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Current state and ecological assessment of flora in man—made areas
of industrial enterprises in the East Kazakhstan region

The article presents the results of a floristic study of technogenically disturbed territories associated with in-
dustrial enterprises in the East Kazakhstan Region (EKR) and assesses the current ecological state of vegeta-
tion in these areas. The aim of the study was to evaluate the ecological features and current condition of flora
in disturbed industrial territories based on an analysis of species composition and the ecological structure of
plant communities at seven major non-ferrous metallurgy enterprises in the East Kazakhstan Region. The ob-
ject of the study was the flora of technogenically disturbed industrial sites. The research was based on field
botanical surveys using floristic and ecological—cenotic analysis methods. The disturbed flora was found to
comprise 253 species of woody and herbaceous plants belonging to 171 genera and 53 families. Three leading
families were identified: Asteraceae Bercht. & J.Presl — 41 species (16.1%), Poaceae Barnhart — 24 species
(9.4%), and Rosaceae Juss. — 23 species (9.0%), which are characteristic of the boreal-temperate flora of the
Holarctic region. The study includes an ecological and morphological assessment of plant adaptation to envi-
ronmental conditions and analyzes patterns of vegetation recovery in disturbed habitats. Ecological character-
istics of the phytocenoses are presented, the distribution of species among ecological—cenotic groups is exam-
ined, and a botanical-geographical analysis of the flora of technogenically disturbed territories is conducted.
The obtained results expand current understanding of vegetation formation under technogenic impact and
provide insight into the present state and ecological organization of technogenic flora.

Keywords: flora, ecosystem, phytocenosis, population, community, species, plants, technogenically disturbed
areas, environmental assessment, succession.

Introduction

Intensive industrial development plays a leading role in the economic development of any country. Its
growth has a negative impact on the environment, leading to changes in the integrity of the biogeocenotic
cover and the degradation of natural landscapes, air, water, and soil pollution, increased waste, and a reduc-
tion in plant biodiversity. These processes give rise to anthropogenically disturbed lands, where secondary
successions of biological communities occur spontaneously [1]. One such source of environmental destabili-
zation in Eastern Kazakhstan is large industrial enterprises extracting and processing minerals. The region is
a flagship for the development of non—ferrous metallurgy, the leading economic sector in the eastern part of
the Republic. The region is home to large complexes for the extraction and processing of polymetallic ores:
copper, zinc, magnesium, titanium, precious metals, and other minerals. The operations of these enterprises
impact the environmental situation in the region, worsening the environment. Moreover, the environmental
consequences of indirect impacts on the environment are often more extensive and often exceed the direct
impact of mining enterprises on the environment.

The increasing area of technogenic land necessitates the identification and objective assessment of the cur-
rent state of soil and vegetation cover at the region’s major industrial enterprises. Scientific literature empha-
sizes the importance of studying technogenic flora, as such research allows for the assessment of the ecologi-
cal state of disturbed areas, the identification of plant adaptations to extreme conditions [2], and the devel-
opment of effective measures to restore and protect disturbed ecosystems [3, 4].

The aim of the work is to assess the current state and ecological characteristics of flora in man-made
areas based on the analysis of species composition and ecological structure of populations at seven leading
non—ferrous metallurgy enterprises in the East Kazakhstan region (EKR).

The main objective is to study the issues of degradation of plant communities and the study of the fea-
tures of the formation of technogenic flora for further monitoring, planning and development of environmen-
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tal measures, as well as conducting a geographic analysis of industrial flora, which will provide an under-
standing of the processes of formation of phytocenoses under conditions of technogenic impact and the pat-
terns of plant distribution on the territory of industrial facilities.

Experimental

The study of vegetation cover in the zone of man—made pollution was carried out at 7 industrial enter-
prises in the East Kazakhstan region (Fig. 1).

Google earth

Figure 1. Study of vegetation cover at industrial enterprises in East Kazakhstan region
1 — Ridder Metallurgical Plant; 2 — Ust-Kamenogorsk Titanium and Magnesium Plant;
3 — Ulba Metallurgical Plant; 4 — Belousovsky Mining and Processing Plant; 5 — Irtysh Copper Smelter;
6 — Irtysh Rare Earth Company; 7 — Kazmineral

The study focused on natural and anthropogenically transformed plant communities located within the
mountain forest, forest—steppe, and steppe zones near large industrial enterprises. Phytocenoses were studied
using a route—reconnaissance method in areas adjacent to industrial enterprises in the East Kazakhstan
region. A GARMIN GPS navigator was used to accurately determine the location of the monitoring zones
(Etrex 22 X). During the research, the species composition of vascular plants was described, herbarium spec-
imens were collected, and plant communities were identified taking into account the terrain and patterns of
vertical zonation.

The species composition of herbarium specimens was clarified using plant identification guides [5-11]
and the GBIF information system (https://www.gbif.org/).

The life forms of plants were established according to the ecological-morphological classification of
I.G. Serebryakov [12]. The structural-dynamic analysis of life forms, taking into account the characteristics
of the habitat and the nature of growth, was carried out according to the classification of G.M. Zozulin
[13, 14]. The ecological conditions of plants were determined using the ecological scales of
G.Ya. Stepanyuk, L.A. Zhukova and others, reflecting the distribution of species in anthropogenically dis-
turbed areas based on the analysis of the species composition of plants, their taxonomic, morphological and
ecological-geographical characteristics [15-19]. The identification of the structure of the flora by the be-
longing of species to ecological—cenotic groups, the assessment of the ratio of natural and anthropogenic
components that determine the degree of transformation of ecosystems were carried out using ecological
scales and methods of analyzing floristic diversity in accordance with the approaches developed by
R.V. Kamelin for comparative floristic studies [20, 21].

The geographical analysis was conducted using the quantitative flora characterization method of
A.l. Tolmachev et al. [22-27]. Species were distributed according to longitudinal and latitudinal geographic
elements, which made it possible to identify patterns of their spatial distribution under conditions of anthro-
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pogenic transformation of vegetation cover. Statistical processing of primary and secondary data from the
comparative analysis of industrial phytocenosis systems was carried out using Microsoft Office Excel 2010.

Results and Discussion

The distribution of plant species in phytocoenoses was recorded at 132 locations across key sites of
seven regional enterprises (Fig. 2). All areas are characterized by a high degree of anthropogenic impact due
to the long-term development of the mining industry. The flora of the study areas includes apophytes, native,
ruderal, synanthropic, and adventitious species that form secondary successional communities in disturbed
areas.
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Figure 2. Distribution of the number of species by industrial sites in the East Kazakhstan region

According to the botanical and geographical zoning, the study area belongs to the Altai—Sayan moun-
tain—taiga region, which is part of the South Siberian mountain forest vegetation region. The natural vegeta-
tion cover is located in two provinces [28, 29]:

— The Irtysh forest—steppe province of the Eurasian steppe region. Its territory is home to mining enter-
prises and large population centers, forming an independent type of urban phytocenosis vegetation. Natural
vegetation is formed in the steppe and forest-steppe zones of the right bank of the Irtysh River. The natural
vegetation type includes forest—steppe feather-grass—grass and fescue steppes, mixed forests, aspen-birch
groves, floodplain forests, and shrub thickets. In flat areas, natural phytocenoses give way to arable lands and
pastures with anthropogenic agrocenoses and associated weed vegetation. The relief is represented by a hilly
surface, in places smoothed and indented by a moderate river network. The difference in altitude reaches up
to 120 m (from 80 to 200 m). The climate is sharply continental. Winters are cold and with little snow. Pre-
cipitation ranges from 280 to 450 mm. Soils are predominantly a combination of light and dark chestnut
soils.

— West Altai mountain forest province. The main enterprises of the non—ferrous metallurgy mining and
processing industry are concentrated in the city of Ridder. The surrounding area belongs to the mountain—
taiga zone and is characterized by high-altitude and mid-altitude terrain with characteristic vertical zonation.
The natural vegetation type is coniferous and mixed forests. Due to intensive agriculture near populated are-
as, plant communities have been transformed by human economic activity. Degradation of the soil structure
and a decrease in overall biodiversity are observed, accompanied by an increased number of adventitious
species. The relief is a geomorphological depression with elevations of 700-900 meters above sea level. The
climate is moderately cold due to the moderate altitudinal climatic zonation of the mountainous terrain. Pre-
cipitation ranges from 600 to 800 mm. The soils are soddy—podzolic.

Vegetation is one of the most sensitive biological components to human anthropogenic influence and,
therefore, is becoming a key indicator of industrial pollution. The flora of the Kazakhstan Altai remains un-
derstudied. The total floristic diversity of the region comprises approximately 2,500 species of higher vascu-
lar plants from 531 genera and 108 families [5]. The studied provinces represent a limited portion of the
Rudny Altai, experiencing significant anthropogenic influence from industrial zones. During route recon-
naissance surveys in key flora areas, we noted 253 species of woody and herbaceous plants from 171 genera
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and 53 families (Table 1). Species analysis showed that the proportion of flora represented at industrial sites
reaches 10 % of the total species diversity of the Kazakhstan Altai.

Table 1

Leading flora families near industrial enterprises in the northeastern part of Rudny Altai,
East Kazakhstan region

Families Number of species % of total
Asteraceae Bercht. & J. Presl 49 19.3
Poaceae Barnhart 24 94
Rosaceae Juss. 23 9.0
Fabaceae Lindl. 17 6.7
Salicaceae Mirb. 13 5.1
Lamiaceae Martinov 12 4.7

Caryophyllaceae Juss. 9 3.6
Apiaceae Lindl. 8 3.2
Ranunculaceae Juss. 7 2.8
7
6

Plantaginaceae Juss. 2.8
Polygonaceae Juss. 24

In disturbed ecosystems, the leading families are Asteraceae (491 species, 19.3 %), Poaceae
(24 species, 9.4 %), and Rosaceae (23 species, 9.0 %), which is typical of the boreal-temperate flora of the
Holarctic. Due to their high ecological plasticity, they inhabit a variety of habitats, including disturbed natu-
ral complexes, and become dominant in ecosystems for a given climate.

The dominant components of the Irtysh region’s phytocenoses are typical meadow-steppe and shrub—
meadow communities. In the Ridder mountain basin, meadow and forb—grass communities predominate, de-
veloping in the moderately cold and humid conditions of the low relief. Human activity has led to significant
changes in the structure and composition of the mountain taiga forests around the city. Species like Artemisia
vulgaris L., Tanacetum vulgare L., Achillea millefolium L., Dactylis glomerata L., Lolium pratense (Huds.)
Darbysh., Alopecurus pratensis L., Trifolium hybridum L. and others are found in natural and
anthropogenically disturbed areas. Among them, the overwhelming majority of the noted species
(229, or 90.4 %) are native plants of the Kazakh Altai. Adventitious species make up a significant proportion
of the cultivated flora near populated areas of the region (24, or 9.5 %). Due to their ecological plasticity,
they are able to survive under stressful conditions and undergo a full cycle of ontogenetic development.
Among them, predominantly tree species are traditionally used in landscaping cities and towns in the region:
Acer negundo L., Ulmuslaevis Pall., Populus balsamifera L., Malusbaccata (L.) Borkh., Fraxinus
pensylvanica Marshall, Syringa wvulgaris L., Ribes aureum Pursh. Some species are invasive
(Acer negundo L.) or potentially invasive plants in natural communities and in the vicinity of populated areas
(Echinocystislobata (Michx.) Torr. et A. Gray, Amaranthus retroflexus L., Xanthium strumarium L. andetc.).

Plants in the surveyed area represent a diverse range of life forms. The overwhelming majority of 106
species (42 %) are perennial herbaceous plants of the genus Elymus. repens (L.) Gould, Agropyron
cristatum (L.) Gaertn., Artemisia austriaca Jacg., Cichorium intybus L., Senecio vulgaris L., Heracleum
dissectum Ledeb., Origanum vulgare L. andetc. They have a developed root system, are highly adaptable,
and are capable of vegetative propagation, which ensures population stability in a variety of habitats. A rela-
tively high proportion of annuals (57 %, or 22 %) and biennials (43 %, or 17 %) are found, occupying open
and unstable areas lacking dense vegetation cover on industrial sites, along roads, in settlements, and
in vacant lots (Setariaviridis (L.) P. Beauv., Carduusnutans L., Sonchusoleraceus L., Chenopodiumalbum L.,
Amaranthusretroflexus L.etc.). Dendroflora is represented by 47 taxa (18.5 %). Among them, adventitious
species are noted—6 %, which have a high proportion of participation in the composition of cultivated
plantings. Some of them act as “pioneers”, becoming the basis of these formations with the gradual over-
growth of man-made objects—Populustremula L., Betula L., Rosaspinosissima L., Spiraeahypericifolia L.,
Lonicera Tatarica L., Caraganafrutex (L.) K. Koch, Atraphaxisfrutescens (L.) Eversm., etc. Subshrubs and
vines (2 species each) are minimally represented in the industrial flora, accounting for 1.6 % (Fig. 3). It has
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been noted that in disturbed areas, the presence of native woody flora ensures natural succession processes
during the restoration of anthropogenic ecosystems.
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Figure 3. Life forms noted in plant populations in the areas of industrial pollution in East Kazakhstan region:
Mtr — herbaceous perennials; Odn — annuals; Dv — biennials; D — trees; K — shrubs; Pk — subshrubs; L — vines

A structural and dynamic analysis of plant species was conducted to determine the stability of vegeta-
tion cover, the degree of disturbance, the stages of succession, and assess biodiversity. According to
G.M. Zazulin’s classification, the development of phytocenoses in disturbed ecotopes was determined by the
ratio of restative, irruptive, and vagative plant groups, reflecting their adaptation and spatial distribution. The
composition of plant groups in populations in the study areas varies depending on a range of factors related
to the nature of industrial impact on the surrounding area (intensity of technogenic pollution, production
characteristics, distance from the pollution source, the degree of accumulation of harmful substances in the
soil, etc.).

In the disturbed areas of industrial enterprises in the region, the vegetation cover is dominated by re-
storative species (127 species, 50 %), indicating a pronounced ability of the community to maintain its occu-
pied area and stabilize its spatial structure. The significant proportion of irruptive species (89 species, 35 %)
indicates active dispersal and the development of vacant ecological niches, which is typical of
anthropogenically transformed habitats. The smaller proportion of vagative species (38 species, 15 %) re-
flects their limited role in long—term population succession (Fig. 4).

Populations with different types of groups in disturbed areas located near an operating industrial enter-
prise and the enterprise after its shutdown and reduction of technogenic impact are presented in Figure 3. At
sites with intense and constant pollution (Ust-Kamenogorsk “TMK?), irruptive species predominate in the
technogenic flora — Acer negundo L., Calamagrostis epigeios (L.) Roth., Cichorium intybus L., Cirsium
vulgare (Savi) Ten., Convolvulus arvensis L. Their share in the flora is 114 (45 %), indicating high ecologi-
cal instability of plant populations under constant anthropogenic pressure. The proportion of stable regenera-
tive populations decreases to 41 % (104 species), preventing the formation of a stable biocenosis. Among the
existing species, plants with high ecological plasticity and resistance to environmental pollution are noted:
Artemisia absinthium L., Salvia dumetorum Andrz. ex Besser, Verbascum songaricum Schrenkex Fisch. et
C.A. Mey., Origanum vulgare L., etc. The low value of variable species 35 (14 %) indicates that plants do
not tolerate active pollution well — Melilotus albus Medik., Berteroa incana (L.) DC., Echium vulgar L.,
Erigeron canadensis L. et al. Thus, the ecosystem is in a state of chronic stress, where slow successional
processes are observed.

A somewhat opposite picture of technogenic flora development is observed at the former Irtysh Chemi-
cal and Metallurgical Plant, which began operations in 1958. The plant’s production activities were gradually
suspended from 2008 to 2015. In fact, the plant’s impact on the surrounding flora and ecosystem during this
period was minimized. Active technogenic impact on the flora decreased, and successional processes gradu-
ally began to develop toward the formation of resilient and stable plant communities characteristic of natural
ecosystems. The current composition of the vegetation reflects this dynamic, manifested in the predominance
of regenerative species: 46 (51 %) of the total 89 species noted. Festuca rubra L., Artemisia sericea Weber
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(Besser), Achillea millefolium L., Gypsophila paniculata L., Dianthus ramosissimus Pall.ex Poir et al. The
proportion of irruptive taxa is still high, amounting to 29 (33 %). The ecosystem has not yet stabilized, and
active successional changes are underway. Many expansive species continue to maintain their numbers and
play a significant role in plant communities, indicating the impact of environmental pollution. Among them
are ruderal, synanthropic, and pioneer species: Elymus repens (L.) Gould, Malva thuringiaca subsp.
thuringiaca, Sonchus arvensis L., Rumex confertus Willd., and Leonurus glaucescens Bunge. The low pro-
portion of variable species (14; 16%) indicates that the ecosystem has not yet reached maturity and remains
unstable. These species include Carduus crispus L., Cannabis sativa var. ruderalis (Janisch.) S.Z. Liou,
Senecio vulgaris L., and Amaranthus retroflexus L. Overall, this area reflects a post-technogenic character.
Successional processes are at the early and middle stages of development.

15% 14% 16%
359 33%
45%
41%
0% 51%
= Irruptive = Restorative = Vagative = [rruptive = Restorative = Vagative = [rruptive = Restorative = Vagative
A B C

Figure 4. Distribution of plant groups in populations according to G.M. Zazulina in disturbed areas
of East Kazakhstan region: A — Average data for all sites, B — Operating Ust-Kamenogorsk Titanium and Magnesium Plant,
C — Mothballed Irtysh Rare Earth Company LLC

Plants growing in man—made landscapes differ in their ecological characteristics, including their rela-
tionship to moisture conditions, light conditions, and soil fertility (Fig. 5, 6).
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Figure 5. The ratio of ecological groups by the moisture factor of plants growing
in man—made disturbed landscapes
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Figure 6. The ratio of ecological groups by the illumination factor (A) and soil fertility (B)
of plants growing on man—made disturbed landscapes of the East Kazakhstan region

In terms of moisture requirements, plants adapted to moderate moisture predominate—mesophytes 94
(37 %), mesoxerophytes 13 %, xerophytes 19 (8 %), xeromesophytes 73 (29 %). Such types, like Agrimonia
pilosa Ledeb., Poa pratensis L., Lolium pratense (Huds.) Darbysh., Senecio vulgaris L., Veronica spicata L.,
Phleum phleoides (L.) H. Karst., Bromus inermis Leyss., etc. reflect dry and moderately dry character condi-
tions growth on violated territories. Marked moisture—loving types from groups hygrophytes with intermedi-
ate subgroups—33 (13 %) species, predominantly encountered on territories mountain taiga zones (Ridder):
Salix viminalis L., Rubus caesius L., Sanguisorba officinalis L., Equisetum sylvaticum L., Angelica
decurrens (Ledeb.) B. Fedtsch., Cirsium alatum (SG Gmel.) Bobrov and in relation to light, the flora of dis-
turbed areas of industrial zones is represented predominantly by heliophytes—222 (88 %) and, to a lesser
extent, by scioheliophytes 31 (12 %). This distribution is due to the open nature of the territories of industrial
zones, including the mountain—steppe landscape, where well-lit areas predominate and dense vegetation is
absent. In the surveyed areas, the greatest number of species develop with average soil fertility —
mesotrophs 115 (45%) — Lonicera Tatarica L., Alopecurus pratensis L., Bromus inermis Leyss.,
Echinops tricholepis Schrenk, Origanum vulgare L., etc. The ecological group of plants that inhabit soils
with low nutrient content includes 83 (33 %) taxa (oligotrophs) — Pinus sylvestris L., Caragana frutex (L.)
K. Koch, Filipendula vulgaris Moench, Agropyron desertorum (Fisch. ex Link) Schult., Artemisia gmelinii
Weber ex Stechm., etc., and 55 (22 %) plants from industrial zones prefer fertile soils with a high humus
content (eutrophs).

The eco—coenotic spectrum of flora in disturbed areas is characterized by high mosaicism. Analysis of
flora by ecological groups and habitat types reflects habitat conditions, allows evaluating their ecological
confinement, functional role in the structure of plant communities, and identify anthropogenic impact. Flora
of disturbed areas is divided into 5 eco—coenotic groups: steppe and semi-steppe 65 species or 26 %; forest,
forest—shrub and forest-meadow formations (64 species or 25 % of the total composition); weed-ruderal
(62 species or 25 %); meadow (51 taxa or 20 %); wetland (11 species or 4 %). The dominance of steppe and
forest species reflects the ecotone nature of the territories, caused by the interaction of forest—steppe, steppe
and mountain-taiga landscapes. Meadow groups are present as a background element, displaced by weed
and steppe vegetation. The proportion of wetland species is minimal due to the relief features and the pre-
dominance of dry growing conditions (Fig. 7).
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Figure 7. Spectrum of eco—cenotic groups of industrial flora of industrial enterprises of the East Kazakhstan region

An analysis of the spectrum of latitudinal elements of species, carried out on the basis of the classifica-
tion of latitudinal elements according to A.l. Tolmachev [22], showed that the flora of the studied territories
is almost entirely represented by species of the temperate zone (99 %), which corresponds to its physical and
geographical position within the mountainous and foothill regions (Fig. 8).

3;1%

= boreal
92; 36%
= non-moral-boreal
boreal-nemoral
= immoral
m subtropical

51; 20%

40; 16%

Figure 8. Spectrum of latitudinal elements of flora species of industrial enterprises
of the East Kazakhstan region according to botanical and geographical zoning

The largest share in the urban flora is made up of temperate boreal elements 92 (36 %), characteristic of
conditions with low temperatures and sufficient moisture—Rosa acicularis Lindl., Potentilla chrysantha
Trevir., Bromus inermis Leyss., Bunias orientalis L., Medicago falcata L., and others. The predominance of
this group reflects the significant influence of the mountain—taiga zone. A significant part of the flora is rep-
resented by temperate nemoral-boreal 51 (20 %) and boreal-nemoral elements 40 (16 %)—Acer
Tataricum subsp. ginnala (Maxim.) Wesm., Ulmus pumila L., Populus laurifolia Ledeb., Chamaenerion
angustifolium (L.) Scop., Senecio nemorensis L., VeronicaspicatalL., Malva thuringiaca subsp.
Thuringiaca. These are ecologically flexible species, occupying transition zones between steppe and forest,
with mountain-steppe and forest-steppe elements dominating. Moderately nemoral species account for 67
(27 %) of the studied species. The group includes species confined to warmer temperate climates associated
with forest—steppe, meadow steppes, and anthropogenic species that form the basis of the vegetation cover of
industrial zones and is represented by Acer negundo L., Populus alba L., Ferula songarica Pall. ex Willd.,
Pulmonaria Mollis Wulf. ex Hornem., Dianthus ramosissimus Pall. ex Poir., Delphinium dictyocarpum DC.,
and others. The subtropical element is insignificant, constituting 1.2 %, associated with introduced, anthro-
pogenic alien and cultivated plants—Echinochloa crus — galli (L.) P. Beau., Heliantus annuus L. These
species are not indicators of the natural conditions of the region.

An analysis of longitudinal flora groups reveals a distinct predominance of species with wide habitat
ranges, a characteristic feature of anthropogenically transformed ecosystems. The Eurasian group dominates
the vegetation structure, comprising 194 (77 %) species of the total flora of anthropogenically disturbed are-
as, forming the core of disturbed habitats. The proximity of their habitats and similar biogeographic origins
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allows them to be considered a single Eurasian complex, possessing a broad ecological range and high resili-
ence to anthropogenic impacts on the environment (Fig. 9).
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Figure 9. Distribution of industrial flora of industrial enterprises of East Kazakhstan region by geographical zoning

Among them Acer tataricum L., Populus tremula L., Betula pendula Roth, Calamagrostis purpurea
(Trin.) Trin., Poa pratensis L., Cirsium arvens e (L.) Scop., Plantago major L., Salvia dumetorum Andrz. ex
Besser etc. Holarctic elements are playing significant role — 23 (9 %) types, characterized by extensive are-
as growth V within Northern hemispheres — Sanguisorba officinalis L., Festuca rubra L., Agrostis
stolonifera L., Phragmites australis (Gav.) Trin. ex Steud., Equisetum hyemale L. etc. Their presence high-
lights the ability of plants to adapt to various climatic conditions, including urbanized and man-made areas.
The remaining longitudinal elements are represented in small proportions: North American and Asian spe-
cies — 10 each (4 %) — Populus balsamifera L., Fraxinus Pennsylvania Marshal, Solidago canadensis L.,
Ferula songarica Pall. ex Willd., Bupleurum longifolium subsp. aureum and others; North American ele-
ments are represented by alien and naturalized species, widely distributed in disturbed and secondary habi-
tats; Asian elements reflect continental floristic connections and adaptation to arid and mountain-steppe con-
ditions; European elements make up 9 (4 %) species of the total number — Salix daphnoides Villa., Syringa
vulgaris L., Campanula rapunculoides L. and other East Asian — 6 species or 2 % — Acer Tataricum
subsp. ginnala (Maxim.) Wesm., Salix integra Thunb., Malus baccata (L.) Borkh. etc. Their participation
reflects the historical and geographical connections of the region’s flora with specific floristic regions and
introduction processes. The tropical-subtopical element is represented by one species — Portulaca
oleracea L., which indicates the absence of influence of southern floristic complexes.

The ecological—cenatic distribution of vegetation on the territory of industrial enterprises is formed un-
der the influence of the degree of technogenic load, environmental conditions and biological characteristics
of plant communities.

The conducted research has established that the structure of industrial phytocenoses reflects the adapta-
tion of vegetation to disturbed ecotypes and combines elements of stabilization and active species dispersal
with high ecological plasticity, taking into account zonal and climatic factors. The most favorable conditions
for plant growth were also noted at the mothballed IREC LLC facility, where phytocenoses are in a state of
restorative succession, compared to operating facilities, where natural plant communities are weakened due
to constant anthropogenic impacts on the environment, with a predominance of ruderal species and a de-
crease in the diversity of natural vegetation.

Conclusion

Based on the results of the research, the floristic composition of key industrial flora sites comprises 253
species of woody and herbaceous plants from 171 genera in 53 families, accounting for 10 % of the total
species diversity of the Kazakhstan Altai. The leading families of industrial flora are representatives of three
families: Asteraceae—49 (19.3 %) species, Poaceae—24 (9.4 %) species; Rosaceae—23 (9.0 %) species,
which is typical for the boreal-temperate flora of the Holarctic.

In terms of life forms, the overwhelming majority of plant species are perennial herbaceous plants—
106 (42 %), followed by annuals—57 (22 %), and biennials—43 (17 %). Dendroflora is represented by 47

ISSN 3080-6836 (Print) ISSN 3080-6844 (Online) 73



A.A. Vinokurov, O.A. Anufrieva

taxa (18.5 % of the total), including adventitious species (6 %): trees—31 (12 %), shrubs—12 (5 %), and
subshrubs and vines—2 each (1 %).

Structural-dynamic analysis (the relationship between plant groups in populations) revealed that dis-
turbed phytocenoses are in the recovery stage, with stabilization processes prevailing over active dispersal.
Under conditions of intense environmental pollution from industrial enterprises, successional processes and
the formation of stable plant communities are slowing down.

The ecological characteristics of phytocenoses in disturbed areas are represented by light—loving plants
(heliophytes 88 %), adapted to moderate (mesophytes — 37 %, mesoxerophytes — 13 %) and limited mois-
ture (xerophytes — 8 % and xeromesophytes — 29 %) with a predominance of species with average soil fer-
tility (mesotrophs — 45 %), which corresponds to the ecological conditions of the steppe and mountain—
steppe zones of the foothills.

The flora of the disturbed areas is divided into 5 ecological-cenotic groups: steppe and semi-steppe 65
species (26 %); forest, forest—shrub and forest-meadow — 64 species (25 %) of the total composition;
weed-ruderal — 62 (25 %); meadow — 51 (20 %); wetland — 11 (4 %).

Botanical and geographical analysis shows that the latitudinal flora elements in disturbed areas are al-
most entirely represented by temperate zone species (99 %). It was established that the majority of the flora
are temperate boreal species — 92 (36 %), nemoral-boreal species — 51 (20 %), and boreal-nemoral spe-
cies — 40 (16 %). This indicates the dominance of temperate zone flora in the formation of plant communi-
ties in industrial ecotopes.

The longitudinal structure is characterized by the dominance of the Eurasian group—194 species
(77 %), creating a unified Eurasian complex with high resilience to anthropogenic impacts in the
technogenically disturbed areas of industrial enterprises. Other longitudinal elements are represented in mi-
nor proportions: North American and Asian species account for 10 each (4 %), European elements account
for 9 (4 %), and East Asian species account for 6 (2 %). The presence of North American and Asian species
indicates the introduction of introduced species and migration processes.

Thus, at present, industrial phytocenoses in the man—-made territories of the enterprises of the East Ka-
zakhstan region are in a state of restoration succession process.
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A.A. Bunokypos, O.A. AnydpueBa

HIsirpic KazakcTaHn 00JIbICHIHIAAFBI OHEPKICINTIK KICIMOPBIHAAPABIH
TEXHOTeHAIK OY3bLJIFAH ayMaKTapbIHAAFbI (JIOPaHbIH Ka3ipri sKaraaibl
7KOHE IKOJIOTHSJIBIK 0aFrachl

Maxkanana [ersic Kazakctan o6asiceiHgarel (IHKO) eHepkocinTik KoCIMOPBIHAAPABIH TEXHOTEHAIK
ayMaKTapbIHAars! (JIOpaHbI 3epTTey HATIKeIepl KeATipiireH, Oy3pUIFaH ayMaKTap/arsl TEXHOTEH/IIK acepre
yiielparad  (UIOpaHbIH Ka3ipri jkargaiiblHa SKOJIOTISUIBIK Oaranay Herisinge Oara OepinreH. 3eprrey
KYMBICBIHBIH MakcaTbl — IlIbiFpic KazakcTaH oOGJIBICBIHIAFBl TYCTI METayUTyprus CalachlHOAFbl JKETi
JKETEeKI KOCIMOPBIHAA KYPTi3iIreH TYPIIK KYpaMIbl )KoHE MOMYJISISIIAPIBIH 3KOJIOTHSUIBIK KYPBUTBIMBIH
Talgay Heri3iHIe TEeXHOTeHAIK ayMakrapiarbl (UIOpaHbIH —Ka3ipri Jkarjaibl MEH OKOJOTHSJIBIK
epeKIIeNiKTepin Oaranay. 3epTTey HBICAaHBI — OHEPKACINTIK KACIMOPHIHAAPIBIH TEXHOTCHAIK Oy3bUIFaH
ayMakTapbIHbIH (ropacel. JKymbic (IOPUCTUKANBIK XKOHE 3KOJOTHSIIBIK-IEHOTHKAIBIK TajAay oOmicTepiH
KOJIIaHA OTBIPBII XKYPIi3UIreH Janayblk OOTaHMKAIBIK CHIIATTaMaliap HETi3iHJAe OphIHIANABL. OHEpKACINTIK
(hopaHBIH TYPIIIK KYPaMbIHBIH epeKIIenikTepi aubIKTaIasl. On 53 TykbiMaac nieH 171 TybICKa KaTaThIH aFamt
JKOHE MIenTeciH eciMmikrepai 253 TypiHeH Typambl. Herisri ym jkeTekmni TyYKeIMIac aiKbIHIANIBL:
Asteraceae Bercht. & J.Presl — 41 typ (16,1 %), Poaceae Barnhart — 24 typ (9,4 %) xoHe Rosaceae Juss.
— 23 1yp (9,0 %). byn tyxemMmactap ['omapkTukaHbelH Gopeanbabi—KOHbIpKail ¢raopackiHa ToH. XKyMbIcTa
OCIMIIKTEpIiH KOpIIaFraH OpTa JKarJaiiapbliHa OciiMIenyine KoHe TeXHOTCHIIK (IOpaHbIH KaiiTa KallbiHa
KeJIy epeKILIETKTepiHe HKOJIOTUSIIBIK-MOPQOIOTHIIBIK Oara OepinreH. CoHBIMEH KaTap (UTOICHO3Iapra
SKOJIOTHSUIBIK CHIIATTaMa >KACajblll, TYPJEPAIH AKOJOTHSIIBIK-IIEHOTHKAIBIK TONTap OOMBIHIIA Tapaiybl
TaIJaHAbl, TEXHOTEHAIK ayMakTap (iaopacsiHa OOTaHUKAIBIK-TEOTPa(UsIIBIK TalAay Kypri3ingi. AJBIHFaH
MOJIMETTep TEXHOTCHMIK acep JKaFJaibIHAa ©CIMIIK JKaMBUIFBICHIHBIH KAJIBIITACY 3aHJBUIBIKTApbl TYpajbl
TYCIHIKTI KeHEHTIIl, TeXHOTeHIK (pIIOpaHbIH Ka3ipri KaFIaiibIH CUIaTTayFa MYMKIHAIK Oepenti.

Kinm ce3odep: ¢nopa, 3xoxyie, GHUTOLECHO3, MOMYJAMS, KaybIMIACTBIK, TYP, OCIMIIKTEp, TEXHOTCHIIK
Oy3BUIFaH ayMaKTap, YKOJIOTHSUIIBIK Oaraiiay, CyKIecCHsl.

A.A. Bunokypos, O.A. Anydpuena

CoBpeMeHHOE COCTOSTHHE M IKOJIOTHYECKAasi OleHKA (JiopbI
TE€XHOT€HHO HAPYILIEHHBIX TEPPUTOPUSIX NMPOMBIIIJIEHHBIX NPeINpusiTUii
BocTrouno-Ka3axcranckoi 00/1acT

B cratee mpuBOIATCS pe3ysbTaThl MCCIEIOBaHUS (IIOPHI HA TEXHOT€HHBIX TEPPUTOPHUSX MPOMBIIUICHHBIX
npeanpuatuii Bocrouno-Kazaxcranckoit oomactu (BKO), naHa orieHKa cOBpeMEHHOTO COCTOSTHHS TEXHOTEH-
HO HapyLIeHHOH (JIOphI HA HApYIIEHHBIX TEPPUTOPHIX Ha OCHOBE IKOJOTHUECKOl oneHKH. Llens paboTel —
JIaTh OIEHKY COBPEMEHHOMY COCTOSIHHIO M 3KOJIOTHYECKHM OCOOCHHOCTSIM (DIIOpHI Ha TEXHOTEHHBIX TEPpH-
TOPHSX Ha OCHOBE aHaJM3a BHJOBOTO COCTaBa M 3KOJIOTMYECKOH CTPYKTYPHI MOIYJIALMH Ha CEMH BEIYIIUX
MPEANPHUATHAX IBETHOW MeTaurypruu Bocrouno-Kaszaxcranckoit oomactu. O0bekT nccnenoBanus — ¢uiopa
TEXHOTEHHO HapyIIEHHBIX TEPPUTOPHII MPOMBIIIIEHHBIX MpeAnpusTrii. PaboTta BBIOIHEHA HA OCHOBE IOJIE-
BbIX OOTAaHUYECKUX OMKCAHUIl C MCIOJb30BAaHUEM METO/OB (DIOPHCTHYECKOTO M 3KOJIOTO—IIEHOTHYECKOTO
aHanM3a. Y CTaHOBJIICHBI OCOOCHHOCTH BHIOBOTO COCTaBa IMPOMBINIICHHOH (hIOphI, HacUUTHIBatomeh 253 BH-
Jla IPEBECHBIX U TPAaBSIHUCTHIX pacTeHuil u3 171 pona, oTHocsmuxcs k 53 cemelictBaM. Brinenens! 3 Beny-
mux cemeiicta: Asteraceae Bercht. & J. Presl — 41 sun (16,1 %), Poaceae Barnhart — 24 suna (9,4 %) u
Rosaceae Juss. — 23 Buza (9,0 %), KoTOpBIE XapaKTepHbI [UIsi OOpeaTbHO—yMEPEHHOH (GIopsl [0MapKTHKH.
B pabore mpexncraBieHa skonoro—Mopdoaornueckasi oneHKa aJanTalyud PacTeHHH K YCIOBHUSIM CpEIbl H
0COOCHHOCTSIM BO300HOBJICHUSI TEXHOTEHHBIX (uop. JlaHa skojornyeckas XapakTepUCTHKa (HUTOLEHO30B,
MPOAHAIU3UPOBAHO PACIIPE/ICNICHHE BHJOB IO JKOJIOTO—L[EHOTHYECKHUM TpYIaM, HPOBEleH OOTaHHKO—
reorpadudecKuii aHaau3 GIIOPHI TEXHOTEHHBIX TeppuTopuil. [lomydeHHbIe cBeEHHS PacIIUPSIOT TPeCTaB-
JICHUA O 3aKOHOMEPHOCTAX (bOle/IpOBaHl/Iﬂ PacTUTEIBHOCTH B YCIOBUAX TEXHOI'CHHOI'O B03ﬂeﬁCTBHﬂ " JarT
HpEICTAaBICHUE O COBPEMEHHOM COCTOSTHHM TEXHOTEHHOI (IIOPEL.

Knrouesvle cnosa: ¢nopa, sxocucrema, (GUTOLEHO3, MOMYJIALHs, COOOIIECTBa, BUA, PACTEHHs, TEXHOTCHHO
HapyIICHHbIE TEPPUTOPHH, IKOJIOTHYECKAsl OLIEHKA, CYKIIECCHSL.
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