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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).

l:l Plague focus === Isotherms.
*\ Meteostation (@ Cilies

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 Ile 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 — 1-B22); N44° 48' 827" E76°15' 802" —
3 individuals (I-B23 - [-B25). In Western Betpakdala, 29 individuals were caught from one geographical
area N45°10', E68° 00' (I-Shl1 — I-SH30). Eastern Predustyurt - 39 individuals were caught from
6 geographical points: N46°52'54", E59°32'43" - 5 individuals (I-A1 - I-AS5); 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 - I-A25); N47°38'19", E58° 49'43" — 4 individuals (I-A26 - I-A31);
N46°48'35", ES9° 17'15" — 14 individuals (I-A32 - 1-A49).
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DNA isolation was performed using the QIAamp 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 I (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 3730x] 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).
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Figure 2 — Climatic conditions and NDVI 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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- 2 2anaozpynna
3ha Py 1 knacmep
7] /-Sh23
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I-Sh17
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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 - III ). 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.
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KA3AKCTAHJIA MEKEHJIEUTIH YJIKEH KYMTBIIIKAHHBIH
(Rhombomys opimus Licht.,1823) KEMBIP TOMYJISINUSICBIHbIH
IKOJIOT USLIBIK-BUOJIOT USLIBIK )KOHE TEHETUKAJIBIK EPEKIIEJIKTEPI

Annoranus. XXI raceipaarsl xkahannany O0apbIChIHIA KayinTi HHQEKIUAIapAblH TAOUFH OIIAFbIHAAFEl KOHTP-
THO31BI HHGEKIUAIaH TYBIHIAWTHIH SIHIEMHOIOTHSIIBIK Kayill apTTHI, COJI ceOemTi KOnTereH FaasIMIapablH Ha3aphl
SH300THKAIBIK ayMaKTapJarkl Mapa3UTTIK KYHenep acHeKTiCiH 3epTTeyre OarbITTaibIl OTHIP. YJIKEH KYMTHIIITaH
IIOMYJISILMSCHIH 3ePTTEY/IH ©3eKTilri exi OarbITieH cumarTanansl: KasakcrauubiH 1,1 MUIH KM’ ayMaFbIH alIbIl
JKaTKaH apuATI SKOCHUCTEMAaJaFbl aTajifaH TYPAIH MaHBI3bl, €KiHII JKaFbIHAH aTajfaH TYp aca KayinTi WHQEKIHs-
JapIbH TAOUFU OIIAFBIHIA aJaMFa, )kabalbl XKoHEe YH JkaHyapbIHA 3UAHIBI Ci0ip skapackl MeH o0a Taparansl. TaOuru
olaKTapja mapasurTi TpHagaHblH (KO3ABIPYIIBI — TapaTyIIbl — TACKIMAIIAAYIIbI) KaJbINTacybl OapbIChIHAa OapIIbIK
MYLIEJIEPiHiH OpTa *KarIaibiHa OeHiMIein, KOABOIIOLUS KYPEi.

YIJIKeH KYMTBHIILITaH KaJOHHMSCHIHIA SpJaibiM aca KayinTi MHpEeKUMsuIap TIpLUIUIK eTeai, ojap KeWae OyKin
KYMTHIIITAH KAJIOHUSCHIHBIH KBIPBUTYbIHA ceOer Oonanpl. FampiMaap KbI3BIFYIIBUIBIK TYABIPCA J1a, YIKCH KYMTBIII-
KaH OMOJIOTHSICBIHBIH KOITETeH MaHBI3Ibl Macenenepi, acipece, TYPIMUIiK Tu(epeHHaIisIChl, MEKEH €Ty apeasiblH-
JIAFBI TOMYJISIASIAPAIBIK KapPhIM-KaTHIHACKI, MTOMYJISAIIUSHBIH TeHETHKAIBIK KOHE (DEHETHKAJIBIK CPEKIICTIKTEeP] 9JICi3
3epTTENreH.

Kazipri yakpITTa YJIKEH KYMTHIIIKAHHBIH TYPIIi 9KOJOTSUTBIK-OMOIOTUSUTBIK ayMaKTap/ia OpHAIACKAH OIIaFbIH-
Jla KAJBIIITaCKaH TYPJIEPiHiH (PIIOTCHETHKAIBIK MOJIIMETTEpi )KOHE OJNIapAbIH Napa3uTTi YINTIKTIH 0acka MymIenepi-
MeH apaKaThIHACHIH aHBIKTAy YJIKEH MaHBI3Fa Me. byl TEOpHsUIBIK KoHE MPAaKTHKAJIBIK MaHBI3B Oap CypakTapAbIH
KayaObIH ay YIIiH KITaCCHKAIBIK SKOIOTHSIIBIK-ONOIOTISUTBIK XKOHE MOP(POOHOIOTHAIBIK 9IICTEPMEH KOCa, COHFBI
KBULAAPbI TCHETUKANIBIK KOHE MOJIEKYJISAPIIbI-OHOOTHSUIBIK 9IIICTEP KEH KOJIAAHBUIBIIN KeJe/I.

Makanaza yir reorpadusiibik oKiayianrad omakrarsl (bernaknana, bankamn MaHbl )koHe Y CTIPT MaHbI) YJIKEH
KYMTBINIKAH T€HOMBIHBIH IOIYJISIIMSUIBIK €PEeKILIENKTEPiH 3epTTey HOTHXKeNepi Kepceriared. JKorapbina arabin
OTKECH aBTOHOMJIbI OLIAKTarbl YJIKCH KYMTBIIIKaAHHBIH MI/ITOXOH[lpl/laJ'H)I[i I[HK-H}JIH b OUTOXPOM TE€H MOJHUMOp-
(hu3MiHe aHAMHM3 JKacaubl. YJIKEH KYMTHIIIKAHHBIH MCKEH €Ty OPTACBIHAAFBI CAHBIHBIH ©3TepyiHe (IIOMYIISIUSIIK
TOJIKBIH») 9CEp €TETIH AKOJIOTHSIIBIK-OUOIOTHSIIBIK JKaFJAbIHBIH, OHBIH INIIHIE aya TeMIepaTypackl MEH KaybIH-
IIAIIBIH  MOJIIIepi, MeNTeKTeC OCIMIIK KAMBUIFBICHI OHOMAaCCACBIHBIH AaMIbIK, JKBUIIBIK JKOHE KOIDKBUIIBIK
JTUHAMUKACHIHBIH ©3TepyiHe aHAIIN3 KACAIIBL. 3epPTTEy HOTIKECIHE YIII TAOUFH OITAKTHIH KIUMATTHIK JKaFJaibl MEH
KOPEKTIK ©CIMIIK >KaMBUIFBICHIHBIH aHBIPMAIIBUIBIKTApEl aHBIKTANABL. bermakmana >koHe YCTYPT MaHBI TaOWFH
OIIaKTaphl ©3apa TaOuFu OereTmeH OeJiHOereHAIri aHBIKTAIIBL. bankamr MaHbl TaOWUFU OIIAFbl KYMTBIIIKAHIAP
MUTpanys OapbIChIHIA achIll ©TE AJIMAWTHIH TaOWUFHM KeaepruiepMmeH, srHU [ne xoHe Kapatanm e3eHaepiMeH koHE
Bankamr kemiMeH okIIaynaHFaH. OpOip OIIaKTaFrsl METEO JKaFJaiIapslH e3repyl YII METEOCTAHIN MOJIeMETTepiHIH
opTalllaiaHybl Heri3iHae cunarrtanrad. KyMmTheIIKaH KoyioHuschiHaa Kockimmia Kestrel 4500NV  moprotuBTi
METCCTAHIUACHI aAPKbLIbI aTMOC(l)epaﬂ])IK KbICBIM, )Ke.]'lﬂiH KbUIAAMABIFBI, bUIFAJIABUIBIK, aya TEMIICpaTypachl
OIIICHII. 3epTTeNreH HyKTe KoopauHaTanapel Garmin 62 GPS- HaBuraTopbl apKeuibl Oekitinmi. Kbuiel Me3riiaeri
ayaHBIH OpTalla TeMIlepaTypachkl YCTipT MaHbI MEH beTmaknana omarbiHIa baikam MaHBI OIIaFblHA KaparaHia
JKOFaphl OONATBIHIBIFEI KepceTuIMi. JKbUIIBIH CYBIK ME3TUTIHIEC €H TOMEHI1 aya TeMIIepaTypachl aHBIKTAJJbL.
Bernaxmana Men banmkarm MaHbpIHA COHKECTITT KOPCETIII.

YCTipT MaHBI OIIAFBIHAA aTMOC(EPATIBIK KAyBIH-IIAIBIHHBIH KBUIIBIK YIIECIHAEeT! OIpiHII MaKCHMYM COYipIIiLIe
aifpIHa, a eKiHII MakCHMyM Ky3/e, KazaH-Kapallla aifblHa coiikec Keneni, bermakmanma omiarplHIa MaKCUMyM HAaypBI3-
MaMBIp KOHE Ka3aH-KeNTOKCAH aifblHa, baimkamn MaHbBI OIIaFbIHAA Haypb3-IILTAE JKOHE Ka3aH-Kapalia aifblHa CofKec
keneni. byn menai aiiMakrapiarbl ©CIMIIKTEp/IH BereTalMsuIbIK MakCHMyMbIHA coiikec keseai. OOaHbBIH MmapasurTi
Tpuaga caHbIlHA aya TEMIIepaTypachl, JKaybIH-IIAIIBIH MOJIIepi MEH OCIMAIK XaMBUFBl KOJEMiHIH ocep eTyiHe
GaitmanpIicThl KocbiMiia NDVI BeretanmsiibIk MHIAECKCT aHBIKTAIBL. 3€pTTENIETiH ayMaKThIH YIKEeHIIriH eckepin, MODIS-
MOD13A1v006 kocMOCTHIK anmapatbiHblH 16 kyHzik opramaitasrad NDVI 500 kepceTkilineH anbHAbL

KazakcTaHHbIH XKep KeseMiHiH mamameH 1,1 MITH mapiibl MaKbIPIMBIH aJbIll XKaTKaH apuATi aliMaKTapIarsl
KayilTi 300HO3IBIK HHQPEKIMIAPbIH HEri3ri TaChIMANIAYUIBICBI — YJKEH KYMThHIIKaH (Rhombomys opimus).
TaOuru omakrapja mapa3uTTi TPUAJAHBIH (KO3ABIPYIIBl — TapPaTyIIbl — TACBIMAIIAYIIEI) KAJIBITACYbl OaphICHIHIA
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OapIiBIK MYIIECiHIH opTa >KarmaiibiHa Oelfimmenir, Ko3BoMonus xypeni. Makanaga 3aH0316I HHGEKIUIIAPIBIH YII
Tabury omarpiHnarel (bernaknana, bankam MaHbl, YCTIpT MaHBI) YIKEH KYMTHIIKAHHBIH TYPIMILTIK, TOMYJISIASITBIK
TETepPOTeH I KeJeTiHIH JXKoHe KeWOip TeHOMABIK epeKIIeNiKTepiH 3epTTey HOTIbKenepi kepcerinreH. CoHmai-ak
3epPTTENIreH ayMaKTa KIMMAT JKOHE OCIMAIK-TONBIPAK JKAMBUIFBICBIHBIH €PEKIICTIKTEPl MEH OJIapJIblH KOIDKBUIIBIK
KOHE MayChIMIBIK e3repicTepi, TeHAeHUMsuapbl 3eprreni. JKayblH-IIAIBIH MEH aya TeMIIepaTypachl e3repic
TPEH/ATEPIHIH JKOFAPFbl CHHXPOHM3AIMSACHIHA OAIJIAaHBICTBI aTaJFaH YII TAOUFU OIIAKTHIH KIMMATTBIK KaFnaibl MeH
TOHpraK-OCiM}IiK JKaMbLIIFbICBIHBIH, aﬁblpMaIJlbIJIbebI AHBIKTAJIJbI. Y ABTOHOMBbI OLIaKTaH aJiIbIHFaH YJIKCH
KYMTBIIIKAHHBIH 88 MaHachIHBIH cytB TeHiHiH (parmenti 19 ramiotunti kepcerTi. Byl rammorunTep e3apa yin
rarutorpynma Kypaitnsl. Kazakcran meH KpitaiiiplH yJIkeH KYMTBIIIKAH MOMYJISIIUACH Oip KilacTepre jkaTajbl JKoHe
TeHETHKAJBIK Typrbia VpaH momynsiusChiHAH OKIayianraH. ['eorpadusuiblK OKIIAYIIBIK, KIUMATTHIK, JaHmad-
THIK, XKOHE KOPEKTIK KaFraaiIapAblH epeKIIeNiri, TeHOMIBIK OPHBIHBIH MUKPO3(OFONUSITBIK 63repici CUImaTTalaThiH
YIII TOMYJISIUSIHBIH, TE€TEPOTSHIUIINH aHBIKTa bl YJIKEH KYMTBIIIKAH MOMYJSIIUSCHIHA XKOHE TAOUFH OIIAKTAP/IbIH
AMHU300TONIOTHSIIBIK TOpeKeciHe Kepi ocepAiH YiIFaiiFaHbl aHBIKTAINbl. TaOWfu (UTOIEHO3JapFa aHTPONOTCHII
KBICHIM MaJIJIbl IIAMAJIaH ThIC JKAMFaH IBIKTAH apThII OTHID.

Tyiiin ce3gep: ynken xKymteimkad (Rhombomys opimus Licht.,1823), momyismusuiblK TeHETHKA, MAKPOIBO-
Jrorust (pakropsapsel, b IUTOXPOMBI T€HIHIH TOJUMOP(H3MI, SIKOJOTHSUIBIK-OHOIOTHSIIBIK SPEKIIETIKTED.
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9KO0J10I'0-BUOJIOr'MYECKUE U TEHETUHYECKUE OCOBEHHOCTH HEKOTOPBIX
nonyJisinui bOJIbIIOU TECYAHKH (Rhombomys opimus Licht.,1823) KASAXCTAHA

AHHOTanmsi. YUNUTBIBas, 4TO B Ipolecce rnodanm3anny B X XI-oM Beke pe3Ko BO3POCIH SIHIEMUOIOTHIECKHE
PHCKH KOHTarno3HbIX MH(MEKIMI U3 PUPOAHBIX 04aroB, MHTEPECH! UCCIIeI0BaTeleld N3 MHOTHX CTPaH HalpaBJICHBI
B HacToslee BpeMs Ha HM3y4YeHHE Pa3IMYHBIX acleKTOB MAapasHTAPHBIX CHCTEM Ha JH300THYHBIX TEPPHTOPHSIX.
AKTyanmpHOCTh HCCIICAOBAHUHA TOMyJNSAIWiA Oonpmiol mecyanku (Rhombomys opimus), oOycioBlieHa AByMS
00CTOSTENBECTBAMHU: 3HAYCHHEM JaHHOTO BHAA B ()YHKIMOHMPOBAHHU apUIHBIX SKOCHCTEM, 3aHUMarommx B Kazax-
CTaHe MIomaab 0KoJIO 1,1 MJTH. KM’, M TeM, 4TO 3TOT MACCOBBIH BUII ABIAETCH OCHOBHBIM HOCHTENEM B MPHPOIHBIX
oyarax 0co0O ONAacHBIX 300HO3HBIX MHQEKLUH, B YaCTHOCTH, YyMbI, CHOMPCKOH S3BBI M APYruX 3a0o0JieBaHMIA,
NPEACTABISIONMX ONACHOCTh IJISl YeNIOBEKa, JOMAIIHUX W JIMKUX JKUBOTHBIX. M3BECTHO, 4TO ISl KJIACCHYECKHX
MPUPOJHBIX 0YaroB 0co00 OMACHBIX 300HO3HBIX MH(MEKINI XapaKTepeH HCTOPUYECKUIT Ipoliecc GOPMUPOBAHHUS T.H.
napasuTapHol TpHaibl (BO30yIUTENb — MEPEHOCUYMK — HOCHTENb), aJlalTalys M KOIBOJIOLMS BCEX €€ WICHOB K
CPEIOBBIM YCJIOBHSIM. VIMEHHO B KOJIOHHMSIX NECYAHOK, OCOOEHHO OOJIBIION IEeCYaHKH, NEPMAHEHTHO MEPCUCTUPYIOT
BO30yIUTENN 0CO00 OMAacHBIX MH(EKINH, BBI3BIBAIOIINE, B TOM YHCIIE, SIM300THU CPEIH CaMUX IECYaHOK, MHOTA
YHHYTOKAIOUIME HAaceJIeHHE LENbIX KOJOHMH 3THX 3BepbKOB. HecMOTps Ha NpUCTaNBHBII MHTEpEC CO CTOPOHBI
HCCIIeIOBATENeH, MHOTHE Ba)KHBIE BOIIPOCHI OMOJIOTUH OONBIION ITeCYaHKH, BKIIOYAs ee MOIBUAOBYIO auddepeH-
[IUALMI0, MEXIOIYJISILUOHHBIE OTHOIICHHS B Pa3JIMYHBIX YACTIX apeana, psil STOJOTMYECKUX acleKTOB, FeHeTHYeC-
Kue M (DeHEeTHYECKHE XapaKTEPUCTHUKH MONYJSILMH, ONpenesIomue CrnequdUIHOCTh HX B3aHMMOOTHOLICHHH C
BO3OYAUTENAMH U IIEPEHOCUMKAaMH MH(EKIHUii, CyIeCTBEHHBIM 00pa3oM ONpeeisiolie yPOBeHb YH300THYHOCTH
IPUPOAHBIX OYaroB, OCTAIOTCS CIa00 M3y4eHHbIMH. [IpHMHIMIIMaNbHOE 3HAYE€HHE HMEIOT JaHHbIE O (HIOTeHHH
Pa3IMYHBIX IOABUIOBBIX 00pa3oBaHHUi OOJBIION IECYaHKH U3 PA3IMYHBIX B IKOJIOr0-OMOJIOTMYECKOM OTHOIICHUH
MPUPOJIHBIX 0YaroB M B3aHMMOCBSI3aHHBIX C HUMH JPYIMX COWICHOB Iapa3uTapHOW Tpuanbl. sl BBISICHEHHS DTHX,
B)XHBIX B TEOPETHUECKOM M MPAKTHYECKOM OTHOILICHUH BOIPOCOB, HAPsLy C KIACCHYECKUMH KOJIOr0-0HoJIorHyec-
KAMH 1 MOP(OJIOTHUECKMMHU METOJ]aMH, B IIOCIICTHHUE TO/(bl aKTHBHO MCIOJIB3YIOTCSl TEHETUYECKHE U MOJIEKYJISIPHO-
OMOJIOrMYECKNE METO/IBI.

B cratbe mpencraBieHbl pe3yNbTaThl HMCCIEAOBAHUS IOIMYJSIIMOHHBIX OCOOEGHHOCTEH TeHOMa OOoJIbIION
MeCYaHKU U3 TpeX reorpauyecky U30JIMPOBAaHHBIX aBTOHOMHBIX NPUPOIHBIX o4yaroB: [Ipubanxamnickoro, bermaka-




Bulletin the National academy of sciences of the Republic of Kazakhstan

muHCcKoro U [IpemyctiopTckoro. BeimonHeH aHanu3 mommMopdu3Ma reHa nutoxpoma b muroxonapuansHoi JJHK
OONIBIIMX TIECYAHOK, A TaK)K€ M3ydeHa MHOTOJICTHSS JUHAMHMKA M3MEHEHHH 3KOJIOT0-OMOJOTHYECKHX YCIOBHH HX
MECTOOOMTAHNH, ONPEEISIONNX KOJICOaHUsT YMCICHHOCTH («IIOIYJSINMOHHBIE BOJHBI») TECYAHOK, B YaCTHOCTH
MHOTOJIETHSSI, TOJI0OBasi U MECSIYHAsl JUHAMMKA TEMIIEpaTyphl BO3/LyXa M KOJIMYECTBA OCA/IKOB, KonebaHus 0oMacchl
TPaBSHUCTONH PACTUTENBHOCTH B OMNMCBIBAEMBIX ABTOHOMHBIX HPUPOJHBIX Ouarax. Dbl BBIIBICHBI Pa3IHdMs
KIMMaTUIECKUX YCIOBUI M OCOOEHHOCTEH BereTaldl KOPMOBOM PACTUTEIBHOCTH MEXKAY 3-MsI OdaramMu MHpu
JIOBOJIBHO BBICOKOW CTENEHM CHHXPOHHU3AIMM TPEeHJa M3MEHEHUH TeMIepaTypbl BO3AyXa U OCaJIKOB. BrIscHMIACh
BaXkHas pojIb TOro, uTo bernaknanuuckuii u [IpenycTiopTckuil MpUPOHBIE OYard He U30JIMPOBAHBI €CTECTBEHHBIMU
nperpagamu. Toraa kak [Tpubankanickuii mpUPOIHBIA OYar U30JUPOBAH HEMPEOIOTUMBIMHU 11 MUTPAIIUH TECYAHOK
nperpagamu: o3epom banxami, 6onsmumu pekamu Wine u Kaparan. M3meHnenns MeTeoycIoBUi B KaKIOM M3 04aroB
OMHCaHBI 10 YCPEIHEHHBIM JAaHHBIM TPEX METEeOCTaHLIMH. J[ONOJHUTENBHO HAa TEPPUTOPHSIX KOJOHHMH MECHYaHOK C
MIOMOIIBIO TOpPTaTUBHOM MeTeocTaHuuu Moxpenn Kestrel 4500NV  m3Mmepsunch CKOpPOCTh BeTpa, BIAKHOCT,
TemmepaTypa, atMocdepHoe naBieHrne. KoopamHaTel 00CIIeIOBaHHBIX TOYEK PErHCTPUPOBANUCH C moMorbo GPS-
HaBuraTopa Garmin 62. bruto mokazaHo, 4To 6oJee BEICOKHE CPEeIHIE TEMIIEPATyPhl BO3IyXa B TEIUIBIN IIEPHO roJa
tunaHbl A [IpemyctiopTekoro u bermakmanmHCKOro o4aroB mo cpaBHeHHIO ¢ IlpmOanmxamickumM. B xomomHbrit
HEepHoJ rofa 0COOSHHO HU3KHE TeMIIepaTyphl XxapakTepHsl uid bernaknamuackoro u [Ipubanxamckoro odaros. B
TOI0BOM X0JI€ aTMOC(EPHBIX 0CaAKOB MEPBBIN MakcuMyM B [IpeaycTiopTcKOM ouare MPUXOAMUTCS HA alpellb-UIONb,
a BTOPOH MAaKCHMYM OCaJKOB HaOJIIOZAaeTCs OCEHbIO — B OKTAOpe-HOA0pe, B beTnakaaanHCKOM odare MakCHUMYMbl
0CaJIKOB TIPUXOJSTCS Ha MapT-Mai U OKTAOpb-iekadpb, B baixarickoM — Ha MapT-HIOib U OKTAOpb-1eKadps, T.€.,
COBIAJaeT C BEreTALlMOHHBIM MaKCHMYMOM IIyCTBIHHOM PAacTUTENBHOCTH. B CBSi3M ¢ TeMm, 4TO Ha UYMCIEHHOCTHb
MOMYJISIMI YyMHOM Napa3suTapHON TPHaabl HEIIOCPEIICTBEHHO BIIMSIIOT KOJIMYECTBO OCAJIKOB, TEMIIEpaTypa U 00niIne
PacTUTENFHOCTH Ha 00CIIeIOBAHHOM TEPPUTOPHH, TAKXKE ONPENEIsUICs BereTallnoHHbIN nHjeke — NDVI. YuureiBas
Oonblryro TuIONIagM OOCIENOBAaHHBIX TEPPUTOPHH, ObUTHM BbIOpaHbl 16-TM qHEBHBIE ycpenHEéHHble NDVI ¢
paszpemiearnem 500 meTpoB KocMuueckoro ammapata MODIS-MOD13A 1v006.

OunoreHeTHIECKUH aHaIu3 GparMeHTa cytB reHa ot 88 ocobeit M3 Tpex aBTOHOMHBIX 09aroB YYMBI OTIPEIEITHIT
19 ramnoTunos, KOTopsle (OPMUPYIOT TPH TaIIOTPYIIIEL, OHA U3 KOTOPBIX IPEJICTABIEHa OCOOsIMU W3 MOy
JIBYX aBTOHOMHBIX 09aroB 4yMsl. [lomyssinun 6onpinux necyaHok u3 Kasaxcrana n Kuras BXOJsT B OJIMH K1acTep U
TeHEeTHYECKH OTHANeHbl OT momyisinuid Mpana. bonee nnm MeHee BhIpakeHHas reorpaduyueckas M30JALUs, 3HAYH-
TENbHBIC OTIMYMA B KIMMATHYECKHX, JaHIIA(QTHBIX M KOPMOBBIX YCIOBHAX, MHKPO3BOJIIOLHOHHBIE M3MEHCHUS
TEHOMHOT'O cTaTyca 00YyCJIOBHJIM IFeTePOr€HHOCTh TPEX OMHMCHIBAEMBIX MOMYJISLHMHA O0nbLIoli necuanku. OTMeueHO
pacTyIee HeraTMBHOE BO3JICHCTBHE Ha MOIYJALUM OOJIBIION MECYaHKH U SMU300THUECKHIl CTaTyc HPUPOAHBIX
OuYaroB MOTEIUIEHUs KJIMMaTa M YCHJIMBAIOIIMICS aHTPOIOI'€HHBIH Ipecc, Ha KOPMOBBIE PECYpChl €CTECTBEHHBIX
(hPUTOLIEHO30B MTPHUPOIHBIX 0YAroB, MPEXKIE BCETo, B popMe nepeBblnaca CKoTa.

KaroueBbie cioBa: Oombinass necyanka (Rhombomys opimus Licht.,1823), momynsumoHHast reHeTHka,
(haKTOpPBI MHUKPOABOJIIOLUH, TIOJIMMOP(HHU3M I'eHa HUTOXpoMa b, 3K0JI0ro-0HoIorHueckne 0COOEHHOCTH.
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