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CHANGES OF VERTEBRATE FAUNA IN GREEN AREAS
OF ALMATY CITY DUE TO THE URBANIZATION

Abstract. Currently, there are serious changes in the environment in Almaty due to the accentuated
urbanization processes. The fauna of wild-living vertebrates of the city is experiencing serious stress pressure in this
regard, which forces the animals to adapt to new conditions or leave this territory. The last fundamental research on
the species composition of the city's fauna was conducted about 3 decades ago, and therefore there is a necessity for
repeated research. The aim of the research is to identify patterns of the vertebrates species composition formation
within some Park zones of the southern part of Almaty in the context of the last 30 years. The main methods used in
the study are route records of vertebrate fauna and bioindication. An analysis of the data from the research centers,
as well as the authors' own bio-indicative studies, revealed an unfavourable state of environmental quality. Based on
data from the own records (from February to December), it can be concluded that the species diversity of Almaty
fauna has decreased or has undergone a considerable territorial redistribution since the end of the twentieth century.

Key words: fauna, vertebrates, birds, Almaty, urbanization, green zones, pollution.

Introduction. The animal component is most susceptible to dynamic changes under the influence of
external factors, and in urban conditions [1], where there is a high degree of mosaic of landscapes, a lower
level of ecological sustainability of ecosystems, as well as many other specific environmental conditions,
processes occurring inside animal populations differ significantly in intensity from natural, and animals
are even more sensitive to environmental factors than they are under natural conditions. Until the middle
of the 20th century, the city of Alma-Ata was mainly occupied by one-story buildings, abundantly
alternating garden and parking spaces. Now the main part of the territory of Almaty, especially this
concerns the central districts, is occupied by multi-story new buildings. The area of the green areas has
declined sharply. To date, the area of green plantations is as high as 4.8 m* per person at a rate of 13 m’
(not less than 10m?) [2,3] and this indicator continues to decrease. Negatively affect the quantity and
species diversity of vertebrates not only insufficient array of woody vegetation, but also the violation of
the level of park plantations. Recently, the number of shrubby and herbaceous plant species that served as
a shelter and food source for many wild animals has sharply decreased within the city.

In the case of Almaty, the mosaic and characteristic features of the habitats included are the most
pronounced because of the nature of the urban development that has been historically established, as well
as the natural conditions of the area. Also, every urban environment is more or less zoned from the central
to the periphery. Different combinations of these conditions lead to the formation of specific zoocenoses
in selected areas of the city. In this regard, in an urban landscape, it is most appropriate to use route
methods for registering animals, which allows taking into account the difference in biotopes and the
spatial distribution of organisms. Bioindication methods are also used in this work. Data from chemical
and environmental analyses do not provide objective data on the impact of environmental quality on
living organisms, in contrast to biotesting methods that take into account the direct reactions of organisms
to environmental factors.
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The main purpose of our research was to determine some faunistic changes in wild birds,
amphibians, reptiles and mammals in certain green areas of the Almaty city in response to the growing
urbanization of the environment. The objectives were:

- To study the development of the urban landscape and its socio-economic and environmental
characteristics;

- To clarify the modern species composition of bird fauna, amphibians, reptiles and mammals in the
green areas of Almaty;

- Identify possible causes of changes in the population of vertebrate fauna within the green zones of
southern Almaty.

Material and Methods. The studies were conducted in 2019, from 24 January to 20 December on
the territory of the Main Botanical Garden of Almaty (hereinafter — MBQ), the Park of the First President,
the Gandhi Park, Park of the 28 Panfilovs Guards. In the MBG area studies were conducted from
February to June 2010. There were 116 counts in total (44 of them were conducted in MBG). The length
of the routes was 5 km in the MBG, 1.52 km in the park of 28 Panfilovs Guards, 0.88 km in Gandhi Park,
4 km in the Park of the First President. Periodicity of counting was 1-2 times a week for 40-180 minutes.
All counts were made in the morning, mostly from 9.00 to 12.00. In the course of the study, the authors
used the following methods:

1. Route method of bird population accounting;

2. Observation of behavioral features of birds on model areas;

3. Route method of accounting for amphibians and reptiles;

4. Route method of accounting for mammals;

5. The method of bioindication by measuring fluctuating asymmetry.

The method of route-count is as follows. The recorder moves along the route and marks all members
of the counting class that he sees or hears. For each encounter, the species, the number of individuals met
and the distance from the record-keeper to the animal at the moment of detection shall be indicated. In
addition, the starting and ending times and distance travelled are noted. Weather conditions,
characteristics of biota are also recorded [4].

The bio-indication method by measuring the fluctuating asymmetry consists in measuring the
asymmetry of the width of the sheet or the length of the hull on the right and left sides [5,6]. Then, using
the formula (1) given in the text of the article, the asymmetry coefficient is calculated and the pollution
level is determined by comparison with the table values.

Results. The structure of the biotopes of the city is very heterogeneous, with different architectures,
nature and density of the greenery, presence of water bodies, etc. The natural landscapes adjacent to the
city’s boundaries are also very different from each other. From the south side, which has been studied, the
pre-mountain areas with tree and shrub vegetation predominate.

In the history of the formation of the city, researchers distinguish three main periods [7]. Having
traced the history of Almaty urban architecture, construction trends and landscape changes, there is a
visible movement from a military settlement to a large metropolis. And during the period of its
development, the city has undergone a wave-shaped change in the living conditions for wildlife,
sometimes for the worse or for the better from the middle of the XVIII century to the present day [8-11].
Accordingly, over three quarters of a century, the population of the city reached 952,000, and since then
has increased by 2 times (to 1,854,656 people) [12]. Today, we can talk about the beginning of a new,
fourth stage of urban transformation, which is characterized by a significant increase in the anthropogenic
load on the landscape. First of all, we should note the significant advance of the city's borders to the South
and the inclusion of the territories of mountain stalls in its composition [13]. In this regard, there is a
further displacement of wild fauna from natural habitats. The height of residential, industrial and other
buildings has increased significantly. Also, due to the increase in the density of the city's population, the
appearance of a large number of private vehicles and housing plots, the increase in the capacity of thermal
power plants and boiler houses that provide the city with heat and electricity, the level of physical (noise,
electromagnetic, vibration and light) and chemical pollution of the environment continues to grow. In the
bulletins of "Kazhydromet" on the state of the environment, Almaty always has the status of a city with a
very high level of atmospheric pollution [14]. According to the National center of expertise dated
November 22, 2019 [15], as a result of planned laboratory monitoring of the atmosphere in Almaty, the
MPC was found to exceed many substances (in 431 samples out of 1,576), including NO, by 2.2 times,
75
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SO, by 1.2 times, and CO by 1.4 times. According to the mayor's office of Almaty, in 2019, the volume of
emissions of pollutants into the atmosphere amounted to 123 thousand tons, and API; (M3As) ranges
between 7-9 units and higher [14-16]. Data from research centers confirm the authors' own research based
on the study of fluctuating asymmetry of plant leaves — an indicator used for monitoring environmental
quality not only by chemical indicators, but also in connection with its impact on biological systems [17].
Fluctuating asymmetry is random deviations from the ideal symmetry of plants, caused, among other
things, by negative deviations from the norm in the quality of the environment.

For this study, 10 leaves were selected from 7 trees of the birch (Betula spp.) from different parts of
the city. The following parameters were measured for the research: width of half of the leaf; length from
the base of the second vein of the second order; the distance between the bases of the first and second
veins of the second order (each side); distance between the ends of the first and second veins of the
second order; the angle between the main vein and the second vein from the base of the second order.

The leaf asymmetry values were calculated. For this purpose, an integrative indicator showing the
average relative difference per topic was found using formula (1):
YZ  Zy+Zy+eZy
n n

(),

where, X — degree of asymmetry of the organism; Z — the average relative difference between the sides
per feature of each leaf; n - is the number of leaves.

To determine the quality of atmospheric air, the values were compared with table data for deviations
from the norm. To determine the quality of the atmosphere by fluctuating asymmetry, a five-point scale
was developed, in which 1 point is a conditional norm, and 5 points is a critical state. Based on the results
of the analysis, it can be concluded that the Central and densely populated areas of the city are subject to
extremely serious anthropogenic pressure. The calculation results are shown in table 1.

Table 1 — Results of rapid assessment of the state of the environment by bioindication

Sampling location ln({:s;:ﬁ;g{gygiii:jﬁgve Point Characteristics of pollution
Timiryazev street, KazNU 0.231 5 Critical condition
s / t Dzerzhinsky 0.022 1 A conditional norm
Kalkaman microdistict 0.035 1 A conditional norm
Koktem 2 microdistict (Park) 0.03 1 A conditional norm
Sairan lake 0.061 3 Dirty
Vesnovka, Bukhar Zhyrau street 0.041 2 Contaminated
Ozhet microdistict 0.12 5 Critical condition

By the end of the last century (1980-1990), about 185 species of birds (including nesting, wintering,
migratory and flying species) were regularly recorded in Almaty. Of these, the most common in the spring
was a Collared Dove, the Laughing Dove, Pheasant, Great Spotted Woodpecker, Masked Wagtail,
Blackbird, Great Tit, Starling, Magpie, Tree and House sparrows, Greenfinch, Chiffchaff and others [8].

In the spring of 2005, the following species were recorded in the territory of the city: Peregrine
Falcon, Laughing Dove, Tree Pipit, Masked Wagtail, Isabelline Red-tailed Shrike, Common Mynah,
Lesser Whitethroat, Chiffchaff, Stonechat, Blue-headed Redstart, Bluethroat, Blackbird, Great tit, House
Sparrow, Chaffinch, Greenfinch [18].

Currently, the study of such green areas of the city as the main Botanical garden of Almaty, the Park
of 28 Panfilov guards, the Park of the first President did not reveal a significant number of previously
ordinary representatives of the city's avifauna. So, when in the 80 - 90s the spring population of green
zone birds numbered 38 species (March-27 species) [8], according to studies of 2019, 18 species were
registered in March, 15 in April and 19 in May: mallard (4ras platyrhynchos) — March-April; marsh
harrier (Circus aeruginosus) — March, single occurrence; common buzzard (Buteo buteo) — March;
pheasant (Phasianus colchinus); Wood Sandpiper (Tringa glareola) — April, single occurrence; Common
Mynah (Acridotheres tristis); Woodpigeon (Columba palumbus) — April-May; Rock Dove (Columba
livia); Collared Dove (Streptopelia decaocto); Swift (Apus apus) — May; Magpie (Pica pica); rook
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(Corvus frugilegus) — March; Carrion Crow (Corvus corone); Hooded Crow (Corvus cornix) — March;
Syke's Warbler (Hippolais rama) — May; Chiftchaff (Phylloscopus collybitus) — April-May; Blackbird
(Turdus merula); Coal Tit (Parus ater), Great tit (Parus major); Grey tit (Parus bokharensis), House
Sparrow (Passer domesticus); chaffinch (Fringilla coelebs) — March-April; Brambling (Fringilla
montifringilla) — March; Red-fronted Serin (Serinus pusillus) — March; Greenfinch (Chloris chloris) —
May; Siskin (Spinus spinus) — May; Scarlet Rose Finch (Carpodacus erythrinus) — May.

The summer population of birds is represented by 31 species based on the results of surveys
conducted in the model plots: Mallard (4nas platyrhynchos), Common Buzzard (Buteo buteo), Pheasant
(Phasianus colchinus), Woodpigeon (Columba palumbus), Stock Dove (Columba oenas), Turtle Dove
(Columba livia), Collard Dove (Streptopelia - decaocto), Long-eared owl (Asio otus), Swift (Apus apus),
hoopoe (Upupa epops), House Martin (Delichon urbica), white wagtail (Motacilla alba), masked wagtail
(Motacilla personata), Isabelline Red-tailed Shrike (Lanius isabellius), Mynah (Acridotheres tristis),
magpie (Pica pica), rook (Corvus frugilegus), Carrion Crow (Corvus corone), Whitethroat (Sylvia
communis), Lesser Whitethroat (Sy/via curruca), Chiffchaft (Phylloscopus collybitus), Spotted Flycatcher
(Muscicapa striata), Black Redstart (Phoenicurus ochruros), blackbird (Turdus merula), Coal tit (Parus
ater), Azure tit (Parus caeruleus), Great tits (Parus major); house sparrow (Passer domesticus),
greenfinch (Chloris chloris), siskin (Spinus spinus), Scarlet Rose Finch (Carpodacus erythrinus).

During the autumn surveys 22 species were recorded: Mallard (4nas platyrhynchos), Common
Buzzard (Buteo buteo), Mash Harrier (Circus aeruginosus), Hobby (Falco subbuteo), Lesser Kestrel
(Falco naumanni), pheasant (Phasianus colchinus), Woodpigeon (Columba palumbus), Turtle dove
(Columba livia), Collard dove (Streptopelia decaocto), Mynah (Acridotheres tristis), Magpie (Pica pica),
rook (Corvus frugilegus), Carrion crow (Corvus corone), Hooded crow (Corvus cornix), Lesser
Whitethroat (Sylvia curruca), Chiffchaft (Phylloscopus collybitus), Goldcrest (Regulus regulus), Spotted
flycatcher (Muscicapa striata), Blackbird (Turdus merula), Coal tit (Parus ater), Great tit (Parus major),
house sparrow (Passer domesticus).

Table 2 — Results of counting the number of birds in the Botanical garden, 2019.

Number (unit)
Birds species -
February March April May June

Magpie 36 71 56 62 66
Great tit 68 76 52 57 58
House Sparrow - 23 20 24 27
Blackbird 21 18 27 27 25
Woodpigeon - - 13 10 11
Chiffchaff ~20 ~20 ~20 ~20 ~20
Mynah - - - 8 12
Pheasant - - - 5 8

Among other classes of vertebrates, there is much less species diversity in the study areas. A total
only 5 species of wild—living mammals and 1 species of reptiles were recorded using route records:
Central Asian (steppe) turtle (7estudo horsfieldi Gray); Weasel (Mustela nivalis), Shrew (Sorex araneus),
House mouse (Mus musculus), grey rat (Rattus norvegicus), Squirrel (Sciurus vulgaris). Amphibians were
not found in the parks. At the same time, in the period of 1980-1990, scientists of the Institute of Zoology
registered 10 species of reptiles and 3 species of amphibians on the territory of Almaty: Green toad (Bufo
viridus Laur.) lake frog (Rana ridibunda Pall.), Siberian frog (Rana amurensis Boul.), colorful lizard
(Eremias argute Pall.), fast lizard (Eremias velox Pall.), Asymblepharus alaicus Elpatjewsky, dice snake
(Natrix tessellate Laur.), grass snake (Natrix natrix L.), Agkistrodon halys Pall., steppe viper (Vipera
ursini Bonap.), patterned skid (Elaphe dione Pall.), Psammophis lineolatum Brandt.

According to studies conducted in European cities in the early 1980s, amphibians in the urban
environment are more susceptible to death as a result of anthropogenic factors. On roads at that time,
about 50 % of all dead vertebrates were amphibians [19]. The result of anthropogenic impact in the case
of batrachofauna is also a change in the quantitative ratio of species, location (where the main factor is the
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xerification of the environment), the age composition of the population, as well as morphological
characteristics of individuals [8].

Discussion. Among the potential reasons for the changes in the species diversity and population
decline it is possible to indicate climate change, namely the increase the number of dry and hot days 1-3
every decade over the last seventy years, a decline in precipitation during the summer period, the increase
in average annual temperature since 1950, a decrease in ice mass by 15-20 % [20]. Also, a significant
impact is caused by the anthropogenic factor, which is manifested in an increase in technogenic pressure
on the fauna, a reduction in diversity and area of green spaces, as well as violations of their tiers. An
important aspect of the avifauna formation is a sufficient abundance of food and conditions necessary for
the reproduction of populations, as well as features of the placement of animals in the spatial and temporal
aspect [21]. According to our observations, the number of visitors to certain green areas also significantly
affects the occurrence of birds.

Based on the data that was collected as a result of accounting (from February to December), we can
conclude that the species diversity of the avifauna of Almaty has decreased in comparison with the end of
the XX century. According to research in 1988:

— 37 species of birds were observed in the green (Park) areas of the city in winter: Accipiter nisus,
Falco columbarius, Phasianus colchinus, Streptopelia decaocto, Streptopelia senegalensis, Bubo bubo,
Asio otus, Dendrocopos major, Picoides tridactylus, Acridotheres tristis, Pica pica, Corvus monedula,
Corvus frugilegus, Corvus corone, Corvus cornix, Troglodytes troglodytes, Prunella atrigularis, Regulus
regulus, Leptopoecile sophiae, Turdus atrogularis, Turdus pilaris, Turdus merula, Turdus viscivorus,
Parus ater, Parus cyanus, Parus major, Passer domesticus, Passer montanus, Fringilla coelebs, Fringilla
montifringilla, Serinus pusillus, Spinus spinus, Carduelis carduelis, Carpodacus rhodochlamys, Uragus
sibiricus, Mycerobas carniceps;

— up to 47 species of birds were observed in spring: Phasianus colchinus, Streptopelia decaocto,
Streptopelia senegalensis, Asio otus, Dendrocopos major, Sturnus vulgaris, Anthus trivialis, Motacilla
alba, Motacilla personata, Acridotheres tristis, Pica pica, Corvus monedula, Corvus frugilegus, Corvus
corone, Corvus cornix, Prunella fulvescens, Regulus regulus, Phoenicurus phoenicurus, Phylloscopus
collybitus, Phylloscopus trochiloides, Phylloscopus inornatus, Phylloscopus griseolus, Phoenicurus
erythrogaster, Luscinia svecica, Saxicola torquata, Phoenicurus caeruleocephalus, Phoenicurus
erythronotus, Turdus atrogularis, Turdus merula, Turdus viscivorus, Parus ater, Parus cyanus, Parus
major, Passer domesticus, Passer montanus, Fringilla coelebs, Fringilla montifringilla, Chloris chloris,
Serinus pusillus, Spinus spinus, Carduelis carduelis, Carpodacus rhodochlamys, Uragus sibiricus,
Mycerobas carniceps, Emberiza cia;

— the summer population was represented by 45 species: Milvus migrans, Accipiter nisus, Falco
subbuteo, Falco tinnunculus, Phasianus colchinus, Crex crex, Streptopelia decaocto, Streptopelia turtur,
Streptopelia orientalis, Streptopelia senegalensis, Cuculus canorus, Otus scops, Coracias garrulus,
Merops piaster, Upupa epops, Hirundo rustica, Hirundo daurica, Delichon urbica, Motacilla cinerea,
Motacilla personata, Lanius collurio, Lanius minor, Oriolus oriolus, Acridotheres tristis, Pica pica,
Acrocephalus dumetorum, Passer montanus, Sylvia nisoria, Sylvia communis, Sylvia curruca,
Phylloscopus collybitus, Phylloscopus trochiloides, Muscicapa striata, Luscinia luscinia, Turdus merula,
Remiz pendulinus, Parus cyanus, Parus major, Passer domesticus, Chloris chloris, Carduelis carduelis,
Carduelis caniceps, Carpodacus erythrinus, Emberiza bruniceps,

— and the autumn population — 46 species: Accipiter nisus, Falco tinnunculus, Phasianus colchinus,
Columba palumbus, Streptopelia decaocto, Streptopelia orientalis, Streptopelia senegalensis, Merops
apiaster, Dendrocopos major, Hirundo rustica, Motacilla cinerea, Motacilla personata, Sturnus vulgaris,
Acridotheres tristis, Pica pica, Corvus monedula, Corvus frugilegus, Corvus corone, Corvus cornix,
Prunella atrigularis, Phylloscopus collybitus, Phylloscopus trochiloides, Phylloscopus inornatus, Regulus
regulus, Muscicapa striata, Phoenicurus erythronotus, Luscinia svecica, Turdus atrogularis, Turdus
viscivorus, Remiz pendulinus, Parus ater, Parus cyanus, Parus major, Passer domesticus, Coracias
garrulous, Passer montanus, Fringilla coelebs, Fringilla montifringilla, Serinus pusillus, Chloris chloris,
Carduelis carduelis, Carduelis caniceps, Carpodacus erythrinus, Uragus sibiricus, Mycerobas carniceps,
Emberiza cia

According to the results of our surveys we can conclude that the habitat conditions of the above—
mentioned representatives of the avifauna have changed, which has led to their disappearance, or a sharp
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reduction in the number within urban areas, or a redistribution of habitats within the city. It should be
borne in mind, however, that the author's research does not cover all the green areas of the city, based on
which it is impossible to draw an unambiguous conclusion about the Park areas of the city as a whole.
These studies need to be supplemented with materials from studies of ornithologists (as well as specialists
in other classes of vertebrates) and birdwatchers. It is important to note that only 2—5 km South of the
upper observation site (the first President's Park) there are already species that were not marked by the
author of the work in the model areas (Grey Goldfinch(Carduelis caniceps), Waxwing(Bombycilla
garrulus), Scops Owl (Otus scops), Roller (Coracias garullus), Black Kite (Milvus migrans), Rufous
Turtle Dove (Streptopelia orientalis), Golden Jackal(Canis aureus), European Badger (Meles meles),
Alaian Lidless Skink (Asymblepharus alaicus), frogs (Ranidae), etc.), which suggests the presence of
significant anthropogenic pressure on the species composition of the fauna.

Thus, at this stage of research, we concluded that the active processes of urbanization, reflected in the
increase in the number and density of population of the city, the deterioration of environmental quality, as
well as changing quantitative and qualitative indicators existing parks have a significant negative impact
on the modern condition of fauna in Almaty.

P. B. Slenko’, A. T. Ceiinr’, M. B. Tactbi6aii

1KP BFM FK 3oonorus nHCTUTYTHI, ATMaThl, Kazaxcran;
%on—Mapabu ateragars Kasak yITTsIK yHEBepcHTeTI, AnMatsl, KasakcTtam

YPBAHUBAIIUSFA BANJAHBICTBI AJIMATHI KAJIACBIHBIH
JKACBLT AMUMAKTAPBIHJIAFBI OMBIPTKAJIBI YJKAHYAPJIAP ®AYHACBIHBIH ©3T'EPYI

AnHoTauusa. by Makanaga ypGaHu3aius npomecTepiHiy AIMaThl KaJachlHBIH KeHOip xKachll aliMaKTapbIHIa
(ayHa cunaTTamanapblHbIH ©3repy AMHAMUKAChIHA dcepi KapacThIpbUIaIbl, aTan alTKaHaa, AJMaThl KajdacelHbIH bac
OoTaHUKaJBIK Oarbl, 28 TBApAMUIBIK—TTaHQMIOBIIBUIAp Tapki, Tyrreim [Ipesunent casbarpl. Makaiaga KopiiaraH
OpTaHBIH JIACTAHYHI, JAIIIPeK aTMoc(depalblK ayaHbIH JacTaHYBI KOHE OHBIH KYCTap McH Oacka Ja yKaHyapliap.IbIH
KaybIMIaCTBIFBIHA dCEPi Ie KO3Famabl.

MyHpaii 3KkoKyHenepIiH KaIbIITacy jKOHE JKYMBIC iCTey MPOIECTEPiH 3ePTTey Ka3ipri SKOJIOTUSHBIH ¢H ©3€KTi
MoceJleNiepiHe JKaTaabl. 300JOTHSUIBIK DJIEMEHT CBHIPTKBI (DAKTOPJIApABIH ocepiHeH IWHAMUKAIBIK e3repicTepre
VIIBIpAiIbI, all Kajla JKarmalblHaa JaHamadTapIslH MO3aNKaNbIK JMEHreHiHIH JKOFaphl OOJYBI, dKOXYHETepIIiH
9KOJIOTHSUIBIK ~ TYPAKTBUIBIFBIHBIH TOMEH JIeHreii, CcoHJaii—aKk opTaHblH 0acka Ja epeKlle Karaaiiaapsl,
nomynausSHeIH JKaHyapiap imriHme eTeTiH mporecTtep TaOWFW JKaraiyapJaH KapKBIHIBUIBIFBI JKaFbIHAH YIIKCH
JKarbIHA Kapad epeKIIeNeHe i KOHe )KaHyapiap TaOUFH JKaFJaiiiapra KaparaHaa OpTaHbIH CHIPTKEI (PaKTOPIapBIHBIH
ocepiHe aca ce3IMTaNIbIK TAHBITA B

JKymbIcThIH MakcaThl COHFBI 30 XbUTaa AJMAaThl KaJaCBIHBIH OHTYCTIK OOJiriHiH KehOip casbak aiMakTapbl
LIETiH/Ie OMBIPTKAJIBI KaHyapJIapAbIH TYPIIK KYPaMbIH KaJbIITACTHIPY 3aHBLIBIKTAPBIH aHBIKTAY OOJIBIN TaObLIAIbI.
3eprTey OapbiChIHAA Keleci MiHAeTTep Mmenriyumi: 1) Kamanblk JaHamadTThIH JamMy MPOIECTepiH JKOHE OHBIH
QJICYMETTIK—AKOHOMUKANBIK JKOHE 3KOJOTHSIBIK CHUIATTAaMallapblH 3epTTey; 2) AJMAThl KallaChIHBIH KAChLI
aliMaKTapBIHBIH ayMarblHIa MEKCHICHTIH KycTap, aMm(puOusIap, penTwinsiiap jKoHE CYTKOPEKTinep (payHachIHBIH
Kazipri 3aMaHfbl TYP KypaMbIH HAaKThIIAYy; 3) AnMaThl KaJlachlHBIH OHTYCTIK OOJITiHIH »achll aiiMaKTaphbl LIET1HIC
OMBIPTKAJIBI )kKaHyapiap (ayHaChIHBIH ©3TepyiHiH MYMKIiH ceOenTepiH aHBIKTAY.

3epTTey Kyprizy OapbICBIHIA aBTOPJIAP KeJeci 9ficTep i maiiaman bl

1. KycTapzpl ecemnke ayablH MapuIpyTTHIK dIicCi.

2. AMQUOUSIap/ABI eCelKe aTyAblH MapIIPYTTHIK 9IiCi.

3. CYTKOpEKTiIep i ecenKe aryIblH MapIIpyTTHIK SIici.

4. ®nykTyHpieymi acMiMMETPHUSIHBI ©JIIIeY >KOJIbIMEH OMOMHIUKALUS SiCI.

OMBIpTKABI >kaHyapiapael ecenke amy 2019 KpUIABIH KaHTap aiblHAH JKENTOKCAH ablHa ACHiH AJMarhbl
KanmacelHbIH bac OoTtanuwkanblk OarbiHma, TyHFeim Ilpe3umeHT casOarpiHma, 28 TBapAVSIIBI-TIaH(UIOBIIBLIAD
aTBIHJAFBl casgOarblHAa, ['aHau casOaFbIHAa KYPri3ireH. Aya camachlHa OWOJIOTHSUIBIK TECTIIeY JKYPTidy YIIH
MaTepuaIapabl IpIKTEYy KallaHBIH OPTANBIK ayNaHJapblHa KATBICTHl aBTOMArdCTpalbAapFa KOHE TeorpadUsIIbIK
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Oeiryre KaKbIHABIK Oenrici OOWBIHIIA capallaHFaH Kajla ayMaFbIHIArbl 7 HYKTeAe JKYpriziinmi. ATMocdepa canacslH
aHBIKTAaybIHA PECMU 3EPTTCY ACPEKTepi MaiiaTaHbUIIb.

JKyprizinren ecenTep TYPJIK OPTYPIUIIKTIH TOMEHICYiH (MOIENBIIK YydYacKelep IIETiHIE) aHbIKTayFa
MYMKIHIIK Oepi, 01 aHTPOMOTEHIK MPECTIH Y3/iKCi3 KYIIeliHe O0almaHbICTl AJMAThl KaJTaChIHBIH OMBIPTKAJIBI
xKabalbpl (ayHaCHIHBIH TYPaKThl MEKCHICHTIH >XepiliepiHiH Kakrta OesiHyiHe OallaHBICTBI OOJYBl MYMKIH, OJI
OpPTaHBIH XUMHMSUIBIK JKOHE (DM3UKAIBIK JACTaHYBIHBIH IIaMachlHa, COHAAaW—aK Kaja XaJKbIHBIH THIFBI3ABIFBl MEH
CaHBIHBIH ocyiHe OainanbicTel. CoHpali—ak (ayHa cHIIaTTaMaJapbIHBIH ©3repy ceOenTepiHiH Oipi KIMMAaTTBIK
KOPCETKIIITEePAiH 63repyi OOJIBIT TaObUIAbI: COHFBI XKETIC KBUT IIIIHAE Op OHXBUIABIKTa KYPFAK >KOHE BICTHIK
KYHIEp CaHBIHBIH 1-3-Te apTybl, a3fbl Ke3eHIE KAybIH-IIAIIGIH MOJIIIEePiHiH a3alobl, OpTalla >XBUIIBIK
TeMIepaTypaHsIH apTybl, 1950 XBUIMEH calbICTBIpFaHga My3 MaccachlHBIH 15-20 %-fa Temenaeyi. CoHmai—ax,
KACBUI JKEJICKTEPMiH alyaH TYPJUIrT MEH aJaHbIH TOMEHJAETY, COHBIMEH Karap OJlapAblH KaOaTTBUIBIFBIH Oy3y
(dakTophl eneyi ocep eTeli, eWTKeHI (payHaHBIH KaJbINTACYBIHBIH MAaHBI3ABI ACHEKTICI TaFaMHBIH JKETKUTIKTI
MOJIJIBIFBI JKOHE TTOTYJISIIMSIIAP.IbI )KaHFBIPTYFa KaXXETT1 xKaFaiinap 00JbIn TaOblaasl. ABTOpIapAbIH OaKblIayiapsl
OolibIHINIA, COJT HeMece Oacka Ja KeTaJaHABIPBUIFaH aiiMakka KeNyIIijep CaHbl Ja OMBIPTKAIBLIAPIBIH TYpIi
TYpJIEPiHiH Ke3ecysepine alTapiapIKTal ocep eTei.

Ochpunaiiima, OHOSPTYPIUTIKTIH TOMEHIEYIHIH KaJaHBIH ypOaHHM3aIMsl YACPICTepiHiH KapKbIHIAybIHAH OeNTiii
6ip ToyenIuliri aHbIKTAINIABl. Bya Macene ockl KepceTKimTepai Koppemsinusiay (akTopiapblH OfaH opi a3ipieyai
JKOHE HaKThUIAYbI TaJal eTel.

Tyiiin ce3aep: dayHa, OMBIpTKAIBUIAP, KYCTap, AIMaThl, ypOaHU3alysl, *Kackll aiiMakTap, JacTaHy.

P.B. }Imemcol, A.T. Fep”mTz, M. B. Tacrbi6aii’

1I/IHCTI/ITyT 3oonorun KH MOH PK, Anmatsl, Kazaxcras;
*Ka3axcKuil HALIMOHAIBHBI yHHBEpCHTET MMeHH anb—Dapabu, Anmatel, Kazaxcran

N3MEHEHUE ®AYHBI IIO3BOHOYHbBIX B 3EJIEHBIX 30HAX T'OPOJA AJIMATBI
B CBSI3U C YPBAHU3AIIUEN

AHHoOTamus. B cTaThe paccMaTpuBacTCs BIMSHHE IPOLECCCOB ypOaHW3alMd HA TUHAMUKY W3MCHCHHUS
XapaKTePUCTHK (ayHBl B HEKOTOPBIX 3EJICHBIX 30HAX TOpoAa AJMAThl TAKHMX, KaK TJIABHBIA OOTaHWUYECKUHU caj
r.AnmMartel, mapk 28 rBapaeineB—mnanguioBnes, mapk Ilepsoro [Ipesuaenta. B cTarbe Takke 3aTparuBaeTcs Tema
3arps3HEHUS OKPYXKAfomel cpenbl, a IMEHHO aTMOC(EpHOT0 BO3/IyXa M €ro BIHUSHUE HA COOOIIEeCTBA ITUI] U APYTUX
KIBOTHBIX.

HUccnenosanme mporeccoB GpopMupoBaHus W (HYHKIMOHUPOBAHUS TAKUX HKOCHCTEM OTHOCHTCS K Hamboiee
aKTyaJbHBIM BOIIPOCAM COBPEMCHHOM 3KOJOTHH. 300JIOTHUCCKUI DJIEMEHT 00Jice BCEro MOJBEPKECH TUHAMHYCCKIM
mepeMeHaM TIOJ BIMSHUEM BHEIIHUX (PAKTOPOB, a B YCIOBUAX TOpPOJa, TNIe HAOMIOAAETCS BHICOKAs CTEICHb
MO3aMYHOCTH JIAHAMIA(PTOB, MECHBIIHH YPOBEHb IKOJOTHUCCKOW YCTOHUNBOCTH SKOCHCTEM, a TAK)KE MHOTHE JIPYTHE
cnenu(UIecKue YCIOBHS CpEAbl, MPOIECCHl, INPOTEKAIOMNe BHYTPH JKUBOTHBIX MOMYJISAIUN 3HAYUTEIHHO
OTIIMYAIOTCS B OONBIIYI0 CTOPOHY IO MHTEHCHUBHOCTH OT €CTECTBEHHBIX, M )KHBOTHBIEC NPOSBISIOT €Ile OOJBIIYIO
YYBCTBUTEIBHOCTH K BO3JCHCTBUIO BHCITHUX (DAKTOPOB CPEIBI, YEM B €CTCCTBEHHBIX YCIIOBHSX.

Lenbto paboOTHI SIBIISCTCS BBIBICHUEC 3aKOHOMEPHOCTEH (DOPMHUpPOBAHHS BUIOBOTO COCTaBa MO3BOHOYHBIX
JKHUBOTHBIX B TIpeieNiaX HEKOTOPBIX MAPKOBBIX 30H FOXKHOW YacTH ropoia AiMatsl B paspese mocienuaux 30 mer. B
XOZIe MICCIEIOBAHUS PEIIAINCH CIEAYIOMINE 3a0a9n: 1) M3yJUTh MPOLECCH Pa3sBUTHSA TOPOJICKOTO NaHAmadTa u ero
CONHMAIbHO—KOHOMHYECKIX U YKOJIOTHUECKUX XapaKTEPHUCTHK; 2) YTOYHUTh COBPEMEHHBIA BUIOBOI COCTaB (hayHBI
nTun, amGuOuil, penTUINid W MIIEKONUTAIONINX, OOWTAIOMIMX Ha TEPPUTOPUU 3E€JICHBIX 30H T.AJIMATHI,
3) YCTaHOBUTH BO3MOXKHBIC PUYNHBI M3MCHEHUI HaceIeHUs (payHbBI IIO3BOHOYHBIX B MPEIEIax 3eJICHBIX 30H FOKHOU
YacTH T.AJIMaTHI.

B mporiecce npoBeneHus UCCICAOBAHKS ABTOPAMH UCTIOIE30BATHCEH CIIEAYIOIIAE METOIBI:

1. MapuipyTHBIil METOI yU€eTa HACEJICHHSI TITHII;

2. MapmpyTHbIi MeTO[ yaeTa aMpuOuii 1 penTHIIN;

3. MapupyTHBIH METOJ] ydeTa MICKOTTUTAIOIINX;
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4. Mero OMOMHAMKAIIAY ITyTEM U3MEPEHUS QIyKTYHUPYIOIIEH aCHMMETPHH.

VY4eTsl TO3BOHOYHBIX JKUBOTHBIX MPOBOIWINCH C sSHBaps mo aekadbps 2019 roga Ha tepputopuu [1aBHOTO
O0oraHmdeckoro cama T. Anmatel, mapka Ilepsoro Ilpesuaenra, mapka uM. 28 TBapzeieB—aH(UIOBIEB, MapKa
langu. OTOOp Marepuana sl NPOBEICHUS OMOJIOTMYECKOTO TECTHPOBAHUS KadeCTBa BO3IyXa IPOU3BOJHUIOCH B
7 TOYKax Ha TEPPUTOPHH ropona, TuddepeHIUPOBAHHBIX 1O MPHU3HAKY MPUOIMKCHHOCTH K aBTOMArHCTPalsiM U
reorpapMuecKOMy paclpeleIiCHUI0 OTHOCUTEIBHO IICHTPAJIbHBIX pallOHOB ropoja. Vcmonb30BaHbBl JTaHHBIC
O(UIHATBEHBIX UCCICIOBAHUIN KaueCTBa aTMOC(EPHI.

[IpoBeneHHble y4eThl MO3BOJIMIM BBISBUTH CHH)KEHHE BHAOBOTO pa3HO0Opasusi (B TpenesiaX MOJCITbHBIX
Y4aCTKOB), KOTOPOE, BEPOSITHO, BBI3BAHO Tepepaclpe/ieieHHEM MECT MOCTOSTHHOTO OOUTaHHS TUKOXKUBYIIEH (ayHbI
MO3BOHOYHBIX T.AJIMaThl B CBSI3W HENPEPHIBHBIM YCHJICHHEM aHTPOIOTCHHOIo Mpecca, KOTOPBIH BBIpaXKaeTcsi B
YBEJIIMYCHUU POBHS XUMHYCCKOTO M (PU3UUCCKOTO 3arPsI3HCHUS CPEMbI, @ TAK)KE POCTOM IUIOTHOCTH U YUCICHHOCTH
HacelieHus Topoaa. Takke ONHON W3 NMPUYUH W3MEHCHHS XapaKTCPUCTHK (DayHBI MOXKET CIY)KUTh W3MCHCHHS
KIIUMAaTUYECKUX MMOKa3aTeleii: IMEHHO YBEITMUCHUE KOJIMYCCTBA CYXUX U JKapKHUX JHEH Ha 1-3 KaxJoe AeCATUICTHE
B TEUCHHE TIIOCICIHUX CEMHIECATH JIeT, COKpalleHHe KOJIMYeCTBAa OCAIKOB B JICTHHH MEPHOM, YBEIUYCHHE
CpeIHETO0BOI TeMIepaTyphl, CHIKEHHE JIEAHUKOBOW Macchl Ha 15-20% mo cpaBHeHuto ¢ 1950 r. [lo pesympraTam
aHajM3a 3arps3HeHHs aTMOC(EpHOro BO3AyXa MOCPEACTBOM OMOMHAMKAIIMKM W H3Y4YEHHS JaHHBIX Pa3IMuHBIX
BEJIOMCTB, MO’KHO CJIEJIaTh BBIBOJ, YTO IICHTPAJbHBIC U T'YCTOHACEICHHBIC PAHOHBI TOPOJa MOIBEPrarOTCs KpaiftHe
CEPbE3HOMY AaHTPOTIOTCHHOMY IaBIICHHIO. Takke 3HAYUTEIHHOC BO3JCHCTBHEC OKa3biBaCT (PAKTOP CHIDKCHHUS
pa3Hoo0pa3usl U IUIOIIAAN 3EICHBIX HACAKICHHN, a TaKXKE HAPYIICHUA WX SPYCHOCTH, TaK KaK Ba)KHBIM acIIEKTOM
¢dbopmupoBanusi (ayHsl SBISETCS NOCTATOYHOE OOMIIME IUINM M YCJIOBHUI, HEOOXOAMMBIX IJISI BOCIIPOU3BEICHHUS
nonyisuuit. [lo HaGMIOAGHUSIM aBTOPOB, KOJMYECTBO MOCETUTENCH TeX WJIM HMHBIX O3CJCHEHHBIX 30H TaKXkKe
3HAYUTEJIBHO BIIMSET HA BCTPEUAEMOCTh PA3JIMYHbBIX BUOB II03BOHOYHBIX.

Takum 00pa3om, BEISIBIICHA ONpEACICHHAS 3aBUCUMOCTh CHI)KCHHUS OMOpa3HOOOpasus OT WHTCHCH(UKAIUU
mporeccoB ypOaHm3anuu ropoaa. JlaHHBIH Bompoc TpeOyeT nampHEHIeid pa3pabOTKH W YTOYHEHHS (HaKTOPOB
KOPPEIIAIUN JaHHBIX TTOKa3aTeNeH.

KiwueBble cioBa: GayHa, I03BOHOUHbBIE, ITUIBI, AIMaThl, ypOaHH3allKsl, 3eJICHbIC 30HbI, 3arps3HCHUE.
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