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Analysis of the ecological state of urban green spaces in the Medeu district of
Almaty

Abstract. This article examines the environmental problems of cities in Kazakhstan using
the example of the Almaty metropolis. The importance of green spaces in urbanized areas is
very difficult to overestimate. In the city of Almaty, more than 70 species of trees and shrubs
recommended by the botanical garden have been introduced into production. Among trees are
Phellodendron amurense, Faidherbia albida, Crataequs sanguinea, Crataegus maximowiczii,
Crataegus submollis, Crataegus punctata, Ulmus glabra, Aesculus hippocastanum, Acer
ginnala, Acer saccharum, Juniperus Virginiana, among shrubs — Syringa josikaea, Spiraea
vanhouttei, Spiraea thunbergii, Spiraea japonica and others. A detailed floristic analysis of
the tree and shrub flora of the city of Almaty showed that green spaces are represented by
208 species belonging to 58 genera and 34 families. Among tree and shrub species, 54 species
(20%) represent the natural flora of Kazakhstan (9 coniferous and 45 deciduous species) from
13 genera and 9 families, and 154 species (80%) are introduced species, i.e. plants grown in
soil outside their natural ranged 154 species (80%) are introduced chronologically, i.e. plants
grown in soil due to their distribution.
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Introduction

Currently, the influence of various factors of human activity on the environment has led to
major changes in the urban flora and vegetation of large cities of the Republic of Kazakhstan.
Today, environmental protection, which is regulated by regulations, is of current importance
at the state level in the country. The intensification of environmental problems in the cities of
Kazakhstan associated with air and soil pollution by road transport, the accumulation of industrial
and household waste, the acute problem of drinking water and energy resources have led to a
violation of the environmental sustainability, balance and safety of cities and its population.
Increasing environmental problems associated with urbanization of territories are becoming key
factors in achieving the Sustainable Development Goals. As is known, the urbanized urban system
directly has a great impact on the natural environment and adjacent territories, which leads to
changes in climate, topography, soil cover, flora, and fauna. Changes in natural environmental
conditions through various anthropogenic factors lead to changes in the species composition of
urban flora and its ratio. Over the past 20 years, in large and small cities of the republic, there has
been an active development of territories with high-rise buildings of entire blocks and large public
buildings, which leads to the question of the sustainability of already transformed ecosystems
and their functioning in new transformed conditions. Therefore, there is a need to study various
aspects of the functioning of urban landscapes in order to prevent the complete destruction
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of already changed ecosystems. Today, high air pollution in large metropolitan cities, large
migration of the rural population to the city, increasing overpopulation in certain urban areas
affect the normal functioning of a person, his health and life expectancy, which in turn affects the
environmental sustainability of the functioning of the urban ecosystem. The expansion of urban
areas transforms natural landscapes, thereby affecting ecosystems and biodiversity. A city is a
socio-economic geotechnogenic system with the local inclusion of ecosystems (biogeocenoses),
which include parks, forest parks, preserved areas of meadow vegetation, as well as swamps
and reservoirs [1]. Urbanized areas, as part of a broader ecological system, influence other
landscapes with which they interact, and in doing so, different choices, and ways of assessing
and understanding the impacts of urbanization on human health and the environment can lead
to better environmental outcomes. Vegetation is a fundamental component of urban ecosystems
and plays a huge role in creating a favorable living environment for the population. It should
be noted that living plants perform vital functions. Among them, it should be noted sanitary
and hygienic. Just as in natural landscapes, the green plants of cities perform such important
work as supplying oxygen, while plants play an important role in clearing the city of dust,
gases and smoke that are released into the atmosphere every day. Various substances contained
in the soil are also absorbed by plants. Therefore, in a number of countries, especially active
absorbent grasses are planted to cleanse soils of heavy metal contamination. It is no coincidence
that environmentalists recommend increasing not only the area of green spaces in cities, but also
using any other possibilities - organizing lawns (“green carpets”), planting greenery on walls,
roofs, and interiors.

In the last decade, scientific interest in the study of green spaces in cities has noticeably
increased [2,3,4,5,6,7,8, 9]. Megacities have a great influence on the state of the environment and
are the driving force of social, economic, environmental changes and ensure the well-being of
the urban population. In Kazakhstan, large cities with a population of over 1 million residents
include cities such as Almaty, Astana, Shymkent. The city of Almaty is located in the southeast
of the Republic of Kazakhstan and is unique in its physical-geographical and natural-climatic
characteristics that shape the ecological features of its territory. The total area of the city of
Almaty is more than 683.5 square kilometers. The metropolis is located in the valley of the
Bolshaya Almatinka and Malaya Almatinka rivers and their tributaries. Currently, the city of
Almaty is characterized by a difficult environmental situation not only because of its location in
the foothill basin, but also by problems typical of large cities. To meet the oxygen demand of the
population of the city of Almaty, more than 30 thousand hectares of green space are needed [10].
However, I would like to note that today, for the current ecological state of Almaty, this figure
must be safely doubled, due to the large emissions of pollutants into the atmosphere associated
especially with road transport, which accounts for more than 70% of all emissions. This situation
is aggravated by the blocking of a number of streets and avenues in the city of Almaty with high-
rise buildings, creating additional obstacles to the movement of air flows. In the last decade, the
growth of new buildings in the city of Almaty has intensified the processes of anthropogenic
impact on urban flora. The existing experience of green construction of the city of Almaty does
not fully take into account the specificity of the environmental conditions of various areas of
the city and the level of their technogenic pollution, and the issues of the condition of plantings
in residential areas and the resistance of vegetation to the effects of the urban environment
remain insufficiently studied. In this regard, monitoring of green spaces in the city, including an
inventory and assessment of the current state of the flora, seems very relevant. In conditions of
weak natural ventilation and a large number of mobile and stationary sources, air pollution is
the most pressing environmental problem of the city of Almaty.

The object of our research was the urban flora of the Medeu district of Almaty. Medeu
district is the largest administrative, industrial and cultural center of Almaty. The area of Medeu
district is 253.4 km? (Table 1). The total area of boulevards, squares and green areas of the Medeu
district of Almaty is 32.35 hectares.
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Table 1

General characteristics of the studied Medeu district of Almaty

District Date of Area km? Population Natural area
foundation (thousand people)
Medeu 1936 253.4 209,836 forest-steppe

Table 2 below shows the total number of parks, squares, boulevards, and green areas in the

Medeu district of Almaty (Table 2).

Total number of parks, squares, boulevards, green areas
of Medeu district of Almaty

Table 2

District Name
Parks Groves Alleys Boulevards Squares Green areas
Medeu 3 1 2 30 7
Materials and Methods

To study the urban flora of the Medeu district of Almaty, generally accepted classical and
traditional methods of botanical and floristic research were used: in the field conditions, the
traditional route reconnaissance method was used. At various times during the spring, summer
and autumn growing seasons (from April to September), walking routes were combined with
automobile routes. Places of intensive introduction of adventive plants and pockets of local flora
preserved within the city limits were subjected to a detailed examination. The collection and
processing of herbarium material was carried out according to the generally accepted method of
A K. Skvortsov [11]. In the process of identifying the herbarium, multi-volume reports were used
as sources: “Flora of Kazakhstan” [12], “Trees and shrubs of Kazakhstan” [13], “Plants of Central
Asia” [14], “Identifier of plants of Central Asia” [15], “Illustrated guide to plants of Kazakhstan”
[16] and others. To clarify species and generic names, the latest reports by S.K. Cherepanov [17],
S.A. Abdulina [18]. The types of life forms were carried out according to the classification of
I.G. Serebryakov, K. Raunkier [19]. Our route studies covered various ecotopes of the Medeu
district of Almaty (streets, cars, residential areas of multi-storey buildings and the private
sector, city lawns, playgrounds, sports complexes, etc.). To conduct floristic research, generally
accepted traditional methods were used. The urban flora of Almaty includes plant species that
spontaneously grow within the administrative boundaries of the city, as well as cultivated trees
and shrubs. Herbarium material was collected throughout the growing season; the same places
were visited repeatedly to collect herbarium specimens as completely as possible. To conduct
a systematic, ecological, geographical analysis, the morphological-geographical method was
used. We carried out an inventory of the urban flora of the Medeu district of Almaty within the
administrative boundaries of the cities.

Results and Discussion

As a result of the research, a comprehensive inventory was carried out and characteristics
of the floras of boulevards, squares and green areas of the urbanized areas of the Medeu district
of Almaty were given. Analysis of the urban flora of squares, boulevards and green areas of
the Medeu district of Almaty revealed 217 species belonging to 129 genera and 52 families. The
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largest number of species falls on 11 families: 110 species out of 217 plant species, which is 34%.
The spectrum of the leading families of the flora of the Medeu region showed that the largest
families are: Poaceae (15; 13.7%), Asteraceae (15; 13.7%), Rosaceae (8; 7.3%), Brassicaceae (6; 5.5%),
Fabaceae (5; 4.5%), Pinaceae (5; 4.5%), Oleaceae (4; 3.6%), Aceraceae (4; 3.6%), Salicaceae (3; 2.7%),
Chenopodiaceae (3; 2.7%), Ulmaceae (3; 2.7%). These 11 families account for 34.0% (74 species)
of the entire flora of the Medeu region. An analysis of the largest genera of urban flora in the
Medeu district of Almaty showed that the largest genera of the park are: Acer (5; 3.6%), Picea (5;
3.6%), Ulmus (3; 3.3%), Artemisia (3; 3.3%), Poa (3; 3.3%). The following 10 genera each contain 2
species: Tilia, Fraxinus, Trifolium, Festuca, Plantago, Pinus, Populus, Arctium, Urtica, Chenopodium.
These fifteen genera (26 species) account for 39.3% of the total urban flora of the Medeu region.
The remaining 73 genera contain one species each. An analysis of the life forms of the flora of the
Medeu district of Almaty showed that herbaceous plants are in first place, of which there are 97
species or 44.7% (See Figure 1).

18.4%

44.7%

60.8%

m Herbaceous plants  mTrees  mBushes

Figure 1. Correlation of life forms of the flora of the Medeu region

In second place are trees. There are 90 species of tree species in the Medeu district of Almaty
(41.4%), and the third place is occupied by shrubs - 30 species or 13.8% of the total species
composition of the studied flora. Trees in the Medeu district of Almaty are widely represented
in the families Rosaceae (12 species), Salicaceae (6 species), Pinaceae (11 species), Cupressaceae
(3 species), Aceraceae (7 species), Moraceae (2 species), Fagaceae (2 species). Among tree and
shrub species, 24 species (11.0%) represent the natural flora of Kazakhstan (9 coniferous and
15 deciduous species) from 13 genera and 19 families, and 66 species (30.4%) are introduced
species, i.e. plants grown in soil outside their natural distribution range (See Figure 2). Of the
introduced species, 12 are coniferous, and 54 deciduous species from 11 genera and 24 families.

B

30.4%
= Introduced = Aborigines

Figure 2. Distribution of introduced and native species among tree
and shrub species in Medeu district of Almaty
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In the flora of the Medeu district of Almaty, among the introduced species, tree and shrub
plant species are represented by 66 species belonging to 37 genera and 18 families. The ratio
of introduced species (66; 24.8%) between the occurring tree and shrub life forms is presented
in Figure 3, and is 54 species (trees) (24.8%) and 12 species (shrubs) or 5.50%, respectively (See
Figure 3).

5.50%

24.8%

® Trees = Bushes

Figure 3. The ratio of introduced tree and shrub forms in the Medeu district of Almaty

As our research has shown, introduced species found in tree and shrub plantations of the
Medeu district of Almaty have different centers of origin. Among the tree and shrub introduced
species that stand out sharply in terms of species richness are species from Asia (27.0%) (Ailanthus
altissima, Phellodendron amurense, Salix matsudana, Acer ginnala, Kerria japonica, Cotoneaster lucidus,
Cerasus tomentosa, Chaenomeles speciosa, Salix babylonica, Juglans mandshurica, Forsythia intermedia),
North America (17.0%) (Acacia albida, Acer saccharinum, Acer negundo, Crataegus horrida, Populus
deltoides, Populus balsamifera, Juglans nigra, Juglans cinerea, Mahonia aquifolium, Picea glauca, Picea
pungens, Picea engelmannii, Pseudotsuga menziesii, Pinus sponderosa, Tsuga Canadensis, Fraxinus
lanceolata), Europe (13.8%) (Euonymus europaea, Acer pseudoplatanus, Sorbus aucuparia, Crataegus
monogina, Tilia platyphyllos, Tilia cordata, Picea abies, Pinus mugo) and Palearctic (6.2%) (Viburnum
opulus, Spiraea vanhouttei, Padus avium, Salix alba, Populus alba, Populus nigra, Buxus sempervirens,
Sambucus nigra, Cotinus coggygria and others). A small percentage of species belong to Eurasia
(3.7%) (Cornus alba, Frangula alnus, Acer mono, Acer platanoides, Populus italica), the Caucasus
and Crimea (1.2%) (Pinus pallasiana, Amelanchier spicata), the Mediterranean (3.1%) (Pinus nigra,
Fraxinus excelsior, Fraxinus rotundifolia, Ligqustrum vulgare, Syringa vulgaris) and the Holarctic
(2.5%) (Swida alba, Aesculus hippocastanum, Grossularia uva-crispa).

The study of urban flora and its biomorphological structure reflects the nature of plant
adaptation to a set of environmental conditions prevailing in certain ecotopes. Therefore, its
analysis is the main tool in understanding the ecology of plant habitats. The basis for the analysis
of life forms in our research was the system of life forms by K. Raunkier [19]. An analysis of the
life forms of K Raunkier showed that among the tree and shrub flora of the Medeu district of
Almaty, phanerophytes and chamephytes dominate — 53.7%. The group of phanerophytes is
well represented in the families Oleaceae (5 species), Rosaceae (12 species), Ulmaceae (5 species),
Pinaceae (11 species), Salicaceae (6 species), Aceraceae (7 species), Betulaceae (3 species), Fabaceae (4
species), Elaeagnaceae (4 species), Juglandaceae (3 species), Anacardiaceae (3 species). Among them,
about 20 species are cultivated - this Berberis vulgaris, Grossularia uva-crispa, Malus domestica,
Fraxinus pensylvanica and others. The group of chamephytes in the urban flora of the Medeu
district of Almaty is widely found in the families Rosaceae (5 species), Berberidaceae (3 species),
Cupressaceae (8 species), Oleaceae (5 species), Grossulariaceae (4 species), Caprifoliaceae (4 species),
Fabaceae (4 types). Among gymnosperms Picea schrenkiana, P. obovate, Abies sibirica Pinus sylvestris,
Larix sibirica, Juniperus sabina, |. communis, |. turkestanica and J. sibirica are native i.e. local, and
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the remaining 26 (6.5%) species are represented by cultivated plants: Pinus pallasiana, Pinus
nigra, Pinus mugo, Picea glauca, Picea punpens, Thuja occidentalis, Juniperus scopulorum, Juniperus
virginiana, Pseudotsuga menziesii, Larix gmelinii and others.

Below are photographs of the squares and boulevards of the Medeu district of Almaty (See

Figure 4).

4.1 Square near the monument to Sh.
Ualikhanov

4.5 Square near the Monument to Zhambyl
Zhabayev

4.6 Boulevard on Tolebaev street

Figure 4. Boulevards and squares of Medeu district of Almaty

Conclusion

As a result of the study, it was revealed that only 20% of the species diversity of local tree
and shrub plants is used in landscaping among the green spaces of the tree and shrub flora of the
Medeu district of Almaty, 80% are represented by introduced species. The natural and climatic
conditions of the city of Almaty make it possible to significantly expand the range of landscaping
for the city, both due to local and introduced tree and shrub plants. It should be noted that today
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the weak points of landscaping in Almaty are its monotony, i.e. landscaping is dominated mainly
by northern species of mass assortment and there is no assortment of plants with local southern
flavor, which should become the main goal of landscapers in the future when creating new and
reconstructing old plantings; lack of special landscape solutions for landscaping highways at
the entrance to the city, as well as new areas where local ornamental grasses, flowering shrubs
(for example, species, varieties and forms Spiraea hypericifolia, Berberis iliensis, Berberis heteropoda,
Lonicera altmanni, Lonicera alberti, Caragana turkestanica) and trees (Armeniaca vulgaris, Cerasus
tianschanica, Cerasus erythrocarpa, Prunus sogdiana) will give a special color scheme and emphasize
the southern flavor of the landscape complex of the city of Almaty.
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OA-Dapabdbu amvindazor Kasax ¥Yammulk yrnusepcumemi, Aamamul, Kasaxcman
'Abaii amwuindazor Kasax yammoik nedazozukarvi yuusepcumemi, Aamamot, Kasaxcman

AamaTtel Kaaacel Megey ayaaHbIHAAFbI KaaaAbIK JKachla XeAeKTepAiH
9KOAOTUAABIK JKaraalbIH TalAay

Angarna. bya makasaja AaMaTsl MeTalloAUCiH MbIcaaFa ada OTHIpHIT, Kasakcran KazaaaphIHBIH
DKOJAOTUAABIK, IpoOAeMajapbl TaaAKbldaHadbl. YpOaHM3alusa IIPOLIeCiHiH JaMybIMeH KadadapAblH
TaOMFM OPTacH aliTapabIKTall esrepei. Oaap Tabury KaybIMJacTBIKTapFa TOH eMec 3aTTap MeH DHepTus
alfHaABIMBIHBIH epeKIle Typi Oap HaKThl 9KOAOTMAABIK OpTaMeH cumattadasbl. Kasaablk >xepaepae
>KachlA KeHiCTiKTep MaHbI3ABL JKacbla eciMAiKTep YAKeH KaJdalapAblH TYPFLIHAAPBIH IIaHHAH, TyTiHHEH
JKaHe 3UAHADBI TadgapAaH KOprayJa YAKeH pea aTKapaAbl. AAMaThl KalachlHAa OOTaHMKAABIK OaK yChIHFaH
aramrap MeH OyTadapasiH 70-TeH acTaMm Typi eHAipicke ewrisiagi. Aramrapaan Oya - Phellodendron
amurense, Faidherbia albida, Crataegus sanguinea, Crataegus maximowiczii, Crataegus submollis,
Crataegus punctata, Crataegus chrysocarpa, Ulmus laevis, Ulmus glabra, Gleditsia triacanthos, Catalpa
bignonioides, Aesculus hippocastanum, Acer ginnala, Acer platanoides, Acer saccharum, Juniperus
virginiana, Juglans mandshurica, Padusmaackii, n3kycrapaukos-Amorpha fruticosa, Swidaalba, Syringa
josikaea, Spiraea vanhouttei, Spiraea thunbergii, Spiraea japonica >kone 6ackaaap. AaMaThl KaAacChIHbIH
aranr-OyTa (paopackiHa GpAOPUCTUKAABIK TalAdy JKacay >Kachla aaKanTap 58 Tysictap MeH 34 TYKbIMAacKa
>karaTeiH 208 TypMeH YCBHIHBIAFAHBIH KepceTTi. Aramn >keHe Oyra Typaepiniy iminge KaszaxcraHHBIH
Taburn (paopacsH 13 TybicTap 1meH 9 TYKBIMAACTHIH 54 Typi (20%) KypaiiAsr (9 KbIAKaHKaIIBIPaKTHl JKoHe
45 >xanpipakTel TYP). 154 Typi (80%) uHTpOAyKIMsAaHFaH, Oy TaOUFy TapaAy aliMarbIHaH THIC TOIIBIPAKTa
OCeTIiH eciMaiKTep.

Tyiiin cesaep: JKacoia xeaexrep, Kadaablk ypOaHM3alusAaHFaH OpTa, AAMaThbl KaAachl.

I'.A. CaageipoBa, A. K. Tanwi0aesa, T.A. Basap6aesa, I'A. Mykanosa, C.M. J:xammnaosa’,
A.C. Hypmaxanosa
Kasaxcxuil nayuonarvhuiil ynusepcumen um. arvb-Qapadu, Axmamor, Kasaxcman
'Kasaxckuii HALUOHANbHOLI nedazozuieckuii yrusepcumem umenu Abas, Aavmamol, Kasaxcman

AHaan3 9K0A10TMIECKOTO COCTOSIHNS TOPOACKIX 3e1eHbIX HacaXaeHnin Megeyckoro
pailioHa ropoga AaMaTbl

Annoranus. B gannoii crathe Ha mpuMepe Meraroanca AAMaThl pacCMaTpUBAIOTCs DKOAOTMIECKHe
npo6aemMsl ropoos KazaxcraHa, rae ¢ passuTtueM Ipoijecca ypOaHM3aI iy ecTeCTBeHHas IpUpoAHast cpeja
B TOpOAax O4eHb CUABHO M3MEHAETCA, A4 KOTOPOII XapaKTepHa crienyduaecKas KoA0rndeckas cpeja ¢
0CODOBIM TUIIOM KPYTOBOPOTa BeIIleCTB M DHePTUM, He CBOVICTBEHHO IIPUPOAHBIM COODIIecTBaM. S3HauYeHue
3eJeHbIX HaCaKAeHUI Ha YpOaHU3MPOBaHHBIX TEPPUTOPIIX OU€Hb TPYAHO IIepeoLieHUTh. boAbIyIo poab
3eJeHble pacTeHIs OKa3bIBaIOT B 3all[UTe HaceAeHMs KPYITHBIX TOPOAOB OT IIBIAM, ABIMa U BPeAHBIX Ia3os. B
ropoe Aamarsl 60aee 70 BA0B 4epeBbeB I KyCTapHIUKOB, PeKOMEHA0BaHHBIX OOTaHIMIECKIM Cag0M, ObLAN
BHe/peHbI B Ipon3soAcTso. V3 gepesbes 10 - Phellodendron amurense, Faidherbia albida, Crataegus
sanguinea, Crataegus maximowiczii, Crataegus submollis, Crataegus punctata, Crataegus chrysocarpa,
Ulmus laevis, Ulmus glabra, Gleditsia triacanthos, Catalpa bignonioides, Aesculus hippocastanum, Acer
ginnala, Acer platanoides, Acer saccharum, Juniperus virginiana, Juglans mandshurica, Padus maackii,
n3 KycrapHukos - Amorpha fruticosa, Swida alba, Syringa josikaea, Spiraea vanhouttei, Spiraea
thunbergii, Spiraea japonica u apyrme. IToapoGHsIit paAOpUCTHYECKNTI aHAAUS APeBeCHO-KyCTapHUKOBOI
daopsr ropoga AamaTsl TIOKa3ad, 4TO 3eAeHble HacaXKAeHMs IpeAcTaBaeHsl 208 BuaaMu, OTHOCIITUIXCS
K 58 posam u 34 cemeiictsam. Cpeam ApeBecHO-KyCTapHUKOBHIX BUAOB - 54 Buja (20%) mpeAcTaBAsIIOT
npupognyio ¢paopy Kaszaxcrana (9 xpoiiHbIX 1 45 AMCTBEHHBIX 1TOpoA) 13 13 pogos 1 9 cemericts, u 154
B1140B (80%) ABASAIOTCSI MHTPOAYLIEHTaMI, T.€. pacCTeHIs, BLIpallleHHbIe B IPYHTe 3a IIpeJeAaMU apeasa 1xX
IPUPOAHOIO pacIpoCTpaHe sl

Karouesrble caoBa: 3eaeHble HacaKAeHNs, ypOaHU3UPOBAaHHAA Cpeda, TOpo4 AAMaThl.
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