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Abstract. Habitat loss and fragmentation are serious threats to biodiversity worldwide. In the different mountain
ranges of Mongolia, we evaluated the habitat connectivity of Wapiti, aiming to provide insights for support to population
conservation. By using Wapiti occurrence data and seven variables related to climatic, geographic, and anthropogenic
factors (human disturbance index), we modeled the habitat suitability using the Maximum Entropy Model (MaxEnt).
The corridor design model (Linkage Mapper) was used to identify and evaluate the linkages between core habitats.
The MaxEnt models suggest that human disturbance and latitudinal effects associated with climatic variables played
the most important and complex role in Wapiti spatial distribution. The ecological corridors of Wapiti were composed
of 130 core habitats (CHs) and 386 linkages or least-cost paths (LCPs). The shortest LCPs connecting the core habitats
were mapped in the Khentii and Khuvsgul mountain ranges, which was probably due to the higher habitat suitability. In
contrast, the longest LCPs were in the Altai and Khangai mountain ranges, where CHs were more fragmented and had
the lowest habitat suitability based on MaxEnt modeling. Our study suggests the priority areas for protecting Wapiti and
the key locations where the wildlife road crossing structures or animal guidance measures are needed.
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Introduction leading to further habitat fragmentation throughout their
range.
The species is listed globally as “Least Concern” on

the IUCN Red List. Red Deer is listed in the Law on

In Mongolia, the Wapiti Cervus canadensis (formerly
known as Red Deer Cervus elaphus) is widely distributed

across Khuvsgul, Khangai, Khentii, and Altai mountain
ranges [1], [2]. According to a 1986 government assess-
ment, the population to consist of 130,000 individuals
[3]. The Wapiti population estimation in 2004 showed
that there were about 8,000-10,000 individuals, de-
creased by 77% in comparison to the study result done
with a same method 20 years ago. [4]. Illegal hunting
for traditional medicines is main threat to the Wapiti
population. Human disturbance resulting from resource
extraction (mining) and infrastructure development [5],

Fauna as “rare”, which restricts hunting to “special” (or
sport) purposes only [5]. Approximately 33% of the Wapiti
range in Mongolia is covered by national protected areas.

For threatened and endangered species, the distribution
of landscape characteristics can be used as a basis for
understanding how animals move between resource
patches [6], and identifying corridors and movements
through them can provide an important tool for con-
servation planning at multiple spatial scales [7]. In this
paper, using Wapiti occurrence data, we combine the
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MaxEnt model, the least-cost corridor model, and circuit
theory to aim at 1) what is the key factor affecting the
spatial distribution; and 2) evaluating linkage features,
including the importance of core habitats and linkages.

Study area

The study area spans an area of 789,291 km? that is
covered two major geographical divisions, namely the
Altai-Sayan and Khangai-Khentii mountainous region. The
Altai-Sayan region is divided into the Altai and Khuvsgul
mountain ranges, while the Khangai-Khentii mountainous
region consists of two separate mountain ranges, the
Khangai and Khentii (Fig. 1). The Altai Mountains is the
highest and the longest which stretches across the western
and southwestern regions of the country [8]. These ranges can
be divided into 3 main regions a humid region with very
cold summer; humid with cold summer; a semi-humid
region with warm summers according to the Koppen cli-

mate classification [9], [10].

The entire region is inhabited by about 1,765,510
people (Western: 416,849; Khangai: 605,315; Central:
517,112 and Eastern: 226,234 people; National Statistical
Office 2022). Based on information from National
Statistical Office (2022), the number of herders has been
increasing slightly since 2012 throughout the region. By
2021, there were about 66.9 million heads of livestock
across the entire area (sheep 50.8%, goats 31.5%, horses
8.9%, cattle 8.8%, and camel 0.2%; Fig. 2).

Methods

Wapiti occurrence data and predictor variables

To produce better prediction maps for Wapiti distri-
bution across study area we compiled Wapiti occurrence
data from various sources such as BIOSAN database,

Table 1. Environmental and human associated variables used for habitat modeling of Wapiti

Name Resolution Source
Altitude ; i
15 s (ca. 425 m), re-projected the data to Transverse NASA/JPL (2005); Lehner et al. (2008), cited
Mercator (UTM zone 49 N) from Heinar et al. [12]
Slope DEM, ESRI ArcGIS Slope The Nature Cons_ervancy Mongolia Program,
Heinar et al. [12]
Ruggedness DEM, ESRI ArcGIS Vrm Sappington ez al. (2007) cited from Heinar et a/ [12]

Human disturbance index

15 s (ca. 425 m), re-projected the data to Transverse

The Nature Conservancy Mongolia Program,

Mercator (UTM zone 49 N) Heinar et al. [12]
T . 15 s (ca. 425 m), re-projected the data to Transverse . .
Bioclimatic variables Mercator (UTM zone 49 N). paleoclim.org (the period 1970-2013)

<

% Khangai-Khentii mountainous region Mountain ranges

Altai-Sayan mountainous region 1. Altai 2. Khuvsgul

3. Khangai

(] Wapiti occurrence

I:l Country boundary

.8 L] 230 460
4. Khentii o

Fig. 1. Study area
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Fig. 2. Trends in herders and livestock numbers in entire studied region during 1970-2021.

and population assessments conducted at national and
regional level between 2015 and 2021. A total of 2,536
locations for Mongolia was gathered and we applied the
Maximum Entropy Modeling approaches (MaxEnt) to
the data to model their distribution [11]. To minimize
data redundancy and enhance spatial independence
among Wapiti occurrences, 83 duplicated records were
deleted. Finally, a total of 2,453 Wapiti occurrence points
were used to construct the distribution model.

To model spatial distribution of Wapiti, we used 19
bioclimatic variables over the period during 1950-2013
elevation,

(http://www.paleoclim.org/). In addition,

slope, ruggedness, and human disturbance index layers
with a 30 s (ca. 1 km) spatial resolution [12] were included
in the model (Table 1). The latter four variables were
re-projected same dimensions and resolutions with the
bioclimatic variables using SDM toolbox in ArcGIS
10.6.

Modeling habitat suitability

We used the MaxEnt approaches to model the distri-
bution of Wapiti [13]. To reduce multi-collinearity among
the 19 bioclimatic variables, highly correlated variables
(r>0.75 Pearson correlation coefficient) were eliminated
from further models [14]. This reduction of the predictor
variables was resulted in the inclusion of three variables
for the model development, including mean diurnal tem-
perature range (Bio2), isothermality (BIO2/BIO7) (x100),
and precipitation seasonality (Biol5). We run ENMEvaluate
(part of the ENMEval package in R) to find a model with
the lowest delta for the model setting to run MaxEnt. In
our models, we selected 75% data for model training and
25% for model testing [15], keeping other values as
default. We used a cross-validation method with 10 model

folds due to the sample size being more than 50 points.
The area under the receiver-operating characteristic curve
(AUC) was examined for additional precision analyses, in
which the values ranged from 0.5 (for random proba-
bility) to 1 (for perfectly predicting presence), and the
jackknife test was used to assess the relative importance
of the variables. For display and further analysis, we im-
ported the results of the MaxEnt models predicting the
presence of the target species (0—1 range) into ArcGIS 10.6.
To compare values of habitat suitability between CHs
and LCPs natural breakpoint method was used to divide
the habitat suitability index into five grades (Fig. 3): low
(0-0.2), medium-low (0.2-0.5), medium (0.5-0.7), me-
dium-high (0.7-0.8), and high (0.8-1).

Mapping habitat connectivity and corridors

To map existing connectivity between core habitats
(CHs) in the landscape, we used recently developed tools
integrating least-cost paths (LCPs) approaches with cir-
cuit theory. We used the program Linkage Mapper [16] to
map corridors and LCPs between pairs of adjacent CHs.
The linkage mapper identifies adjacent core areas, creates
anetwork of core areas using adjacency and distance data,
calculates cost-weighted distances (CWD) and least-cost
paths, and combines least-cost corridors into a single map.

Evaluating corridors and habitat connectivity

Importance analysis: Centrality metrics were calculated
to identify the importance of individual CHs and LCPs
to maintain connectivity in the landscape [16], [17]. The
centrality metrics were calculated by Centrality Mapper,
which used circuit theory by calling the program Cir-
cuitscape (version 4.0.5; https://circuitscape.org/down-
loads/).
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Fig. 3. Potential habitat suitability of Wapiti in Mongolia
Linkage quality: We used two metrics to describe the ~ Results

quality of each linkage, namely the ratio of cost-weighted
distance to Euclidean distance (CWD: EucD) and the
ratio of cost-weighted distance to the length of the least-
cost path (CWD: LCP) [18, 19]. The first metric indicat-
ed how difficult it is to move between core habitats rela-
tive to how close they are. The second metric provided the
average resistance encountered along the optimal path
between core habitats.

Barrier Mapper quantifies the importance of “barriers”
that affect the quality and/or location of the corridors.
The term “barriers” is used in a general way and includes
portions of a landscape that are difficult to pass through
for wildlife but are not barriers in the formal sense of the
term [20]. In essence, they identify areas for restoration
and mitigation.

The MaxEnt model identified 130 core habitats with
a total area of 181,419 km?, which represents about
22.9% of the entire study area. An average size of CHs
was 1,664 km? (SD = 6,614). There is a considerable
variation in their area, the largest being identified in
Khentii mountain ranges (50,225 km?), followed by CHs
in the Khangai mountain (34,256 km?; Fig. 3).

According to the classification of centrality values
for core habitats, the Khangai-Khentii mountainous
region contain the largest top-ranked CHs (118,595 km?
or 76.6%), followed by the Altai-Sayan Mountain ranges
(11,700 km? or 14.5%). The result shows that primary
ranges of the Khangai-Khentii mountainous region and
the western parts of the Khuvsgul mountain ranges are es-
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sential to keep the landscape connectivity (Fig. 4, Table 2).

The corresponding centrality flows of the LCPs illustrate
the importance of the central regions in Mongolia.

The linkage metrics varied among the mountain
ranges (Table 3). The lowest ratio of CWD: to EucD
(Mean + SD = 89.3 + 33.5) had in Khuvsgul (indicating
the highest quality of core habitats), and the highest in
Khangai (overall mean: 180.4; SD: 28.8). In Khuvsgul,
the ratio of CWD: to LCP (overall mean: 66.1, SD: 18.6)
was lower, indicating low resistance to Wapiti movement
along the path, and the highest (indicating high resis-
tance along the path) in Khentii (Fig. 5, Table 3).

Factors affecting the habitat connectivity and occur-
rence of Wapiti

One-way ANOVA showed significant differences
in the Wapiti occurrence (F = 5.76, P = 0.0002), slope
and human disturbance index also differed among the

mountain ranges. The overall potential habitat and LCPs
length are greater in the Khangai mountain ranges than
in other mountain ranges. The potential area and LCPs
of Wapiti differed not only in the gradient of habitat
suitability but as well as in various mountainous ranges.
The most of studied mountain ranges (491,744 km? or
63.3%) includes the I and II gradients and 285,083 km?
(36.7%) in the between III and V gradients. However,
only 16.6% of the potential habitat of Wapiti include in
the highest and higher (medium-high) suitability class,
but most LCPs (54.2% of overall length LCPs) occurs
there (Table 4).

The ratio length of LCPs compared to habitat
suitability gradients reveals that the length of LCPs
(3,947 km? or 43.8%) is highest in the Khangai, and the
lowest (only 1.7 km? or 0.02%) in the Khentii mountain
ranges. The area of habitat suitability showed a decreasing
trend with the increase in altitude; the highest habitat

Table 2. Current centrality for the CHs of Wapiti. The CHs are ranked

Importance ~ CF_Central value Number Mean + SD 95%CI Size of CHs, sq.km / percent
Khangai-Khentii mountain ranges

1 478 — 842 3 526+25.3 508.8 — 555.1 118,595/ 76.6%

2 320-477 1 362.8+0.0 - 11,219/7.2%

3 215-319 3 273.6 £27.1 255.9-304.8 5,198/3.4%

4 138-214 14 162.1 +20.6 141.2-213.9 11,614/ 7.5%

5 64— 137 26 96.1+19.7 64.3-133.2 8,147/5.3%

Altai Sayan mountain ranges

1 478 — 842 5 631.5+169.0 495.6 — 842.2 11,701 /43.9%

2 320-477 15 390.1+52.3 328.9-4773 6,865 /25.8%

3 215-319 14 265.0+£29.5 222.2-318.6 2,642 /9.9%

4 138214 23 184.6 +18.1 151.9-212.5 4,762/ 17.9%

5 64— 137 26 96.1 £19.7 64.3-133.2 676 /2.5%

Total 130 181,419
Table 3. Characteristics of the linkages between the core habitats
Mountain ) .
Linkage LCP/km EucD/km CWD/km CWD: EucD CWD:LCP Centrality

ranges
Khuvsgul 73 52+63 38.3+47.0  3,390.5+4,052.6 89.3+33.5 66.1 £18.6 84.7 + 68.7
Altai 180 106.3+147.5 71.4+90.1 7227.9 £9,928.1 92.6 £35.7 67.0+26.2 87.3+58.3
Khangai 107 71.1+1247  50.1+79.3 5583.1 +£6,990.7 132.1+54.2 101.3+509  655+52.8
Khentii 26 26.8+25.0 240+23.0  4340.0+4,218.3 180.4 +28.8 158.6+31.9 455+345
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Table 4. Potential area and LCPs of Wapiti in a different gradient of habitat suitability obtained from MaxEnt

Variables Altai Khangai Khuvsgul Khentii
Human disturbance 45+1.38 33+1.1 4.1+£1.9 39+1.5
Altitude 2,353 +£200 1,705 £ 292 1,903 + 367 1,217 + 300
Slope 6.9+34 5.6+2.5 73+£5.7 4.1£29

Total area, km? 267,175 328,812 69,855 110,984
Low (I) 168,067 79,145 4,854 31,501
Medium-low (II) 54,871 104,772 18,420 30,112
Medium (I1T) 26,812 70,765 24,985 25,290
Medium-High (IV) 9,468 38,389 13,259 12,955
High (V) 7,957 35,738 8,335 11,125

Overall LCPs, km 10,310 9,404 6,178 697.8
Low (I) 869 442.1 42.8 207.0
Medium-low (II) 1,607 1,562 417.2 385.8
Medium (I1T) 2,725 1,789 2,047 94.9
Medium-High (IV) 2,121 1,662 1,596 8.4
High (V) 2,988 3,947 2,075 1.7

Khuvsgul mountain range

—— Least cost path

Centrality of CHs

B 478-842
I 320- 477
[ 215-319
138 - 214
64-137

320 Kilometers |

Sources: Esri, USGS, NOAA

| .=

}N\ Khentii mountain range

380 Kilometers
L1 M

Sources: Esri, USGS, NOAA

D 45 920

V\,
180 Kilometers
| Y T T N T T T | )

Sources: Esri, USGS, NOAA

Fig. 4. Current centrality for the Wapiti CHs
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suitability mostly occurred in the gentle slope zone.
Generally, we may conclude that with the moderate
terrain and altitude, the changing area of habitat suitability
showed an increasing trend (Table 4).

Discussion

We used Wapiti occurrence data to guarantee that the
MaxEnt model would provide correct predictions. In total,
2453 occurrence points were large enough to meet the
statistical requirement and match with the environmental
variables at a spatiotemporal scale [21], [22]. Tian et al.
[23] concluded that the difference in temperature and
precipitation along altitudes, the different light intensity
at different aspects, and the different slope gradients may
cause uneven spatial distribution of wildlife. Our results
reveal that climatic and human-induced factors were
more important for the spatial distribution and connectedness
of Wapiti than geographic drivers in Mongolia. Further-

more, a combination of climatic associated with different
geographical locations might be slightly significant for
the presence of Wapiti. The Wapiti is a habitat generalist,
the precipitation and temperature regime may have
a significant impact on the wide distribution of Wapiti
in Mongolia, according to the results by Vollstidt et al.
[24], climatic variables had indirect effects on the wild-
life population, mediated by the vegetation community.
Like animals, plant communities require certain climate
conditions, therefore they could affect a direct impact on
the spatial distribution of Wapiti.

Habitat fragmentation is the second major impact of
human activities [25], [26]. Increasingly land use with
changes in human activities in recent years might be the
main reason for reducing the effective area of habitat,
and the status of connectivity within and between
habitats [27].

Our result supports that in areas with a lower human
disturbance index increasing trend not only the probability
of occurrence but also the size of CHs and linkages. The

Altai - Sayan mountainous region

J

Least cost corridor (km)
o High : 50

B Low: 0

é

Sources: Esri, USGS, NOAA

Habitat suitability

Khangai - Khentii mountainous region

Habitat suitability|

Least cost corridor (km)
= _— High : 50

0 75 150 300 Kilometers Low: 0

Sources? Esr\, USGS, NOAA
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—_— 74112
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Fig. 5. The ecological corridors for Wapiti (upper) and the centrality values
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Fig. 6. Barriers for the linkages between CHs identified by Barrier Mapper analyses

most-suitable habitats first must be selected based on the
potential core habitats and habitat suitability of Wapiti to
provide a reference for protection priority management.
Understanding factors influencing the degree of connec-
tivity in landscapes is critical to implementing successful
management of species and communities [28].

Most barriers to the linkages between CHs were
identified throughout the northwestern part of Mongolia
(Fig. 6). Spatial distribution of the barriers mostly due to
the major paved, and improved dirt roads for transporta-
tion that connect provincial centers, mines, and border
crossings were evident. This is particularly true for the
paved and improved dirt roads between Uliastai — Ulaan-
gom (See Fig. 6; 8), Altai — Ulgii (6), Erdenesant — Ar-
vaikheer (12), Norovlin — Bayan-Uul (15), and Tsagaan
Nuur — Ulaan Baishint (1 and 2); Khatgal — Khankh
(10) and Bayantes — Artssuuri (9) border crossings (Fig. 6).
Additionally, our study aims to identify the linkages of
Wapiti and reveal the relationship between linkages and
the major road with high traffic volume, suggesting that
wildlife road-crossing structures and guiding measures
should be constructed to facilitate animal migration and
dispersal.

Conclusion
Combining the MaxEnt model and the least-cost

model with circuit theory, we identified an ecological
corridor, which includes 130 CHs and 386 LCPs, for

Wapiti in Mongolia. We used 2,453 Wapiti occurrences
and seven variables grouped into three types of factors,
namely climatic, geographic, and human disturbance
factors, to ensure that the simulation results would be
reliable. Among the three factors, human disturbance has
the greatest influence on habitat connectivity or length
of LCPs. The area of habitat suitability showed a de-
creasing trend with the increase in altitude; a majority of
the highest habitat suitability occurred in the gentle slope
zone. As we summarized, in areas with moderate terrain
and altitude, the changing area of habitat suitability
showed an increasing trend. Mitigation actions should
be required to increase habitat permeability and facilitate
movements, where core habitats and linkages intersect or
overlap with existing linear infrastructures.
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Momnros opHbl xanauyH Oyra (Cervus canadensis)-bIH aMbJPax OPYHbBI
X0J1000C HYTTMH Cy1aJiraa

IOumoH ATTAHBATAHA (9, Tancanmop:k HAPAHBAATAP”
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XypaaHryi. Ampapax OpdHBI JOPOHTON, XyBaarjal Hb JDIXHHH OHOIOTHHH ONOH SH3 Gaiiiami HOUTOH awyn
yuapyyncaap Oafiraa 6mm3. MOHTron OpHBI ©preH TapxalTail aMbTHBI HAT 000X XaimyH OYTBIH aMbIpax OPYHBI
x0100rI0X OAMIBIT YYICHIH MyX/Iajaap YHYIPH MOMYISIHIH XaMraaaaaa caHal 36BIOMXK ereX 30pHIToop 3HAXYY
QKIIBIT XHHK IYHITrIB. XanuyH OyrsIH TOXHOIIOL OOJIOH yyp aMbCTall, Ta3ap3YiH O0IOH XYHHH HOJI0OIUTHHH HHIEKC
39par 7 XyBbcard y3yymunTaa TyaryypraaH Makcent (MaxEnt - Maximum Entropy Model) ammrian TOXHpOMKAT
aMbJpax OPIHBIT 3arBAPIHIDK, [I6M aMbJIpaxX OPIHBI XoI00rnox Oaiturer rapraxgaa Linkage Mapper mporpamMm XaHTramk
amurIaB. XYHHH HOJIOOIUTHIH HHEKC OOJIOH epTepriiiH Aaryy eepwIerIeH XyBbcaxX Yyp aMbCTalIbIH Y3YYIITYY Hb
XaJryH OyThIH OPOH 3aifH OalpIIMIIT dyXall HereeTdi 00IoXkIr Xapyyink OaitHa. Cynanraany xaMmparaca 0yc Hy TTHIH
xoMk93H] XamuyH OyreiH 130 mem ampapax opumH (LIAO), Toaraspuiir xonbocoH 386 GOIOMKHT X0I000C HyTar
(xamruifH Oara eprer Oyxuit 3aM) OaitHa. XoHTHIT 00710H XOBCTONNITH YYICHIH MYKJIAT Jaxb XaldyH OyTbIH X0JI000C
HYTTHHH ypT XapblaHryi 00TuHO Oaifraa Hb TyC YYJICHIH MYKH]] aMbJpaxX OpYHBI TOXHPOMXKHT Oaiiman Oycan HyTraac
XapblIaHTyH WIYY Oairaar WITTH XapyynHa. XapuH AnTail 000H XaHTraifH yylapxar HyTarT TOXHPOMKHUT aMbJIpax
OPYHBI XAMX?3 Oara Galfxaac rajHa eM aMbApax OPUHH WYY TacapXalTcaH, WIYY yPT X0I000c HyTarrai 600X Hb
3arBapwIANbIH YP AYHI TOTTOOTAOB. DHAXYY CyAalraaHsl Yp AYHI XalMyH OyrbIH X0JI000C HyTartaif OrmIonmox Oy
aryraMas a3 OyTa1 Oyxuil HyTTHHT TONOPXOHIIOH rapras.

Tyaxyyp yre: mem ambJIpax OpUHH, XaMTHITH 0ara eprer OyXHii 3aM, ad X0JIOOTIIBIH 3paM0), XannyH Oyra

XymsH aBcad 2022.10.09; xanan Toxuonnyyncan 2022.12.25; 3emeepcen 2022.12.27
© 2022 3oxuorung. CC BY-NC 4.0 nunens.

Opuumni

Xamuyn Oyra Oywy Cervus canadensis (eMHOX
Hapumi Hb Cervus elaphus r3X) Hb MaHal OpHBI X ©BCTO,
Xanrait, XoHTHI 00OH AJNTaliH yymapxar Oyc HyTarT
epreH Tapxana [1], [2]. Monron opHbl XanuyH OyrbiH
T00 Tosrort 1980-aan onbl KyH. yea Too Tonroi 130,000
[3] xypu Oaficam Oon ¥KWII apra 3yWI3p XUHTICHH
cynairaassl yp ayHr3p 2004 oun 8,000 — 10,000 60mxk
77%-nap Oyypurd [4]. [lopHO HmaxuHBl yAaMXKIAIT
aHaraax yXaaHI S OPXTHUUT alWIiax 30pHUIroop
XyyJb Oycaap arHax, yyn yypxa, 191 OYTUHHH XTI KuI,

TYYHHUIT maracaH OyT?3H OaliryymaiaT Hb HOMYJIALUA
HOJIe6eJ16X, aMbJIpaX OPYHbI XyBaaraayj Xyprax YHIC3H
XY4uH 3yi 1oMm [5]. Xammyn Oyra ub JJpnxuiin Oatirans
xamraanax xoj0oousl ([ABXX) 3yHIuiiH XOBOPAJIBIT
YHJI9X aHTWIIIaap OJIOH yJca] aHXaapallJ epTexeepryu
'K YHAIITACOH, MOHIOI yIChIH AMBTHBI TyXal XyyJIbJ
“xoBop”’

aHTWnana Oartax Tycrail 3opuynaiTaap

ONI3BOPJIONOT aMBTABIH HAT [OM [5]. MoHTONM OpHBEI

XanuyH OyrsH Tapxan HyTTHHH 33% Hb YICHIH Tycrai

XaMraajajiTTai rasap HyTTHHH CYJDKI9H XaMparicaH.
ArmBaa X0BOp 00JIOH XOBOPCOH 3YIJIHITH ra3ap3yitH

TapXaJT Hb TyxaﬁH AMBTHBI aMbJIpaX OpPYHbI XOOPOHAO0X
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IIWDKAIT XOIOJITOOHUH X0I000C HY TTUHT TOIOPXOMIOX
YHIDC cyyph Oonoxooc [6] ragHa maHqmadTHH OJOH
TYBIIIMH]T XaMTaaJUTbIH apra XOMKIAT TOJIOBIOXO]T UyXaj
ad xoJoornonTou om [7].
bun XamuyH OyrblH TOXHONIIBIH M3

YHADCIOH  TOXUPOMMKUT ambplpax OpudH  OOJIOH
OaXWiraaH X JIXd9HUHA OHONJA CYypHICaH XoiI0ooc
HYTTHHH 3arBapwialibil HITTTOH: HATAYTIIPT) XaIuyH
OyTBIH OPOH 3aliH OANpPIINIT HOJOONOX XYIHH 3YWICHUT
TONOPXOWIIOX; XOE€pAyraapr) LeM ambplIpax Op4HH,
TONIIPPUAH XOOPOHJOX XOJNI0D0OC HYTTHHT YHIIIXUHUT

30pHB.

Cynajaraanja xamMparjacan HyTar
Cynanraadbl Tan0aiiH HUAT XOMXK39 Hb 789,291 kM2
Oereen Anraii-CastH, XaHrail-X»HTHHH TSX YHICOH 2

yymapxar Oyc HyTrmidT xamapHa. Anrai-CasHbl Oyc
HyTar Hb AnrtaiiH 0070H XeBCreJuiiH yyJChIH; XapHH
XaHrail-XsHTUIH yynapxar UX MyX Hb XaHraiH
6omoH XSHTHIH HYpYY I'dX A31 MYXyyHal XyBaargaHa
(1-p 3ypar). Manaii opubl OapyyH OonoH OapyyH
OMHOJI X3CI33p CyHaH TOITCOH AnTailH Hypyy Hb
XaMTUIH OHAep, XaMTHiH YPT YPrUDKWICIH HYpyYHI
toonornoHo [8]. Cynanraana xamparacan Oyc HYTTHHT
KomnmenuiiH yyp aMbCrajiblH aHTWIaap AyJlaaH 3yHTai,
Xarac YMHINIAr; XYWTOH 3YHTad, YMIIIAT; Mall XYHTIH
3yHTaH, YHHAIIIAT I3X YHICOH 3 Oycon XyBaaH 39K OOJTHO
[9], [10].

Cymanraann xampargcaHn O0yc Hytar #Hb 1,765,510
XYH amTaii (YyH?3c OapyyH Oyc: 416,849; xanraiin Oyc:
605,315; TeBuiin Oyc: 517,112; 3yyn 0Oyc: 226,234). Byc
HYTTUHH X3MXK33HA MamyablH Too 2012 oHooC XOHII

l-p XYCHOI'T. AMI)[[an OPYHBbI 3arBap4jiaji/l aliriiacal Xypo3JioH 6yﬁ Op4YHBI XyBbCard

H»ap Hapuiiunan

OX cypBaIK

OH/IpUIiH TOOH 3arBap
(DEM)
Hamyy

I'agaprein atupaar
X3IO3PIIIIT

XyHuil HeseeUIUIHH
HHJIEKC

buo 19 yyp ambcransiza
Y3YYJI2IIT

15 apk-cexynauitH HapuitBwianTait SRTM-
WITH OPOH 3aifH MAIIITIH TOXMPOX 425M-HiTH
HapuiiBuwiantaidl, UTM 48N Tycrarraii.

DEM, ESRI ArcGIS Slope-33¢ yycracan

DEM-33¢ yycracan

15 apk-cekynauitn HapuiiBuiantTaii SRTM-
UitH OpOH 3aifH M3A?3T3H TOXUPOX 425M-UiH
HapuiiBunantail, UTM 48N Tycrarraii.

15 apk-cexynauitn HapuiiBwianrait SRTM-
WITH OPOH 3aifH M3A3ITIH TOXHPOX 425M-UiH
HapuiiBuwnantaid, UTM 48N Tycrarraii.

NASA/JPL (2005); Lehner et al. (2008),
HapbIH OyTIanuiir Heinar ef al. [12]

The Nature Conservancy Mongolia Program,
Heinar et al. [12]
Sappington et al. (2007) napsiz OyTamuiir Heinar
etal[12]

The Nature Conservancy Mongolia Program,
Heinar et al. [12]

paleoclim.org (OmooruiiH yyp aMmbcraibsH

buo 19 xyBbcary (Bioclimatic variables) Hb

1970-2013 oHBI XOOPOHIOX AYHAAXK yTraap
WIDPXUMIIATIFH?.)

% Xanraii-X>HTuliH yynapxar Oyc Hyrar VyJachiH My:KIAT

Anraii-Castbl yynapxar 0yc HyTar 1. Anrait - 2. Xescroun

3. Xanraii

® Toxuonaown
| Vicbin Xun

4. Xouruit

1-p 3ypar. Cynanraanja xamparacad HyTar

20 XexXTeH cyuial
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2-p 3ypar. Cynanraanz xamparacad 0yc HyTTHHH MaTdHH ©pX, MAJIBIH TOO TOJTOi

ecceH Oaiix 0a 2021 onn 66,9 cas Toiroit man (XoHb
50.8%, simaa 31.5%, anyy 8.9%, yxap 8.8%, 1am33 0.2%)
TOONIOTIKY? (2-p 3ypar; YHASCHUH CTAaTHCTUKUITH
razap, 2022).

Apra 3y
XanuyH OyrblH TOXHOJIOL, 00JIOBCPYYJIAJITAH/
AIIMIJIACAH XYPI3JIH Oyil OpUHBI XyBbCATYH
XammyH OyrslH OOJNOMXKHT aMpApax OPYHBIT
3arpapwiax 30pwiroop ‘“buocaH” MAIPAIMIH caH,
YHIOCHUI OONOH OYyC HYTTMHH X3MXKIOHJ XUHIICOH
TOOJUIOTHIH Yp AYHr33Cc 1myynt xwmidH 2015-2021
OHJI xamaapax 2,536 wM3AIUIMHAr HArTrIB. LpPron

MOIPIIIIMIH  JaBXLAJIBIr  Oaracrax,  MOIIAJIIMHH
YaHAPBIT CaibKpyylax 30pmiroop 83 maBxap/caH IPIIH
MOIPIUIMAT  OOJIOBCpyynanTaac Xacax, HUHT 2,453
XanuyH OyrblH TOXHONAUBIH MIIr ArcGIS 10.6
XyBWJIOApBIH Tycnamkraiiraap MaxEnt mnporpamma
OpyyJlaH TOXHPOMXKHT aMBJIpax OPYHBIT 3arBapuiiaxa
ammriacas [11].

XamuyH OyTBIH TapXalTHIT TOAOPXOMIIOX XYPIIIIH
Oy# OpYHBI XYUHH 3YHIMHT COHTOXBIH Tyn 1950-2013
OHBI X0OpOH] Xamaapax 19 xyBbcaru y3yysaaT Oyxwuit 1
KM? HapUHBWIANTAH Yyp aMbCTaJbIH MO Oyioy bro-

19 maBxapreir (http://www.paleoclim.org/) ammriiacHaac

rajJiHa eHJ1epUIWII, HAILyY, Fa3pblH T'aJaprblH aTUPAaKHUIIT
[12]
HAOMAIT MIYYATYYp Oosrocon

OO0IOH XYHUI HONOOIUIMHH WHIEKC I3C3H
JIOPBOH  Y3YYIIITHIT
(1-p xycHdrrT). DOarasp aasxapryyabir ArcGIS 10.6
mporpaMMblH  SDM  X3p3mIyypHiir  amuIiad  MKAT

X9M3K33 00JIOH HapuiBUIaNTai OOJITOH XyBHPTaB.

ToXxHpOMIKHT aMbApPaX OPYHBI 3arBapUJIal

ToxupOMKHT aMbJIpax OpUHBI 3arBapunansr MaxEnt
nporpamu [ 13] ammrnan ry#IpTraB. Xy4uuH 3yHnyyauia
XOOPOHZOX  KOppesiiM  Xamaapnelr  IImepcoHsl
manryypaap yH219H 0.75-aac ux xamaapanTail XyBbcard
YITYyabIT xaccad [14]. DIcuifH TOOIOONONI ©ApUiTH
nyHgax temmeparyp (Bio2), mzorepman (BIO2/BIO7)
(x100) Goson xyp TyHagac yaupiabH xamaapan (Biol5)
I3C3H 3 XyBbCAryMiT aluIiaB. 3arsapaiaiblH OHOBYTOM
xyBmnOapeir R mporpamverr  ENMeval epretren
alllMIIaH TOJOPXOMICOH 0ereej; HUUT MIIIIUIHIH
75%-uiir model training, 25%-uiir 3arBapeir Imanrax
[15] Toxmproor xwmitH MakCeHT 3arBaphIl’ YHIIYYJaB.
Cypmanraann ammuniacal LPMAH MOYIIUIMHH Too 50-
yac ux Oaiiraa yuup xaprajisax 3arBapeir 10 ymaaruita
JMaBTaNTTaliraap YHIOIYYJIAH CTaHOApT XaszalnT Oyxwuid
JOYHIQK YTTBIT HATTTICOH. MaKCEeHT NporpaMm a33p
yHIIyyacaH 3arBapyyasir 0-sac 1| xypranm yTra aBax
Mypy#r (AUC) ammriiag YHAIDK, aMbIpax OPYHBI 3aTBapT
I XY4YMH 3YHJI Wiyy Hemeeink Oairaar JKexnaiid
tecta3p (Jackknife test) Tompyynas.

Awmpapax opunbsl pactep 3ypruiir (0-1 xypramx
anrmnan Oyxwit) ArcGIS 10.6 mporpamm ammriaH
0O0JIOBCPYYJIaNT XU TOXUPOMIKTOM OyC aMbApax Op4uH
(0-0.2 oyroy I); 6ara 33par Toxupomxkroit (0.2—0.5 Oyroy
1I); mynx (0.5-0.7 Gyroy III); caiin (0.7-0.8 Oyroy IV);
Mari caie (0.8—1.0 Oyroy V) racan 5 aHrmnang xyBaaH

Y33B (3-p 3ypar).

Xo0J1000¢ HYTrMiiT 3ypariacan 0aiias

Lem aMpapax OpYHBI XOOPOHAOX XOJI000C HYTTHHT
(least-cost path) TonopxoiI0X 100 aXMITAaaH XIIXIIHUH
OHOJITOM HATTIICOH apra 3yiH naryy Linkage Mapper

XexTeH cyanan 21
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3-p 3ypar. MoHT0J OpHBI XJIMYH OYTBIH TOXUPOMIKHUT aMbApax OpurH (yYJACHIH MYKJIanaap)

[16] mporpamm ammmian 3ypariaB. JHIXYY HPOrpamMm
Hb OPOH 3aliH ererJei] YHIICI’H amblpax OpYHH
XOOPOHJBIH XOJI00TIoX OalIUIBIH 3ypariajbll YYCTIXK,
3ap/UIBIH JKUTHICOH 3ail (cost weigthed distance) 6a
OOJIOMXKUT X0J000C HYTTHHI TOOIIOOIK, THATIIPUIT

HAI'TT3H 3ypaniajar.

X0/1000C HYTTHI{H YHAJIT33

A4 X0n0O0TIITBIH YHAUIT?3: AMBApPaxX OpPHBI X0JI00TI0X
Gaiimang meM ampapax OpuMH OOJOH X01000C HyTar
X9p 39par uyxan Oonoxwir Circuitscape mporpammnu
cyypuican Centrality mapper Xdpamiyyp auidriaH
TomopxoioB [16], [17].

Xon000C HYTTHITH YaHapBIH YHAIIT): X0JI000C HyTar
Tyc OYpHUIH YaHApBIT 1I6M aMbAPaX OPYMH XOOPOHIIBIH
OpxmuauiiH 3aiin (CWD: EucD) xyBaacan 3apauisiH
JKMTHICOH 3aif; 3apIUIbIH JKUTHICOH 3air OOJOMKHT

x011000C HYTIUIH ypTTail Xapsllyyicas xapsiaa (CWD:
LCP) racan x08p X3IMKHUTIIXYYHIIP ToOoIlcoH [18, 19].
OXHHH X3MXXYYP Hb 1I6M aMbApax OPYMH XOOPOHI00
OMpXoH Oaiiraaraac yJ1 XxamaapaH T3III3pHHH XOOPOH.
LIMJDKUX3 XOAUH X3P XYHAPIITIH OONOXBIT MITIAX 00
XO&PHOX XIMXKYYP Hb LIOM aMbJIpax OpYHBI XOOPOHIIOX
3aM Jaryy 3CBaJI IyHA Taapd Oyi JTyHAaxX 3CIPrYYLUTHIT
TOOLIOT.

Caaj TOTTOpPBIH YHJIT)

Barrier Mapper Hb KOpPUAOPBIH OaWpHIMI 3CBAI
yaHapT HeJeeJnk Oyl “caan ToTrop”-bIr YHAAATL. “Caan
TOTrop Oyroy 3C3pryyman” TI3C3H TOMBEOIONA 33PJIaT
aMbTaH JaM)KUH OHIOpexe]| XdLYY, XYHIPANTIH Oaiix
nmaHamadTeH Xdcruiir Oartaan oiuroxx OomHOo [20].
YHACOHI?? THA HOXOH COPIIX, ICBAI Caaj]] TOTTOPHIT
OyypyyJax mraapzjararaii ra3pyyusir TOIOPXOMITHO.
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Yp ayu

Makcent3arpapwianaap 181,419 km? Tandaiir xamapcas
130 mem ampapax opuuH (IJAO) TOmOpXOHIOIICOH Hb
cynanraasl Tanbaiu 22.9%-Tait T3HIPH?. XannyH OyrsiH
tapxar Oadpmmn Oyxuil amplIpax oOpuHbI TajOaiH
OyHaax ytra b 1,664 kM2 (SD = 6,614) 6aiis. XoHTHITH
Hypyy (50,225 xkm?) Hp XamuyH OyTbIH XaMIHAH TOM
tanOaiiTaii eM ampIpax OpuuH Oaiix Oon XaHraitH
Hypyy (34,256 xm?; 3-p 3ypar) yaaajHa.

XanmyH OyThIH TapXall HyTarT Y3YYJI9X ad X0JI00T /10,
TanbaiH X3MkI3r39p33 Xanrai-XoutuitH (118,595.0
kM? Oyioy 76.6%) yyaapxar HyTar TIpryyiasx 00j
Auraii- Casusr (11,700.6 xm? Gytoy 14.5%) 6yc ynaanna.
XanraiiH, XOHTHHH roys Hypyyn OOJIOH XeBCresMiH
YYIACBIH 0apyyH X3C3T' Hb aMblpax OpYHBI XOJ0OTJ0X
Oaiian gyxai a4 XoI00TI0ATOH OOIOXBIT XapyyiHa (4-p
3ypar, 2-p XYCHIIT).

HIwmKUAT XeaelnreeHuil Xombooc HYTTHMH a4

XOJOOTIBIH 3P3M033p MOHION OpHBI TOBUHH X3CAT

gyxaJd ad XoOJOOTAONTOHA TOOIOTIOHO. X0Ja600C
HYTTHIAH YHOJIT9 Hb CylalraaHja XaMparacaH 4 yyiuchblH
MyXJiajaap XapwilaH ajwiryi OaiB (3-p XycHOIrT).
AMBJIpax OpYHBI X0N00TIOX Oaiman, HITAMAI YaHAPBIT
WITX  X0J1000C  HYTTHIH Y3YYJIDNITIIC  XapBai
Xescremuiin yyncaa (CWD: to EucD = 89.3 + 33.5)
aMbJipax OPYHbI TOXMPOMXKHUT Oaiiai eHaep, Xui 3ajirad
opmmx XanraiiH HypyyHA (Mean = SD = 180.4 + 28.8)
Oara OaifHa. XapuH X01000C HYTTHHH XOOPOHIOX Caa[
TOTIOPBII WIIPXUIUIIX TOOH Y3YYJIIT XOBCIeJIMHH Yyical
(CWD: to LCP; Mean + SD = 66.1 + 18.6) xamruiia Oara,
X9HTHHH HYpPYyH] XaMI'MidH ux OaiiHa (5-p 3ypar, 3-p
XYCHOAIT).
XaauyH OyrblH TOXHOJIOL, aMBAPAX OPYHBI
X0J100T10X 0aiaa/11 HOJI06 K Oyl XYUuH 3yiiJc

Hor xyuun 3yintr ANOVA nyH IIHHXWIT3rI3p

CylaJiraaH]l XampariacaH HUHT HyTarT XajauyH OyrblH

2-p xycHIrT. XaumyH OyrbIH oM aMbapax op4Hs! (LIAO) au Xon0oraIbH YHIITI).

DpaM03 A4 XONOOTIUIBIH yTra Too Hynnax = SD 95% CI IIAO-HsbI Tanbaii/ XyBb
Xanrail-X3HTUHH yyJapxar MyxX

1 478 — 842 3 526+25.3 508.8-555.1 118,595/ 76.6%

2 320 -477 1 362.8+£0.0 - 11,219/ 7.2%

3 215-319 3 273.6 £27.1 255.9-304.8 5,198 /3.4%

4 138 -214 14 162.1 £20.6 141.2-213.9 11,614/ 7.5%

5 64-137 26 96.1 +19.7 64.3-133.2 8,147/5.3%

Adnraii-CasHbl yynapxar My

1 478 — 842 5 631.5+169.0 495.6 — 842.2 11,701 /43.9%

2 320 -477 15 390.1 +£52.3 328.9-477.3 6,865/25.8%

3 215-319 14 265.0 +29.5 222.2-318.6 2,642 /9.9%

4 138 -214 23 184.6 £ 18.1 151.9-212.5 4,762 /17.9%

5 64 —137 26 96.1 £19.7 64.3-133.2 676 /2.5%

Huiit 130 181,419
3-p xycHIrT. Xon000c HyTTHIHH a4 XOJIOOTUIEIH Y3YYIIIT
Xomnbooc Eogogqoxglén OBKIMANIH 3a . A
byc Hyrar  HyTruitH oI 3ait (EucD) PABIH KHTIDCOR cWD: EucD CWD:LCP !
HYTIUIH ypT 3aii (CWD) / xm xoJ00rI0I
TOO / KM
(LCP) / km

Xescrei 73 52+63 383+£47.0 3,390.5+4,052.6 89.3+£33.5 66.1 +£18.6 84.7+68.7
Anrait 180 106.3+147.5 71.4£90.1 7,227.9 +£9,928.1 92.6 £35.7 67.0+£26.2 87.3+£58.3
Xanrait 107 71.1+124.7 50.1+79.3 5,583.1 +£6,990.7 132.1+54.2 101.3+£509  655+52.8
XoHTHit 26 26.8+25.0 24.0+23.0 4,340.0+4,2183 180.4 +28.8 158.6+31.9  455+345
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4-p XYCHOI'T. MakceHT 3arsapwiajaap TOHOpXOﬁHOFHCOH aMb/Ipax OpYHBI I'PAIUCHTBIH Jaryyx XaJuyH 6yl"I:IH Tapxairtl, OOJIOMIKHT

X01000¢ HYTTHHH ypT

Y3yymar/anrunan Aurraii Xanrai Xescreou XdHTHIA
XyYHHUI HONIOOIIUIAH HHEKC 45+1.8 33+1.1 41+19 39+£15
OngepmmI 2,353 +£200 1,705 +292 1,903 + 367 1,217 +£300
Hamyy 69+34 56+25 73+57 4.1+£29

Taxbaiin XoMK?I, KM? 267,175 328,812 69,855 110,984
Toxupomxroii 6yc (1) 168,067 79,145 4,854 31,501
Bara 33par Toxupomxroit (II) 54,871 104,772 18,420 30,112
Jynn (11I) 26,812 70,765 24,985 25,290
Caitr (IV) 9,468 38,389 13,259 12,955
Mar cait (V) 7,957 35,738 8,335 11,125

Bara oPTor Oyxuii xos1000c¢ 10,310 9,404 6,178 697.8

HYTTHIiH YPT, KM
Toxupomxkroii Oyc (1) 869 442.1 42.8 207.0
Bara 33par Toxupomxroit (I1) 1,607 1,562 417.2 385.8
Hynn (11I) 2,725 1,789 2,047 94.9
Caitn (IV) 2,121 1,662 1,596 8.4
Mar caits (V) 2,988 3,947 2,075 1.7

A XeBCreJIuiiH yyJic

50 ;
: { ( 4 BosomkuT x041600¢ HyTar . ! :
\\_ : $ Lm\ o i r,:_\ AMBIpax OpUHEI a4 \“_\‘\ . A

g 1.7 Y Soit L A £ s L3N b -
b ‘a755 750 Bhas0 K?‘ s G o8 x st e 0o 875 1 350 Kilometers | \
e )‘,. SMETET, srgulrcest B 478-842 Sources: Esri, USGS, NOAA

I 320- 477
- XaHraiin Hypyy I 215- 319 N XouTHiiH HYpYY
A o 138 - 214 A Yy &
64-137 v

v

|}
D 95 190 380 Kil t : 3 P 45 90 ~ 180 Kilomett
|,\ e T e ) TR e 2 Sources: Esri, USGS, NOAA PR T N T S | e Sources: Esri, USGS, NOAA

4-p 3ypar. XanuyH OyrbIH Ll6M aMbJipax OPYHBI a4 XOJIOOTJIBIH YHAII)
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Toxuonzoy (F, , 453 = 076, P = 0.0002), Hanyy, XyHHit
HOJIOOJUTHITH HHACKC XapHIIIIaH aAuiTyi 6aliHa. XanraitH
HypyyHI XammyH Oyra TapxaH Oalpimmux OOJOMKHT
Taj0aii 00JIOH OOJIOMIKUT X0JI000C HYTTHIH ypT Oycan
HyTraac wiyy ux Oaitaa. Tapxar Hy TTHIH IUHII9HX X3CAT
491,744 xm? Gyroy 63.3% Hb TOXHPOMXKHT aMbIpax
oputsbl | 6omnon 11 anrunana, yiaucou 285,083 km? Gyoy
36.7% up 1II-V anrunann xampargana. XaauyH OyTeIH
aMb/Ipax OPYHbI CaliH, MAIll CAiH I'ICIH aHTHIIAIT TapXal]
HYTIUiH eppee 16.6%, xapuH OOJOMXKHT X0JIO0OOC
HYTIUIH JUAIPHX X3C3r Hb Oyroy 54.2% Hb xamparnax
OaifHa (4-p XYCHOIT).
caitn

XaMruiin aHTHIaJIL

Oytoy
XaMmpariacaH ampApax OpYHMH Jaxb X0J000C HyTar Hb

TaBayraap

Xanraitn Hypyyua (3,947 km? Gyroy 43.8%) xamruiin
eHzep, XouTHI HYpyyHI (epaee 1.7 km? Gytoy 0.02%)
XaMTuiH Oara OaiftHa. TOXMPOMKHT aMbApax OpYUH Hb
OHJIOPLIIT HAIMOIIIPXHIAH XUpIdp Oyypax XaHajararai
Oaiina. [lyHnax eHmepmun OyXui HyTart XaluyH

OyrbIH TOXMPOMMKHUT aMbJpax OpYMH, TIATIIPHUIAH
Tal0aiH XOMXK33 HAIMOIIPHD 'K AYTHMK OomHO (4-p

XYCHOIT).

XamanyyJnar

AMbIpax OpuUHBI 3arBapwiajbll rapraxajy  HHHT
2,453 upruiir amummiacaH Hb CTaTUCTUK IIaapiaraf
HUHUIPXYHI XanrantTai [21], [22] 6eree nar xyraraaHsl
XyBb/[] 4 I'3CIH XYPAUIIH Oyil OpUHBI XyBbCard yIryyarani
HUHIY»K OaliHa. Twan Hap [23] eHmepuUTHItH Haryyx
TEMIIEpaTyp, TIPIITYYJIT OOJIOH HANYYTUIH surapai Hb
39pJI3T aMBTIBIH OPOH 3alH XKUT] OyC TapXalThIT YYCI K
0OMBOmTYyd TYMK AYTHMKIS. MOHTrON OpHB XaluyH
OyTr'bIH OPOH 3aifH TapxajT, aMbJpax OPYHBI XOJIOOTI0X
Oalimany mar yypelH OOJIOH XYHHH XYYMH 3YHI dyxai
HOJIe6T3H O0JIOXBIT OUITHUNA YP AYH WITIIH).

Vollstddt HapeiH [24] Har yypslH XY4uH 3YHIYYA Hb

Auarai-Casinbl yyaapxar 0yc Hyrar

>Z

Llem amb/pax opunH
Bonomxur x01600¢ HyTar (k)
HUx: 50

|

B Bara: 0

0 60 120 . 240 Kilomet
3 =)

— ) <0 sources: Esri, USGS, NOAA

Xanrai-XoHTHHH yyjapxar 6yc HyTar

Ilem amb/pax opuuH
Bomomxut x0n600¢ HyTar (k)
- —_— Hx: 50
M Bara: 0

Sources: Esr\, USGS, NOAA

0 75 150 300 Kilometers

Aunraii-CasiHbl yynapxar 6yc Hyrar

Ay X0n60rUTBIH
9pOMO)

—— 24-48
—49-73
— 74 - 112
— 113 - 183

0 60 120 e 184 - 373

240 Kilometers

(I e

=) Sources: Esri, USGS, NOAA

Xanraii-XaHTHiiH yyj1apxar 0yc Hyrar

v

A x0on6oruIbIH
9pIMBd

—— 11-38
——39-68

—69-110
= — 111188

0 75 150 e 180 - 323

300 Kilometers

T T T G T |

Sources: Esri, USGS, NOAA

5-p 3ypar. XanuyH OyrbIH [I6M aMbJpax OPYHBIT XOJIOOCOH X0I000C HyTar (11331) 60J0H GOJIOMKHT X0I000C HYTITUHH ayu

XOJIOOTIUIBIH 3PIMOAIIANT (1001).
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0

l:l Cypnanraansl Tanbai

l Xamuy OyTbIT aMbIpax OPUHIl

VicHIH YaHapTaii aBToO 3aM

Caaj, ToTrop
e Ux :376.028

Bara: 0

6-p 3ypar. Barrier Mapper IyH IIHHXHITI3r33p TOITOPXOMICOH X0JI000C HYTIUIH caal TOTTOPBIH YHIJIT3)

YPramiiblH OYJIrAMUIIAP AaMXKYYJIaH 33pJar aH aMbT/IbIH
nonyismu  Iyyd Oyc Heynee y3YYJIIAT  OOJOXBIT
TOJOPXOWJICOH CylIairaanbl yp IOyH Owil.  XannyH
Oyra Hb aMbJpax OPYHBI OJIOH X3JIOAPT aMmbppax y4dHup
TONrIBPUAH TapxaiTa] Xyp TYHaJac, TeMIlepaTyphIH
TOpUM dYyxXall HeleeTd3H Oaibk Oom3omryi. Oepeep
X2J103J1, ypramiibiH TOIOPXOH Oynramas OypaniadH ouid
60110X01 Iar yyphlH TOAOPXOH HOXIeJ maapajaar Tyl
XanuyH OyTbIH OPOH 3aifH TapxanTaj] LIyy[ HeJeeDK
00110X 10M.

AMBIpax OpuHBl XyBaargadl Hb XYHHH YHI
@KWUIaraaHaac YY/ACOH XOE€p J[axb TOM HeIJIeeJel
[25], [26] Oereen CYyaMiH >KHIYYIORA XYHUH Y
aKWUIaraaHaac yna0aalicaH raszap allumianT yiam Oyp
HOMOTAPK Oaiiraa Hb aMbJIpax OpPYHBl Yp AamIurTan
Tanbal, ampIpax OPYHBI JOTOPX OOJIOH TIATIIPUIH
XOOPOHJIOX X0JI000C HYTTHHT Oyypyyiax roj manTraan
oM™ [27].

Cynmanraanel Yp IYH Hb XYHHH Hejeeen Oararait
ra3apt XanuyH OyrblH TOXHOJJIOL, [I6M aMbJpax OpYHBI
Tanbaif OONOH XONOO0OC HYTTHHH XOMKID HAMOIICOHH
Oaiiraar WITIAH Xapyy/DK OaliHa. XamraajuielH Yp
OYHTOH apra XdMKIdr XIPIDKYYIIXUHH Ty XI5
XanuyH OyrbIH aMbJIpax OpPYHBI 3arBapuiiaijl YHIICISH
XaMTUHH TOXMPOMXKTOW aMbJIpaX OPYHBII COHI'OH aBax
xoporTai. JlanamadThiH TYBIIMHJ aMBJAPax OpPYHBI
xomoormox Oaiimanm Hemeemk Oydl XY4HH 3YHIYYIUHT
9XHUM 93JDKHMHA TOJAOPXOMJIOX Hb TyXaWH 3yHnuiin

XaMTraallIblH MEHEXXMEHT aMKHJITTal XOPOTrKUXD

yyxaJ HeyleeTai [28].

XanuyH OyTbIH aMbJIpax OPYHBI XOJIOOTIOX Oanaan
HeJeeJK Oyl caa/l TOTTOPBIH IUHI3HX Hb MOHIOJI OpHBI
0apyyH XOWI XO3COIT TOAOpPXOimorncoH (6-p 3ypar).
XanuyH OyrblH ambapax OpYHBI XOJIOOTIOX Oaiman
aliMTUIH TeB, yypxai, XWIHHH OOOMTHIT XOIOOCOH
TOMOOXOH XaTyy Xy4WITTai OOJIOH caibkpyysicaH 3am
UX39X9H HeyeeTdH. Tyxainmban, VYiumacrtaii-Yinaanrom
(8); Aumrait-Onrmit  (6), OpadPHACAHT-ApBalixIdp
(12), (15), HYyp-
Vnaan OaitmmmuT (1, 2); Xarran — Xanx (10) Gomon

Hoposnun-basu-Yyn Iaraan
BasgaTac-Apn cyyps (9) XwiniiH OOOMTHIT YHTIIICOH
XaTyyXy4uiITTail OOJOH cailKpyyJicaH IIOPOOH 3aMyyl
XaMTUHH WX HOJeeTdIHa ToolnormoHo (6-p 3ypar).
bunnuit cymanraa Hb XanuyH OyTBIH aMbJIpax OpPYHBI
X0J1000C HYTTHHT TOHOPXOMIJIOXBIH 33p3rIPd  adaasall
HXT3H TOB 3aMyyATail X3pX3H OTTOIIOK OYHT ToIpyynax
sBaan OalicaH Oereejn 33pisT aH aMBTIBIH IIMIDKHIT
XOJI0Jre6H, OPOH 3alfH TapXaiThII XaHrax 30pHIT00p
HeJleeJl UXTIW IIyramaH 197 OYTHHIH 3apUM X3COTT
rapI] rapaM Oairyyiax ImaapuiaraTair Xxapyymmk OaifHa.

dyrasar

Awmpapax opuHbl MaxEnt 3arBap 6omoH x0;1600C
HYTTHHAH 3arBapwiajbll XOCIyylnaH MOHIOI OpHBI
xajquyH OyrbiH XyBpa 130 mem ambiapax opuuH, 386
xonmbooc HyTTHHT Tomopxoitnos. Cymanraani XaluyH
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OyrhIH 2,453 TOXHOI0I] OOJIOH YYp aMbCral, Ta3ap3yiH
OO0JIOH XYHHUI XYUHH 3YHII 33paT TYpBaH TOPIUNH XYIHH
3y OYIATIACIH 7 XyBhcard y3YY/IDNITHHAT alluTiiacaH.
DAr’gp Xy4YdH 3YWIYYII3C XallMyH OYTbIH aMbiapax
OpuHBI XONOormox Oaiimanm OoMOH X0M000C HYTIHIH
ypTag XYHHH XY4UH 3YHJI XaMIMiH HUX HeJeeTd i
OaiiHa. TOXMPOMIKTOI aMb/ipax OpUHBI TaJ0AH XIM€KID
OHIOPIIII HAIMOIIIPXUIH X3p33p Oyypax Oom myHOoax
OHJOpIIOT yyJical HIMAIIIX XaHUIarataii OaifHa.
XanuyH OyrslH LI6M aMmbJpax Op4YMH OOJIOH X0JI00OC
HYTTYyH Hb XaTyy Xy4HJITTai aBTO 3aMTail OTTOJIOX
OaifHa. TwitMP3C ampapax OpYHBI HITAMAII OaiUIBIT
TOTTBOPTOW XaJrajax YYAHI3C HeJIeeJUMHr Oyypyyrnax
apra X3M)K39T aBax InaapisiaraTai.

Tanapxaa

Tycraii xamraananrraii razap HyTTHHH OHOJIOTHIH

Tepesl 3YWIMIH MOHUTOPUHI Cynainraanbl buocan

Oypayymx
OXIIYYJDK, yIUpulara, 30XUOH Oalryynantaap XaHraH

MAIPAJUIMHH ~ CaHT QKIBIT  CaHAa4YIaH
axutacad JIpaxuitH Oaliranp Xamraajgax CaHTHRH
Mownroin naxs xetenbepuiin raszap, BOAXSI-uer Tycrai
XaMraajganrtTail rasap HYTIMHH yAMPAJIAarblH Ta3pblH
XaMT OJIOH]I TYH Tajlapxai Widpxuiiabe. MOHIoa opHbI
XallMyH OyTBIH TapXall, aMbJpaX OPYHMHTOH XOIOOOTOH
CYYPb MOIPIILIMHT OYPAYYIOX MOHUTOPHHT CyJalTaaH
oponmok Oydl HHHT Tycrail xamraajainTTad rasap
HYTTHIH Oaifraib XaMraajard Hap, MIPTXKIITIH HapT
Tanapxax OaiHa.

IuaxI1X TEXHOJIOTMIH

yxaaH, CaHraac

CaHXYYXKYYICoH ‘“XamumyH OyrblH Tapxaim, Heell,
30XUCTOM aIlIAIIIaX XAMXKIIT TOITOOX, XaMraajilblH
craryceir tomopxoinox (LyYs 2019/09)” 3axmanrar
QKIIBIH XYPAI2HI MOHTOJI OpHBI XaIHyH OYTHIH Tapxail,
OalilIuyiI, TOO TOJrOHTOM XOMOOr[OX  MDBIDIIUIMHT
IIMHAWIRH O0JIOBCPYYIIax aXKIIBIT yIUPAAH TYHISTIACHH
MVYUC-uiin buonoruitd TOHXUMUNH 3pJ3MTIH, cyaaaad

HapT Tajapxaj WIDPXUHIDK OaliHa.
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