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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

1. 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
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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 herbaceous vegetation from the habitats of three populations of gerbils from the
Pribalkash, Betpakdala and Predustyurt autonomous natural foci.

2. 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).

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 (Fig. 1).

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.

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].
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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 — 1-B12); N44° 48' 948" E76°15' 528" - 7 individuals (I1-B14 — 1-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-Sh1l — I-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 - 1-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 (1-A26 - 1-A31); N46°48'35", ES9° 17'15" — 14 individuals (I-A32 - 1-A49).

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 MgCl2, 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].

3. 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.
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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 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 (Fig. 2).
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Figure 2. Climatic conditions and NDVI values of study areas for the period 2010-2019.

In January, onsome 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
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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 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
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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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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 4). 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.

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.

4. 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 ( X1 - 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
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anthropogenic impact cause a negative transformation of desert ecosystems and entail a depression in
the abundance of the greatgerbil.

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.
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KA3AKCTAHJA MEKEH/IEATIH YJIKEH KYMTBILIKAHHBIH (Rhombomys opimus
Licht.,1823) KEMBIP MOMYJISIASICBIHBIH DKOJIOT USIBIK-BHOJIOT USLIBIK
"KOHE T'EHETUKAJIBIK EPEKIIEJIKTEPI

Annoranmsa. XXI rfacelpmarbl ckahaHmany OapbIChIHIA KayinTi WHOEKIMUIAPABIH TaOWFH
OIIAFBIHAAFBl KOHTPIUO3/IbI MH(EKIUAAaH TYBIHIANTHIH SMUAEMHUOIOTHSIIBIK Kayill apTThl, cOJ cebenTi
KONTEreH FaJbIMAApAbIH Ha3apbl HSH300THKAJBIK ayMakKTapAarbl MNapasuTTIK JKyHenep acheKTiCiH
3epTTeyre OarbITTaNbII OTHIP. YJIKEH KYMTHILITAH MOMYJISLUMACHIH 3€pPTTEYAIH ©3CKTLIiri eki OarbiTIeH
cumartanansr: Kasakcranuee 1,1 MiH KM® ayMaFblH allbil KaTKAaH apuATi KOCHCTEMAJaFhl aTajiFaH
TYPZiH MaHBI3HI, EKiHIII )KaFbIHAH aTalfaH TYP aca KayinTi nHeKusuIapapH TaOUFH OIIarbIH/Ia afjaMFa,
»ka0aiibl )koHE YH sKaHyapblHa 3UAHABI Ci0ip >kapacel MeH o0a Taparaapl. TaOury omakTapAa MapasuTTi
TpUaAaHblH (KO3ABIPYILIBl — TAPATYIIbl — TACBIMAJAAYIIBI) KAJIBINTacybl OapbIChiHIa OapibIK MYLIEIEepiHiH
opTa xarmaibHa OeHiMIeTin, KOIBOIIOUS KYPEi.

YJIKeH KyMTHIIITAaH KAIOHUSCHIHIA OpAalibIM aca KayinTi MHQEKnusu1ap TipIIliK eTelli, onap Keie
OYKiJ KYMTBIIITaH KaJOHUSCHIHBIH KbIpbUTybIHA ceben Oonaabl. FaapiMuap KbI3bIFYMIBUIBIK TyIbIpCa Ja,
YJIKEH KYMTBIIIKAH OHOJIOTHSICHIHBIH KONTEreH MaHbI3IbIl Mocenelnepi, ocipece, TYPIMILIK
IUQepeHInarsIChl, MEKCH €Ty apealblHIarbl MOMYJSIUIapablK KapbIM-KaThIHACHI, MOMYJISLIUSHBIH
TeHETHKAJIBIK JKOHE (PeHETHKAJIBIK epeKIICTIKTEP] aJICi3 3ePTTENTeH.

Kazipri yakpITTa YyJIKEH KYMTBIIIKAHHBIH TYPJII OKOJOTHSJIBIK-OMONOTHSIIBIK — ayMaKTapaa
OpHAJIaCKaH OINAFbIH[A KaJIBIITACKAH TYPJCPiHIH (DIIOTCHETUKABIK MONIMETTEpi JKOHE OJIapIbIH
napasuTTi YIITIKTIH Oacka MyIIeJepiMEeH apakaTbIHACBIH aHBIKTAy YJIKEH MaHbI3Fa ue. byl Teopusuibik
JKOHE TPAKTHKAJIBIK MaHBI3bl Oap cypakrapApblH KayaOblH aiy YIIIH KJIaCCHKaJbIK 3KOJIOTHSIIbIK-
OMOJIOTHUSIIBIK  KoHE MOP(POOHOIOTHSITBIK OICTEPMEH KOCa, COHFBI JKBUINAPHI TEHETHUKAJBIK JKOHE
MOJIEKYJISIPJIBI-OHOJIOTHSUTBIK, 9iCTEP KEH KOJJaHBUIBII KeJeIi.

Makanazna ym reorpadusiblK oKmaynanraH omakrarbl (bermaknana, bankam manbl xone YcCTipT
MaHbl) VIKEH KYMTBIIIKAH TCHOMBIHBIH IOMYJSIMSUIBIK EPeKIICTIKTepiH 3epTTey  HOTHKeNIepi
kepcetinreH. JKorapbla aTajibll 6TKEH aBTOHOM/IBI OIIAKTaFbl YJIKEH KYMTHIIIKAaHHBIH MATOXOHIPUAITB/II
JHK-HeIH b 1uToXpoM reH HOMMMOpPQHU3MIHE aHaIM3 Kacaidbl. YJKEH KYMTHILIKAHHBIH MEKEH €Ty
OpTaChIHAAFbl CaHBIHBIH ©3repyiHe («IIOMyJSLMSUIK TOJKBIH») 9CEP €TEeTiH 3KOJOTHSIBIK-ONOIOTHSIIBIK
KarJalbIHBIH, OHBIH IIIIHJE aya TeMIlepaTrypachl MEH >KaybIH-IIAIIBIH MeJIIepi, MIeNTeKTeC ©CIMIIK
JKAMBUTFBICHI OMOMACCACBHIHBIH aWIIbIK, KBUIIBIK JKOHE KOIDKBUIIBIK JMHAMHUKACHIHBIH ©3TrepyiHe aHaju3
JKacainpl. 3epTITEy HOTHXKECIHAE YII TaOWFM OLIAKTHIH KIMMATTBIK JKaFgalbl MEH KOPEKTIK ecCiMIiK
KAMBUIFBICBIHBIH albIPMAlIbUIBIKTAPbl aHBIKTANbl. beTmaknana xoHe YCTYPT MaHbl TaOWFM OIIAKTaphl
e3apa TaOuFru OereTrneH OeNliHOereHAIr aHbIKTaNAbl. baakamr MaHbl TaOWFH OMIAFbl KYMTBIIIKAHIAP
MUTrpanus 6apbICHIHIIA achIll ©T€ aJIMalTBIH TaOUFH Kenepriiepmet, srau e xone Kapatan esenaepimen
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oHe bankam keniMeH oKmaynanraH. Op0Oip OMIaKTaFsl METEO JKarAalapAblH 03repyi YIII METEOCTaHIHSI
MOJIEMETTEPIHIH OpTalllajaHybl HETi3iHAe cunartainraH. KyMThHIIKaH KOJOHUWsCHIHIA Kockimina Kestrel
4500NV  TOpPTOTHBTI METECTaHIHUACHI aPKBUIBI aTMOCQEpPaNbIK KbICHIM, IKENIiH IKbUIIIaMIbIFHI,
BUIFJIIBUIBIK, aya TeMIepaTypachl OJIICHII. 3epTTeNIreH HYKTe KoopauwHaTamapel Garmin 62 GPS-
HABUTATOPBI apKbUIbl OekiTimi. JKplasl Me3riieri ayaHslH opTamia TeMmiepaTypachl Y CTIpT MaHbBl MeH
Bernaknana omrarsiHaa bankain MaHbI olIaFbIiHA KaparaHia KOFapbl OOJIAaThIHIBIFEI KepceTuiai. XKbl1abIH
CYBIK ME3TUTiHAEe €H TOMEHIi aya TeMIlepaTypachl aHBIKTanAbl. bermakmana meH bankam maHbpIHa
COMKeCTIri KepceTii.

YcTipT MaHBI oOmIaFbIHAA aTtMocdepalblK JKayblH-IIAIIBIHHBIH KBULABIK YJeciHgeri OipiHImi
MaKCUMyM COyip-IIiyije aiiblHa, ayl eKiHIli MaKCUMyM Ky3Je, Ka3daH-Kapalia aiiblHa CoiiKec Kemeni,
bernmaknana orrareiHIa MaKCHMyM HaypbI3-MaMbIp JKOHE Ka3aH-)KEJITOKCaH aiibiHa, bajkain MaHbl
OIIAFBIH/IA HAYPBI3-IIUIJC JXKOHE Ka3aH-Kapaila aiblHa colkec Kenemi. byn menai alimMakrapiarbl
OCIMIIIKTEP/IiH BETETAIVSUIBIK MaKCUMyMblHAa coiikec keneai. OOaHBIH Mapa3uTTi TpHajga CaHbIHA aya
TeMITepaTypachl, KaybIH-TIAIIBIH MOJIIIEPi MEH OCIMIIIK KaMBIIFBI KOJEMIiHIH ocep eTyiHe OaiTaHBICTHI
Kockimima NDVI BereTanmusiblk WHICKCI aHBIKTAIIBL.  3€PTTENIETIH ayMaKTHIH YJIKEHIITIH eCKepilr,
MODIS-MOD13A1v006 kocMocThIK anmapaTelHblH 16 KyHAIK opramananrad NDVI 500 kepcerkimmen
AJTBIH/IBI.

KazakcranHBIH Xep KeJIeMiHiH mamameH 1,1 MITH mraprisl MIaKeIPBIMBIH QJIBIT JKaTKaH apuATi
aliMaKTapaarbl KayinTi 300HO3/bIK WHOEKIUIAPABIH HETi3Ti TaChIMAJIayIbIChl — YIKEH KYMTHIIIKAH
(Rhombomys opimus). TaOufm omakrapia NapasuTTi TPHAAAHBIH (KO3ABIPYIIBI — TapaTyIIbl —
TachIMAJIIayIIbl) KaJbIITACybl OapbICBIHIA OapiblK MYIICCIHIH OpTa JKarmaiblHa OeHiMmerim,
KOABOJIIOIUS Kypelni. Makaiiaga 3aHO311bl MH(EKIMsIIapIbIH YII TaOuru omnarbiHgarbl (bermaknana,
Bankam wmaHpl, YCTIpT MaHBI) VIKEH KYMTHIIIKAHHBIH TYPIIIUIK, MOMYJISIMSIIBIK TeTepOreH i
KEJIETIHIH X0HEe KeWOip TeHOMIBIK EPeKIICTKTEPiH 3epTTey HOTHXkKenepi kepcerinreH. CoHpaii-ax
3epTTENTreH ayMaKTa KIIMMAaT YXOHE ©CIMIIK-TOMBIPAK KAMBUIFBICHIHBIH EPEKIISITIKTEPI MEH OJap.IbIH
KOIDKBUIJIBIK JKOHE MayCBIMJBIK ©3repicTepi, TEHACHIUsUIapbl 3epTTeii. JKayblH-IIAlIbIH MEH aya
TEeMIIEpaTypachl e3repic TPEHATEPiHIH KOFapFbl CHHXPOHU3AIUSICHIHA OaIaHBICTHI aTalFaH Y TaOuFH
OILIAKTBIH KJIMMATTBIK YKaFaaibl MEH TOIBIPAK-OCIM/IIK KaMbUIFBICBIHBIH albIPMAIIbIIBIFEl AHBIKTAJIIBL.
Y11 aBTOHOM/IBI OIIAKTaH ajIbIHFAH YJIKEH KYMTHIIKAHHBIH 88 naHacwkiHbIH CYtB reninin gparmenti 19
rarioTUnTI KepceTTi. by rammorunTep e3apa ym ramiorpymmna Kypaiasl. Kazakcran men KpitaitnbiH
YJIKeH KYMTHIIIKAH TMOMYJNANUACH Oip KiacTepre jaTalbl XOHE TEHETHKAIBIK Typrbina Hpan
MOMYJISIIUASChIHAH OKIIayianraH. ['eorpadusiblK OKIIAYJ/IbIK, KIMMATTHIK, JTaHIIa(THIK KOHE KOPEKTIK
KaFJaiIap/blH €PeKILIeNiri, TeHOMJBIK OPHBIHBIH MHKPO3(OIIOIMSIIBIK ©3Tepici CUNATTANAThIH YIII
MOMYJISIIASHBIH,  TETePOTeHIUTITIH aHBIKTaAbl. YJKEH KYMTBHIIIKAH TOIMYJSAIUSAChIHA JKOHE TaOWFd

OMIAKTAPIBIH AIU300TOJOTHSUIBIK —JOpEKeCiHe Kepi ocepiH YIFaWFaHel aHBIKTAIIBL. TaOuru
(uTOLIEHO3/1apFa aHTPOTIOTEH I KbICHIM MaJIJIbI IIaMaJIaH ThIC YKaHFaHABIKTAH apThII OTHIP.

Tyiiin ce3aep: ynken kymroimkan (Rhombomys opimus Licht.,1823), nomynsuusamibIk reHeTHKaA,
MHUKPO3BOMIONHSA (PaKTOPJIAPhl, b IMTOXPOMBI TEHIHIH MOIAMOP(H3MI, 3KOJOTHSUIBIK-ONOIOTUSITBIK
epPEeKILEITIKTEP.
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IKOJIOTO-BUOJOTNYECKUE U TEHETUUYECKUE OCOBEHHOCTH
HEKOTOPBIX HOIYJSILUN BOJbILION IECYAHKH
(Rhombomys opimus Licht.,1823) KASAXCTAHA
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AHHoOTamuMs. YUuTBIBasg, 4YTO B mporecce TIiobamuzanmuu B XXI-oM Beke pPe3KO BO3POCITH
SMUICMHUOJIOTUYCCKUE PHUCKU KOHTArMO3HBIX HMH(MEKIHMHA W3 TPUPOAHBIX OYAaroB, HMHTEPECHI
HccleIoBaTeIeii U3 MHOTUX CTpaH HalpaBlICHBI B HACTOSIIEE BpPEeMsl HA U3YUYEHHE PA3IMYHBIX aCIEKTOB
Mapa3uTapHbIX CHCTEM Ha SH300THYHBIX TEPPUTOPUAX. AKTYaIbHOCTh HCCIAEAOBAHMM MOMYJISIUN
6onpmroi mecuanku (Rhombomys opimus), o6ycioBinena qByMst 00CTOATEILCTBAMHU: 3HAYECHUEM JaHHOTO
BUJa B (DYHKIIMOHUPOBAHUM apHIHBIX dKOCHCTEM, 3aHMMarmux B Kazaxcrane miomaas okomno 1,1 miH.
KM?, ¥ TeM, YTO JTOT MACCOBBIil BHJ| SBJIAETCS OCHOBHBIM HOCHTEIEM B NPHPOAHEIX O4arax 0co6o
OTACHBIX 300HO3HBIX WH(MEKIWH, B YaCTHOCTH, YyMBbl, CHOMPCKOW S3BBI M ApPYyTruX 3a0o0JeBaHUIA,
MPEACTABIAIONIMX OMACHOCTh JJIs YEJIOBEKa, JOMAIIHUX W JTUKUX >KUBOTHBIX. M3BECTHO, 4TO s
KIIACCHYECKUX MPHUPOTHBIX OYaroB OCOOO OIACHBIX 300HO3HBIX HMH(MEKIUH XapaKTepeH HCTOPHYECKUI
nporiecc (HOPMUPOBAaHHS T.H. MAPa3UTAPHOW Tpuaasl (BO30yIUTENh — MEPEHOCYMK — HOCHUTEb),
ajanTans U KOJBOJIOIMS BCEX €€ UWIEHOB K CPElOBBIM YCIOBHUAM. VIMEHHO B KOJOHHMSX IECYaHOK,
0COOCHHO OOJIBIION IMMEeCYaHKH, EPMAHEHTHO MEPCHCTUPYIOT BO3OYAUTENH 0COO0 OMACHBIX WHQEKIUH,
BBI3BIBAIOIIME, B TOM YHCIIE, SMU300THH CPEIUd CAMHUX IECUYAHOK, MHOIZIA YHHYTOXKAIOLIUME HACEJICHUE
LEIbIX KOJIOHMH 3THX 3BEpbKOB. HecMOTpsi Ha mpucTanbHBIE HMHTEPEC CO CTOPOHBI MCCIIENOBATENIEH,
MHOTHE Ba)KHBIC BOIPOCHI OMOJIOTHH OOJIBIION MEeCUaHKH, BKIIOYAs €€ MOJBUIOBYIO TU(QEpEHIUAIINIO,
MEXIOMYJSIUMOHHBIE OTHOUIEHWS B pa3/IMYHBIX YacTAX apeaja, psd DSTOJIOTCHYECKUX aCIEKTOB,
TeHeTHYeCKre M (PeHEeTHYeCKHe XapaKTePUCTUKU MOMYJIIIHUN, OMpEeAeTsiomne CHeNuPUIHOCTh HX
B3aUMOOTHOIICHUH ¢ BO30OYAMTEISIMH W TEPEHOCYMKAMH WHQEKIHH, CYLUIECTBEHHBIM 00pa3oM
OTIpPEACTSIONINEe YPOBEHb 3H300THYHOCTH TIPUPOAHBIX OYaroB, OCTAlOTCA CNa00 H3YYCHHBIMH.
[IpuHIMTIIANEHOE 3HAYeHHWE WMEIOT JaHHbIe O (DIIOTEHHWH pPa3IWYHBIX MOJBUIOBEIX 00pa3oBaHUI
0OJBIION TIECUAHKHM M3 PA3JIMYHBIX B HKOJIOT0-OMOJIIOTMYECKOM OTHOIICHHH TPUPOJHBIX OYaroB U
B3aUMOCBSI3aHHBIX C HUMU JIPYTUX COWICHOB Mapa3UTapHON Tpuaabl. [ BBISICHEHHS STUX, BaXKHBIX B
TEOPETUYECKOM M MPAKTUYECKOM OTHOIIEHHH BONPOCOB, HapsAAy C KIACCHYECKHMMH SKOJOro-
OMOJIOTHYECKUMH W MOP(OJIOTHUECKUMH METOJaMH, B TIOCIEIHHE TOAbl AKTUBHO WCHOIB3YIOTCA
TeHETUYECKHE U MOJIEKYJIIPHO-ONOIOTHYECKHE METO/IBI.

B cratpe mpencTaBieHBl pe3yibTAaThl HWCCIEAOBAaHUS TIOMYJSIIMOHHBIX OCOOEHHOCTEH TeHoMa
0OJBIION TEeCYaHKW M3 TpeX Teorpa@uueckd W30JUPOBAHHBIX ABTOHOMHBIX IPHPOTHBIX OYaroB:
[Mpubanxamckoro, bermaknanuuckoro u Ilpemycrioprckoro. BeimonHeH ananu3 noauMopduiMa reHa
nuToxpoma b MutoxonapuanpHoil JTHK Gonbmimx mecuyaHok, a Takke M3yuyeHa MHOTOJICTHSS JTUHAMHKA
W3MEHEHWI DKOJOro-OMOJIOTHYECKUX YCIOBHH WX MECTOOOWTaHWH, ONpeIeNsionux KoieOaHus
YUCIIEHHOCTH («TIOIyJIAIIMOHHBIE BOJHBD)) TECYaHOK, B YaCTHOCTH MHOTOJIETHSASA, TOAOBas M MecIdHas
JUHAMHKA TEMIEpaTyphl BO3AyXa W KOJUYECTBA OCAJKOB, KOJICOaHHS OMOMAcCChl TPaBSIHUCTOMN
PACTUTENBHOCTH B ONMCBHIBAEMBIX ABTOHOMHBIX MPHUPOAHBIX OYarax. bBbUIM BBISBICHBI Pa3Idnyus
KITMMATHYECKUX YCIIOBUI ¥ OCOOEHHOCTEH BereTalnu KOPMOBOM PacTHUTEIHHOCTH MEXIY 3-Ms odaramu
TIPH JOBOJIGHO BBHICOKOHM CTENEHW CHHXPOHHW3ALMU TPEH/la U3MEHEHUH TeMIlepaTyphl BO3/lyXa M OCaJIKOB.
BriicHunace BakHast poip Toro, uro bermakmamuuckuii u IlpenycTiopTckuil mpupogHbIE OYard He
M30JIMPOBaHbI €CTECTBEHHBIMHU Tperpanamu. Torma kxak [Ipubankamickuii MPUPOAHBIA O4Yar M30JIHPOBAH
HENpPEeOoIOJIMMBIMU JUI MUTPAIMH TEeCYaHOK Iperpagamu: ozepoMm banxam, Oonpimmu pexamu Mine u
Kaparan. M3menenus MeTeOycaoBUM B Ka)KIOM U3 OYaroB OMMCAHBI [0 YCPEIHEHHBIM NAHHBIM TpPEX
MeTeoCTaHIMM. JIOTIONHUTENPHO Ha TEPPUTOPUAX KOJOHMI IECYAHOK C IOMOIIBIO MOPTAaTUBHOM
Mereoctanmun Mmoxenu Kestrel 4500NV  u3MepsuInich CKOPOCTh BETPa, BIAKHOCTH, TEMIIEpaTypa,
atMocdepHoe naBieHue. KoopanHaTel 00cieOBaHHBIX TOYEK DPErHCTPUPOBATUCH ¢ momomsio GPS-
HaBuraropa Garmin 62. beuto mokaszaHo, 4to Ooyiee BHICOKHE CPEIHHE TEeMIIepaTyphl BO3AyXa B TEIUIBIH
nepuox Toma THUnWYHBI s llpemycTioprckoro m bermakgannHCKOTO 0YaroB MO CPaBHEHUIO C
[Mpubanxamickum. B XonoaHelii mnepuoa roaa OCOOEHHO HHM3KHE TEMIEPATyphl XapaKTePHBI IS
bernaknanmmuckoro u IlpubGanxamnickoro owaroB. B romoBoM xoje aTMOC(EpHBIX OCAJIKOB IEPBHIA
MakcumMyM B IlpenycTiopTckoM ouare MOPUXOAMUTCS Ha anpeib-Uiojib, @ BTOPOM MAaKCHMyM OCaIKOB
HaOIroIaeTCsl OCEHbIO — B OKTIOpe-HOs0pe, B beTmaknaimHcKoM odare MakKCUMYMBI OCaJIKOB TIPUXOISATCS
Ha MapT-Mad U OKTIOpb-eKaOph, B banxarickoM — Ha MapT-HIOJIb U OKTSAOPh-eKa0ph, T.€., COBIAACT C
BETCTA[UOHHBIM MAaKCUMYMOM ITyCTBIHHOM pacTUTENbHOCTH. B CBSi3M € TeM, YTO Ha YHUCIEHHOCTh
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HNONYJISIMMKA YyMHOM Iapa3uTapHOW TpHaabl HENOCPEACTBEHHO BIUSIOT KOJIMYECTBO OCAJKOB,
TeMIepaTypa H OOWIME PpACTHTEIBHOCTH Ha OOCJICIOBAaHHONH TEPPUTOPHUH, TAKKE OIMPEICSIISIICT
BererannoHHbIi wHAeKC — NDVI. YuuteiBas Oonbmiyro miomaan oOciIeT0BaHHBIX TEPPUTOPHUH, ObLTH
BBIOpaHbI 16-TH mHeBHBIE ycpemHéHHble NDVI ¢ paspemennem 500 MeTpoB KOCMHUYECKOTO ammapara
MODIS-MOD13A1v006.

Odunorenernueckuii ananu3 pparmeHTa CytB rena ot 88 ocoOeit 13 TpeX aBTOHOMHBIX 0YaroB YyMbI
ompeaent 19 ramioTHIIOB, KOTOpPEIe (OPMUPYIOT TPH TaIIOTPYMIBI, OJHA M3 KOTOPBIX MpEACTaBIeHA
0CO0SIMM U3 MOMYJISAIMIA IBYX aBTOHOMHBIX 04aroB 4yyMsbl. [lomysisiiuu 6obinux necyaHok u3 Kasaxcrana
u Kuras BXOAST B OJMH KJIacTep M IEHETHYECKU OTHaJieHbl OT momyssiumii Mpana. bonee wim meHee
BEIpaXXCHHAs reorpaduyeckas W30S, 3HAYUTENBHBIE OTJIMYMS B KIMMATHYECKHX, JIAHTIMA(THBIX U
KOPMOBBIX  YCJIOBHSX, MHKPOABOJIOIMOHHBIE  H3MEHEHHS TE€HOMHOI'O  cTaryca  OOYCJIOBHIM
TeTePOreHHOCTh TPEX OMUCHIBAEMBIX TMOIMYJIALUN 00JbII0N necuanku. OTMEUEHO pacTyllee HEraTUBHOES
BO3JICHICTBHE HA TOMYJSIIUMA OOJNBIION TECYaHKU W DIH300THYECKUH CTATyC NPUPOAHBIX OYaroB
MOTEIUICHNS KIIMMaTa W YCHJIUBAIONINICS aHTPOTIOTeHHBIN Mpecc, Ha KOPMOBBIE PECYPCHl €CTECTBEHHBIX
(UTOLIEHO30B MPUPOIHBIX 0YAroB, MPEKIE BCero, B popMe mepepbinaca CKoTa.

KawueBbie cioBa: Oonbiras necuanka (Rhombomys opimus Licht.,1823), momynsuuonHas

TeHeTHKa, (PaKTOpBl MHKPOIBOJIONHH, MOIUMOP(GHU3M TeHa ITUMTOXpOoMa b, SKOJIOro-OMOIOTHIecKhe
0COOEHHOCTH.
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