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ENVIRONMENTAL, BIOLOGICAL AND GENETIC FEATURES
OF CERTAIN POPULATIONS OF GREAT GERBIL
(Rhombomys opius Licht., 1823) OF KAZAKHSTAN

Abstract. The main host of a number of especially dangerous zoonotic infections in the arid zones of
Kazakhstan, covering an area of about 1.1 million km2, is the great gerbil (Rhombomys opimus). In the process of
formation in natural foci of the parasitic triad (pathogen-host-vector, mutual adaptation of all its members to
environmental conditions and their coevolution occurs. The article presents the results of a study of the intraspecific,
population heterogeneity of ecological-biological and some genomic features of the great gerbil in three foci of
zoonotic Infections: Pribalkash, Betpakdala and Predustyurt. The features of climate, soil and vegetation cover,
tendencies of their perennial and seasonal changes were studied. Differences in climatic conditions and
characteristics of vegetation between the 3 foci were revealed at a rather high degree of synchronization of the trend
of changes in air temperature and precipitation. Analysis of the cytB gene fragment from 88 individuals from three
autonomous plague foci identified 19 haplotypes that form three haplogroups, one of which is represented by
individuals from the populations of two autonomous plague foci Populations of great gerbils from Kazakhstan and
China are included in the same cluster and are genetically distant from the populations of Iran. Geographic isolation,
significant differences in climatic, landscape, and forage conditions, microevolutionary changes in the genomic
status determined the heterogeneity of three described populations of the great gerbil. A growing negative impact on
the population of the great gerbil and the epizootic status of natural foci of climate warming and an increasing
anthropogenic pressure, primarily in the form of overgrazing, on natural phytocenoses was noted.

Key words: great gerbil (Rhombomys opimus Licht., 1823), population genetics, microevolutionary factors,
cytochrome b gene polymorphism, ecological and biological features.

Introduction. The relevance of this study of the great gerbil populations is due to two circumstances:
the importance of this species in the functioning of arid ecosystems occupying about 44% of the territory of
Kazakhstan, and the fact that this rodent is a carrier of especially dangerous zoonotic infections, in particular,
plague, anthrax and other diseases that pose a danger to humans, domestic and wild animals [1,2].

Despite the keen interest from researchers, many important questions about the biology of great
gerbil, including its subspecies differentiation , interpopulation relations in various parts of their range,
many aspects of ethology, genetics and phenetic characteristics of populations that determine the
specificity of their relationships with pathogens and carriers of infections remain low studied [3,4]. Data

on the genomic characteristics of the great gerbil populations from ecologically and biologically
different natural foci are of fundamental importance [5,6].

Based on the foregoing, the purpose of our study was to analyze the polymorphism of the cytochrome
b gene of mitochondrial DNA in great gerbils, to study changes in ecological conditions, in particular, the
long-term, annual and monthly dynamics of air temperature and precipitation , dynamics of biomass of
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herbaceous vegetation from the habitats of three populations of gerbils from the Pribalkash, Betpakdala
and Predustyurt autonomous natural foci.

Materials and Methods. The material for the study was DNA samples isolated from the liver of
great gerbils from 3 autonomous foci of the Central Asian natural desert plague focus of Kazakhstan:
Pribalkhash, Betpakdala and Ustyurt (figure 1).
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Figure 1 — Map of Kazakhstan with the contours of the Pribalkhash, Betpakdala and Predustyurt
autonomous plague foci, isotherms and the location of meteorological stations in the surveyed areas.

Note that the Betpakdala (No. 42) and Predustyurt (No. 19) natural foci are not isolated by natural
barriers. The space separating them, with a width of about 700 km, includes several autonomous natural
foci of a sandy type, while the Pribalkash focus is isolated by obstacles that are insurmountable for gerbils:
Lake Balkash, large rivers lle and Karatal. To analyze climatic conditions in the investigated foci, data
from 9 meteorological stations (MS) located in the surveyed territory were used (figure 1).

Changes in meteorological conditions in the Preustyurt source are described using averaged data from
three MS: Sam, Beineu, Borankol. In the Betpakdala focus, averaged MS data were taken: Tasty; Ulanbel;
Kyzylkum, and in the Pribalkash focus MS: Bakanas; Akzhar. Additionally, wind speed, humidity,
temperature, and atmospheric pressure were measured in the territories of gerbil colonies using a portable
weather station, model Kestrel 4500NV. The coordinates of the surveyed points were recorded using a
Garmin 62 GPS navigator.

Due to the fact that the number of populations of the plague parasitic triad is directly influenced by
the amount of precipitation, temperature and the abundance of vegetation in the surveyed area, the
vegetation index, NDVI, was also determined. Considering the vast territory, 16-day averaged NDVIs
with a resolution of 500 meters of the MODIS-MOD13A1v006 spacecraft were selected [7]. We used
NDVI data from the official website AppEEARS (The Application for Extracting and Exploring Analysis
Ready Samples) [8].

The capture of R. opimus specimens for genomic studies was carried out within the framework of the
state program for monitoring natural focal infections, and therefore no approval of the ethical committee
was required. A total of 88 great gerbils were captured from three independent population groups. South
Pribalkhash region 20 individuals from 3 points: N44 ° 49 '460' 'E76 ° 15 558' - 10 individuals (I-B1 —
I- B12); N44° 48' 948" E76°15' 528" - 7 individuals (I-B14 — I-B22); N44° 48' 827" E76°15' 802" —
3 individuals (1-B23 - 1-B25). In Western Betpakdala, 29 individuals were caught from one geographical
area N45°10', E68° 00" (I-Sh1 — 1-SH30). Eastern Predustyurt - 39 individuals were caught from
6 geographical points: N46°52'54", E59°32'43" - 5 individuals (I-Al - 1-A5); N46°58'31", E59°33'24" -
8 individuals (I-A6 - I-A15); N46°57'57", E60°16'53" — 3 individuals (I-A16 - 1-A19); N46°59'06",
E60° 24'38" — 5 individuals (I-A21 - 1-A25); N47°38'19", E58° 49'43" — 4 individuals (I-A26 - 1-A31);
N46°48'35", E59° 17'15" — 14 individuals (I-A32 - 1-A49).
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DNA isolation was performed using the QlAamp DNA Mini Kit (Qiagen).

Fragment of the cytB gene, 578 bp in length (excluding primers) was amplified using primers
UNFOR403 and UNREV1025 [9]. The reaction PCR mixture included: 75 mM Tris-HCI (pH 8.8 at
25°C), 20 mM (NH4) 2S04, 0.01% (v / v) Tween 20, 2.5 mM MgCI2, 2 units Taq DNA Polymerase
(Thermo Scientific, EP0402), 0.2 mM each dNTP, 0.5 uM each primer and 3 ng. R. opimus DNA. The
PCR amplification program included: long-term denaturation at 95°C for 5 minutes; 35 cycles 95°C -
20 seconds, 59°-30 seconds, 72°C - 1 minute; final elongation 7 minutes at 72°C.

PCR products were purified by enzymatic method using Exonuclease | (Thermo Scientific) and
alkaline phosphatase (Shrimp Alkaline Phosphatase, Applide Biosystems) [10]. The sequencing reaction
was performed using the BigDye® Terminator v3.1 Cycle Sequencing Kit (Applide Biosystems) and
primers used for PCR amplification according to the manufacturer's instructions. Fragments were
separated on an automatic genetic analyzer 3730xI DNA Analyzer (Applide Biosystems). Quality
assessment and assembly into contigs was performed using SeqScape 2.6.0 (Applied Biosystems).
Phylogenetic analysis was performed using the MEGA 7.0 software using the highest likelihood Tamura
3-parameter model, discrete Gamma distribution and Bootstrap 1000 [11].

Results. The distribution area of great gerbils covers arid and semi-arid regions of central and
southern Asia: from Kazakhstan, Kyrgyzstan, Turkmenistan, Uzbekistan, Tajikistan, Iran, Pakistan,
Afghanistan to southern Mongolia and northwestern China [12']. Based on the characteristics of the life
strategy, the great gerbil should be attributed to the colonial, family-group species with limited settlement
and movement, especially in the presence of pronounced geographical barriers. Natural landscapes in the
form of mountain ranges and water barriers can act as barriers; in addition, large spaces act as a natural
barrier between populations, since the great gerbil leads a geographically linked life cycle. According to
A.F. Alekseeva, 1974 [13] according to the mobility of great gerbils in the northwestern Kyzyl Kum from
August 1959 to April 1961, 723 individuals out of 846 tagged gerbils were recaptured. Of these,
425 rodents did not change their "colony", 135 large gerbils moved at a distance of 10-100 m, 102 gerbils
- at 101-200 m, 36 individuals - at 301-650 m, 10 rodents - at 651-1000 m, and 1 male the great gerbil
retired 7 km in 23 months.

In 2012-2014, in the spring-summer and autumn seasons in the Southern Pribalkhash, we carried out
studies of the motor and migratory activity of the great gerbil by modern methods using radio technology
and remote sensing, which made it possible to obtain approximately the same results. Inhabitants of open
spaces of deserts and semi-deserts with their sparse vegetation, large gerbils cannot go far from colonies
without the risk of becoming easy prey for land and winged predators [14]. Thus, we can say that great
gerbils are usually tied to their colonies and rarely migrate from them in search of new habitats over
sufficiently large (tens of kilometers) distances. However, long-term and profound climate changes,
extinction of competitive species, and other large-scale events in biogeocenoses can probably cause larger-
scale mass migrations of these animals. At the same time, complete or partial isolation of populations can
lead to their differentiation and the formation of specific genetic characteristics, resulting in the formation
of a specific metapopulation structure of their area.

Temperature dynamics and population size of the great gerbil. According to the Intergovernmental
Panel on Climate Change (IPCC), an increase in surface air temperature has been observed in most
regions of the world since the mid-20th century. The growth of average annual air temperatures in certain
regions of Kazakhstan for the period 1941 ... 2010. ranged from 0.27 °C / 10 years (Balkash-Alakol basin,
on the territory of which the Pribalkhash autonomous focus is located) to 0.33 °C / 10 years (Zhaiyk-
Caspian basin, on the territory of which the Predustyurt focus is located). A more significant increase in
average annual air temperatures of —0.44 °C / 10 years was noted in the Shu-Talas basin, where the
Betpakdala autonomous focus is located. For the period 1971 ... 2010 the highest rates of temperature
increase were observed in winter and spring periods - by 0.51 and 0.47 °C / 10 years, respectively, slightly
lower than the rate of warming in autumn - by 0.40 °C / 10 years. In summer, the increase in air
temperature was 0.22 °C / 10 years [15].

The specificity of the climatic conditions of the territory of all three surveyed autonomous foci
consists in the sharp continental and arid climate. This is expressed in significant daily and annual
temperature fluctuations and in a small amount of atmospheric precipitation (100-280 mm) with high
evaporation (up to 1000-1200 mm) and in a significant dryness of the air. The sum of temperatures above
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10°C in the described natural foci ranges from 3100°C to 3860°C. The consequence of this is the weak
development of the natural hydrographic network. The level of solar radiation and the nature of the
atmospheric circulation are determined by the geographical position of the territory - a relatively low
latitude and distance from water basins (the influence of the Caspian Sea and Lake Balkash affects only
within a narrow coastal strip). All three natural foci lie in the zone of northern deserts, approximately at
the same latitude; however, the orographic and insolation features of the territory determine a noticeable
variety of local systems of atmospheric circulation and, accordingly, climatic conditions (figure 2).

300 r 16 30 4 s

A g

L 1a 25 4

g
]

LIS
w
=

8

-
e

g

“n
o
TR |

«®
oir temperature (%)

]
o

{
S
N

alr temperature (°c)

amount of precipitation (mm)
amount of precipitation {mm)

"]
L]
3

~
-
1=

o

S8 d ML, s °
016 2017 ] " m v v vi i Vi [E4 X X xn

0,35
== Pre-Ustyurt  [LTT) Betpak-Dala [===3 Pre-Balkhash

03

Pre-Ustyurt == Betpak-Dala = = Pre-Balkhash

A - Average annually air temperature and amount of precipitation
°C during 2010-2019;

B - Average monthly air temperature and amount of precipitation
°C during 2010-2017;

C - Average monthly value of NDVI during 2010-2019;

8
]

NOVIvalue

£

0,15

a1
2010 2010 2011 2012 2013 2014 2015 2015 2016 20017 2018 2019 2019

Year

Figure 2 — Climatic conditions and NDV1 values of study areas for the period 2010-2019

In January, on some days in the surveyed areas, severe frosts are possible, reaching -40-44°

C. Spring in all natural foci is short and lasts about one and a half months. Already in March, there is
a sharp rise in the average temperature, by 7-8 °C compared to February, and intensive heating of the soil.
In April, frost-free, mostly sunny weather prevails in the desert zone. Daily temperature amplitudes reach
+ 16-20 °C. Weather anomalies are of great importance for arid biocenoses. So, in the spring, along with
an increase in temperature during breakthroughs of the Arctic air masses, returns of cold weather and the
establishment of temporary snow cover are possible. In summer, most of the country is captured by the
northern periphery of the thermal depression with a predominance of hot dry weather and weak wind. On
some days, the temperature exceeds 38-44 °C, with high wind speed and 5-15% relative humidity. Higher
average air temperatures during the warm period of the year are typical for the Predustyurt and Betpakdala
foci in comparison with the Pribalkhash. During the cold period of the year, especially low temperatures
are characteristic of the Betpakdala and Pribalkhash foci (figure 2b).

In all three foci, the frequency of hot and dry weather varies between 75-85%. When the arctic air
invades the anticyclones, atmospheric drought occurs for 10-40 days. Forming soil drought and in
combination with it, atmospheric drought leads to a sharp decrease in the forage capacity of natural
phytocenoses, which is one of the factors in the depression of the population of the great gerbil. Summer
lasts 5 months on average, from May to September. In the annual course of atmospheric precipitation, the
maximum in the Predustyurt focus falls in April-July, and the second maximum precipitation is observed
in autumn, in October-November, in Betpakdala, in March-May and October-December, in Balkhash, in
March-July and October-December (figure 2a). That is, it coincides with the vegetation maximum of
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desert vegetation. The minimum precipitation is observed in August and September. The negative
consequences of excessive pasture loads on the plant communities of the studied deserts are expressed in
the form of pasture digression, which is accompanied by a decrease in the projective cover of the soil with
vegetation, a decrease in biological and forage productivity, as well as a decrease in biodiversity.
According to our assessment, the modern economic use of natural pastures is characterized as
unsystematic. The vegetation is characterized by a rather uneven state: from heavily knocked down to
partially restored.

Due to overgrazing, regulation of river flow, laying of linear systems (gas and oil pipelines, roads,
power lines), frequent droughts and other factors, the process of desertification is intensively developing
on most natural pastures. The phytocenoses of the natural pastures of the Pribalkhash focus, to a lesser
extent, the Betpakdala autonomous focus, are the most degraded due to the excessive load. On the natural
pastures of the Predustyurt focus, dimutational processes of partial restoration of downed vegetation are
visible, which is a consequence of a sharp decrease in the number of livestock in the region.

Genetic diversity of R. opimus. A total of 19 unique haplotypes were identified by a fragment of the
nucleotide sequence of the Cyt B gene. Of the 578 analyzed bases, 37 accounted for transitions, and four
polymorphisms for transversions, 8 of the analyzed polymorphisms lead to amino acid substitution.
19 haplotypes were clustered into 3 haplogroups (figure 3). The first haplogroup included 7 haplotypes of
individuals caught in the Eastern Predustyurt region, 2 haplogroup is represented by 2 haplotypes of
individuals caught in the Eastern Predustyurt region and 4 haplotypes from individuals caught in Western
Betpakdala, 3 haplogroup is represented by 6 haplotypes of the individuals caught in the South
Pribalkhash region.
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Figure 3 — The phylogenetic tree, built on the basis of nucleotide sequence analysis Cyt B gene
of R. opimus captured in Kazakhstan, China and Iran [16]
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Phylogenetic analysis with nucleotide sequences of 19 haplotypes established in Kazakhstan and
nucleotide sequences of Cyt B of the R. opimus gene captured in Iran and China formed three large
clusters (figure 3). The first cluster combined the sequences of R. opimus caught in Kazakhstan and China,
while the great gerbil caught in Kazakhstan is located in a separate clade. The second cluster is
represented by the nucleotide sequences of the subspecies R. opimus sodalis from the “Sistano-
Baluchistan™ regional complex from the territory of Iran. The third cluster includes only sequences
subspecies R. opimus sargadensis from the "Central Iranian" regional complex located in Iran. The Elbrus
mountain system is a natural barrier between the two subspecies, which are well differentiated by
morphological characteristics, as well as by differences in the nucleotide sequence of the cyt B gene,
which reaches 10% between subspecies.

Conclusions. Analysis of climatic features revealed pronounced differences between the three
autonomous foci with a rather high degree of synchronization of the trend of changes in air temperature
and precipitation. At the same time, it should be noted a significant warming of the climate by 1.890C -
3.080C from 1941 to the present. The greatest increase in air temperature was noted on the territory of the
Betpakdala focus, less in the area of the Predustyurt focus and the smallest in the Pribalkhash focus. Since
the examined natural foci lie in the zone of northern deserts, tendencies of changes in the amount and
regime of precipitation were of particular importance for vegetation. For the period 1941 ... 2010, the
amount of precipitation in the Predustyurt and Betpakdala autonomous foci slightly decreased, while in
the Pribalkhash focus there was a slight increase in precipitation. On average in Kazakhstan, an increase in
the amount of winter precipitation and a decrease in the amount of precipitation in other seasons were
noted.

A close relationship is known between climate and the spread of infectious diseases [17]. Naturally,
the periods of intensive reproduction of the great gerbil were recorded simultaneously over vast territories
and correspond to the cyclicity of the maximum amount of precipitation and the optimum temperature for
vegetation growth [18]. In years when during the cold months anomalously high precipitation, on average
more than 100 mm, fell out, the most intensive reproduction of great gerbils was noted. Less intensive
reproduction took place in years with rainfall close to the norm (63-70 mm). Low intensity of reproduction
is typical for dry years with 37.5 mm of precipitation. The most favorable conditions for the spread of
plague in the settlements of the great gerbil arise in years with warm and humid springs with abundant
vegetation [19].

The study of the nature of the soil and vegetation cover on the territory of the three surveyed
autonomous foci on multi-temporal satellite images with control showed that the vegetation index (NDVI)
adequately reflects the state of food resources of phytocenoses in the habitats of the great gerbil and
correlates with the temperature regime and precipitation (Figure 2c). Analysis of the average monthly
fluctuations in the amount of precipitation in the territory of the three surveyed foci shows a synchronous
regime and rather close values of air temperature in the warm season ( IV - X ) and noticeable differences
in the cold season ( XI - I11). At the same time, pronounced differences are found in the average monthly
amount and mode of precipitation (Figure 2b). Based on the analysis of high-resolution satellite images at
different times and geobotanical work in the area, the processes of degradation of vegetation and
desertification of ecosystems were described, expressed in the depletion of their floristic composition, the
progressive loss of perennial forage plants from the grass stand with the dominance of annuals. The causes
of desertification were, first of all, overgrazing of livestock, growing moisture content of the soil and air.
The observed climate changes and the intensifying anthropogenic impact cause a negative transformation
of desert ecosystems and entail a depression in the abundance of the great gerbil.

Thus, genomic differences were formed in the studied foci in the studied populations of great gerbils
as a result of microevolutionary processes caused by genetic and ecological factors.

Funding: This work was supported by grant from the Ministry of Education and Science of the
Republic of Kazakhstan «Population-based ecological types of carriers, vectors and causative agents of
plague in Central Asian desert foci of plague» (AP05133153).
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KA3AKCTAHJIA MEKEHJIEWTIH YJIKEH KYMTBIIIKAHHBIH
(Rhombomys opimus Licht.,1823) KEMBIP OMYJISINUSICBIHBIH
IKOJIOT USLIBIK-BUOJIOT USLIBIK )KOHE TEHETUKAJIBIK EPEKIIEJIKTEPI

Annotanusi. XXI raceipaars! xxahannany OapbIChIHIA KayinTi HHOEKIUUIapAblH TaOUFH OIIaFbIHAAFEl KOHTP-
THO3/1bI MHGEKIUAAAH TYBIHIANTHIH MUAEMHOIOTHSIIBIK Kayill apTThl, COJI CeOenTi KONTEreH FaIbIMIApAbIH Ha3aphl
9H300THKAIIBIK ayMaKTapAarbl MapasUTTIK XKyHenep acrleKkTiCiH 3epTTeyre OaFbITTAabII OTBHIP. YJIKEH KYMTBIIITAH
TOMYJISIIMSCHIH 3ePTTEY/IiH ©3eKTiNiri eki GarbrTieH cumartanags:: KasakcranusiH 1,1 MTH KM? ayMarbiH aibi
JKaTKaH apuATi SKOCHCTEMAJarbl aTaJFaH TYPJIIH MaHBI3bI, €KiHII JKaFblHAH aTajiFaH Typ aca KayinTi WHOeKIws-
JapIBIH TAOUFU OLIAFBIHIA aJaMFa, )kabalbl xKoHe Y JKaHyapbIHA 3USAHIBI Ci0ip skapackl MeH o0a Tapartaznsl. TaOuru
olIaKTapja MmapasuTTi TpHagaHblH (KO3ABIPYIIBI — TapaTyIIbl — TACKIMAIAAYIIbI) KaJbINTacybl OapbIChIHAa OapIIbIK
MYLIEJIEPiHiH OpTa *arnaibiHa OeiliMIeNin, KOIBOIMIOLUS KYPEi.

YJIKeH KYMTHIITaH KaJOHHMSCHIHIA SpJaiibiM aca KayinTi MHpeKuusuiap TIpUIUIK eTeai, onap Kedae Oykil
KYMTBIIITAH KaJOHHUSCHIHBIH KBIPBLTYbIHa cebOen Oomanpl. FansiMaap KpI3BIFYIIBUIBIK TybIpCa J1a, YAKEH KYMTBIII-
KaH OMOJIOTHSICHIHBIH KOIITETeH MaHBI3Ibl MaceNenepi, acipece, TYPIMUIiK JudepeHIHanuscel, MEKeH €Ty apeajblH-
JIaFbl MOIYJISIIUAApANIBIK KapbIM-KAaThIHACKI, OMYJISIIUSHBIH TeHETHKANIBIK KoHe ()eHETHKANIBIK epeKIIeNiKTepl JIci3
3epTTENreH.

Kazipri yakpITTa YJIKeH KYMTBIIKAHHBIH TYPJIi SKOJOTUSIIBIK-OHOIOTHSIIBIK ayMaKTap/ia OPHAIACKAH ONIAFbIH-
Jla KAJBIITACKaH TYPJIEPiHIH (PIIIOTCHETUKANBIK MOJIIMETTEpI KOHE OJNIApIBIH Mapa3uTTi YIITIKTiH 0acka MyIIenepi-
MEH apaKaThIHACHIH aHBIKTAY YJIKEH MaHbI3Fa He. BYJl TEOPHSIIBIK )KOHE MPAKTUKAIBIK MaHbBI3bl 0ap CypaKTap.IbIH
JkayaObIH ay VIIiH KJIaCCHKAIBIK SKOJIOTHSIIBIK-OHOIOTHUSIIBIK JKoHE MOP(HOOHOIOTHAIBIK 9IiCTEpMEH KOCa, COHFBI
JKBUTIAPHI TEHETHUKAJIBIK JKOHE MOJICKYJISIPIIBI-ONOIOT USUIIBIK, OICTEP KeH KOJAHBLIBII KEIe/Ii.

Maxkanana yir reorpadusiiblk oKiayaadrad omakrarsl (bernaknana, bankamn MaHbl )koHe Y CTIPT MaHbI) YIKEH
KYMTBIIIKAH T€HOMBIHBIH IOMYJSIIMSIIBIK SPEeKILIENIKTEPIH 3epTTey HOTHXKenepi kepceriireH. JKorapbiga ataibin
OTKEH aBTOHOMIIbI OINAKTAaFbl YJIKEH KYMTBHIIIKAHHBIH MuTOXOHApHanbai JIHK-HbIH b nuToxpom reH mommmop-
¢usmine aHanM3 xacanabl. YJIKEH KYMTHIIKAHHBIH MEKECH €Ty OpPTachIHIArbl CAaHBIHBIH e3repyiHe («MOMyIIsIHSIK
TOJIKBIH») 9CEpP €TETiH AKOJIOTHSIIBIK-ONOIOTUSUIBIK JKaFAaibIHBIH, OHBIH ILIIHJE aya TEeMIEepaTypachl MEH KaybIH-
MIAMIBIH  MOJIIepl, IeNTEeKTeC OCIMIIK JKaMBUIFBICHI OMOMAacCachlHBIH aiJIbIK, JKBUIIBIK JKOHE KOIDKBUIIBIK
JIMHAMHKACBIHBIH ©3TepyiHe aHAIN3 JKacal/Ibl. 3epTTey HOTHKECIHAE YII TaOMFH OIIAKTHIH KINMATTHIK JKaFAaibl MEH
KOPEKTIK ©CIMIIK >KaMBUIFBICHIHBIH aWbIpMalIbUIBIKTaphl aHbIKTANbl. bernaknana >xoHe YCTYPT MaHbl TaOWFH
omakTapel e3apa Taburu OereriieH OeriHOereHIIri aHpIKTanApl. bamkam MaHbl TaOWFM OMIAFkl KYMTHIIIKAHAAP
MUTpanus OapbICBIHIA achIll ©TE aJMAaWTHIH TaOWFW KeaepriiepmeH, srHU lnme xoHe Kaparan e3eHnmepiMeH jkoHe
Bankamr kemiMeH okmiaynaaFaH. OpOip OIIaKTaFsl METEO JKaFIaiaapAbIH e3repyi YIII MEeTeOCTaHIIHS MOJIeMETTePiHIH
opTallaNiaHybl Heri3iHae cunarranrad. KyMmTheIIKaH KoyioHuschiHOa KockiMina Kestrel 4500NV  mopToTHBTI
METECTAHIMSACHl apKbUIBI aTMOC(epalblK KbICHIM, JKENJIH O KbUIIAMIBIFBI, BUIFAJIBUIBIK, aya TEeMIEpaTypachl
OIIIICHIl. 3epTTeNreH HYKTe KoopauHataaapel Garmin 62 GPS- HaBuratopbl apkeiibl OekiTiiami. JKeuisl Me3riiaeri
ayaHbIH OpTalla TemIieparypachl YCTIpT MaHbl MeH bernmaxnana omarbiHga bajkam MaHbl OlIarblHA KaparaHJa
JKOFapbl OOJIATHIHIBIFEI KepceTinai. JKbUIIBIH CYBIK ME3TiUTiHAE €H TOMEHrl aya TeMIIepaTypachl aHBIKTaJJbl.
Bernakmana Men bankarn MaHbIHA COHKECTITT KOPCETUII.

YcTipT MaHBI OmIarbIHAa aTMOC(HEPATBIK KaybIH-IIAITBIHHBIH KbUIIBIK YJIeciH/eri OIpiHII MakCUMyM CayipIije
aifbIHa, a eKIiHII MakCMMyM Ky3/e, Ka3aH-Kapalla aifblHa colikec Kejeai, bermaknana onrarslHIa MakCHMyM HaypbI3-
MaMBIp JKOHE Ka3aH-)KeITOKCAaH aiblHa, banmkarr mMaHpl omIarblHIa HAYpBI3-IIUIAE XKOHE KazaH-Kapala aiblHa colikec
kemeni. by mrenmi afiMaxTapmarbl ©CIMIIKTEpIiH BETETAIMSUIBIK MaKCHMyMBIHA coiikec kKenmemi. OOaHBIH MapaswTTi
Tpuaga caHblHA aya TEMIIepaTypachl, JXKAybIH-IIANIBIH MOJIIepi MEH OCIMAIK XaMBUFBl KOJNEMiHIH ocep eTyiHe
GaitmanbicThl KocbiMiia NDVI BeretanmsiiibIk MHIEGKC] aHBIKTAIBL. 3€pTTENETiH ayMaKThIH YIIKeHIIriH eckepin, MODIS-
MOD13A1v006 kocMOCTBIK arapaTbiabiH, 16 KyHzIik opramatagrad NDVI 500 kepceTKilmeH aabIH/IbL.

KazakcTtaHHbIH Kep KeJeMiHiH maMaMeH 1,1 MITH mapiibl MaKbIPhIMBIH QJIBIT JKaTKaH apuATI aliMaKTapaarsl
KayinTi 300HO3IBIK HH(MEKIMSUIAPIBIH HETi3r TackMalmaymibichl — YikeH kymreimkan (Rhombomys opimus).
Taburu omakTapia napasuTTi TpUaJaHblH (KO3IBIPYLIBI — TapaTyllbl — TAChIMAJIAYIIbI) KaJIbINTacybl OapbIChIHIA
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OapiBIK MYIIECiHIH opTa >karmaiibiHa Oeifimmerim, Ko3Bomonus xypeni. Makanaga 3aH0316I HHOEKIUIIAPIBIH YII
Tabury omarpiHnarsl (bernaknana, bankam MaHbl, YCTIpT MaHBI) YIKEH KYMTHIIIKAHHBIH TYPIMILUTIK, TOMYJISITUSITBIK
TETePOTeH I KEJETIHIH >XKoHEe KeWOip TeHOMABIK epeKIIeNiKTEpiH 3epTTey HOTIKenepi kepcerinreH. CoHmal-ak
3epTTENreH ayMaKTa KJIMMaT JKOHEe ©CIMIIK-TOIBIPAK >KaAMBUIFBICBIHBIH €PEKIIeNIiKTepi MEH OJIapABbIH KOIDKBUIIBIK
JKOHE MAayCBIMIBIK e3repicTepi, TeHIeHIMsIapsl 3eprrenmi. JKayblH-IIAIIBIH MEH aya TeMIIepaTypachl e3repic
TPEHATEPiHIH KOFapFbl CHHXPOHU3ALMICEIHA OaliIaHBICTHI aTalFaH YII TAOMFU OLIAKTHIH KIMMATTHIK JKaraaiibl MeH
TOHBIpaK-OCiM}IiK JKaMBbLUIFbICBIHBIH aﬁBIpMaIHbIHI)IFBI AHBIKTAJIbI. Y ABTOHOMJBI OHIaKTaH aJIbIHFaH YJIKCH
KYMTBIIIKAHHBIH 88 maHachiHbIH CYtB reHiHiH (parmenti 19 ramiotunti kepcerTi. By rammorunTep e3apa yIi
rarorpymnmna Kypaiinsl. Kazakcran MeH KpitaiinplH yJikeH KYMTBIIIKAH MOMYJISIUSACH Oip KilacTepre >kaTajibl dKoHe
TeHETHUKANBIK TYpFbla MpaH momyssiuusichlHaH OKmaysaHFad. ['eorpausuiblK OKIIAYJIBIK, KIMMATTHIK, JaHamad-
TBIK, J)KOHE KOPEKTIK XafAailylapAblH epeKIIeiri, TeHOM/IBIK, OPHBIHBIH MHUKPO3(OIIONUSIIBIK ©3repici cunarTajaThlH
YII HOMYJISIIMSIHBIH T€TEPOTeHIUIINH aHbIKTaAbl. YJIKeH KYMTHIIIKAH MOMYJISIIUACHIHA KOHE TaOMFH OIIAKTapIbIH
3MU300TOJNOTHSIBIK JIOpEekKeECiHe Kepl ocepiiH yiFaifFaHpl aHBIKTaIabl. TaOuru (UTOLEHO3IapFa aHTPOIOTCHII
KBICBIM MaJIJIbl IIaMaJIaH THIC )KaifFaHABIKTaH apThII OTHI.

Tyiiin ce3gep: ynken kymteimkad (Rhombomys opimus Licht.,1823), momynsausiblK TeHETHKA, MHKPOIBO-
Jorust (pakTopiapsl, b MUTOXPOMBI TeHIHIH MOTUMOP(PHU3MI, IKOJIOTHSITBIK-OHOIOTHSIIBIK €PeKIIeIiKTep.

Momn KaBamoro', C. HypTang, A. Iesnos®, . P0Mamcynon3,
B. .JIyuaﬁ3, P. CaJIMyp3ayJ11>12, M. Hkiacos’, T. Konbic6aes?,
3. CasixoBa®, A. PoicGexosa’, U. Yrenosa®, B. ATmaﬁap4

'HunmoHckuii yHHBEpCHTET BETEPHHAPUH U €CTECTBEHHBIX Hayk, Tokno, Snonus;
2®axyabTeT GHONOTHH i GHOTEXHOTOrHH, Ka3aXckuil HAMOHABHBIH YHHBEPCHTET
M. anb-Dapabdu, Anmatel, Kazaxcran;

% «HanuoHaTbHbIi neHTp 6uoTexHoTOrHm KoMuTeTa Haykn MUHHECTEpCTBA 06Pa30BaHus
u Hayku PecrryOmmku Kazaxcran, Hyp-Cynran, Kazaxcras.

*Kazaxckmuit HAYYHBII EHTP KapaHTHHHBIX ¥ 300HO3HBIX WHQEKITHA
uM. M. AlikumbaeBa, Anmartel, Kazaxcran;

IKOJOI'O-BUOJIOI'NYECKHUE U TEHETUYECKHUE OCOBEHHOCTHU HEKOTOPBIX
MOITYJISAIUA BOJIBIIOM MECYAHKH (Rhombomys opimus Licht.,1823) KASAXCTAHA

AHHOTaNusA. YUUTHIBas, 4TO B mporiecce riodanu3anuu B X XI-oM BeKe Pe3K0 BO3POCIH IMUCMHOIIOTHICCKUE
PHCKH KOHTAarno3HbIX MH(MEKIMI U3 PUPOAHBIX 04aroB, HHTEPECHI UCCIe0BaTeNel U3 MHOTUX CTPaH HallpaBJIeHbI
B HACTOSIIEE BpeMsl Ha HM3YyYEHHE PAa3JIMYHBIX ACIEKTOB IMAapa3sUTAPHBIX CHCTEM HA DH300THYHBIX TEPPUTOPHSIX.
AXTyanbHOCTh HCCIEIOBaHHMN momyssiuuid Oosbinoi mecuankd (Rhombomys opimus), ofycnoBnena aByms
00CTOSITENECTBAMH: 3HAUYCHWEM JaHHOTO BHAa B (PyHKIMOHMPOBAaHMM apHIHBIX SKOCHCTEM, 3aHMMaromux B Kazax-
CTaHe MmIomaab 0KoJIo 1,1 MTH. KM?, i TeM, 4TO 3TOT MACCOBbIH BHII ABISETCS OCHOBHBIM HOCHTEIEM B IPHUPOIHBIX
ouarax 0co00 OITACHBIX 300HO3HBIX MH(EKIHH, B YaCTHOCTH, YyMbI, CHOMPCKOM $3BBI W NPYTHUX 3a00JEeBaHUM,
MPEACTABIIAIOIINX OMACHOCTH JJId YCIOBCKA, JOMAIIHUX W AUKHUX XKUBOTHBIX. I/ISBGCTHO, YTO MJI1 KJIIACCHYCCKHUX
MIPUPOIHBIX 0YaroB 0CO00 OMACHBIX 300HO3HBIX MH(EKIINI XapaKTepPeH UCTOPHUCCKHUM MpoIiiece (OPMHUPOBAHUS T.H.
napasuTapHod TpHaibl (BO30YIUTENb — MEPEHOCUMK — HOCHTEND), aJaNTalys U KOIBOJIOIHS BCEX €€ YIECHOB K
CPEIOBBIM YCIOBHSIM. VIMEHHO B KOJIOHUSX MECYaHOK, OCOOEHHO OOJIBIION MMeCUYaHKH, MEPMaHEHTHO MEPCUCTUPYIOT
BO30yIUTENN 0CO00 OMacHBIX MH(EKINH, BBI3bIBAIONINE, B TOM YHCIIE, SIIM300THU CPEIH CaMUX MEeCYaHOK, MHOTIA
YHHYTOKAIOIME HACEJIEHHE LENbIX KOJOHMW 3THX 3BepbKOB. HecMOTps Ha NpUCTaNbHBIN MHTEPEC CO CTOPOHBI
uccienoBaTesneld, MHOTHE BaKHBIE BOIIPOCH OMOJOTHUH OOJNBIION NMEeCYaHKH, BKIIIOYAs ee IMOJABUIOBYIO auddepen-
[IUALNIO0, MEXKITOMYJISIIMOHHBIE OTHOIICHHS B Pa3JIMYHBIX YacTAX apeaia, psj ATOJOTHYECKUX aCHEKTOB, TeHETHYEC-
Kie ¥ (CHETHYECKHE XapaKTEPUCTUKU MOMYIALHUHA, ONpeNessione Crlenu(pUIHOCTh MX B3aWMOOTHOIICHHH C
BO30yIUTEIAMH M MEPEHOCUYNKAMH WH(EKINH, CyIIEeCTBEHHBIM 00pa30oM ONpPENEISIONIIE YPOBEHb 3H300THIHOCTH
MPUPOIHBIX 0YaroB, OCTAIOTCA ciaab0 M3ydyeHHbIMHU. [IpMHIMMHANepHOE 3HAYEHWE MMEIOT JaHHbIE O (hrIoreHnu
Pa3INYHBIX NOABHIOBBIX 00Pa30BaHUI OONBIION MECYAHKN M3 PA3IMYHBIX B HKOJIOTO-OMOJOTHYECKOM OTHOIICHHH
IPUPOAHBIX 04YaroB U B3aMMOCBS3aHHBIX C HUMM JPYTUX COWICHOB NapasuTapHO Tpuazsl. Ui BBIACHEHUS ITHX,
Ba)XKHBIX B TEOPETHUECKOM M MPAKTHYECKOM OTHOLIEHUH BOIPOCOB, HAPSAY C KIACCHIECKUMHM IKOJIOTr0-0nosIornyec-
KUMH ¥ MOP(OJIOrNYECKUMH METOIAMH, B IIOCIEAHIE TOJ(bl AKTUBHO HUCTIOIB3YIOTCS TEHETUYECKUE U MOJICKYJISIPHO-
OHMOJIOrMYECKHE METO/IBI.

B cratbe mpencraBieHbl pe3yNbTaThl HMCCIEAOBAHUS IMOMYJISLIMOHHBIX OCOOCHHOCTEH TeHOMa OOoJIbIION
MeCYaHKU U3 TpeX reorpauyecky U30JIMPOBAHHBIX aBTOHOMHBIX MPUPOIHBIX o4yaros: [Tpubanxamnickoro, bermaka-
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muHCcKoro U [IpemyctiopTckoro. BeimonHeH aHamu3 momuMopdu3Ma reHa muToxpoma b mMutoxoHapuansHoi JTHK
GoJIBIINX TIECYAHOK, & TaK)Ke M3ydeHa MHOTOJICTHSS JHHAMHMKA M3MEHEHHH 3KOJIOTO-OMOJOTMYECKUX YCIOBHH HX
MECTOOONTAHUH, ONPEEISIONNX KOJNCOAaHNUsT YMCIEHHOCTH («IOIMYJISIMMOHHBIE BOJHBI») NECYaHOK, B YACTHOCTH
MHOTOJICTHSISI, TOZI0Basi U MECS/YHAsl JMHAMUKA TEMIIEPaTyphl BO3LyXa U KOJIMYECTBA OCAIKOB, KOJIeOaHHUs 61OMAacChl
TPaBSIHUCTON PACTUTENILHOCTH B OIMCBHIBAEMBIX ABTOHOMHBIX HPHUPOAHBIX OdYarax. DBUIM BBISBIECHBI Pa3iIddds
KIMMaTUIECKUX YCJIOBUI M OCOOEHHOCTEH BereTaldy KOPMOBOM DPACTHTEIBHOCTH MEXKAY 3-Msl odaraMu Ipu
JIOBOJIBHO BBICOKOW CTENEHM CHHXPOHHU3AIMM TPEeHJa M3MEHEHUH TeMIepaTypbl Bo3lyXa M OCaJKOB. BriacHMIACH
Ba)KHas POJIb TOro, 4TO bernaknanuHckuil u IIpenycTiopTCKuid IPUPOAHBIE OYard HE U30JIMPOBAHbI €CTECTBEHHBIMU
nperpagamu. Torma kak [Ipubankamickuii MpUPOIHBIN OYar U30JIMPOBAH HEMIPEOJOTUMBIMHU ISl MUTPAIIUY TIECYAHOK
nperpagaMu: o3epoM banxami, 6onsmmmu pexkamu Uine u Kaparan. Mi3smenenns: MeTeoycioBuil B KaXKJI0M U3 04aroB
OMHCaHBI [0 YCPETHEHHBIM JAaHHBIM TPEX METEeOCTaHIMH. JONMOJHUTENBHO HAa TEPPUTOPHSIX KOJOHMH MECUYaHOK C
MIOMOIIBI0 TTOPTaTUBHOM MeTeoctaHumu moxenn Kestrel 4500NV  m3mepsunch CKOpOCTh BeTpa, BIa)KHOCTB,
TeMIepaTypa, atMocdepHoe mapieHne. KoopanHarsl 00cIeJOBaHHBIX TOYEK PETHUCTPHUPOBAIHCEH C momomipio GPS-
Hauraropa Garmin 62. beuto mokasaHno, 4to 6osiee BEICOKHE CpeTHIE TEMIIEPAaTyPhl BO3AyXa B TETIIBIA MEPHOI Tos1a
tunnaeel A [Ipexyctioprekoro n bermakmannHckoro oyaroB mo cpaBHeHMio ¢ Ilpubanxamckum. B xomomHsii
MEpHOA Tola OCOOEHHO HM3KHME TeMIepaTyphl XapakTepHsl 1 bernaknanuackoro n Ilpubanxamckoro ogaros. B
TOZIOBOM XO/i¢ aTMOC(EPHBIX OCAIKOB MEPBBI MakCUMyM B [IpeaycTIOpTCKOM ouyare MpUXOJUTCS HA alpelib-HIOib,
a BTOPOH MaKCHMyM OCaJKOB HaOJIIOZAaeTCs OCEHBIO — B OKTAOpe-HOAOpe, B beTnakmaanHCKOM odare MakCHMYMBI
0CaJIKOB TIPUXOJSATCS Ha MapT-Mai U OKTSAOpb-aekadpb, B banxanickoM — Ha MapT-HIOJb U OKTAOpb-1eKadpsb, T.€.,
COBIIaJ]aeT C BETETALMOHHBIM MaKCHMyMOM IYCTBIHHON PacTUTENBHOCTH. B CBS3uM ¢ TeM, 4TO Ha YHCIEHHOCTh
MOMYJISIMI YyMHOM apasuTapHON TpHaabl HETIOCPEICTBEHHO BIIHMSIIOT KOJMYECTBO OCAIKOB, TEMIIEpaTypa u 00nime
PacTUTENFHOCTH Ha 00CIIEIOBAHHOM TEPPUTOPHH, TaKKe OINpeaessics BereTalinoHHbIN nHjaekc — NDVI. YuureiBas
Oounplryro TuTONIagM OOCIETOBAaHHBIX TEPPUTOPHH, ObUTHM BHIOpaHbl 16-TM nqHEBHBIE ycpenHEéHHble NDVI ¢
paspemernem 500 meTpoB kocMudeckoro anmapara MODIS-MOD13A1v006.

@duorenernueckuii ananm3 Gpparmenta CytB rena ot 88 ocobeil U3 TpeX aBTOHOMHBIX 0YaroB TyMbl OTIPE eI
19 ramnoTunos, KoTopsle (POPMUPYIOT TPH TaIUIOTPYIIIEI, OHA U3 KOTOPHIX IPEJICTAaBIEHa OCOOSIMU M3 MOy
JIBYX aBTOHOMHBIX 09aroB 4yMsl. [lomyssiiun 6onbinux necyaHok u3 Kasaxcrana u Kuras BXonsT B 0JMH Kinactep u
TEeHEeTHYIECKU OTAAJIEHBI OT momyisinuii Mpana. bosee niam MeHee BbIpakeHHAs reorpaduieckast M30JHs, 3HAYH-
TEJIbHBIE OTJIMYUS B KIMMAaTUYECKHUX, JIAHAMA(PTHBIX ¥ KOPMOBBIX YCIOBHAX, MUKPO3BOJIOIMOHHBIE U3MEHEHHMS
T€HOMHOTO CTaTyca OOyCIIOBHUJIM T€TEPOTeHHOCTh TPEX ONMCHIBAEMBIX MOMYJLIIUNA O0nbIIoN mecuyaHkd. OTMEdYeHO
pacryliee HEraTMBHOE BO3JICHCTBHE HA MOMYJISIIUM OONBIIOW MECYAHKH W IMHM300THYECKHH CTATYC MPUPOIHBIX
OuYaroB MOTEIUICHHS KJIMMaTa M YCHJIMBAIOIIMICS aHTPONOTCHHBIM Ipecc, Ha KOPMOBBIE PECYPChI €CTECTBEHHBIX
(hUTOIIEHO30B MPHUPOIHBIX 0YArOB, ITPEXKJIE BCETo, B (popMe nepeBblnaca CKOTa.

KiroueBble ciaoBa: Oonbiasi necyanka (Rhombomys opimus Licht.,1823), momynsiuonHast reHeTuka,
(haKTOpBI MUKPOIBOJIIOLNH, TIOJIMMOP(U3M IreHa IUTOXpoMa b, 3K0JI0ro-OHoIOrHuecKkre 0COOEHHOCTH.
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