak bobak Miiller, 1776) (Figure 1) and black-capped marmots (n=26) of
a Kamchatka subspecies (Marmota camtschatica camtschatica Pallas, 1811) (Figure 2).

- &5

Figure 1. The steppe marmot (photo M. V.
Plugina).

Several housing types for keeping marmots were tested: warm houses of squared
beams and bricks; wooden 4-row barn-shed 7 x 68 meters (Figure 3); the common 2-row
open shed (Figure 4); and an open 2-row shed with underground houses. The animals also
were housed in cages under a lean-to and in corrals. For winter hibernation, separately
placed cages in which houses were covered with snow for better warmth, were employed.

E— 259 e

R e



PROCEEDINGS of the 7" International Conference on the Genus Marmota “MARMOTS OF THE OLD AND NEW WORLD”

Figure 3. Wooden 4-row barn-shed. Figure 4. 2-row open-shed.

Figure 5. Cages for marmots.

The cages were those used for industrial breeding of red foxes and polar foxes, with
open air, galvanized, welded wire-mesh and a wooden house. We lined the house with
wire-mesh from inside. The distance between the wooden and wire-mesh bottoms in the
house was increased up to 10 cm to make a thicker stratum of warming material for winter
keeping of the marmots (Figure 5).

When keeping marmots in a shed with underground houses we installed, on both
sides along the shed, concrete trays, which we dug into the earth 1.5 meters deep. We
covered the shed with concrete and filled earth to the landscape level. Inside the trays we
made brick partitions. We connected the underground houses with the open air sites with
a tubular passage.

The temperature of the air in the cages recorded at M-16 thermograph. The body
weight of animals was measured once a month on electronic scales. Statistical analysis
was performed using Microsoft Excel 2010.

Results and discussion

There were considerable differences in temperature conditions for winter hibernation
between shed and barn housing. Both steppe and black-capped marmots kept in cages can
readily endure severe winters with temperatures as low as -30 to -35°C (Plotnikov & Zab-
olotskikh, 2000). During winter hibernation, which lasts from October to the beginning of
April in the temperature zone of Russia, marmots reduced body weight by 30-45%. Black-
capped marmots had a 3-4% lower weight decrease than did the steppe variety. Grown
individuals of both species lose 5-6% more weight than did the young. When kept in cages
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with insulated houses in a closed shed marmot body weight is reduced 30-33%, while the
average for animals kept in a shed with open sides was 37%. The weight reduction percent
in marmots wintering in cages under snow cover was greater. Keeping marmots in closed,
non-heated premises, provides a better temperature regime than in an open shed. Degree
of illumination of outside rows of cages on a sunny day is 80-850 Ix. With 4-row sheds,
reduced natural lighting to the inside rows of cages was noted (1-29 1x).

Open shed techniques have the advantage of lower building expenses but do not suit
areas with severe winters. Making shed side walls of removable screens allows their use
in various climatic zones. In southern regions where summer temperature is more than
+35°C, the simple shed version is also not recommendable. For that zone, sheds with un-
derground houses suit marmots better. Keeping marmots in winter in premises with artifi-
cial heating did not give good results. Under such conditions hibernation was interrupted,
and moult and growth cycles are disrupted.

The marmots’ feeding period lasts approximately 6.5 months, from April to October.
During this period, intensive growth of the young is observed and the restoration of body
mass in adults. Fat accumulation, compressing energy resource storage for wintering and
early spring is underway. Before entering hibernation, marmots must have body weight
not less than the following indices: adult steppe marmots: 5.2-5.8 kg, yearlings: 2.7-3.2
kg; adult black-capped marmots: 4.4-5.0 kg, yearlings: 1.4-1.8 kg (Plotnikov, 2012).

In captivity, marmots eat a variety of foods. They may be fed with: mangel-wurzel,
carrots and other roots; boiled potatoes, cabbages, pumpkins and other vegetables, alfalfa,
clover, various grasses, soaked with water or vapour combined foods, roots and oil-cake,
milk and whey, bread and meal scraps and waste. It is impossible to satisfy the nutrient
requirements of marmots without concentrated foods. Cereals without preliminary cook-
ing and dry, loose combined foods are highly suitable for marmots. We recommend that
marmots be fed granulated combined foods with granules 4.8-10 mm made for rabbits,
nutrias, laboratory animals, pond fish and swine (Figure 6).

Figure 6. Granulated feed. Figure 7. Bunker feeder KKB-1M.

Steppe marmots eat 300 g of granulated food per day (Mukhamedyanov et al., 2009).
Unlike steppe marmot the black-capped variety eats 42-52% less dry combined foods, but
both species similarly consume root vegetables and other succulent foods. The require-
ment of steppe marmots in nutrients on 1 M/ exchange energy makes (g): solid - 82,5;
protein - 15,2; fat - 1,9; cellulose - 2,8; an azotic extractives - 31,6. On 1 kg of weight of a
body it is required to marmots (g): 9,1 protein; 1,1 fat; 1,7 cellulose; 18,9 an azotic extrac-
tives; 0,9 calcium and 0,5 phosphorus. The requirement for all nutrients increases by 1 kg
of live weight in the spring, and decreases on 23-30 % in the autumn.
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At the cellular contents it is possible to provide need of marmots for nutrients with
feeding by the granulated compound feed according to the developed recipes. It is estab-
lished that when using in feeding of marmots of the granulated compound feed KKB —
1M, feeding trough, applied to rabbits is most technological (Figure 7).

Marmots, eating the granulated compound feed, try to take it paws. The part of a
forage inevitably falls under a cage. For decrease in losses of a forage on a bottom under
a bunker feeding trough it is necessary to attach in addition a shelf from sheet iron. As a
result of this device the dropped — out forage fails not at once under a cage and steals up
marmots.

Conditions of the cellular contents and technology of feeding of marmots cause level
of need of marmots in water. Especially big need for water when feeding by dry compound
feeds and at high surrounding temperatures. The general consumption of water in hot days
of summer reaches on a marmots farm 500 g on the head per day. Feed marmots 2 times a
day — in the morning and in the evening.

Fat storage at high levels in marmots before entering hibernation is of the key impor-
tance to their successive reproduction. Young female animals and those in a poor nutritive
state in spring have incomplete estrous cycles as the heat and ovulation are absent. In
vaginal smears mainly basal, parabasal, intermediate and a few surface epithelial cells are
present (Figure 8, 9). This is the evidence for insufficient estrogens in the bodies of such
females, as indicated in other studies (Rymalov, 1996).

P
e

Figure 8. Stage of proestrus 2. Figure 9. Estrus stage.

Marmots have a long reproductive period (7-10 years) and because they are a good
model for a monitoring of different population parameters during long period of time. The
first problem was providing of whelping. Even slight intervention in a liter life provoked a
great female stress. Later, in domestication process, female had become calmer. Inspection
at the day of whelping and moving whelps from one female to another were feasible.

Marmots are born without hair cover with smooth pink skin. Body mass of a newborn
marmot is about 35 g, body length is about 10 cm. Eyes and ears are tightly closed; there
are no teeth. The teeth emerge and the eyes open after 20 days of age. The weaning of the
young is at the age of 45 days (Figure 10).
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Figure 10. Young marmots.
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The area of the black-capped marmot range is 840 thousands ha, a total species abun-
dance comprises about 40 thousands individuals. Animals density within of high quality
habitats is 60-80 individuals per 1 thousand ha, within habitats of lower than moderate
quality — 30-60 individuals per 1 thousand ha and within habitats of poor quality — 0,1-5
individuals per 1 thousand ha. Population status in general is considered as safe.

The black-capped marmot in general and his Kamchatka subspecies in particular is
the worst studied marmot species. For a long time, the black-capped marmot abundance
within the whole range and was conditionally estimated in Kamchatka region (Bibikov &
Zimina, 1983; Bibikov, 1989). The first estimation of this marmot species abundance on
Kamchatka was based on the results of 1984 All-Union count of marmot abundance — 10
thousand individuals. It should be noted that this count was conducted in limited scales,
in inappropriate seasons for Kamchatka (June-July) and by inexperienced counters and
extrapolation as such was not performed (one of the authors participated in these works).
As a result, the abundance was highly underestimated.

Latter D. I. Bibikov (1989) estimated species abundance on Kamchatka as 50 thou-
sand individuals based on data of field surveys on black-capped marmot of V.A. Tokarskiy
& A.S. Valentsev on Kamchatka in 1987.

Some authors attempted to estimate marmot abundance in several parts of the region.
So V.I. Kapitonov (1978) based on data of A.A. Portenko et.al. (1963) determined marmot
abundance in the southern half of Koryakskoe upland (the north of region) as 20 thousand
animals by expert knowledge. In Elizovskiy district of Kamchatka (the southern part of
region) marmot abundance was estimated as 32 thousand individuals (Tokarskiy & Va-
lentsev, 1994; Tokarskiy, 1997). In total marmot abundance in the region was estimated as
200-226 thousand animals (Tokarskiy & Valentsev, 1991, 1994). It should be mentioned
that at first for this estimation data on marmot density from the southern part of Sredyniy
Range where it was among the highest in this portion of the range with much lower within
the rest of the range have been considered. Secondly, all types of habitats (mountain tun-
dra, slide-rocks, screes) were included in extrapolation. But as was found in the further
field surveys not all these habitats were suitable for black-capped marmots and inhabited
by them. As a result the abundance was highly overestimated and latter determined as
not more than 100 thousands individuals (Valentsev et.al., 1996; Valentsev & Lebed’ko,
1999).

In preparation of this work authors used data on black-capped marmot density in
the southern part of Sredyniy Range including the rivers Yurtynaya, Utudumyts, Kag-
nyssin (tributaries of Bystraya (Bol’shaya) River), Goreliy and Avachinskiy volcanoes,
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Tolmachevskiy Doll, a headstream of Pravaya Vorovskaya River (Tokarskiy & Valentsev,
1991, 1994, personal field surveys of 1995-2003). Data of V.A. Tokarskiy were used for
the middle part of Sredyniy Range in a headstream of Bystraya (Khairyuzova) River, data
of V.A. Tokarskiy & V.I. Mosolov (1993) were used for Kronotskiy Reserve. Question-
naire data, materials on game resources management of 1967-1977, literature data (Por-
tenko et.al., 1963; Kapitonov, 1978) were used for the north of the peninsula.

The area of habitats (mountain tundra including alpine and subalpine meadows,
mountains without plants — rocks and screes, rocky shores, ancient volcanic lava fields)
was determined on the basis of the last game resources management (2014-2016). Ex-
plication of habitats was performed using current GIS-technologies and satellite images
of the areal. Percentage of habitats inhabited by black-capped marmot was determined
based on data of personal field surveys, literature data and questionnaire information. We
consider this assessment of species abundance in the region as expert estimation because
field surveys have not been conducted within the significant part of the range and data for
this areal are calculated data.

A total area of appropriate habitats of black-capped marmot in Kamchatkiy kray is
about 6,5 million ha. Marmots inhabit about 840 thousand ha of this area at one degree or
another. The highest percentage of inhabited habitats located in the central and south-west
parts of the peninsula — 20-25%, the lowest of 5-15% — the northern mainland areas. The
highest population density is recorded within the peninsula — 75-80 ind/1000 ha, the low-
est density of 5,1-50 ind/1000 ha — in the north of the region. Total black-capped marmot
abundance is estimated as about 40 thousand individuals including about 34 thousands
animals within the peninsula (Table 1).

Table 1. Expert estimation of black-capped marmot abundance in Kamchatskiy kray

.. . ot area o % habitats | Area of inhab- Average
Administrative appropriate . . . . population | Number of
L. . inhabited | ited habitats, . .
districts habitats, Lo th h density, individuals
thous.ha | ) Tarme OUS- & i1 d/1000 ha
Bystrinskiy 313,9 25,0 78,5 80 6280
Elizovskiy 312,1 15,0 46,8 75 3510
Myl’kovskiy 240,6 25,0 60,2 80 4816
Sobolevskiy 98,8 25,0 24,7 80 1976
Ust’-Bol’sheretskiy 63,2 25,0 15,8 75 1185
Ust’-Kamchatskiy 419,0 15,0 62,9 80 5032
Karaginskiy 414,5 20,0 82,9 80 6632
Tygil’skiy 258,3 20,0 51,7 80 4136
Olyutorskiy, includ-
ing Koryakskoye
. 316,8 5,1 1615

upland, (.)lquorskly 2112,2 15,0 41,0 50,0 2050
and Pylginskiy
Ranges
Penzhinskiy 2252,0 5,0 112,6 5,1 574

TOTAL 6484,6 5,0-25,0 839,9 62,7 37806
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A common status of black-capped marmot population in the region is considered as
safe. Risks for decrease of marmot population density and abundance exist only within
localized areas of mining developments, fuel-energy complexes and recreational tourism
(volcanoes Goreliy, Avachinskiy). Among abiotic factors marmots threaten with volcanic
eruptions and associated aerial ash falls, lava flows and mudflows (vol. Kyzimen in 2010-
2011, vol. Tolbachik in 2012-2013).

Species habitats in the region are localized within mountain, mountain-volcanic areas
and rocky shore terraces. The black-capped marmot habitats include the following cate-
gories and classes: mountain tundra including subalpine and alpine meadows, mountain
without vegetation (screes) and a coastal complex of adjacent water objects (seas and
ocean). The first widely distributed on Kamchatka type of habitats — moraines — predom-
inates in Koryakskoye upland (mainland part of the region). The second type of habitats
— volcanic plateau (dolls) — occur only on Kamchatka peninsula where they are widely
distributed southward and eastward to Kamchatka River valley as well as southward to
Ganalskiy Range up to the south of the peninsula — Lopatka Cape. Marmots inhabit there
only nicks (mountain circuses) located upper of forest and subalpine (pine and alder bush-
es) borders. Vegetation of these habitats is presented by alpine and subalpine plants within
descent sites and mountain-tundra plants within windy upper sites. Rocky coastlines being
the third habitat type are widely distributed along the east cost of Kamchatka and Koryak-
skoye upland (from Lopatka Cape on the south up to Anastasiya Bay on the north). There
marmot live at a height of from 50-200 to 300-400 meters above sea level (Averin, 1948;
Kapitonov, 1978).

Assessment of habitat quality (valuation) was conducted according to the method of
D.N. Danilov et.al. (1966). A habitat of the highest quality for black capped marmot was
evaluated as rank II (a habitat of rank I has not been distinguished). It is presented by the
following classes: subalpine and alpine meadows and coastal complexes. A total area of
the best habitats comprises 1, 97 million ha. They are localized only within Kamchatka
peninsula. Living conditions for black-capped marmot in habitats of the highest quality
are optimal. During a vegetation period they are characterized by abundant and diverse
food resources, good conditions for arrangement of wintering holes and for reproduction.
Screes and rocks along the meadows borders provide marmots with conditions to arrange
summer temporal holes and shelters from predators and observation points.

Habitats of the middle quality — rank III — are presented by mountain tundra and
coastal complexes. They are mainly located in the northern mainland areas. Climate here
is characterized as extremely severe with long winter, cold and short summer, less annual
precipitation, presence of the large sites of permafrost, low border of snow line and more
scarce food base. A total area of middle quality habitat is 217, 7 thousand ha.

Habitats of lower than middle quality — rank IV — are presented by mountains without
any vegetation (screes). The area of IV rank habitats as a total within the region comprises
1, 08 million ha. As mentioned above during summer these habitats neighboring with
alpine meadows serve as shelters from predators and for arrangement of temporal holes.

Habitats of poor quality — rank V — are located on the north of the region in the main-
land part of Penzhinskiy district and presented by screes at the area of about 30 thousand
ha. They are characterized by the most severe climate and extreme living conditions for
species (Table 2).
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Table 2. Evaluation of quality of black-capped marmot habitat in Kamchatskiy kray

The area of ranked habitats, thous. ha (average population

Predominant categories, class- density, individuals/thous. ha)

es and subclasses of habitats

11 11T v Vv
Subalpine and alpine meadows | 1969 (60-80) - - -
Mountain tundra - 133 (30-60) - -
Screes - - 1078 (5-30) 30 (0,1-5)

Coastal complex of adjacent

water areas 2,1 (60-80) | 84,7 (30-60) - .

Total 1971,1 217,77 1078 30
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OIIEHKA YNCJIEHHOCTHU U KAUECTBA MECTOOBUTAHUI
YEPHOIIAITIOYHOI'O CYPKA MARMOTA CAMTSCHATICA B
KAMYATCKOM KPAE

A.C. Baienues', A.B. JIedeanbKko?

I Kamuamexuit punuan @I'BYH Tuxooxeanckuil uncmuniym 2eoepagpuu (K@ TUT) JIBO
PAH, np.Puvibaros 19-a, I[lemponasnosck-Kamuamckuii, 683024, Poccus, alex valen-
zev@mail.ru

2 Aeenmcmeo n1ecHo2o X03a1cmea i OXpamsl KHcueomHo20 mupa Kamuameroeo xpas, yi.
Yybaposa 18, Ilemponasnosck-Kamuamcxui, 683006, Poccus, frank3000@mail.ru

[Tnomans 3acenéHHBIX CypkaMu MecTtooOmTaHui cocTasiseT 840 Teic. ra, obmas
YUCJIICHHOCTh BUAa OKoimo 40 ThIc. ocobOeil. B MecTooOMTaHMSIX XOpOIIero KadecTBa
IJIOTHOCTHh HaceneHus paBHa 60-80 ocobeit Ha 1 ThIC. Ta, cpeaHero kadectBa — 30-
60 ocobeit Ha 1 ThIC. ra, HIWKEe cpeAaHero kadectBa — 5-30 ocoOeit Ha 1 THIC. Ta U B
MecTooOMTaHMAX MmIoxoro kadectna — 0,1-5 ocobeif Ha 1 TrIc. Ta. COCTOSHNE TTOMYIIAIIIH
B 1IEJIOM OLICHMBAETCS Kak OJIarornoiyqHoe.

UepHoIanoyHblii CypoK B LIEJIOM M €r0 KaM4aTCKUN MOABHU/I B YACTHOCTH OTHOCSATCS
K HauMeHee U3yYEeHHOMY BHJY CYpKOB. Jlonroe Bpemsi YUCIEHHOCTh YEPHOILAOYHOIO
Cypka B LIeJIOM IO apeajy U B KamuyaTckoM permoHe OLEHUBAIACh JUIIb YCIOBHO
(bubukos, 3umuna, 1983; bubukos, 1989). [lepBas olecHKA YHCICHHOCTH 3TOTO BUJA
cypka Ha Kamuarke ObUTa cienaHa MOCIC IMOIBEACHUS HWTOroB BcecorodHoro yuéra
YUCICHHOCTH CypKoB B 1984 1. — 10 Thic. ocobeii. HeoOxoaumo oTMEeTUTH, YTO YYET B
TO BpEMs IPOBOIWIICS B KpaifHe HeOOIbIIUX 00bEMaX, B Hemonxosimue it Kamuarku
CPOKHU (MIOHB-HIOJIb), HCOIBITHBIMU YUYETUMKAMH M SKCTPANOJSIUU KaK TAaKOBOW HE
nenanock (OIMH M3 aBTOPOB y4acTBOBANI B Tex paborax). B wmrore umcieHHOCTH ObLia
CWJIbHO 3aHUKEHA.

[Mo3muee .M. bubukoB (1989) mocne momeBeix pabor B.A. Toxapckoro u A.C.
Basienuesa no uepnouanouHomy cypky Ha Kamuarke B 1987 . 1 10 MX JaHHBIM OLIEHUII
qrciaeHHOCTh Buaa Ha Kamuarke B 50 TbIC. 0COOEH.

HCKOTOprMI/I aBTOpaMH JICJ1aJ1acCh IONBITKA OUCHUTH YUCJIICHHOCTE CypKa B OTACIIbHBIX
gacTsx peruoHa. Tak, B.M. Kanutonos (1978) mo nanasim A.A. TToprenko u ap. (1963)
9KCIIEPTHO OMNPENeNIUI YUCIEHHOCTh CypKa B IOKHOM monoBuHe KOpsSKCKOro Haropbs
(cemep perunona) B 20 Thic. 3BepbkoB. B EnmzoBckom paiione KamuaTtku (fokHast 4yacTh
peruoHa) YUCJICHHOCTh CYPKOB olleHnBajach B 32 Thic. ocobeil (Tokapckuii, Banenies,
1994; Tokapcku#i, 1997). B 1nienom mo peruoHy 4McieHHOCTh ompenensuiack B 200-226
ThIC. 3BepbKOB (Tokapckuii, Banenues, 1991, 1994). B atoii cBs3u HEOOXOAUMO OTMETHUTh,
YTO MIPU pacuéTe 3TON YNCIEHHOCTH, BO-TIEPBBIX, OpaINCh MIOTHOCTH HACEICHHS CYPKOB,
MOJTyueHHBIC B 10)KHOW yacTu CpearHHOTO XpedTa — OJHH U3 CaMbIX BBICOKHMX B 3TOH
4acTu apeaja, Ha JPYTUX y4yacTKax OHM YacTO HAMHOTO HMke. Bo-BTOpbIX, B IUIOLIA/bL
SKCTPATIONALMN BKJIIOYAJINCh BCE CBOMCTBEHHBIC YroAbs (TOPHBIC TYHAPHI, TOJBIIBI,
KaMCEHHBIC OCBIITHN U T.H.). A KaK BBISICHHUJIOCH IT1OCJIC I[aJ'IBHef/'IIHI/IX ITIOJIEBBIX HCCJ’[CI[OBaHHfI,
OTH YroJbs JAJIEKO HE BCE IMPUIOAHBI JJIA OGI/IT&HI/IH YEPHOLIAIIOYHOI'O CypKa U HE BCA
IUIOIIAb MIPUTOAHBIX YrOAWI 3acelieHa MM. B MTOre 4MciIeHHOCTh OKa3ajgach CHUIIBHO
3aBBIIIICHA, U M03[[HEe OHa olleHnBanach He Oosee 100 Thic. ocobeit (Valentsev and all,
1996; Banenues, Jle6enpko, 1999).
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[Ipn mnoxroroBke HacTosimieid paOdOTHI aBTOPbI HMCHOJB30BAJIM Marepualibl M0
IUIOTHOCTH HACEJIEHHs YEePHOIIANIOYHOTO CypKa B I0KHOW yactu CpenuHHOrO Xpedra —
pp. fOprunas, Yrynymun, Karancenn (nputoku p. beictpoii (bomnbiioit)), Bik. ['openbii,
Asaunnckuit, Tonmau€sckuit Jon, uctoku p. [IpaBoit Boposckoii (Tokapckuii, Banenues,
1991, 1994, cobcTBeHHble moneBble uccaenoBanust 1995-2003 rr.). B cpenneii wactu
CpenunHoro xpe0Ta B BepXxoBbsxX p. boicTpoit (XaiiprozoBoii) — nannsie B.A. Tokapckoro
(1991), no Kponouxomy 3anoBenHuky — marepuans! B.A. Tokapckoro u B.J1. Moconosa
(1993). ITo ceBepHOI YaCTH MOIYOCTPOBA K MATEPUKOBBIM pailOHAM Kpast KCTIOJIb30BAIUChH
ONPOCHBIE CBEACHMS, MAaTepUaIIbl OXOTyCTpoiicTBa 1967-1977 rr., nuTeparypHble JaHHbBIE
(IToprenko u ap., 1963; Kanutonos, 1978).

[Tnomans cBOMCTBEHHBIX MECTOOOUTAHUN (TOPHBIC TYHAPHI, BKIFOYAs abITHACKUE
" CyOaNbIHICKHE JIyTa, TOPHI 03 PaCTHTEIBHOCTH — TOJBIBI M KAMEHHCTHIC OCBHIIH,
OeperoBbIe CKAMCThIE KOMIUICKCHI, CTaphIe BYJTKAHHYCCKUE JIABOBEIC TIOJIS) ONIPEILIISIach
10 JTAaHHBIM ITOCIIEIHEr0 oXxoTycTpoiicTBa (2014-2016). DKCImMKanus MECTOOOUTaHUH
[IpH 3TOM JieJiajach ¢ IpuMeHeHneM coBpeMeHHbIX I MC-TexHOI0ruii U UCII0Ib30BAHUEM
KOCMOCHUMKOB MECTHOCTH. [ [pOIIeHT 3aceIEHHOCTH MECTOOOUTAHHI CyPKOM OTIPEIEIISIICS
M0 MaTepualiaM COOCTBEHHBIX IIOJICBBIX HCCICIOBAHUH, JIUTEPATYpPHBIM IaHHBIM |
ONPOCHBIM CBEACHUSAM. JIaHHBIH Pacd€T YHCICHHOCTH BHIA B PETHOHE MBI CKIIOHHBI
CUNTATh JKCIIEPTHON OIICHKOW, TMOCKOJIBKY Ha 3HAYUTEIBHON YacTH apealia ITOJICBBIC
HCCIICIOBaHHS HE MMPOBOIUIUCH U CBEICHHS IO ITHM IUIOMIA/ISIM CYTy00 pacyEéTHBIE.

OO01ias iIoIaab CBOWCTBEHHBIX MECTOOOMTAHUI YEPHOIIAIIOUHOIO CypKa B Kpae
COCTAaBJISIET OKOJIO 6,5 MJTH. Ta. V3 HUX 3aceneHo 3BepbKaMHU B TOM MJIM HHOM CTETIEHN OKOJIO
840 TeIc. Ta. HanbompImmii MpOIEeHT 3aceNE€HHBIX YTOIUNA OTMEUAeTCsl B IIEHTPAIBHBIX U
FOTO-3aMaJHBIX pailoHax moxyoctpoBa—20-25 %, HANMEHBIITHHA — B CEBEPHBIX MATEPHKOBBIX
paiionax — 5-15 %. Haubomnpmmas mioTHOCTs HACEIEHUS OTMEUYCHA Ha MOIYyOoCTPOBE — 75-
80 0¢00./1000 ra, HaumeHblass — Ha ceBepe pernona — 5,1-50 0c¢06./1000 ra. OGruas
YUCJICHHOCTh YEPHOIIIAIIOYHOTO CypKa B PETHOHE OlleHHBaeTcst okojio 40 Twic. ocobel, B
TOM YHCJIe Ha TIOJIyOCTPOBE — OKOJIO 34 ThIC. 3BEpHKOB (TadI. 1).

Tabnuya 1. Dxcnepmuas oyeHKa YUCIeHHOCMU YePHOUAnoyHo2o cypka 6 Kavuamcrom

Kpae
OOmast mIomanb % IInomans Cpennsis
AJIMUHHCT- N .. ..
CBOMCTBEHHBIX | 3aCCNIEHHBIX | 3aCENIEHHBIX | IUIOTHOCTH | YHCICHHOCTS,
paTuBHBIC . . .
N MECTOOOUTaHHIA, CYpKOM YTOauid, HaCEeJICHNS, ocobeit
paitoHbI N
TBIC. Ta yroaui THIC. Ta 0c/1000 ra
BeicTpunckuit 313,9 25,0 78,5 80 6280
Enu3oBckuit 312,1 15,0 46,8 75 3510
MuIbKOBCKHIA 240,6 25,0 60,2 80 4816
CobomneBckuit 98,8 25,0 24,7 80 1976
Yere- y 63,2 25,0 15,8 75 1185
Bonbiepenkuii
ver- 419,0 15,0 62,9 80 5032
Kamuarckwmii
Kaparunckuii 414,5 20,0 82,9 80 6632
Turuasckuii 258,3 20,0 51,7 80 4136
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OmoTopCKuii, B

T.4. Kopsikckoe

Haropbe, 316,8 5,1 1615

OmoTopcKuit 21122 15,0 41,0 50,0 2050

u [IputruHCKMIA

XpeOThI

[TeHXUHCKUI 2252,0 5,0 112,6 5,1 574
HUTOI'o 6484.,6 5,0-25,0 839.,9 62,7 37806

O0b1ee coCTOSTHAE TOMYIISAIINN YePHOIIAIOYHOTO CypKa B PETHOHE OLIEHMBACTCS KaK
6maronony4roe. JINmIe Ha OTAENTBHBIX JIOKAJBHBIX yYacTKaX TOPHOPYAHBIX pa3paboToK,
TOIITMBHO-YHEPTeTHYECKOTO KOMITJIEKCAa M AaKTUBHOTO TypH3Ma CYIIECTBYeT Yrpo3a
CHIDKCHHS TIOTHOCTH HACEJICHHS M YHCICHHOCTH Cypka (BJIK. lopensrii, MyTHOBCKHIA,
ABaunHCKHiT). V3 abHOTHYECKUX (aKTOPOB YIpo3y CypKaM MPEACTABISIOT W3BEPIKEHHS
BYJIKAHOB M COIYTCTBYIOIINE MM a’pajbHBIC MEIIONaabl, JAaBOBBIE U TPA3EKaMCHHEIC
notoku (B 2010-2011 r. — Bnk. Kusumen, B 2012-2013 1. — Bik. Ton6a4uk).

MecrooOuTaHus BHJa B PETHOHE NPHYPOYEHBI K TOPHBIM, TOPHO-BYJIKaHHYECKHM
paiioHaM M TIPUMOPCKMM CKaJbHBIM Teppacam. Cpeaa oOMTaHMS YEpHONIANIOYHOTO
CypKka IpejACTaBlIeHa CIEAYIOIMIMMHU KaTeTOPUAMU M KJIaCCaMM: TOpHBIE TYHAPHI C
CyOQIbIUICKUMH W QJIBIUUCKUMHU JIyraMH, TOpbl 0€3 pacTHTENBLHOCTH (KaMEHHBIE
OCBINN), OEPEroBoil KOMILJIEKC BHEHIHUX BOAHBIX 00bEKTOB (Mopel u okeaHa). IlepBbiii
THUIT MECTOOOUTAHUI — JIEJIHUKOBBIE MOPEHBI, IIUPOKO pacnpocTpanéHHble Ha Kamuarke,
npeobnanator B Kopsikckom Haropbe (MarepukoBas 4YacTh pervoHa). Bropoi Tum
MECTOOOUTAHUI — BYJIKaHHYECKUE ILIATO (I0JIbI) BCTPEYAIOTCS JIMIIb Ha IOJIYOCTPOBE
Kamuarka, rie oHM IIHPOKO paclpoCTPAHEHBI K I0TY U BOCTOKY OT JoiUHBI p. Kamuatka, a
TaKXe BOCTOYHEE XP. ['aHaIbCKOro BIUIOTH JI0 F0’KHOW OKOHEUHOCTH MOJIyOCTPOBA — MbICA
Jlonarka. 3BepbKH HACEJSIOT 3/IECh JIMIIb PACHa ki (TOPHBIC LIUPKH), PACIIONOKEHHBIE
BBIIIIE T'PaHMIBI Jieca M CyOalbIMHCKOro mosica (KEIpOBBIX U OJBXOBBIX CTIAHHUKOB).
PacTuTenbHOCTH ATHX MECTOOOMTAaHWIl ajbluiickas M CyOalbIMHACKas B MOHMKEHUSX
U TOPHO-TYHJPOBasl — Ha OOJyBaeMbIX BETPOM MOBBIIICHHBIX y4yacTKax. TpeTudl THII
MECTOOOUTAHUI — CKaJMCTBIE MOPCKHE TO0EpEeXbsi — IIMPOKO PACHPOCTPaHEH MO
BocTOYHOMY TIo0epexbio Kamuarku u Kopsikckoro Haropsst (ot Mbica JlonaTka Ha 1ore 10
OyxThl AHacTacuu Ha ceBepe). 3/1eCh CypKH KUBYT Ha Bbicotax oT 50-200 no 300-400 m
Haj ypoBHeM Mopsi (ABepuH, 1948; Kanuronos, 1978).

OreHKa Ka9ecTBa MECTOOOUTAaHUH (OOHUTHPOBKA) IMPOBOIMIIACH HAMHU IO METOIHKE
JO.H. Nanunosa u ap. (1966). Cpena oburtaHus s YePHOIIATIOYHOTO CypKa JYUILIETO
KauecTBa — yroips oneHéHHele II Oonmtetrom (yromesi | OoHMTETa HE BBIZEICHBI).
[IpencTaBneHsl CllenyOMMM KJIACCAMH: CYOANbIUHCKUMH W albIIMHCKUMHU JIyT'aMH,
OeperoBbiMu KoMIulekcamu. OOmIas IUIOMAAb JIyYIIMX MECTOOOMTAaHWH COCTaBIsIET
1,97 miH. Ta. OHE pacIIONOKEHBI TONBKO B Mpenenax moiayoctpoBa Kamuarka. YenoBus
CYIIECTBOBAHUS AJsI Cypka B YrofbsiX JIYYIIEro KadecTBa ONTHMalbHBL. B mepuon
BEreTaly 37ech OTMeuaeTcsi oOwIbHas M pasHooOpasHas KopMoBas 0a3a, XOpOIIHe
yCIOBHUS [UISl yCTpOMCTBA 3MMOBAJIBHBIX HOP M pa3MHOXeHHsA. Hanmume mo rpaHunam
JIyTOB KaMEHHBIX OCBIINEH 1 CKaJl 00eCIeYNBaIOT CypKaM YCIIOBUS AJIsl yCTPONUCTBA JIETHUX
BPEMEHHBIX HOP U YKPBITUI OT XUITHUKOB, HAOIIOAATEIbHBIX ITYHKTOB.
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Mecrooburanus cpexHero kadectBa — III GoHHMTET — mpeacTaBieHbl Kiaccamu
TOpHbIE TYHJIPbI U OeperoBble KOMILIEKCH. PacosioxeHnbl OHM B OCHOBHOM B CEBEPHBIX
MaTeprKOBbIX paiioHax. Kimmar 3nech omimyaercss OONBIIONH CypOBOCTBIO — JUIMHHAsS
31Ma, XOJIOJHOE U KOPOTKOE JIETO, MEHbIee KOJIMYECTBO TOMOBBIX OCAJKOB, HAJIM4HE
OOJIBIINX TISITEH BEYHON MEP3JIOThI, HU3KOE TI0JI0KEHHE CHErOBOM JIMHUH, OoJiee CKy/Hast
KopMoBasi 6a3a. O01mas mIomaas yroauil cpeaHero kadectsa 217,7 Thic. ra.

MecTrooOuTaHus HIKE CpelHero kadecTBa — [V OOHUTET — MpencTaBlIeHbl TopaMu
0e3 pacTUTENLHOCTH (KaMEHUCTHIMHU ochlisiMu). [lnomans yroauii IV Oonutera B 1iesiom
1o peruony coctasisier 1,08 muH. ra. [‘paHnyaiue ¢ anbIUiiCKUMU JIyramMu, 3TH YIOJbs
B JIETHEE BpEMs, Kak TOBOPWIOCH BBIIIE, CIY)KaT ISl YCTPOHCTBa BPEMEHHBIX HOp H
YKPBITHH OT Bparos.

MecTo0oOHTaHNS HU3KOTO KadecTBa — V GOHUTET — PACIIOIOKEHBI HA CEBEPE PETHOHA B
MaTtepukoBoM [IermknHCKOM paiioHe U TpeCTaBICHbl KAMEHUCTHIMH OCBINAMH IO IbIO
okosto 30 ThIc. Ta. XapaKTEepU3YIOTCSI CaMbIM CYPOBBIM KIMMAaTOM M 3KCTPEMabHBIMU
YCIOBHSIMH CYIIECTBOBAHUS st BUAa (Tadm. 2).

Tabnuuya 2. Oyenka kauecmea cpedvbl OOUMAHUsL YePHOWANOYHO20 cypKa 6 Kamuamckom

Kpae
JloMuHUpYIOIINe [Tnomans GOHUTETOB, THIC. Ta (CPEIHSS IIOTHOCTh
KaTeTOPHH, KITaCCHI HaceJeHus, 0CO0eH/ThIC. Ta)
M TTOJIKIIACCHI I - vV v
MECTOOOUTAHUI

Cybanbnuiickue u
aJbIUICKUE JIyra

1969 (60-80) - - -

TopHBIE TYHAPHI - 133 (30-60) - -
Kamenuctoie ochinu - - 1078 (5-30) 30 (0,1-5)
Beperosoii kommiekc

BHCIITHUX BOJHBIX 2,1 (60-80) | 84,7 (30-60) - -
00BEKTOB

Hroro 1971,1 217,7 1078 30
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The population size and distribution of marmots in the territory of Russia in the last
20 years have not undergone major changes, but there is a weak tendency of decreasing
marmot numbers. In the Central, Privolzhsky and Southern federal districts the number
of bobaks (Marmota bobak) is relatively stable. Now there is a tendency for a shift in
the location of marmot colonies across the territory, caused by a decrease in grazing and
increased mowing in agrolandscapes. Forage conditions for marmots have begun to de-
teriorate due to a decrease in grazing and overgrowing of colonies with high grass. It is
especially difficult for marmots to survive in the early spring period, as last year's weeds
cause the late growth of fodder plants and reduces visibility, which is unfavorable for
marmots. Individuals have begun to migrate to more elevated areas, with better visibility.
Migration is accompanied by greater individual mortality. In general, over the last five
to ten years, the number of bobak has decreased very slightly and now amounts to 337.7
thousand of the European subspecies (M.b.bobak) and 75.5 thousand of the Kazakhstan
subspecies (M.b. schaganensis). According to the estimates of specialists and hunting cor-
respondents, the number of tarbagan (Siberian marmot; M. sibirica) and gray marmots (M.
baibacina) also decreased very slightly and is estimated at 93 and 168.8 thousand indi-
viduals respectively. Forest steppe marmots (M. kastschenkoi) number about 14 thousand
individuals and black-capped marmots (Marmota camtschatica) around 145.4 thousand.
In total, the Russian marmot population is estimated at 834.9 thousand individuals, which
is 6.6% of the total Eurasian marmot population.

Steppe species (tarbagan and bobak) can be considered evolutionarily most success-
ful. At the beginning of the twentieth century, their total numbers exceeded 45 million and
accounted for more than 90% of Eurasian marmots. The same species were less protected
from humans and so experienced higher mortality than other marmot species. Today, the
number of Eurasian marmots slightly exceeds 12.5 million, of which 81% are tarbagan or
bobak.

Specialists of our institute have been monitoring the resources of game animals for
more than 80 years - this is the so-called "Harvest Service". Marmots are among the spe-
cies monitored. Information about marmot population size and distribution were gathered
from special surveys, reports of our permanent and voluntary correspondents, andfrom
literary and departmental sources.

The resources and distribution of marmots in the territory of Russia in the last 20
years has not undergone great changes, but there is a slight decrease in population size
over time (Table 1, Figure 3), mainly related to the refinement of population estimation
methods.

— 274 —



Table 1. Number of marmots in the territory of the Russian Federation, thousand indi-

viduals
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Fig. 1. Distribution of marmots in the territory of the Russian Federation, individu-
al/1000 hectares

In the Central, Privolzhsky and Southern federal districts the number of bobaks
(Marmota bobak) is relatively stable. Now there is a tendency for a shift in the location
of marmot colonies across the territory, caused by a decrease in grazing and increased
mowing in agrolandscapes. Forage conditions for marmots have begun to deteriorate due
to a decrease in grazing and overgrowing of colonies with high grass. It is especially
difficult for marmots to survive during the early spring period, as last year's weeds cause
later growth of forage plants and reduced the visibility, which is unfavorable for marmots.
Individuals have begun to migrate to higher elevations with better visibility. Migration is
accompanied by increased individual mortality. Marmots are more likely to occur in the
Saratov, Samara, and Ulyanovsk regions and in Tatarstan. In most populations in Europe-
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an Russia in the Southern Urals, Kamchatka, and Altai, the population density of marmots
has not changed.

Due to the natural migration patterns of marmots in the European part of Russia (Vol-
gograd, Voronezh, and Belgorod regions), many isolated subpopulations have been joined
in a larger population with a mosaic distribution across the territory. Observed habitat use
and population trends have been confirmed in two regions of the European part of Russia
- in the Kursk and Orel regions. In general, over the last five to ten years, the number of
the bobak has decreased slightly and is now at 337.7 thousand individuals of the European
subspecies (M.b.bobak) and 75.5 thousand of the Kazakhstan subspecies (M.b. schagan-
ensis) (Table 2). According to the estimates of specialists and hunting correspondents, the
numbers of tarbagan (M. sibirica) and gray marmot (M. baibacina) have also decreased
very slightly and are estimated at 93 and 168,8 thousand individuals respectively. For-
est steppe marmots (M. kastschenkoi) number about 14 thousand individuals and black-
capped marmots (Marmota camtschatica) at 145.4 individuals.

In total, the Russian marmot population is estimated at 834.9 thousand individuals,
which is 6.6% of the total Eurasian marmot population.

Table 2. The number of different species of marmots in Russia, thousand individuals

Species and subspecies of marmots 2013 | 2014r | 2015 | 2016 | 2017r
M.b.bobak 278,1 341 356,6 341,7 337,7
Marmota bobak
M.b. schaganensis 76,0 75,5 77,7 72,8 75,5
Marmota kastschenkoi 12,8 15,0 15,0 14,5 14,5
Marmota baibacina 208.,2 207,5 207.,5 172,1 168.8
Marmota sibirica 101,9 95,9 95,9 94,7 93,0
M. c. doppelmayri 11,1 11,1 11,1 10,4 9,5
Marmota camis- %= %) voi 32,6 32,9 32,9 33,1 334
chatica
M. c. camtschatica 110,0 111,0 111,0 107,0 102,5
Total 830,7 889,9 907,7 846,3 834,9

The main drivers of change in Eurasian marmot population size are related to human
activities (Abelentsev, 1971, 1975, Bibikov, Zimina, 1983, Mashkin et al. 2010). Among
the most significant cause of marmot population decreases, three are worth noting (Fig.
2). Significant reduction in the number of tarbagan is associated with their extermination
in the fight against plague in the early twentieth century. These losses are estimated at
about 4 million individuals. From the plowing of habitat, the bobak suffered a greater
population decrease than other species. It is very difficult to estimate the reduction of the
European bobak population in central and eastern Europe prior to the twentieth century,
but in Kazakhstan and Russia the plowing of virgin lands in 1953-1965 reduced the num-
ber of marmots by more than 15 million. Tarbagan populations decreased by 7.5 million
from mortality from snaring in Mongolia in the first decade of this century (Kolesnikov
et al. 2009). In other areas of Eurasia marmot populations have increased with the help
of humans (Litvinenko, 1928; Migulin, 1928; Milkov, Dvurechensky, 1974; Abrakhina,
1983; Mashkin, 1989; Tokarskii et al., 1990, 1991). The alpine marmot (Marmota marmo-
ta) population has doubled (increasing by 60-70 thousand individuals) and the population
growth of colonies of European bobak in Russia and Ukraine is estimated at about 350
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thousand individuals (Fig. 3). Overall, however, population trends represent a net loss.
The Eurasian marmot population decreased by 35 million individuals over the last century
under the influence of anthropogenic factors. Steppe species (tarbagan and bobak) can be
considered evolutionarily most successful. At the beginning of the twentieth century, their
total numbers exceeded 45 million and accounted for 94% of Eurasian marmots. The same
species was less protected from humans than other species and their populations suffered
the greatest declines Today, the overall Eurasian marmots population slightly exceed 12.5
million, of which 81% are tarbagan and bobak (Fig. 4). Most Eurasian marmots live in
Mongolia (Fig. 5). We need develop strategies for protecting marmots and their habitat to
conserve this "TERRA MARMOTA" for our descendants.
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Introduction

Acute pancreatitis (AP) is an acute inflammation of the pancreas characterized by
swelling and at times even destruction of pancreatic tissue. The most common causes of
AP are gallstones and excessive alcohol consumption. Other causes include medication,
abdominal trauma, infections, and genetic abnormalities of the pancreas [1]. The retroper-
itoneal space location of the pancreas makes biopsy, detecting histopathological structure
and dysfunction, and controlling action of medication difficult in the clinical practice.
Therefore, animal-based experimental study is useful to medical science in this case.

Mongolian statistical data from 2005 to 2009 showed pancreatitis and other relat-
ed diseases increased 1.7-fold during these 5 years. 41.4% of pancreatitis patients were
treated in Ulaanbaatar city [2]. Normal treatment of AP uses scientific medications, which
follow treatment guidelines [3]. However, for many years Mongolian people have been
using marmot brown fat (MBF) for treatment of pancreatitis. The Mongolian people called
it “human meat” because they abstain from eating it.

The marmot (Marmota sibirica) is a species of the rodent in the family Sciuridae. It
is found in China (Inner Mongolia), northern and western Mongolia, and Russia. By our
hypothesis the “human meat” of the marmot might have been first noted by a small reli-
gious sect of Tibetan medicine. A Russian study based on questionnaires and interviews
showed that all organs of marmots are used for treatment of some disease [4]. No previous
scientific results describing an association between MBF and pancreatitis were found in
the literature. Therefore in this animal-based experimental study we aimed to the deter-
mine effect of MBF on caerulein-induced AP.

Materials and Methods

The experiment was conducted with 82 female Wistar rats weighing 250-280 g. They
were maintained in a room at a controlled temperature of 22 +£2°C with 12-hour light/dark
cycles and fed an ad libitum diet. This study was conducted in accordance with the “Ethics
of Biomedical Study Guidelines for Animal-Based Experiment” of the Mongolian Minis-
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try of Health. The MBF was taken from the subclavian of the marmot for the purpose of
treating AP of rats under a license of slaughter from the Mongolian Ministry of Nature,
Environment, and Green Development.

1. Caerulein -induced AP

AP was induced by tail vein injection of caerulein (5 pg/kg, Sigma Aldrich, USA)
four times at one-hour intervals [5]. Mild AP was confirmed 12 hours after the last dose of
caerulein by the serum a-amylase level (SAAL) and a histological evaluation of the pan-
creas [6]. During the experiment, the rats were fed a liquid diet since standard food might
have induced some signs of pancreatitis or influenced biochemical results.

2. Treatment of AP

A suspension of MBF was prepared so that rats could be fed by catheter, so as to
avoid digestion in the mouth of the rats. To prepare the MBF suspension, first the extract-
ed brown fat was transported at -20 °C in a dedicated icebox. Next, connecting tissue and
capsules were removed from the ground MBF preparation . Then, 20 mL distilled water
were added to the remaining parts. This MBF solution was administered one time daily
over three days. The daily dose was 2 mL per day.

For rats treated with a Sandostatin dose, 4 ng/kg of Sandostatin (0.05 mg/ml, Octreo-
tide, Novartis Pharma, Switzerland) was administered through their tail vein. The tail vein
injection method was in accordance with the “Institutional Animal Care and Use Com-
mittee, TACUC” protocol [7]. The Sandostatin was administered one time daily over three
days as 0.3 mL of solution made from 0.1mL of Sandostatin and 10 mL of 0.9% saline.

3. Experimental protocols

The caerulein-induced AP model consisted of four groups in this study. Group 1 was
10 control rats. Group 2, 3, and 4 were caerulein-induced AP groups with 24 rats each.
Group 3 was treated with the suspension of MBF by catheter and group 4 was treated with
a Sandostatin injection through their tail vein 12 hours after the last dose of caerulein.
Group 2 did not have any treatment. The experimental study was continued for 12 days.

4. Biochemical analysis

Cardiac puncture in accordance with “Guidelines for Collection of Blood Laboratory
Animals” was used to collected blood from the rats [6]. Cardiac puncture is the prefered
technique for terminal collection of large blood volumes. The SAALs were determined
by the Fully Automatic Biochemical Analyzer (FA- 300, Clindiag Systems B.A.B.V, Bel-
gium).

5. Histological examination

Preparation of histological slides consisted of fixing, processing, embedding, section-
ing and staining. First, tissues were fixed and dehydrated with 10% formaldehyde for 48
hours. Second, the tissue was placed in warm paraffin wax which filled the spaces that had
water in them. Tissue-Tek VIP 5 Jr. (Sakura LLC, Japan) was used to deyhrate the tissue.
Third, the tissue was trimmed and mounted for cutting by a LEICA, DSC 2 microtome
(Leica Biosystems, USA). Thin sections were cut for subsequent staining and mounting on
microscope slides. Fourth, the tissue was stained by hematoxylin and eosin. Fifth, slides
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were viewed with a light microscope (Olympus, USA) and photos were captured by an
MU 500 5.1MP camera (AmScope, USA).

6. Statistical analysis

Data are presented as the mean and standard deviation (SD). Comparative results
between Group 1 with other groups were tested using a Student’s t-test. The data analysis
was performed using SPSS (version 18.0). A p-value of 0.05 was considered statistically
significant.

Results

1. Serum a-amylase level with AP

The injection through the tail vain protocol of caerulein (0.4 mL/hour) for Groups
2, 3 and 4 was completed four times at one-hour intervals to induce AP in the rats. Mild
AP was confirmed by SAAL results and pancreatic histology evaluation. SAAL was sig-
nificantly (p <0.02) increased in Group 2 rats compared to Group 1. SAAL was 1347.10
+10.76 units (U)/L in Group 1 and 1804.50 +134.32 U/L in Group 2 twelve hours after the
last dose of caerulein. After AP was confirmed, the treatment was initiated.

SAAL was 2005.73 £110.69 U/L in Group 2, 2352.45 +15.36 U/L in Group 3, and
1953.77 £96.04 U/L in Group 4 on the third day of experiment. The fifth day, the health
condition of rats in Group 3 was poor as their movement was slower than other days. They
had decreased appetite and some died because of breathing difficulties and heart dysfunc-
tion. During the cardiac puncture the blood viscosity of Group 3 was higher than normal
and the blood color was like bistre. The macrostructure of the pancreas was indistinguish-
able from fatty tissue, and additionally hydrothorax, cardiac hypertrophy, and pneumonia
were detected. The health condition of rats in Group 4 was mild, but from the fifth day,
experimental treatments were stopped. For Group 2, on the fifth day of the experiment,
SAAL was decreased (1787.17 £74.25 U/L) when compared to the third day of the exper-
iment (1804.50 +134.32 U/L) (p >0.05), but the change was not significant. In contrast,
SAAL was statistically lower in Group 3 (591.15 +88.61 U/L, p <0.001) and Group 4
(983.40 +£27.16 U/L, p <0.001) between the fifth and third day of experiment (Figure 1).

2. Histological Evaluation of Pancreatic Damage

The observed change in our study resembles a mild form of AP, characterized by ac-
inar cell adhesion caused by apical pole enzyme secretion of acinar cells (Figure 2A). The
ducts lumen was empty between acini (Figure 2B) and the veins were engorged (Figure
2C).

The histological evaluation of the pancreas was completed for three rats from each
group (2, 3, and 4) on the third day of the experiment. Dilated acinar cells pressed on the
peripheral vessels and intermediate tissue were filled with enzyme in Group 2 (Figure
3C). The acinar cells were filled with enzymes, and ducts of the pancreas were invisible
since they were narrowed in Group 3 (Figure 3A). Additionally, intermediate fluid accu-
mulation (edema) was observed with peripheral vascular stenosis (Figure 3A). In Group
4, the pancreatic exocrine cells were filled with enzymes, and intermediate tissue edema
was lower compared with Group 3 (Figure 3B). The peripheral vascular circulation was
normal (Figure 3B).
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On the fifth day of the experiment, the health condition of rats in Group 3 was poor.
Maladjustment and inactivity were observed and three rats died. Therefore, blood was
collected and the pancreas was examined histologically. The histological examination of
the pancreas in Group 3 rats showed that: (1) the acinar cell configuration was changed to
be located near the vessels and the cell nucleus was pressed as a result of edema (Figure
4A), (2) the acinar cell configuration was changed and the intermediate fluid accumulation
(edema) was increased (Figure 4B), (3) the histological change was similar with (1) and
(2) and additionally microvascular strokes were observed (Figure 4C).

Due to the rats’ health condition and the pancreas histological results, treatments
were stopped after the fifth day of the experiment. Also, inflammation of the lungs, in-
filtration of the spleen and sticky pancreas tissue was observed. After stopping treatment
six rats were selected from each group on the sixth day for histological examination. The
acinar cell shape change was revived and vascular dilatation was observed in Group 3.

Discussion

Our study is the first study to use a MBF suspension in rats with AP. Although Mon-
golian people have been using MBF suspension for treatment of pancreatitis (acute or
chronic pancreatitis is not clear) for many years, there have been no scientifically-based
results confirming its efficacy. Therefore, the main purpose of our basic study was to de-
termine the efficacy of MBF suspension on treating pancreatitis. These study results might
be a source of a novel medication for pancreatitis in the future but not AP.

In this study, we confirmed AP using SAAL. Matull et al.[8] showed that amylase
level is one of the biochemical markers of AP and is the most commonly used in the clin-
ical practice to confirm AP. Caerulein was effective at inducing mild AP as confirmed by
the SAAL in the rats. SAAL was not significantly different in Group 2 between the third
(2005.73 £110.69 U/L) and fifth (1787.17 £74.25 U/L) days of the experiment. In both
treatment groups, SAAL was significantly decreased on the fifth day of the experiment.
In Group 4, acinar cell damage was relatively lower than Group 3. The lower damage of
acinar cell might be related to the Sandostatin (octreotide) having beneficial effect in the
treatment of severe AP [9]. Interestingly, the pancreatic cell advanced damage (micro-
vascular strokes, intermediate fluid accumulation, acinar cell configuration and autolysis)
was observed in Group 3. Additionally, the health condition of Group 3 rats was poor and
spleen and lung tissue damage was detected by histological examination. Secretion of
pro-inflammatory mediators such as interleukin 1 (IL), tumor necrosis factor-a, and IL-6
can lead to pancreatic cell necrosis and cell death [10-12].

Regarding results related to MBF, Purevdorj et al.[13] determined the chemical com-
position of MBF. The study results showed linoleic acid at 33.11% in MBF and are dif-
ferent from lamb and infants [13]. Furthermore Dugarsuren and Dagdanbazar [14] and
Nyamdorj et al.[15] found lymphoid cells in MBFE. The researchers suggested that MBF
might have an immune activity function [14, 15].

Our study has important implications for the traditional use of MBF to treat pancrea-
titis in people and is the first to use a scientific approach to test the effect of a MBF suspen-
sion as a treatment for caerulein-induced AP in rats. There were limitations to our study.
Our marmot sample size was related to the license of slaughter issued by the Ministery of
Nature, Environment, and Green Development of Mongolia.
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In conclusion, our study results suggest that the MBF suspension might stimulate

pancreatic juice secretion. Therefore, the suspension is not beneficial in the treatment of
AP. Future medical studies should clarify the correct MBF suspension dose and its effects
on chronic pancreatitis.
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Figure 1. The serum a-amylase levels on the third and fifth day of experiment.

Figure 2. Pancreatic microstructure of a section with AP stained by hematoxylin and
eosin at 400x magnification. Observed is: (A) acinar cell adhesion by apical pole, (B)
empty duct between acinus, and (C) engorged veins between acinus.

Figure 3. Pancreatic microstructure on the third day of the experiment for a section
stained by hematoxylin and eosin at 400x magnification. Observed is: (4) pressed nucle-
us and edema in group 3, (B) lower edema and normal microvascular structure in group
4, (C) acinar cells filled with enzymes leading to pressed vessels and intermediate tissue

in group.

Figure 4. Pancreatic microstructure on the fifth day of the experiment for group 3 for
sections stained by hematoxylin and eosin at 400x magnification.
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VEGETATION ON MARMOT MOUNDS IN THE STEPPES OF
CENTRAL MONGOLIA
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The authors aim to show the influence of Mongolian marmot (Marmota sibirica)’s
activity on surrounding vegetation. Observed plant structure on marmot mounds and the
process of succession is considered in this paper.

Key words: Mongolian marmot, mound, vegetation, succession.
Introduction

The impact of mammalian burrowing activity on the ecosystems of different land-
scapes has long attracted the attention of researchers. Rodents and hares have considerable
impact on biogeocenosis in arid zones (Formozov, 1929; Bannikov, 1954; Kojemyakin,
1978; Sokolov,& Orlov, 1980; Allen, 1938, 1940; Stubbe,& Chotolchu, 1968; Dmitriev
& Guricheva, 1978; Avirmed, 1989; Dmitriev, 1991). Among the rodents of steppe land-
scapes with a strong influence on biogeocenosis, marmots are especially prominent as
generations of marmots will live for decades or even centuries in the same colony in the
same place(Bibikov, 1967, 1989; Dinesman, 1968; Dmitriev, 2006). They actively partic-
ipate in the formation of the microrelief, the soil-forming process, and they influence the
growth and diversity of vegetation in the area around the colony (Krupennikov, Stepan-
itskay, 1943; Zubkova, 1967; Zimina, Zlotin, 1980; Dinesman, Kisileva, Knyazev, 1989;
and others).

We characterized the vegetation on the burrow mounds of Mongolian marmots (Mar-
mota sibirica Radde, 1862) in the Stipa spp. steppe of Central Mongolia. Prior to our
research, the vegetation of the marmot burrows in Mongolia has only been studied in the
East Khangai (Guricheva & Dmitriev, 1997).

Materials and methods

Study area. The study was conducted at Hustai National Park, located 100 km west
of Ulaanbaatar, Mongolia (47°50°N, 106°00°E). Hustai National Park is situated in the for-
est steppe region of Mongolia and occupies 50600 ha at elevations ranging from 1190 to
1800 m above sea level. About 88% the area is covered by grassland and shrubland steppe
and 5% is covered by birch dominated forest. In the park, there are 44 species of mammals
(Todgerel, 2002) including Przewalski’s horse (Equus ferus przewalskii), red deer (Cervus
elaphus), roe deer (Capreolus capreolus), wild boar (Sus scrofa), argali sheep (Ovis am-
mon), Mongolian gazelle (Otocolobus manul), grey wolf (Canis lupus), manul (Otocolo-
bus manul), Eurasian lynx (Lynx lynx), and Mongolian marmot. The Mongolian marmot’s
range covers 12873 ha (25.7%) of the park (Todgerel, 1999).Marmot density in the park
was 1.16 marmots per ha in areas were they occurred. In the central and best protected arca
of the park the density was higher, withwith 3.85 marmots per ha.
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Material. In May, June, and July in 1999, 2000 and 2001, all present plant species
and vegetation cover types were recorded for the mounds of 696 summer and shelter
burrows and also 305 1m? plots located near the marmot mounds in the feather grass-pea
shrub community (Caragana microphylla + Caragana pygmaea + Stipa Krylovii + Koe-
leria macrantha + Agropyron cristatum + Cliestogenes squarrosa + Artemisia frigida).
Geobotanical descriptions were developed following Shennikov (1964) and Martin and
Coker (1992).

Statistical analyses. TWINSPAN (“Two Way INdicator SPecies ANalysis” /TWIN-
SPAN/ [Jongman, Ter Braak, Van Tongeren, 1995]) was used to classify vegetation com-
munity types and stages of succession on the marmot mounds. For the classification of
community types, the program constructed an ordered two-way table displaying site-by-
species. Community classifications were defined by 4 indicator species, 3 division levels,
and default cut levels of 0, 5, 10, 20, and 40. Each species cover percentage was replaced
by a 1-5 score. 1=0-4%, 2=5-9%, 3=10-19%, 4=20-39%, and 5=40-49%. For the construc-
tion of species-by-sites tables, two additional features were necessary. First, the dichoto-
mies were ordered, and second, the species were classified. The order of the site groups
was determined by comparison of the two site groups formed at any level with site groups
at two higher hierarchical levels.

Differences were considered significant at p<0.05 with the statistical package SPSS
11 for Windows.

Results

Species composition on the mounds. A total of 61 species from 46 genera in 24 fam-
ilies were documented on the marmot mounds. The most numerous families were Poaceae
(8 species), Asteraceae (7), Rosaceae (7), Fabaceae (6), Chenopodiaceae (5), Scrophu-
lariaceae (4), Brassicaceae (3), Ranunculaceae (2), Liliaceae (2), Cyperaceae (2), and
Apiaceae (2). Families with one species represented were: Caryophyllaceae, Crassulace-
ae, Lamaiaceae, Polygonaceae, Polemoniaceae, Convolvulaceae, Ephedraceae, Iridace-
ae, Plumbaginaceae, Rutaceae, Thymelaeaceae, Urticaceae. Of the species observed, 42
were perennial grasses, 11 were annual grasses, 5 were semi shrubs, and 3 were shrubs.
Vegetation on the mound included 15 caespitose species, 18 rhizomatous species and 33
stoloniferous species.

Vegetation community types on the mounds. Vegetation on the marmot mounds was
divided into two main communities: Stipa krylovii +Agropyron cristatum,; and Artemisia
adamsii+Leymus chinensis. Each community was further divided into four sub-commu-
nity types.

Community of Artemisia adamsii +Leymus chinensis. A total of 54 species were
documented in this community, which occurred on 46% (n=319) of marmot mounds (Ta-
ble 1). This community was dominated by the rhizomatous species Artemisia adamsii,
Leymus chinensis, and Carex duriuscula and the salt annual Salsola collina. These species
are present mostly in salt soil and degraded pasture. Artemisia adamsii and Leymus chin-
ensis frequency was 35-40% more and cover was 27% more than the same species in the
Stipa krylovii+Agropyron cristatum community. The caespitose species Stipa krylovii was
present on all mounds, but its cover percentage was less in the Artemisia adamsii+Ley-
mus chinensis community than in the Stipa krylovii+Agropyron cristatum community and
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Stipa klemenzii was not present in the former. Other caespitose species such as Koeleria
macrantha, Cleistogenes squarrosa, and Poa attenuata occurred but were not abundant.

Of the shrubs, Caragana pygmaea was documented in 13% and C.microphylla in 3%
of this community.

Of the semishrubs, the frequency of Artemisia frigida was 50% lower in the Artemi-
sia adamsii+Leymus chinensis community than in the Stipa krylovii+Agropyron cristatum
community.

Some herbs such as Potentilla bifurca, Heteropappus hispidus, and Potentilla acau-
lis and some annuals such as Cheneopodium album, Ch.aristatum, Ch.acuminatum were
abundant.

The classification identified four sub-community types.
Type 1. Salsola collina+Artemisia Adamsii+Leymus chinensis community type.

A total of 22 species were documented on ten mounds. One species had 100% fre-
quency of occurrence, two species had 80% frequency of occurrence, one had 50% occur-
rence, four had 40% occurrence, two had 30%, two had 20%, and ten had 10% frequency
of occurrence. This type dominated by Salsola collina with co-dominant Artemisia adam-
sii, Carex duriuscula, Leymus chinensis and Ptilotrichum canescens. Potentilla acaulis,
Chenopodium aristatum and Ptilotrichum canescens were also abundant .

Type 2. Artemisia adamsii + Leymus chinenisis +Salsola collina community type.

A total of 52 species were documented on 203 mounds. 41 species had frequencies of
0-20% and 11 species had frequencies of 21-90%. This type dominated by the rhizomatous
species Artemisia adamsii, which had a frequency of 90% and was dominant on 62% of all
mounds with 10-60% cover. Co-dominant Leymus chinensis was dominant on 19% of all
mounds with 10-35% cover. Some species, such as the caespitose species Stipa krylovii,
Cleistogenes squarrosa, and Agropyron cristatum, the shrub Potentilla bifurca and the
annual species Chenopodium album and Salsola collina were dominant on a few mounds.

Type 3. Carex duriuscula + Leymus chinensis +Artemisia Adamsii community type.

A total of 29 species were documented on 40 mounds. 25 species had frequencies
of 0-20% and 4 species had frequencies of 71-100%. This type was dominated by Carex
duriuscula, Artemisia adamsii, and Leymus chinensis. Carex duriuscula was present on
all mounds (92.5%) and dominant on 67% of mounds of this type with 10-50% cover. Ar-
temisia adamsii was dominant on 15% of this type with 10-20% cover. Leymus chinensis
was dominant with 5-30% cover on 40% of all mounds in this type. Besides the dominant
species mentioned above, Potentilla bifurca, P.acaulis and Stipa krylovii were also dom-
inant on a few mounds.

Type 4. Leymus chinensis+Artemisia Adamsii+Carex duriuscula + Cymbaria dahu-
rica +Artemisia frigida community type.

A total of 40 species were documented on 66 mounds. 31 species had frequencies
of 0-20% and nine species had frequencies of 21-100%. This type was dominated by the
rhizomatous grass Leymus chinensis, which was present on all mounds (100%) of this type
and which dominated with 5-40% cover on 95% of all mounds. Artemisia adamsii (48%)
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and Carex duriuscula (36%) were abundantly present but they were not recorded as dom-
inant (Table 1). Some species such as Ephedra sinica, Cymbaria dahurica, and Artemisia
dracanculus were dominant on one or two mounds. The frequency and cover of Artemisia
adamsii was lower than in the other three community types.

Table 1. Synoptic table of Artemisia adamsii+Leymus chinensis community classification

Community types 1 2 3 4
Number of mounds 10 203 40 66
Percent of mounds 1,43% 29,17% 5,7% 9,48%
Species number in one mound | 7+3 743 542 642
Cover (%) 39,44+8,31 32+14,18 36,31+15,54 29,54+14,35
Species number in the type 22 52 29 40
Cover Frequency | Cover Frequency | Cover Frequency | Cover Frequency
Grasses
Koeleria macrantha 1,10 4,93 1,50 20,00 1,00 21,21
Poa attenuata 1,00 3,00 2,50 1,25 6,06
Stipa lrylovii 1,12 80,00 1,39 77,83 1,96 72,50 1,11 78,79
Agropyron cristatum 1,00 20,00 1,28 18,72 1,67 7,50 1,00 19,70
Stipa sibirica 1,00 0,49
Cleistogenes squarrosa 1,00 30,00 1,18 26,60 1,00 5,00 1,00 7,58
Leymus chinensis 1,50 40,00 1,61 76,85 2,26 85,00 3,30 100,00
Herbs
Allium bidentatum 1,00 5,91 1,00 1,52
Iris tigrida 1,00 0,99 1,00 1,52
Amblinotus rupestris 1,12 3,94 1,00 5,00
Convolvulus ammani 1,00 1,52
Orostachys spinosa 1,00 0,99
Astragalus brevifolius 1,00 1,00 1,00 6,06
Sibbaldianthe adpressa 1,00 3,03
Bupleurum scorzonerifolium 1,00 0,49
Cymbaria dahurica 1,04 23,15 1,33 7,50 1,12 36,36
Pulsatilla bungeana 1,00 0,99 1,00 1,52
Veronica incana 1,00 1,48
Potentilla acaulis 1,00 40,00 1,17 11,33 1,75 10,00 1,00 6,06
Stellera chamaejasme 1,50 2,96 1,00 5,00 1,00 1,52
Dontostemon integrifolius 1,00 10,00 1,00 13,30 1,00 2,50 1,08 18,18
Thalictrum foetidum 1,00 0,49
Lepidium densiflorum 1,00 10,00 1,52 8,37 1,00 4,55
Allium odorum 1,00 0,99 1,00 5,00
Hedysarum collinum 1,00 0,99
Goniolimon speciosum 1,00 1,97 1,50 5,00 1,28 10,61
Potentilla tanansitifolia 1,00 10,84 1,00 7,50 1,00 15,15
Saussurea salicifolia 1,00 10,00 1,00 8,37 1,00 12,50 1,17 9,09
Taraxacum collinum 1,00 10,00 1,00 0,49 1,00 2,50
Potentilla bifurca 1,00 20,00 1,36 32,51 1,40 25,00 1,14 33,33
Potentilla strigosa 1,00 10,00 1,00 1,52
Asteraecea sp 1,00 3,45 1,00 10,00 1,00 10,61




Artemisia drancanculus 1,00 2,50 1,67 4,55
Phlomis tuberose 1,50 0,99 1,00 2,50 1,50 3,03
Artemisia scoparia 1,00 1,48 1,00 1,52
Rheum undulatum 1,00 0,99 1,00 4,55
Chenopodium album 1,00 10,00 1,46 31,03 1,43 17,50 1,09 16,67
Chenopodiacea sp 1,00 1,48 1,00 1,52
Salsola collina 3,70 100,00 1,13 28,57 1,00 2,50 1,00 10,61
Kochia prostrate 1,00 5,42
Heteropappus hispidus 1,00 10,00 1,13 22,66 1,50 5,00 1,00 6,06
Urtica cannabiana 1,00 0,54
Chenopodium aristatum 1,00 10,00 1,10 4,93
Alliacea sp 1,00 0,49
Lappula myosotis 1,00 0,49
Chenopodium acuminatum 1,86 7,39 1,00 3,03
Potentlla conferta 1,00 1,48
Sedge
Carex duriuscula 1,00 40,00 1,30 44,83 3,19 92,50 1,37 36,36
Shrubs
Caragana microphylla 1,50 2,96 1,00 2,50 1,00 4,55
Caragana pygmaea 1,21 18,72 1,00 7,50 1,00 16,67
Semishrubs
Haplophyllum dahuricum 1,00 1,00
Artemisia frigida 1,00 40,00 1,13 25,62 1,33 7,50 1,09 46,97
Ptilotrichum canescens 1,40 50,00 1,24 18,72 1,00 5,00 1,00 4,55
Ephedra sinica 1,00 1,48 1,80 15,15
Artemisia Adamsii 1,75 80,00 3,25 90,64 1,80 75,00 1,28 48,48
Forbs
Thermopsis dahurica 1,00 30,00 1,04 10,34 1,50 5,00 1,07 21,21

Community of Stipa krylovii+Agropyron cristatum. A total of 59 species were doc-
umented in this community, which occurred on 54% (n=377) of all marmot mounds (Ta-
ble 2). This community was dominated by Stipa krylovii. Agropyron cristatum, Koeleria
macrantha, Poa attenuata and Cleistigenes squarrosa also occurred in this community.
Leymus chinensis had lower cover and frequency values in this community.

Of the shrubs, Caragana pygmaea’s frequency was 63% and Caragana microphyl-
la’s frequency was 10%. Some semi-shrubs such as Ptilotrichum canescens and Artemisia
frigida were abundant, while the occurrence of Artemisia adamsii was low.

Carex duriuscula’s frequency of occurrence was similar to that observed in the de-
graded pasture community type (Artemisia adamsii +Leymus chinensis) but the percent
coverage was lower.

Type 5. Stipa krylovii + Leymus chinensis + Agropyron cristatum + Potentilla bifur-
ca community type.

A total of 50 species were documented on 112 mounds. 35 species had frequencies
of 0-20% and 15 species had frequencies of 21-100%. The frequency of the dominant
species, Stipa krylovii was 5-50% on half of all mounds. The rhizomatous grass Leymus
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chinensis was dominant with 10-30% cover on 24% of Type 5 mounds. Some species such
as Thermopsis dahurica, Poa attenuata, Agropyron cristatum, Potentilla acaulis, Carex
duriuscula, Koeleria macrantha, Cymbaria dahurica, Cleistogenes squarrosa and Poten-
tilla tanansitifolia were dominant on a few mounds.

Type 6. Stipa krylovii + Agropyron cristatum + Potentilla bifurca + Dontostemon
integrifolius community type.

A total of 46 species were documented on 128 mounds. 33 species had frequencies
of 0-20% and 13 species had frequencies of 21-100%. This sub-community type was
dominated by the caespitose grasses Stipa krylovii and Agropyron cristatum. Cymbaria
dahurica (47%), Dontostemon integrifolius (56%) and Carex duriuscula (60%) were often
abundant and were dominant on a few mounds. Potentilla bifurca (52%) was present on
about half of all mounds and was dominant on 8% of all mounds with cover values of 5
t040%.

Type 7. Caragana pygmaea<Stipa krylovii+Agropyron cristatum+Artemisia adam-
sii community type.

A total of 41 species were documented on 57 mounds. 29 species had frequencies of
0-20% and 12 species had frequencies of 21-100%. This sub-community type was domi-
nated by Stipa krylovii, which had 5 to50% cover on 12 to 40% of mounds, more than the
other three community types. Species such as Lepidium densiflorum, Agropyron cristatum
and Potentilla tanansitifolia were dominant on one or two mounds.

Type 8. Caragana pygmaea<Stipa krylovii+Agropyron cristatum community type.

A total of 44 species were documented on 80 mounds. 31 species had frequencies of
0-20% and 13 species had frequencies of 21-100%. The caespitose grass Stipa krylovii
was present on all mounds in all four subcommunity types. The species’ cover value was
10-40% and it was the most dominant species in this sub-community type Besides Stipa
krylovii, Poa attenuata, Ptilotrichum canescens, Cymbaria dahurica, Artemisia frigida,
and Caragana microphylla were all dominant on a few mounds. Agropyron cristatum
and Koeleria macrantha occurred in 57.5-70% of all mounds of this type. Poa attenuata
and Cleistogenes squarrosa occurred in 25-34% of all mounds. The frequency of the herb
Allium bidentatum was higher than in the other three community types and the cover
value (1.00) was similar to types 7 and 6. Amblinotus rupestris, Cymbaria dahurica and
Saussurea salicifolia were all abundant. In contrast, Potentilla acualis (6.25%), Artemisia
drancanculus (3.75%) and Potentilla bifurca (3.75%) were rare and their cover was 20-
30% more than other herb species. Indicator species of pasture degradation such as Carex
duriuscula (18.75%), Artemisia adamsii (7.5%), and Leymus chinensis (13.75%) occurred
on a few mounds. The frequency of Caragana pygmaea (61%) was greater than that of
C.microphylla in this sub-community.
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Table 2. Synoptic table of the Stipa krylovii+Agropyron cristatum community s classifi-

(b
cation ;%\
a)
Community types 5 6 7 8
Number of mounds 112 128 57 80
Percent of mounds 16,09% 18,39% 8,18% 11,49%
Species number in one mound | 943 8+3 8+3 9+3
Cover (%) 37,713 25+15 42,5+16,8 33+14,3 0)
Species number in the type 50 46 41 44
Cover Frequency | Cover Frequency | Cover Frequency | Cover Frequency
Grasses
Koeleria macrantha 1,23 34,82 1,12 32,81 1,13 26,32 1,28 57,50
Poa attenuate 1,46 25,00 1,11 7,03 1,07 24,56 1,48 33,75 -
Stipa klimenzii 2,60 2,68 1,00 2,34 1,67 10,53 1,10 23,75
Stipa krylovii 2,60 94,64 2,10 92,97 3,50 98,25 3,19 97,50
Agropyron cristatum 1,26 60,71 1,17 53,91 1,19 63,16 1,23 70,00
Stipa sibirica 3,00 1,56 1,00 1,25
Cleistogenes squarrosa 1,14 37,50 1,00 21,88 1,22 15,79 1,10 25,00
Leymus chinensis 1,99 73,21 1,04 39,84 1,11 15,79 1,81 13,75 {_’
Herbs

Allium bidentatum 1,22 8,04 1,00 5,47 1,00 12,28 1,00 46,25
Iris tigrida 1,00 2,68 1,00 3,13 1,00 8,77 1,00 18,75
Amblinotus rupestris 1,00 13,39 1,00 7,81 1,00 10,53 1,09 42,50
Convolvulus ammani 1,00 1,79 1,00 0,78 1,00 3,51 1,33 3,75
Orostachys spinosa 1,50 1,79 1,00 5,47 1,00 15,79 1,00 15,00
Linaria acutiloba 1,00 1,75
Astragalus brevifolius 1,00 4,46 1,33 7,03 1,00 8,77 1,00 17,50
Sibbaldianthe adpressa 1,00 4,46 1,00 3,13 1,00 7,02 1,27 13,75
Bupleurum scorzonerifolium 1,00 3,51 1,00 3,75
Arenaria capillaries 1,00 3,75
Cymbaria dahurica 1,28 57,14 1,13 46,88 1,02 59,65 1,24 67,50
Chamaerhodos erecta 1,00 0,89
Pulsatilla bungeana 1,07 12,50 1,00 3,13 1,00 5,26 1,00 3,75
Veronica incana 1,17 5,36
Potentilla acaulis 1,30 41,07 1,23 17,19 1,00 5,26 1,80 6,25
Stellera chamaejasme 1,05 17,86 1,00 0,78 1,40 8,77 1,12 10,00
Pedicularis flava 1,00 0,89
Dontostemon integrifolius 1,13 13,39 1,17 56,25 1,05 35,09 1,00 10,00
Thalictrum foetidum 1,50 5,36 1,00 1,56
Bupleurum bicaule 1,00 0,78
Lepidium densiflorum 1,00 4,46 1,25 3,13 1,65 29,82 1,17 15,00
Allium odorum 1,00 3,51 1,00 5,00
Hedysarum collinum 1,00 1,79 1,00 3,75
Goniolimon speciosum 1,12 14,29 1,00 1,56 1,00 1,75 1,00 1,25
Potentilla tanansitifolia 1,20 26,79 1,00 21,09 1,22 15,79 1,00 12,50
Saussurea salicifolia 1,06 28,57 1,00 7,03 1,00 19,30 1,00 28,75
Taraxacum collinum 1,00 3,57 1,00 1,56
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Potentilla bifurca 1,25 42,86 1,37 52,34 1,00 8,77 1,67 3,75
Potentilla strigosa 1,00 3,91
Asteraecea spp 1,00 3,57 1,35 13,28 1,50 7,02
Artemisia drancanculus 1,00 2,68 1,00 3,91 1,00 1,75 1,67 3,75
Artemisia scoparia 1,00 0,89
Rheum undulatum 1,00 1,79
Chenopodium album 1,08 11,61 1,11 20,31 1,00 8,77 1,00 3,75
Chenopodiacea sp 1,00 0,89
Salsola collina 1,08 10,71 1,00 5,47 1,00 1,75 1,00 2,50
Kochia prostrata 1,00 1,56 1,00 7,02
Heteropappus hispidus 1,09 9,82 1,00 1,56 1,00 3,51 1,00 5,00
Chenopodium aristatum 1,00 0,89 1,00 2,50
Lappula myosotis 1,00 1,25
Chenopodium acuminatum 1,00 0,78 1,00 5,26 1,12 10,00
Potentlla conferta 1,00 1,56
Sedge
Carex pediformis 1,00 1,79 1,00 0,78 1,00 1,75
Carex duriuscula 1,83 43,75 1,62 60,16 1,00 42,11 1,00 18,75
Shrubs
Caragana microphylla 1,00 3,57 1,10 7,81 1,55 15,79 1,36 13,75
Caragana pygmaea 1,00 9,82 1,02 35,94 1,02 66,67 1,04 61,25
Semishrubs
Haplophyllum dahuricum 2,00 0,89 1,00 0,78 1,00 16,25
Artemisia frigida 1,37 71,43 1,08 50,78 1,17 40,35 1,41 78,75
Ptilotrichum canescens 1,06 28,57 1,25 9,38 1,05 33,33 1,59 40,00
Ephedra sinica 1,00 2,68
Artemisia adamsii 1,35 17,86 1,44 70,31 2,14 100,00 1,50 7,50
Forbs
Medicago falcata 1,00 2,68
Thermopsis dahurica 1,56 22,32 1,00 2,34 1,00 1,25

Succession of vegetation on the mounds. Fig 1 shows the succession of vegetation
on the marmot mounds, which is represented by eight stages. Each stage corresponds to a
certain community type, which has its own characteristics (Tables 1,2). Of the eight stages
of succession of vegetation on the mounds, the second stage was most often encountered.
This suggests that the mounds often revert to the beginning stage of succession because
the marmots do not allow vegetation to develop normally.

On summer burrows, where the mounds are larger in size, the vegetation develops
more or less evenly. Nevertheless, depending on marmot’s level of activityand their num-
ber, as well as the location of the burrows and the structure of the soil cover, etc. on differ-
ent burrow mounds, succession proceeds differently.
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6. Stipa Krylovif + Agropyron cristatum  +Potentilffa bifurca +
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Community of Sfipa Krylowii+

Agropyron crisfatum

5. Stipa Krylovii+ Leymus chinensis + Agropyron cristafum+

Potentilla bifurca

4. Leymus chinensis + Arfemisia Adamsii + Carex
duriuscuwla + Cvmbaria dahurica ¥Artemisia fricida

3. Carex duriuscula + Leymus chinensis +Artemisia Adamsii

T

2. Artemisia Adamsil + Leymus chinenisis +Salsola collina

T

Adamsi + Leymus chinenisis
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Community of Arfemisia

1.Salsola collina + Artemisia Adamsii +Leymus chinensis

Fig 1. Vegetation community types at different stages of succession on marmot mounds

(Numbers 1-8 indicate the vegetation community types by stage of succession)

28% of mounds had 1-5 plant species present, 58% had 6-10 species, 12% had 11-15
species, and 2% had 16-20 species present, including eight community types. Over pro-
gressive stages of succession, the average number of species gradually increased. At the
final stages, where S. krylovii dominated, the number of species reached 16-20 (Table 3).

Table 3. Classification of species number on the mounds of community types

Community type

Number of mounds

n=10 | n=203 | n=40 n=66 | n=112 | n=128 | n=57 n=80

Mounds with 1-5 species

n=3 n= 80 n=26 n=23 n=15 n=17 8/ 9/
30% 39% 64% 35% 13% 13% 15% 11%

Mounds with 6-10 species

60% 52% 36% 62% 61% 71% 66% 54%

n=6 n=105 n=14 n=41 n=68 n=91 n=38 n=43

. . n=1 n=16 n= n=27 n=19 n=8 n=19
Mounds with 11-15 species 10% 8% 0 39, 24% 15% 15% 24%
. . n=2 n=2 n=1 n=2 n=9
Mounds with 16-20 species 0 1% 0 0 20 1% 4% 1%

— number of community type table 1, 2 and fig 1.

As succession at a mound progressed, changes in the structure of the vegetation oc-
curred. At a certain stage of succession, the vegetation shifted from an Artemisia adam-

sii+Leymus chinensis community to a Stipa krylovii+Agropyron cristatum community.

Frequency and cover of the caespitose grasses and shrubs increased and frequencies
and cover of rhizomatous species (Artemisia Aaamsii, Leymus chinensis, Carex duriuscu-
la) decreased during the shift from a degraded pasture community (Artemisia Adamsii+-
Leymus chinensis) to a steppe community (Stipa Krylovii+Agropyron cristatum) (Figs 2, 3).

E— 293 e

e
4

A

(
[
]
i
{



PROCEEDINGS of the 7" International Conference on the Genus Marmota “MARMOTS OF THE OLD AND NEW WORLD”

Grasses
50
40
30!
20
“ frequency
10, 9 Linear
2 3 4 5 6 7
Community
Herbs
20
18
16
14
12
10
8
6 o frequency
4 © Linear
1 2 3 4 5 6 7 8 9
Community

Shrubs

9 frequency

° Linear

Community

Rhizomatous species

9

© frequency

o Linear

1 2 3 4 5 6 7

Community

9

Fig 2. Frequencies of grasses, shrubs, herbs and rhizomatous species of the community
types on the mounds
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Fig 3. Cover of grasses, shrubs, herbs, and rhizomatous species of the community types
on the mounds
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Although the frequency and cover values for Leymus chinensis decreased as succes-
sion progressed, the species still had greater frequency and cover than other caespitose
grasses This is may be because the mounds were still in use by marmots.

All grasses, herbs, and shrubs did not have significant differences in occurrence by
subcommunity type. Only rhizomatous species had significant differences in frequency
(p=0.04, p<0.05) and then only between community types 2 and 8.

The higher cover value of Stipa krylovii in all community types compared to oth-
er grasses, including Agropyron cristatum, Cleistogenes squarrosa, Koeleria macrantha,
Leymus chinensis, and Poa attenuata was statistically significant.

The frequency of three species and the cover of 13 species were significantly differ-
ent between the marmot mounds and the plots without mounds. The higher frequency and
cover of the rhizomatous species Artemisia adamsii on marmot mounds compared to plots
without marmot mounds was significant (p=0.013) (Table 4, 5).

Table 4. Means of species frequency on mounds and plots without mounds

Species name Means Statistical significance
Mounds Plots without mounds (P<0.05)
Artemisia adamsii 59.7 30.78 0.013
Artemisia frigida 50.12 83.99 0.003
Allium bidentatum 11.32 54.54 0.024

Table 5. Means of species cover on mounds and plots without mounds

Species name Means Statistical signifi-
Mounds | Plots without mound cance (P<0.05)
Artemisia adamsii 6,09 1,71 0,000
Leymus chinensis 5,78 2,79 0,000
Agropyron cristatum 2,33 1,39 0,02
Potentilla bifurca 2,09 0,8 0,000
Chenopodium album 1,69 0,23 0,000
Potentilla acualis 1,42 0,61 0,003
Dontostemon integrifolius 1,27 0,66 0,000
Caragana pygmaea 0,85 0,29 0,000
Potentilla tanansitifolia 0,99 0,65 0,034
Stipa krylovii 9,51 14,03 0,000
Artemisia frigida 1,82 3,34 0,000
Cleistogenes squarrosa 0,84 1,26 0,036
Allium bidentatum 0,53 1,19 0,000
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Discussion and conclusions

Avirmed (1989) studied the effects of Brandt’s vole (Lasiopodomus brandtii) on
changes in vegetation cover and defined succession by species composition, abundance,
cover, and sequences of change in dominant species. Successive communities were: 1).
Artemisia frigid + Carex duriuscula, 2). Chenopodium album + Salsola collina, 3). Arte-
misia adamsii, and 4). grasses and herbs present in recovering empty colonies.

Chognii (1971) studied the effects of Brandt’s voles on communities of Koeleria
macrantha -Agropyron cristatum and defined four community types: 1). Leymus chinensis
+ Salsola collina, 2). Salsola collina, 3). Artemisia adamsii, and 4). Leymus chinensis

The marmot mounds were dominated by the ceaspitose species Stipa krylovii, Agro-
pyron cristatum, thizomatous species such as Leymus chinensis, Artemisia adamsii, and
Carex duriuscula; and annual species including Dontostemon integrifolius and Salsola
collina. The rhizomatous species were not dominant in the steppe zone (Davaajamts,
1980). Under light or moderate grazing the caespitose species Stipa krylovii is the dom-
inant grass species. When grazing pressure increases rhizomatous species become dom-
inant (Bayasgalan, 2002; Chognii, 2002, Avirmed, 1989). In this way the four sub-com-
munity types of the Artemisia adamsiii + Leymus chinensis community identified by
TWINSPAN analysis were similar to the vegetation in areas with a heavy Brandt’s vole
presence or areas overgrazed by livestock. The stage of vegetation succession on marmot
mounds was different than the vegetative community of the surrounding area. When a
mound is created by burrowing marmots, it is initially covered by bare soil. This can be
easily colonized by Artemisia adamsii, a common perennial steppe forb. It produces many,
easily dispersed seeds, that establish well on degraded vegetation, bare soil, and around
burrows. Leymus chinensis shows a fast lateral spread by forming rhizomes. Stipa spp.,
however, are caespitose grass species much slower lateral spread.

Mongolian marmots, living in the same places for many years, can have a significant
impact on the structure of local vegetation. The vegetation of the mounds is unique and is
determined by the peculiarity of the structure and use of burrows, as well as the burrowing
activity of the marmots. The vegetation of the mounds differs from nearby communities in
the ratio and composition of species present.

A comparative analysis of vegetation on mounds and surrounding areas has shown
that relatively independent patterns of succession occur on burrows in association of the
temporal dynamics of burrow usage.

At the end of succession, there is no similarity between mound vegetation and the
surrounding biocenoses. Thus, the burrowing activity of the marmots causes significant
and irreversible changes to the environmental conditions around the mounds. Marmots,
together with other species of mammals, are clearly actively involved in the formation and
development of vegetative communities in the arid territories of Mongolia.
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THE CHANGE OF COLONY DENSITY AND POPULATION
SIZE OF STEPPE MARMOTS IN THE REGIONAL LANDSCAPE
PARK"VELYKOBURLUTSKIY STEP" TERRITORY

Tokarska N. V., Tokarsky

V. A. Karazin Kharkiv National University. 61077, Ukraine, Kharkiv, Email V.Tokarsky@
mail.ru

Substantial changes in land use, foremost the decrease in livestock grazing and the
accompanying decrease in suitable marmot habitat has taken place across the range of
European subspecies of steppe marmot . From 2005 to 2016, the number of cattle has
decreased by a third and the number of steppe marmot by half. If the number of cattle and
horses remain at their current population size, we predict a further sharp decline in marmot
populations both in Russia and in Ukraine. An increase in agriculture, and particularly
livestock, would result in the marmot population expanding its range to its former extent.
Grazing large ungulates adjacent to gullies and ravines typical of those used by marmot
colonies, create critical habitats for many species of herbivores of the steppe, including
marmots.

Key words: steppe marmot, population, number, history, abundance, state of popu-
lations.

Introduction

The Regional landscape park "Velykoburlutskiy Step" was organized following the
decision of Kharkiv regional council on June 27, 2000. The area of the park is 2042.6 hec-
tares. The aim of the organization of the Regional landscape park "Velykoburlutskiy Step"
is to preserve the steppe landscapes of Eastern Europe in their natural state, to provide
multifaceted scientific research, to protect and rationally use natural resources, to ensure
biological diversity rehabilitation, and to provide conditions for organized recovery(?) of
edemic species populations. In 1929 this territory was planned to become a part of the
Great Eastern Steppe Reserve (32,740 hectares), which was one of 12 sites involved in the
first long-term plan of organization of new state reserves of Ukraine. The park is located
in Velykoburlutskiy district, which is in the northeast of the Kharkiv region. Maximum
elevations in the area reaches 230 - 239 m.

The predominant inclination of the surface is from north to south. The area is locat-
ed on the southwestern slope of the Central Russian Upland. Geologically it is divided
into two subareas, the Burluk plateau to the northwest and the Pryoskolske plateau to
the southeast. They are broken up by river valleys, arroyos, and gullies. Among mineral
resources there is raw material for building material production (chalk, loams, clay, sand).
The main rivers of the district are Velykyi Burluk, Gnylytsia, and Plotva.

Agricultural land in the area covers 101.2 thousand hectares, of which 81.8 thousand
hectares are cropland land and 18.8 thousand hectares are pastures and hayfields. There
are 15 collective agricultural enterprises and four state farms (1995) in the area. The main
specializations of agriculture in the area are grain cultivation, beetroot cultivation, and
stock raising.
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The river Velykyi Burluk is the confluent of the Siverskiy Donets River. It divides the
Burluk Plateau in the north-east of Kharkiv Region. The width of the river valley varies
from 0.5 to 3 km. The meadow terrace is well developed. The slopes are cut by gullies
and arroyos. From the early 70's through the early 80's the river was reclaimed and turned
into a canal.

Despite the fact that wide-open spaces prevail in the Velykoburlutskiy district, re-
gional biotopes are quite diverse. In the low-lying steppe and meadow areas marshes and
fens with overgrown shores occur frequently. Some of the gullies, where there is enough
moisture, are covered with gully forests. Therefore, all biotopes characteristic of the for-
est-steppe of Ukraine can be found there. More open biotopes are the most common with
motley grass — fescue — feather grass steppes (grasslands) and dry and floodplain mead-
OWS.

From a landscape perspective, the area of the park is a typical of the regions, with a
system of arroyos that lead to an elevated plateau. The park is located in the steppe zone
according to the geological and botanical zonation of Ukraine.

The modern conserved territory of the park consists of three parts: the gully forests
near Nesterivka village, the steppe between Nesterivka and Zelenyi Gai villages, and the
steppe near Rogozyanka village. In addition, the Regional Landscape Park "Velykobur-
lutskiy Step" included the reserves Ekaterynivskyi and Velykoburlutskiy, which are of na-
tional importance and were organized back in 1977 to protect colonies of steppe marmot.

The territory of the park is inhabited by many mammal species, including European
polecat (Mustela putorius), stoat (Mustela erminea), least weasel (Mustela nivalis), Eur-
asian otter (Lutra lutra), European badger (Meles meles), martens —beech marten (Mar-
tes foina) and European pine marten (Martes martes),- gray wolf (Canis lupus), red fox
(Vulpes vulpes), and European hare (Lepus europaeus). In the recent past European mink
(Mustela lutreola) were also found there. In the steppe areas of the gully-arroyos system
there were numerous greater mole-rats (Spalax microphthalmus), steppe marmots (Mar-
mota bobak), and steppe mice (Mus spicilegus). Less common species include the speck-
led ground squirrel (Spermophilus suslicus), the southern birch mouse (Sicista subtilis),
the great jerboa (Allactaga major), the European hamster (Cricetus cricetus), the grey
dwarf hamster (Cricetulus migratorius), and the northern mole vole (Ellobius talpinus).
Species of moderate number include the steppe lemming (Lagurus lagurus) and the sibling
vole (Microtus rossiaemeridionalis). The valleys of rivers Velykyi Burluk and Nyzhnya
Dvorichna are inhabited by the Eurasian beaver (Castor fiber), which became established
there in the 1980s. Ungulates include the wild boar (Sus scrofa) and the European roe
deer (Capreolus capreolus), which are common in the territory. Elk (moose, Alces alces)
migrations have also been noted.

Materials and methods

As mentioned above, the steppe marmot population in Velykoburlutsky district was
studied for several years by a number of researchers. From their data it appears both the
distribution and size of the steppe marmot population in the study area have changed over
the years. To perform a detailed description of steppe marmot colony spatial structure,
a plot with a typical steppe marmot colony was chosen in a broad gully-arroyos system
station near Nesterivka village (that is about 90 km to the northeast of Kharkiv city). In-
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vestigations covered the gully-arroyos network from the "Babachi Yar" stow near Zelenyi
Gai village up to the Seredniy Burluk village. The total area within which observations
were made was about 800 hectares. All study sites were assigned to one of three types, de-
pending on the intensity of agriculture in the area. The first type of plot was those not used
for agricultural or other economic purposes, i.e., without grazing and annual mowing. The
second type of plot was characterized as moderate, with grazing or annual mowing. Vege-
tation at these plots had signs of pasture digression of the vegetative cover at the second to
fourth stage. The third type of plot had, until 2015, been subjected to constant (intensive)
cattle grazing, and was characterized by signs of pasture digression at the fourth to fifth
stages. Currently, grazing has been stopped at these plots.

The territory of the regional landscape park in Nesterivka village. In the center of the
gully-arroyos system, one can notice light points which indicate steppe marmot burrows
(Figure 1).

Fig. 1. The territory of the regional landscape park in Nesterivka village. In the center
of the gully-arroyos system, one can notice light points which indicate steppe marmot
burrows

The work was carried out in two stages:
1. Mapping of colonies using a GPS-navigator.

2. Counting the number of individuals in the family.
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Observations were carried out with binoculars from the shelter immediately after the
animals emerged above ground, usually from 7 a.m. to 10 a.m. in the morning and then
in the evening from 5 p.m. to 8 p.m. In a number of cases, a visual count was performed
along a survey route, where the observer walked past on foot and recorded the number of
animals in each family. Counts were conducted across three days. The number of families
(family plots), the total number of adults, and the total number of yearlings was counted.
Average family size and average number of adults and yearlings per burrow was calculated
by dividing the number of adults (or the number of yearlings) by the number of families.

To analyze the distribution of marmot settlements over the terrain an electronic image
compiled from topographic maps (scale 1: 100,000) was used. From these data the bound-
aries of the local population were projected.

At the beginning of the 20th century, in the Velykyi Burluk District a small num-
ber of marmots lived in three areas: on the gully slopes of the Burlukriver valley, on
the lands of the Shipovate horse farm,and near the farmsteads of Ploske and Tsytsorino.
From 1966-1968, the marmots occurred in 16 collective and/or state farms (Krivitsky,
Tokarsky, 1983). According to V.I. Abelentsev (1971), in 1967 the whole Velykyi Burluk
marmot population totaled 1,710 animals. The majority were observed in the studied ad-
ministrative district but several localities out of 28 listed by the author belonged to other
neighbouring districts.

Due to organized protection, as well as the almost complete absence of natural pred-
ators and the marmot’s high ecological plasticity, its population in this region continued to
increase until 1980-1981. Marmots settled almost all areas used for grazing. Their number
was the highest in the Kharkiv Region (28 000 individuals in 1987) due to the ideal hab-
itat presented by a well-developed ravine and gully system, which occupies about 17-18
thousand hectares (14.2%) of the district’s territory.

Our records indicate overall a large number of animals in the colonies and some
peculiarities of their distribution in the VelykyiBurluk District. The marmot’s population
density largely depended on the age of the colonies; being larger in the plots where fami-
lies had been living for many years (Tokarsky, 1997; Tokarsky et al., 2006).

A survey of the colonies conducted in June, 1977 showed that the number of residen-
tial burrows had significantly decreased in the areas bordering villages and frequented by
people. A total of 50 families were mapped.

In the marmot colonies mores remote from the District center and the main roads (for
instance, near the village of Andriivka), the total number of individuals was higher and the
colony conditions were better. Interestingly, some families that were forced out by plow-
ing from the gully bottom dug burrows on the sides of an asphalt road, which crossed the
lower part of the gully. Here, on the road slopes, the animals fed freely near the asphalt,
and would cross the road within a few meters of passing cars (Tokarskyet al., 20006).

Wild gregarious ungulates are an integral component of pasture ecosystems. Their
vital activities form and maintain open and semi-open landscapes. However,they were
the first to suffer significant losses because of human activities, and during the historical
period gradually lost their positions as major players in the ecosystems’structural organ-
ization (Abaturov, 2006; Kolesnikov, 1997). Their loss resulted in a significant decrease
in the biological and landscape diversity in the forest and steppe zones of Eastern Europe
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(Smirnova et al, 2001a). Awareness of this fact has recently led to development of methods
for ecosystem recovery and conservation through reintroduction of key species into their
former ranges (Smirnova et al., 2001b; Akimov et al., 1999). Grazing of large ungulates is
one of the key ecological factors that create habitat for many herbivorous steppe species
such as marmots, and thus the presence or absence of ungulatest affects the number and
density of their populations (Kolesnikov, 1997; Ronkin, Savchenko, 2000; Tokarsky et
al., 2006). We attribute the decrease in the number of marmot family colonies, as well
as their number per area unit, to the decrease in grazing pressure on the steppe marmot
habitats. The area of the ravine and gully system occupied by the colonies in the study area
has remained practically unchanged since the late 1980s,while the number of livestock
(including cattle) has decreased dramatically (Table 1).

Table 1. The number of steppe marmots in the area of. Nesterika (Tokarsky A., Savchen-
ko, Ronkin, 2012, 2016- our results)

o s (Do o s o |G

. . Number of households

Location of colonies Area (ha)
1992-1996 | 2005-2006 2016

Seredniy Burluk, a beam north of
the village, beyond the pond 31 19 12 3
Seredniy Burluk, a beam north-
west of the village, behind the 98 49 19 6
pond
Green Guy, a beam Babachi yar 70 30 28 5
Nesterivka, a neighborhood of the
Vlllage within the right bank of 93 73 37 4
the river. V.Burluk: 77 14 15 )
- Extensively grazed beams;
- non-unstained beams

Table 2. Steppe marmot habitat size, number of cattle, and number of steppe marmots in
the Velikoburluksky district

1987 2005 2016
Total area, ha 17712 17412 17412
haymaking; 2429 3011 3011
pasture; 14589 13774 13774
yarov 694 627 627
Number of cattle 52760 10237 3750
Pasture load, head / ha 3,6 0,7 0,27
Total 28100 10550 5000

During the last ten years livestock numbers decreased by a third and the marmot
numbers by half. From the curve of the cattle dynamics in Velykei Burluk district, seen in
Fig.2, livestock numbers reached their peak in the1980s and then began a rapid decline in
the 1990s.
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Fig. 2. Dynamics of the number of marmots relative to livestock pasture load in the
Velykoburluksky district in 1970-2005.

A sharp decrease in grazing pressure caused qualitative changes in steppe marmot
habitat that resultedin an unbroken "forest" (often at human growth height ) of ruderal
plants, with Carduusacanthoides sp. L. and Onopordumacanthium sp. L as the dominant
species’. The growth of these plants significantly reduced the quality of forage at mar-
mot family plots, as the ratio of forage to non-forage phytomass had changed radically
(Ronkin, Savenko, 2000; Ronkin, 2003). Deterioration of forage quality led to a decrease
in marmot numbers. Figure 2 depicts the dependence of marmot numbers on the level of
grazing pressure in Velykyi Burluk district in 1970-2005. The number of steppe marmots
dropped from 28 thousand individuals in the late 1980s to about 10.5 thousand (2110
families) in 2005 (Figure 2).

In the late 1990s, we found a steppe marmot settlement near the village of Nesterivka
(Velykyi Burluk distr.) with 39 family plots (fig. 3). Of these, two were located at a dis-
tance from the main colony. Fourteen plots formed the center and four plots the periphery
of the colony. The nearest (in both sides) colony centers were located at a distance of about
2 km along the gully system. Three family plots partly encompassed agricultural areas and
eight plots bordered a country road. After the complete cessation of cattle grazing in 2015,
marmots almost completely disappeared in this territory.

— 304 ——



g s ole imansr=aa

| ﬂ.. CE T il TR T P

Fig. 3. Placing of family sites of steppe marmots in the territory of the regional land-
scape park "Velikoburlukskaya Steppe" near the village of Nesterivka (2010). Scale
1:12500.

We registered repeated cases of dispersal by young marmots, and sometimes the
adults, to neighbouring and more distant family plots. The latter were out of the line of sight
and up to 850 m away from the original burrow. Males were more active than females, and
juveniles more active than adults. In the monitored colony, it was possible to distinguish
relatively isolated stable families and the unstable ones, with a complete change of family
members and continuous rotation between neighbouring groups (Savchenko, 2012). Two

adult marmots placed into a man-made burrow at a distance of 1 km from their family plot,
unerringly found their way home.
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The average distance between the nearest winter burrows was 119 + 31 m (n = 45).
In five cases out of 50, the distance did not exceed 25 m. Observing individually marked
animals, we found that in three cases such closely spaced wintering burrows belonged to
the same family, whose members year after year shared these burrows and the area around
them. In two other cases, we observed either separate use of neighbouring winter burrows
by two social groups, whose joint hibernation had not been fixed but still was possible,
or marmots sharing territory and burrows but hibernating in two separate sealed burrows
(Ronkin, Savchenko,2000; Savchenko, 2002).

The number of adult animals in each family varied from two to five. The density of
the burrows in which hibernation was possible (i.e., recorded at least once for the entire
observation period) was similar throughout the colony, 1.5-1.7 burrows / ha. The density
of the animal population in different parts of the colony showed sharp contrast, from 1.2
families / ha at the center to 0.3 families / ha at the periphery.

Since a single family may have a varying number of wintering burrows (in our case,
from one to three), the average distance between the burrows of neighboring families also
varied considerably. The average distance between the wintering burrows of neighboring
families in the center of the colony was 61£8 m (n =10, p <0.01). In the rest of the colony
it was almost twice as high and equal to 115£26 (n = 46, p = 0.5) (Savchenko, 2000).

Disrupted topography created a variety of conditions important for steppe marmot
activity. Each animal used multiple tree landscape elements: watershed, gully slope, and
gully bottom. Wintering burrows were usually located on the slopes and in watersheds,
while the meadows on lower slopes and gully bottoms were preferred for feeding.

As has been discussed throughout the article, certain historical periods are followed
by a decrease in the number of domestic animals. The most noteworthy were the decreases
in livestock numbers during the First World War, collectivization, and then from the 1980s
to now. The latter is associated with the adaptation to modern market conditions. During
these periods, we observed a sharp decline in the number of steppe marmots despite a total
hunting ban (since 1929, the commercial hunting on this species has been banned).

The third period of decline is ongoing. Now we can foresee two possible futures. If
the number of cattle and horses remains at the same level, we can confidently predict a
further sharp decline in marmot population in both in Russia and Ukraine. If this happens,
the marmot will disappear in thirty years. If agriculture, and primarily cattle breeding,
activities increase the marmot population should be capable of restoring its geographic
range to its former extent.

Grazing of large ungulates, in combination with terrain typified by ravines-and gul-
lies, are key environmental factors that influence habitat suitability for many herbivorous
steppe species, including marmots. Pasture steppe ecosystems are necessary conditions for
biodiversity conservation.

Conclusions

A significant decrease in the steppe marmot numbers has occurred in Velykyi Burluk
district. The population declined from 28 000 individuals in the late 1980s to 10 500 (2110
families) in 2005. After the complete cessation of cattle grazing in 2015, marmots almost
completely disappeared from the area.
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Livestock numbers decreased by one third while marmot numbers decreasedby half.
At present, there is a catastrophic decline in the number of steppe marmots. We can envi-
sion two possible futures for the steppe marmot in Russia and Ukraine. If the number of
cattle and horses remains at the same level, we can confidently predict an ongoing sharp
decline in the marmot populations of both Russia and Ukraine. If agricultural activities,
and primarily cattle breeding, increase, the marmot population should be capable of recov-
ering and re-expanding to cover its former range.

Grazing of large ungulates, in combination with terrain typified by ravines-and gul-
lies, are key environmental factors that influence the habitat suitability for many herbiv-
orous steppe species, including marmots. Pasture steppe ecosystems are necessary condi-
tions for biodiversity conservation.
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ABSTRACT

There are fourteen species of marmots recorded in the world, from those two species
marmots widespread in the Mongolia which are Siberian marmot (Marmota sibirica, Rad-
de 1862) and Altai marmot (Marmota baibacina, Kastschenko 1899). The Siberian mar-
mot has been recorded in Hustai National Park (HNP), this species qualifies as endangered
under criterion A2ad. In Mongolia, the total of population size of Siberian marmots has
decreased sharply from 40 million to 10 million in the last 60 years, because of overhunt-
ing, bad weather condition and disease. Since the 1993 Siberian marmot study has been
started in Hustai National Park and run on up to date. Siberian marmot's potentially live
area in Hustai National Park accorded 33707 ha from those they are live in 19464 ha area
equal to 57.7 of total territory. In 2017, the overall marmot density in Hustai National Park
was 4.2 individual per ha.

Key words. Siberian marmot, Marmota sibirica, Illegal hunting, Hustai National
Park, Mongolia

Introduction. In the global conservation experience, recent approach of an effective
way of conservation action is to conserve with the ecosystem level or specially protected
area and many activities done related with this approach (Primack et al, 2003).

Pursuant to Mongolia has stated internationally to conserve up to 30 percent of its ter-
ritory specifically in supporting its biodiversity conservation, today there are 102 special
protected areas established 17.2% of total territory. One of them is Hustai National Park.
Implementing the Przewalski’s horse reintroduction program was the fundamental rea-
son for establishing Hustai National Park. After the scientific programs being run out of
the reserve since 1992 achieved measureable success and provided valuable conservation
outputs Hustai was upgraded to a national park in 1998. Hustai National Park was legally
protected such as hunting, logging, and grazing of livestock in the park were prohibited.

Since 1993, some long-term monitoring studies such as a wildlife, weather condi-
tion, vegetation and wild horses. One of them is Mongolian marmot study have been
done every year. The park administration is supporting research activities for many years.
Marmot population studies in Hustai were carried out by different researchers in different
time. However, due to different methodologies, the population status and distribution arca
of the marmot are still questionable with no confirmed data.

In Mongolia Siberian marmots play an important role in nutrient recycling through
burrowing, grazing, defecating and urinating, activities are now recognized as typical of
ecosystem engineers (Van Staalduinen and Werger, 2007; Yoshihara et al, 2009).
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In this review article is try to clarify result of long-term monitoring studies.

Materials. We were used and reviewed 1997-2017 long-term monitoring study ma-
terials in Hustai National Park.

Study area. Since the 1993 Siberian marmot study was conducted in Hustai National
Park which is located 100 km southwest of Ulaanbaatar (47°50'N, 106°00'E, elevation
1100-1840 asl). Hustai National Park covered 50620 ha, of which the largest part was
steppe and only 4% was forested. The forest contained 3 birch species (Betula fruticosa,
B.fusca, B.platyphylla) and popular (Populus pilosa). About 88% of the area is covered
by grassland shrub steppes. Average annual precipitation was 270 mm and mean annual
temperature was 0.2°C (Wallis de Vries et al. 1996).

Geomorphologically, Hustai National Park belongs to Tuul river basin, zone of Ork-
hon and Selenge rivers basin, Central Asia (Manibazar et al, 1999). In terms of plant-ge-
ography, it belongs to south forestry steppe zone, Mongolian Daurian mountains, however
it is also included to Dundad khalkh steppe (Manibazar, 1996). Siberian marmot feed on
60-80 species of plants (Adiya, 2000).

RESULT

In Hustai National Park Siberian marmot study have been done 1993-1997 by Hans
Hovens. Even though the marmot studies in the area, covered just a fields, including the
changes in the number of marmots there. However, no research covering the whole area,
was conducted yet. Therefore, a research work for the determination of the distribution,
density and reserve of marmots within the reserve, is being carried out since 1997.

Henceforth 1998-2018 up to date Siberian marmot study conducted by methodology
processed by T. Todgerel et al. Here in:

- T.Todgerel (Todgerel, 1998) was studied under the subjects which are Siberian
marmot's density, distribution, resource and management. The researcher has divided the
total territory of the reserve, into 33 fields (the grid reports of the Hustain Nuruu map,
dividing it into plots of 4 km square, was used) of 16 km square (1600 ha) and numbered
these fields marking them in the map. The density if marmot families was determined by
the method of the transect (V.V.Kuchiruk and G.A.Korenberg), according to which the
researcher has counted emirate and inhabitant holes of marmot, passing through the 2 km
long route with 30 m front (plot of 6 ha) and the number of holes in one ha, has been deter-
mined. The study result was shown as Siberian marmot density in HNP was 1.6 individual
in per ha. The mother-Siberian marmot can gives birth to average 3.84 off-spring.

- In 1999 (Todgerel, 1999) Siberian marmot number has been recorded as 24248
numbers. The average number of marmots in one family, is 4.38+2.26 and the number of
young marmots in one family, is 3.53. This result shown as Siberian marmot’s reproduc-
tive success was high enough and should be done monitoring study on Siberian marmot.

- Siberian marmot's population, number monitoring study conducting every year and
methodology processed by Todgerel in 1998 (Todgerel, 1998), that study had been done
by students which are Otgonbaatar, Davaadorj, Khurelshagai and Bilguun. However, the
researchers (students) paid more attention to their numbers and reserves and in some cases
mistakes were made on the process.
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- In 2003, 2004 Otgonbaatar (Otgonbaatar, 2004) studied Siberian marmot. Total
126 families 247 marmot counted in chosen 8 plots. Density was 0.4 individual in per ha.

- In 2008 Davaadorj (Davaadorj, 2008) studied Siberian marmot. Total 104 families
321 marmot counted in chosen § plots. From those adults 135, yearlings 52, off-spring 52
were recorded. Density was 3.57 individual in per ha.

- In 2013 Khurelshagai (Khurelshagai, 2013) studied Siberian marmot. Total 90 fam-
ilies 220 marmot counted in chosen 8 plots. Hereof adults 100 or 45.5%, yearlings 47 or
21.3% and off-spring 73 or 33.1%.

- In 2016-2017 Bilguun (Bilguun, 2017) studied Siberian marmot. Total 80 families
224 marmot counted in chosen 8 plots. Hereof adults 93 or 41.5%, yearlings 63 or 28.3%
and off-spring 68 or 30.3 %. Density was 4.2 individual in per ha.

- In 2008 Y.Yoshihara et al concluded that marmot disturbance affects the spatial
hetero-geneity of vegetation at coarse spatial scale by maintaining the mosaic structure of
graminoids and forbs or by modifying patch structure. The generality of scale dependency
of spatial heterogeneity by grazing can be explained by relative relationships between
disturbance size and measurement scale.

- In 2009 Y.Yoshihara et al, study results burrowing by semi-fossorial rodents modi-
fies soil properties and plant communities. The effects of this burrowing on plants, howev-
er, are typically evaluated only by assessing changes in photosynthetic or production traits,
not pollination traits. Therefore little is known about the indirect effects of burrowing on
pollinators through its effects on the emergence of insect-pollinated plants. Study result
recorded the relative elevation, grass cover and flower height of insect-pollinated plant
species; the number of inflorescences and the number of pollinators in a marmot colony
on the Mongolian steppe. They compared these parameters on and off marmot mounds
and searched for factors that might explain variations in pollinator biodiversity at the plot
and individual-plant levels. Flower numbers and flower visitation frequency per plot were
significantly higher in the on-mound plots. The number of pollinators at the plot level was
positively correlated with the relative elevation and number of flowers. Species richness
of the pollinators was negatively correlated with grass cover. These results demonstrate
that mounds created by marmots attracted pollinators by increasing flower numbers and
by making flowers more conspicuous by raising them above the surrounding vegetation or
removing that vegetation.

- In 2009, Lhagvasuren (Lhagvasuren, 2009) determined the current population sta-
tus and distribution area of the marmot within the Park. This study was made according to
an agreement between the Hustai National Park administration and the Institute of Biolo-
gy, Mongolian Academy of Sciences. According his analyses potential marmot habitat in
Hustai National Park is 337.07 square kilometer, and only 194.64 square kilometer area is
inhabited by 91664261 individuals with a density of 48.4 marmots per 100 ha. The survey
were done using transect and plot survey methods by Mashkin to collect marmot density
and number’s data within the Hustai National Park. Study method were different from the
another research of Siberian marmot in Hustai. The mean number of Siberian marmots’
family was 16.2 per 1 square km and 3.2 individuals in one family. Therefore, marmot
number declines due to natural conditions and direct and indirect human influences. Main
factor decreasing the marmot population in the Hustai National Park was the number of
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the livestock which increases seasonally. Number of livestock in the Hustai National Park
is gradually increasing from year to year. The high number of livestock which is exceeding
the pasture’s carrying capacity, is always leading to overgrazing and pasture degradation.

- Uuganbayar recorded the number of livestock in Hustai National Park its buffer
zone (Uuganbayar, 2017) - There are 128 nomad camp included total 83141 livestock
(Table-1).

Table-1. Livestock number of Hustai National Park its buffer zone

Year Horse Cattle Sheep Goat Total
2013 4513 4056 38208 22073 68850
2014 4728 4290 40212 23136 72366
2015 4937 4821 43225 24148 77131
2016 5094 5347 45172 25914 81527
2017 3945 5521 46153 27522 83141

Illegal hunting of Siberian marmot. There are many summer camps of buffer zone
3 soums citizen's located in the Hustai border area. It is also close to Ulaanbaatar and is
near the highway to the city from the western part of the country, and poachers are often
moved to the area. Case Siberian marmot illegal hunting occurs 40 times every year, to
a certain extent affect the Siberian marmot population in a territory of Hustai (Table-2).

Table-2. Poached marmots by individuals (2001-2017).

Year Adult male | Adult female Young Juvenile Total
2001 94
2002 82
2003 161
2004 124
2005 98
2006 76
2007 79
2008 - - - - 61
2009 57
2010 65
2011 88
2012 79
2013 75
2014 82
2015 73
2016 11 19 27 14 71
2017 10 15 19 12 56

E— 312




Acknowledgements. We thank the researchers who have been done studied Siberian
marmot. Thanks to the staff at Hustai National Park.

CONCLUSION

There are many studies in Hustai were carried out by different researchers in different
time. However, due to different methodologies, the population status and distribution arca
of the marmot are still questionable with no confirmed data. Thus it should be studied new
methodology approved by scientific council meeting.

REFERENCES

Adiya Ya., 2000. Mongolian marmots: Biology, Ecology, Conservation and Use (In Mon-
golian). Mammalian Ecology Laboratory, Institute of Biological Sciences, Mongo-
lian Academy of Sciences, Mongolia

Adiya Ya., 2007. Mongolian marmot. Mongolia

Bilguun B., 2016-2017. Distribution, density and numbers of the marmot population in
the Hustai National Park.

Davaadorj D., 2008. Distribution, density and numbers of the marmot population in the
Hustai National Park.

Khurelshagai B., 2013. Distribution, density and numbers of the marmot population in the
Hustai National Park.

Lkhagvasuren.,2009. The Hustai National Park, Mongolian marmot (Marmota sibirica)
population assessment.

Manibazar N.,1996. To studing of vegetation and flora of Hustai range. Takhi.

Manibazar N., Bulgan A., Bolormaa D., Dugerlham., 1999. A4 List of vascular plans of
Hustai Steppe Reserve. Takhi ! 4/2. P. 53-80.

Otgonbaatar B., 2003-2004. Distribution, density and numbers of the marmot population
in the Hustai National Park

Primack R.B., Batbold D., Samiya P., Batsaikhan N., 2003. Conservation Biology.

Todgerel T.,1998. Distribution, Density and number of the marmots in the Hustain Nuruu
Reserve.

Todgerel T.,1999. Distribution, Density and number of the marmots in the Hustain Nuruu
Reserve.

Todgerel T.,2000. The effects of marmots on dominating flora of Hustai National Park.

Uuganbayar G., 2017. Monitoring research report of some Carnivorious, ungulate ani-
mals in HNP. Annual reports of Hustai National Park.

Van Staalduinen M.A., Werger M.J.A.,2007. Marmot disturbances in a Mongolian steppe
vegetation. Elsevier, Journal of Arid Environments. 344-351

Wallis de Vries., M. F., N. Manibazar., and S. Dugerlham., 1996. The vegetation of the
forest—steppe region of Hustain Nuruu, Mongolia. Plant Ecology 122:111-127.

_— 313 —_—



PROCEEDINGS of the 7" International Conference on the Genus Marmota “MARMOTS OF THE OLD AND NEW WORLD”

Yoshihara Y., Ohkuro T., Buuveibaatar B., Takeuchi K., 2008. Effects of disturbance by
Siberian marmots (Marmota sibirica ) on spatial heterogeneity of vegetation at
multiple spatial scales. Japanese Society of Grassland Science. 89-95.

Yoshihara Y., Ohkuro T., Buuveibaatar B., Undarmaa J., Takeuchi K., 2009. Pollinators
are attracted to mounds created by burrowing animals (marmots) in a Mongolian
grassland. Elsevier, Journal of Arid Environments.

— 314 —



CHEMICAL BASIS OF STABLE ELEMENTS FOR THE
BIOLOGICAL SIGNAL FIELD OF MARMOTS

Elena Vanisova

Peoples’ Friendship University of Russia (RUDN university) Podol skoe shosse, 8/5,
Moscow, Russia, 115093

vanhelen@mail.ru

Abstract. Chemical substances of the skin glands secretion products, of excrements
and their decomposition products create the chemical basis of stable elements for the bio-
logical signal field of marmots. The chemical composition of the volatile substances that
could be stable elements and form olfactory image of the territory inhabited by marmots
is discussed. Uneven accumulation of these substances in the soil cover (related to the
probability of leaving a scent trail by rodents) creates gradients of the biological signal
field facilitating the orientation in the space for marmots.

The biological signal field (Naumov, 1971; Vanisova & Nikol'skii, 2013) is one of the
main sources of information about the territory with resources on it. The traces of animal
vital activity (burrows, paths, feces accumulations etc.) create an odor-visual image of the
space and, left by many generations of Mammals, preserve and transmit information about
the territory that organizes the use of space by each generation of animals.

The study conducted on the example of a steppe marmot colony (Marmota bobak)
(Vanisova et al., 2016) was the first attempt to describe the chemical structure of the bio-
logical signal field of Mammals. Chemical analysis (by gas chromatography / mass spec-
trometry) of the topsoil samples (collected directly on the entrance to the central burrows,
on the paths at 5 meters from them and at 30 meters from the central burrow holes away
from the paths and butanes, where there are no visible traces of marmots’ vital activity)
showed the unevenness of the olfactory image of the marmots’ family sectors. It is related
to the probability of leaving a scent trail by marmots.

The quantitative content of volatile compounds in samples of the upper soil layer,
taken from sites of the territory regularly visited by marmots (from the entrance to the
burrow and from the paths; Me = 248,35 mkg/g, n = 19) statistically significantly (by the
Mann-Whitney test, p = 0,046) exceeds their content in the background (Me = 143,56
mkg/g, n = 10), that marmots do not attend or attend episodically. Uneven accumulation
of substances in the soil in the process of marmots’ vital activity creates gradients of the
olfactory biological signal field, facilitating the orientation of rodents in the territory of
colony.

As part of the volatile fraction of the topsoil samples from family sectors cover of
steppe marmot were found from 50 to 110 components per sample - chemical compounds,
presumably carrying information in the context of the biological signal field formed by
many generations of rodents. The chemical composition of samples is heterogeneous and
characterized by the predominance of various classes of organic substances, that is prob-
ably connected with the presence of free fatty acids and their derivatives, as well as with
the processes of their oxidation (Chloe & Min, 2006). The main classes of volatile com-
ponents selected from the soil samples in the steppe marmot colony coincide with the
main classes of volatile components of the mammalian skin glands secretion (Sokolov &
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Stepanova, 1986): fatty acids, amines, hydrocarbons, ketones, alcohols, aldehydes, orga-
nosulfur compounds. Hydrocarbons, including normal alkanes, unsaturated hydrocarbons,
branched hydrocarbons and aldehydes are the most common compounds found in all soil
samples from the steppe marmot colony. Organosulfur compounds, amines and ketones
are rare and their relative content in the samples is low.

The main source of chemical information left by marmots on the ground surface is
probably the plantar gland, known in many species of Mammals (Sokolov, 1977; Ad'yaa,
1993; Mashkin & Baturin, 1993; Shubin & Spivakova, 1993). Other sources of chemical
substances is secretion products of the jugal glands, left by marmots when marking the
territory. Chemical analysis of samples of jugal glands secretion products of alpine mar-
mot (Marmota marmota) (Bel, 1998) revealed mainly fatty acids and esters in various
concentrations, alcohols and hydrocarbons, organosulfur compounds, ketones. Notably,
the compounds characteristic for the secretion of the jugal glands of alpine marmot, and
the compounds found in the soil cover of steppe marmot colony, belong to the general
classes of substances.

An important constant source of the olfactory image in the marmot colony is latrines,
located in depressions on the surface of butanes. The source of volatile substances here
can be excrements and the products of their decomposition. 16 compounds were identified
in the volatile fraction from a sample of fresh excrement of steppe marmot (Vanisova et
al., 2016). Some components of the excrement were found in all soil samples, and their
content in the samples from the entrance to the burrows and from the paths is slightly
higher than content of these volatile substances in the samples from background. Probably
there is a relatively stable group of substances in the accumulated over a long time the
mass of excrements, that creates an odor image of the place of constant accumulation of
excrements, performing the function of a stable element of the biological signal field.

Presumably, the substances (the skin glands secretion products, the excrements and
products of their decomposition) interact with the soil cover, retaining, accumulate in it,
creating a stable scent image of space. Because the volatile components left by Mammals
on the substrate belong mainly to the same classes of substances, then we can assume that
different parts of the territory smell the same, but with different intensity, forming gradi-
ents of the biological signal field. Herewith, there may be differences in the structure of
the odor spectrum of volatile substances from different individuals, as shown on alpine
marmot (Bel, 1998). The species differences probably also concern the structure of the
olfactory spectrum — the ratio of the number of some chemical components and the loss /
presence of one or other of them. Moreover, the chemical image of a Mammal's territory
can be mediated by a species-specific microflora (Ushakova & Andreev, 1985; Sokolov &
Ushakova, 1986).

Volatile substances, chemical traces of marmots, superimposed on the system of visi-
ble (optical) elements of the biological signal field, take part in creating a matrix of stable
elements, supplementing and enhancing the visual image of the territory inhabited by
marmots, form the odor-visual image of space. The creation and regular renewal of stable
and less stable elements in the biological signaling field of marmots contributes to the ac-
cumulation and transfer of information about the territories with the resources located on
it, necessary for each generation of these hibernating burrowing rodents.
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Abstract

The territory of the Udmurt Republic is located in the forest zone in the east of the
East European Plain. As a result of agricultural development of natural landscapes, in the
south of the Republic open areas with meadow vegetation have been created. These areas
are potentially suitable habitat for bobak (Marmota bobak). The first 94 individuals, who
were caught in the Starokulatkinsky district of the Ulyanovsk Oblast, were introduced to
the area in July, 1986 in the valley of the Bolshaya Emasha near the village of Cheganda,
in the Karakulinsky district (N55°55 'E53°29"). Bobak became well established here and
formed a main colony within the ravine system. Their family plots were primarily located
on xerothermal slopes with southern exposure, occupied by steppe meadows and used as
pastures for livestock. In the middle of the 1990s, new colonies began to appear.

Introduction activities in the Republic were continued in 2001 through 2003. Bobaks
were released into the ravine system near the village of Sokolovka in the Sarapulsky dis-
trict (N56°17 'E54°03"). There the northernmost viable population of bobak beyond their
natural range was formed.

Currently, we have documented about 25 spatial groupings of bobak in the southeast
of the Udmurtia: Fifteen colonies and 10 isolated families in the Karakulinsky (12 colo-
nies and five isolated families), Sarapulsky (three colonies and four isolated families), and
Kiyasovsky (one isolated family) districts. According to our estimates, the total number of
the "Udmurt" population of the bobak is about 550 to 600 individuals.

The Udmurt Republic is one of the federal subjects of the Russia, located in the
Eastern part of the Russian Plain,in the Western Suburals, between the large rivers of
Kama and Vyatka. The coordinates of Udmurtia are N 55°12'-58°38'", E 51°10'-54°26'. etc.
(Udmurt Republic, 2000).

Two ecozones occur within the territory of the Republic; the taiga (boreal zone) and
the subtaiga (boreal-subboreal) (Rysin,2009). Suitable habitat for bobak is found in the ra-
vine networks in the southern region of the Republic. A lot of ravines are used for pastures
and hayfields. Land use contributes to their deforestation and vegetation of these areas has
features similar to northern steppe meadows. Moderate and intensive grazing of livestock
prevents overgrowth of high grass, which creates conditions highly favorable to marmots.

Bobak (also known as steppe marmot) were introduced to the territory of the Udmurt
Republic in the 1980s. Today, they have spread across the territory of the southeast of the
Republic. Colonies in Udmurtia represent some of the northernmost in the bobak’s range,
so study of individuals at the site will improve our understanding of the adaptive potential
of the species.
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Systematic scientific studies of the bobak of Udmurtia have been conducted since the
mid-1990s. Researchers involved include the employees and students of UdSU (Dosk-
ovskaya et al, 1999; V. Kapitonov & K. Kapitonov, 2001; Kapitonov et al.); Lobachevsky
University (Samkharadze, 2003), and the Peoples’ Friendship University of Russia (Mat-
veev, 2006), as well as researchers from the Russian Research Institute of Game Man-
agement and Fur Farming (Kolesnikov, 2002) and the Fauna Protection Department of
Udmurtia (Kapitonov & Ukraintseva, 1997). The purpose of this study was to document
the spread and current stat of bobak in Udmurtia.

Materials and methods

The history of the introduction and establishment of bobak in Udmurtia was inves-
tigated using the archival materials of the Department of Fauna Protection of the Udmurt
Republic, data from published literature, and surveys of and interviews with participants
in the introduction of bobak to the republic.

Field research was conducted during the snowless period at bobak colonies in the
Karakulinsky, Kiyasovsky, and Sarapulsky districts. During non-hibernation periods, from
April to September, visual counts of bobak numbers and age composition were made.
Counts were usually conducted in the morning and evening hours, when the animals were
most active. Observations were made with 10x field binoculars. We also recorded ob-
served social relationships between individuals and the spatial distribution of burrows and
the trails between them.

During later surveys, we used a quadcopter with an optical system for photo and
video to study the spatial distribution of bobak colonies.

After the beginning of hibernation, surveys and mapping of bobak wintering grounds
were carried out with the help of a Garmin GPS-navigator with the goal of determining
the number of families in each colony. Wintering holes were identified by the presence of
a characteristic plug from the clumps of earth at the entrance (Ismagilov, 1961; Bibikov,
1989; Soroka; 2000; Tokarskiy 2008, Mashkin et al., 2010).

Statistical analysis was carried out using the MS Excel 2007 data analysis package.
The history of bobak introduction to Udmurtia

Bobak introductions to Udmurtia began in July, 1986 with the release of 94 individu-
als near the village Cheganda in the Karakulinsky district (N55°55' E53°29"). The translo-
cated bobak were caught in the Starokulatkinsky district of the Ulyanovsk Oblast (Popov,
1987, 1990; Kapitonov & Ukraintseva, 1997). Note that the Starokulatinsky district was
one of the donors of bobak for introduction to the European part of Russia. Bobak caught
in Starokulatinsky were released in the districts of the Ulyanovsk Oblast, in the Samara
and Nizhny Novgorod Oblasts; and Mordovia and Chuvashia (Abrakhina & Dimitriev,
1999).

Individuals were released into pre-prepared holes in the ravine network formed by
the river Emasha. Post-release, 90 bobak were kept there in July 1987. In 1987 through
1989, bobak were released near the village of Kolesnikovo in the Karakulinsky district
(N55°59' E53°34") and in the Uvinsky district of Udmurtia (near N56°49' E52°18'"). In the
1980s, 472 bobak were released in Udmurtia (Zagumenov, 2014).
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In 2001, translocation efforts were continued. Individuals were collected from colo-
nies in the Voronezh and Ulyanovsk Oblasts and the colonies of the Karakulinsky district
of Udmurtia, and were released near the village of Sokolovka (N56°17' E54°03") in the
Sarapulsky district of the Republic. In total, 186 individuals were released in the Sarapul
district of Udmurtia near the village of Sokolovka (Zagumenov, 2014).

Archival data indicate a large proportion of the bobak released (59.3% in 2001) were
young (Zagumenov, 2014). According to the methodological guidelines for the translo-
cation of marmots (Mashkin et al., 2010), a high proportion of yearlings in introduced
groups of marmots negatively affects their survival. In the Sokolovsky colony, introduced
bobak established themselves but, according to the archival data of the Fauna Protection
Department of Udmurtia, there was high individual mortality following their initial re-
lease.

At the same time that bobak were released in the Sarapulsky district, small groups
were also released in the previously established colonies in the Karakulinsky district.

In the Uvinsky district, the introduction of bobak was unsuccessful. According to VA.
Matveyev (2006), in the 1990s the bobak spread widely in the district, but later the col-
onies and families began to disappear. Matveyev (20006) attributes their decline to strong
anthropogenic pressure. Further introductions of bobak in this region of the Republic are
considered by the specialists of the Fauna Protection Department of Udmurtia as unlikely
to be successful.

A different picture was observed in Karakulinsky and Sarapulsky districts. Released
bobak quickly settled and established colonies in the numerous gullies there. The animals
settled in the original colony, and formed new colonies and or established in other areas as
isolated families (separate spatial groups consisting of a single bobak family). The dynam-
ics of the number of known colonies and isolated families in Udmurtia is shown in Fig. 1.
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Fig.1. The dynamics of the number of known colonies and isolated families in Udmurtia
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From the end of the translocation efforts in 1989 to 1997, the number of bobak spatial
grouping in the Republic almost doubled. The exact number of colonies and the time of
their formation between 1989 and 1997 is not known because of the absence of system-
atic observations during that time period. In the 1990s the colony in the Uvinsky region
went extinct (Matveev, 2006). Not later than 1998, a new colony was formed in the Kar-
akulinsky district near of village of Kulushevo (N56°01' E53°34") (Doskovskaya et al.,
1999). Between 1999 and 2003, the number of colonies increased. It can be assumed that
the bobak established themselves at optimal sites in the ravine systems, and as the col-
ony grew, individuals actively dispersed to other locations. In the same time period, the
Sokolovskoe colony in the Sarapulsky district was established. After 2003, the number of
colonies stabilized at around eight to 10.

Some decline in the number of colonies between 2005 and 2007 can be attributed to
changes in human economic activity. Livestock grazing was stopped around many colo-
nies in the Karakulinsky district, which had negative consequences for bobak. The ravines
began to overgrow with high grass. This negatively impacted bobak forage conditions and
disrupted the visual and sound contact between individuals. The positive role of moder-
ate grazing has been repeatedly discussed in the literature (Kolesnikov, 2006; Savchenko
& Ronkin, 1999, Resolution..., 2010). At the Chegandinsky colony, where grazing was
stopped in 2007, the number of bobak families had decreased by half by 2010 (Kapitonov,
2015). However, from 2011, there has been a steady increase in the population of the bobak
in the Republic and an emergence of new spatial groups (small colonies and individual
families) outside the original colonies. In the Karakulinsky and Sarapulsky districts, new
colonies have established on the sites of previously known colonies. Isolated families and
small colonies of two to three families have been annually observed. In 2015 and2016,
25 bobak spatial groupings were documented. The increase in the dispersal activity of the
animals could be due to the reaching of capacity in the ravine systems or to a decrease in
the habitat suitability of the ravines due to the cessation of livestock grazing activities.

The initial migration of bobaks and the formation of new colonies and isolated fam-
ilies was noted in the Karakulinsky district in 1995 nine years after bobaks were first in-
troduced, while in the Sarapulsky district migration was first observed in 2009, eight years
after the bobaks’ initial release.. It thus appears that after eight or nine years bobaks were
sufficiently adapted to conditions at the introduction sites to begin expanding and coloniz-
ing new areas.. According to the literature, , daughter colonies usually begin to form, on
average, six tol4 years after the initial release of individuals (Mashkin, 2000).

Modern distribution of bobak in Udmurtia

At the present time, we have information on 25 spatial groupings of bobak in the
Udmurt Republic, including 15 colonies and 10 isolated families. The locations of known
colonies and isolated families of bobak in Udmurtia are presented in Fig. 2. Bobak colo-
nies are named for the nearest human village.
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Fig.2. The locations of colonies and isolated families of bobak in the Udmurt Republic.
The numbers indicate colony names. 1 - Chegandinskoe colony, 2 - Kolesnikovskoe col-
ony, 3 - Novopoleselenskoe colony, 4 - Kulyushevskoe colony, 5 - Yunginskoe colony, 6 -
Shignandinskaya family, 7 - Sokolovskoe colony, 8 - Nyrgyndynskoe colony, 9 - Mazunin-
skoe colony, 10 - Bisarskaya family, 11 - Gremyachevskoye colony, 11 - 12 - Popovskaya
family, 13 — Ust’-Saklynskoe colony, 14 - Vyatskinskoe colony, 15 - Kalmashinskaya
family, 16 - Tarasovskoe colony, 17 - Galanovskoe colony, 18 - Chegandinskaya family,
19 - Karakulinskoe colony, 20 - Pinyazskaya family, 21 - Kostinskaya family 22 - Ermo-
laevskaya family 23 - Zuyevo-Klyuchinskoe colony 24 - Shadrinskaya family 25 - Zabor-
inskaya family. The map was taken from Bing Maps (www.bing.com/maps)

We note that of all colonies only five (NeNe. 1,2,3,4,7 in Fig.1) had more than 10
families. Others had two to five families. The greatest number of spatial groupings were
located in the Karakulinsky district (12 colonies and five isolated families). There were
three colonies and four isolated families in the Sarapulsky district and one isolated family
was in the Kiyasovsky region of the Republic.

Some features of colonies

Colonies and families usually ocurred in treeless ravine networks with small rivers
and streams. Colonies Ne. 5, 19, 23 and family Ne. 18 were located on a terrace on the high
bank of the Kama River. The families NoNe. 6, 17, 20, 25 occurred at the placer . Families
NeNe. 20 and 25 were in the fields sown with forage grasses alfalfa and maize.
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The Sarapulsky and Karakulinsky districts show the greatest economic development
of the districts in the Republic (Rysin, 2009). As a consequence, all bobak colonies were
subjected to significant anthropogenic influence. In addition to the obvious negative as-
pects (poaching, disturbance of animals), there were also some positive aspects of anthro-
pogenic influence. Cattle grazing and raising of forage grasses both benefit bobak. Graz-
ing occurred at the sites of 14 colonies and 11 colonies were adjacent to fields of forage
grasses (in five of them cattle were not grazed).

Three types of colonies were distinguished from a study of the spatial distribution
of marmot colonies: diffuse, ribbon, and mosaic (Bibikov, 1989). Most of theresearch
dealing with the typology of marmot colonies in Udmurtia identified ribbon type colony
structure (V. Kapitonov, K. Kapitonov, 2001, Kapitonov et al, 2002). The arrangement of
bobak families along the slopes of ravines and significant plant associations are cited in
the literature as signs of this type (Mashkin et al, 2010). Note that all large colonies (NeNe.
1,2,3,4), with the exception of Ne. 7, had remote subcolonies, located at a distance of more
than 1 km from neighboring ones. This was primarily observed in colonies NeNe. 2 and 4.
Small colonies (from 1 to 5 families) were found in different parts of the ravine network
and were separated by areas unsuitable for marmots. These features resulted in bobak
colonies of the mosaic type (Mashkin et al, 2010). Thus, only colony Ne. 7, was consistent
with the description of a ribbon-type colony. The large colonies NeNe 1 and 3 can be de-
fined by the term ribbon-mosaic. A "mixed" classification was applied for some colonies
of bobak in the mountains: D.I. Bibikov (1967) referred to them as ribbon-diffuse. Col-
onies NeNe. 2 and 4 were the closest to the mosaic type. The signs of focal colonies were
cited for the Kolesnikovskoe colony earlier (Doskovskaya et al, 1999). The presence of
mosaic colonies is expected for bobak at the northern limit of their range (Mashkin, 1997).

Number of families and individuals

During our research from 2011 to 2016, we annually marked the locations of new
families of bobak. Since 2011, the number of bobak families has increased by 1.8 times:
from 88 to 161 families (Fig. 3). Each year the number of family groups increased, by an
average 14.6 families (from 6 to 29 new families in different years of research). The rate
of increase was between 4% to 23%, with an average 13% annual increase.
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Fig.3. The dynamics of the number of families of bobak in Udmurtia in 2011-2016.
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Between 2011 and 2016, the number of colonies and isolated families increased from
nine to 25 (in 2.7 times). Annually the number of colonies increased by two to five colo-
nies (an average of 3.2). Growth rates ranged from a 12% to 56% increase (23% on aver-
age). Thus, the number of bobak family groups in Udmurtia increased at a lower rate than
the number of colonies. Consequently, the observed tendencies suggest an increase in the
dispersal activity of the animals and their desire to occupy new territories. The number of
ravines and gullies inhabited by bobaks and the number of colonies increased. Along with
this, there was an increase in the overall number of individuals.

To estimate the total number of bobak living in Udmurtia at the present time, we ex-
trapolated using the mean number of individuals in each family, obtained from the obser-
vation of large colonies. The average number of individuals per family in 2014 in colonies
NeNe, 1 and 7, was 4.1 and 4.7. Based on this we estimated that the total number of bobaks
in 2014 equaled 520-600 individuals. In 2015 and 2016 the average number of individuals
in the family was not determined, but we assumed a further increase in bobak population
size, based on the observation of new families, subcolonies, and colonies.

During our studies the average number of individuals in the family ranged from three
up to seven7, with 4.3 + 0.4 on average. The average size of bobak familiesin Udmurtia
was within the limits of values obtained by researchers in other parts of the bobak’s range
(Tokarsky, 1997; Kolesnikov & Mashkin, 1999; Soroka, 2001). According to V.I. Mashkin
(1997), an average family size of more than four individuals is favorable for the stable
persistence and growth of a bobak population.

Conclusion

As aresult of translocation work initiated in July 1986, the most northern, viable pop-
ulation of the bobak, outside of its natural range,was formed in the territory of the Udmurt
Republic. Currently, 25 spatial groupings (colonies and isolated families) have been iden-
tified across three districts Karakulinsky, Sarapulsky and Kiyasovsky. The total number of
bobak in the Republic is estimated at approximately 550-600 individuals.

Bobak in the forest zone inhabit the treeless ravine systems in the southeastern dis-
tricts of the Republic. Most of the spatial groups of bobak are confined to places where
livestock are grazed or forage grasses are planted.
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