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This study aimed to conduct a comparative analysis of the flora of Donyztau, Zheltau,
and the mountainous regions of Mangyshlak and Mugodzhar, situated within the arid
zone of Asia. The main objective was to understand the similarities and differences in the
floristic composition of these regions and their importance for biodiversity conservation.
Standard botanical and floristic methods were employed, including field surveys and the
analysis of herbarium specimens. Comparative floristic analysis was performed using the
Jaccard similarity coefficient to quantify floristic relationships among the regions. A total
of 312 species, representing a significant proportion of the group, are flowering plants.
The flora of Donyztau showed the greatest similarity with the mountain flora of
Mangyshlak, sharing 123 species, with a Jaccard coefficient of 0.21. The flora of
Mugodzhar and Zheltau showed the least similarity, sharing only 34 and 63 species with
Donyztau, respectively. These differences were attributed to variations in regional habitat
conditions and floristic composition. The study enabled the authors to outline a general
characterization of the previously unexplored flora of the Donyztau escarpment. Based
on the identified spectrum of biodiversity, further studies could be undertaken to explore

strategies for reducing aridity and enriching the regional flora.

1. INTRODUCTION

Drought in Central Asia (Kazakhstan, Kyrgyzstan,
Tajikistan, Turkmenistan, and Uzbekistan) is a major and
growing challenge to biodiversity preservation, exacerbated
by climate change and unsustainable water management [1, 2].
The Central Asia region heavily depends on water from the
Amu Darya and Syr Darya rivers, both of which have been
significantly depleted due to inefficient irrigation and reduced
glacial melt [3]. In 2021, Central Asia suffered from an
extreme agricultural drought caused by record-breaking heat,
increased evapotranspiration, and a lack of precipitation. The
harsh drought of 2021 was not an independent event; it was a
result of a 50-year-old trend [4, 5]. Droughts are a common
occurrence in Kazakhstan due to climate change; reanalysis
data also showed that the strongest increase in dryness in the
southwest and northwest regions of Kazakhstan was mainly
due to reduced precipitation in the summer [6, 7]. In recent
years, prolonged droughts have led to declining agricultural
yields, desertification, and water shortages, affecting both
rural communities and major urban centres. It is common to
limit the cause of drought to climate change, but
mismanagement of water resources, urbanization, and
inefficient water use play considerable roles in encouraging
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aridity [8].

Drylands account for almost 30% of the global land surface
and are characterized by a close relationship between water
availability and vegetation dynamics [9-12]. Due to extremely
variable climatic conditions, the risk of biosphere degradation
is high. Under unfavorable conditions often accompanied by
high grazing pressure, areas of bare soil may appear and the
balance between woody and herbaceous vegetation may
change to a state dominated by shrubs [13-15]. Once a
degraded state is reached, restoration becomes difficult, and
biodiversity and livestock productivity decline [16-18]. To
prevent this, it is essential to conduct timely studies of such
areas with measures to enrich their flora.

The Asian arid zone is the largest desert terrain system in
the Northern Hemisphere, characterized by high biodiversity
despite its arid nature. At present, this problem remains under-
researched [19-21], which impedes efforts to preserve and
restore this ecosystem.

A deeper understanding of biota can be achieved through
comparative analysis of neighboring floras. As noted by
Kamelin [22], any two neighboring floras, even taken without
precise boundaries, differ. The extent of this difference is
called the contrast of floras.

The contrast between floras, even adjacent, is significant,
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and this difference is especially noticeable in mountainous
countries. Environmental factors, such as the height of the
mountain formation, the ruggedness and exposure of slopes,
steepness, the nature of the underlying parent material, soil
composition, and moisture availability, play a significant part.
Thus, comparing several neighboring floras provides a more
accurate description of hard-to-reach areas, indicating the
differences in the ecosystem from more developed areas,
which helps form a complete picture of its overall
development.

Around the world, various drought management practices
have been implemented to detect and mitigate drought crises.
In the Middle East and North Africa (MENA), the potential for
assimilation of leaf area index (LAI) and soil moisture
observations was studied to improve the representation of the
hydrological and carbon cycles and drought by an advanced
land surface model. This model’s objective was the early
detection of drought crises [23]. Sustainable water
management was also implemented amongst farmers in
Pakistan by the International Water Management Institute as a
response to drought risk. In Australia, according to Hoque et
al. [24], geospatial techniques were implemented to create a
comprehensive agricultural drought risk assessment model
involving all the risk components (hazard, vulnerability,
exposure, and mitigation capacity). Other management
practices involved helping farmers plan and manage drought
risk. A Chinese study displayed a drought risk assessment

model based on precipitation anomaly (Pa) and soil moisture
content anomaly index [25]. Drought monitoring/early
detection, vulnerability assessments, and rapid drought
responses were also implemented [26].

This study aimed to conduct a comparative analysis of the
floras of the Donyztau escarpment, Zheltau, and the
mountainous regions of Mangyshlak and Mugodzhar in the
arid zone of Central Asia. By analyzing the similarities and
differences in floristic composition, the study sought to
identify key factors influencing biodiversity conservation in
these regions and to provide insights for sustainable land
management and ecosystem restoration.

2. METHODS
2.1 Location of the study

The research focused on the flora of the Donyztau
escarpment. The floras of Zheltau and mountainous
Mangyshlak and Mugodzhar were also investigated for
comparative analysis.

These regions were selected due to their ecological
representativeness of Central Asia’s arid zones and their
contrasting topographical and edaphic conditions, which make
them suitable for comparative floristic analysis (Table 1).

Table 1. Description of the region

Study Area

Location

Description of Relief/Soil

Average
Temperature/Precipitation

Donyztau
escarpment

Mugodzhar
mountains

Mountainous
Mangyshlak

The Aktobe region is at the
junction with the Atyrau and
Mangystau regions in the south-
western part of the Aktobe
region between 46 08' N —
4668' N and 5613' E — 57 60"
W.

The escarpment has maximum
plateau elevations of 180-190 m,
up to 215 m above sea level.

Located between 48<17' N —
49%1' N and 58<28' E — 591"
E

Southwest of the Ural fold
system between 4288' N —
44<11'N and 5215' E — 5391'
E

The area is dominated by complexes of
steppe low-humus gray and chestnut
soils, solonetzified everywhere,
occasionally highly saline.

The escarpment is a sharp ledge of the
stratified plain of Ustyurt, where the
plateau breaks off in its transition into the
vast depression separating Ustyurt from
the Shagyrai plateau. The depression is
occupied by solonchaks of the lower
reaches of the Shagan River. Stretching
directly along the escarpment is the large
Donyztau sor. A completely waterless
area surrounded by pronounced arid
conditions.

The soil cover of the northern part of
Mugodzhar is represented by chernozem;
the central part is composed of igneous
rocks, particularly rubbly soil-forming
eluvium.

By the nature of relief, the region belongs
to the type of erosion-tectonic and arid-
denudation low-hill terrain. The territory

has a highly fragmented and complex
relief with elevations stretching in a sub-
latitudinal direction. Its length does not
exceed 47 km, with the height above sea
level averaging 300-400 m and the
highest points at 532 and 556 m (the
Otpan and Besshoky mountains). It is
characterized by the presence of a well-
defined planation surface. These surfaces
are composed of resistant Permo-Triassic
metamorphic rocks, upper Cretaceous

The general features of the region's
climate are sharp temperature
contrasts, cold harsh winters and hot
summers, a rapid transition from
winter to summer and a short spring
period, unstable and scarce
precipitation, high air dryness,
intense evaporation processes,
instability of climatic indicators over
time (from year to year), and a
considerable amount of solar heat.
The region is marked by an
abundance of heat and the prevalence
of clear, dry weather. The annual
sunshine duration reaches 2,300-
2,500 hours.

The climate is sharply continental,
with cold, snowy winters (average
temperature in January is —14°C) and
hot, dry summers (average
temperature in July is +24°C).
Annual precipitation is 200-250 mm.

Most of the precipitation falls in the
form of rain. The amount of water
does not exceed 200 mm and usually
falls in spring in the form of
thunderstorms. The winters are very
short, relatively warm, with little
SNOW.
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sediments, and marls. The flat
depressions are divided by cuestas and
mountain chains, formed in friable
Jurassic and Lower Cretaceous
sediments. The region has low-humus
gray and chestnut soils, generally
solonetzified, occasionally strongly

salinized.

The relief of mountains is characterized
by the elements of mountain landscape

with high escarpments, rock outcrops,
buttes, deep and long ravines, and
arroyos. In terms of soil composition, the
region is dominated by sands and

Zheltau mountains 4650' N; 5550' E

The average temperatures are —9°C
in January and +26°C in July. The
average annual precipitation is 140-
150 mm.

underdeveloped sandy desert soils and
solonetz, and solonchak soils.

2.2 Methods

The primary methods of plant research were the
conventional classical methods of botanical, floristic, and
geobotanical studies [27-29]. Field studies were conducted
using the traditional route method, supplemented with
systematic sampling to ensure representativeness. In each
study region, we established 3 to 5 transects of 2-3 km in
length, selected based on habitat heterogeneity and
accessibility. Along each transect, sample plots (quadrats)
measuring 10 x 10 meters were laid out at regular intervals of
200-300 meters. The number of quadrats per region ranged
from 10 to 15, depending on terrain variability and vegetation
density.

2.3 Material collection

The analysis involved a set of plant species growing
exclusively within the boundaries of the regions. The materials
for the work were specimens collected in the field by the
authors [30, 31].

Comparative analysis relied on the results of studies on the
flora of the Aktobe floristic district, Mangystau, and Zheltau
[32-34].

The plots were visited 2-3 times throughout the season. All
flowering and vegetative plants were considered in the floristic
lists of the surveyed plots, based on which a general list of
vascular plant species was drawn up. In the course of the study,
we analyzed herbarium specimens stored in the herbarium
collection of the Institute of Botany and Phytointroduction of
the Ministry of Education and Science of the Republic of
Kazakhstan, the Mangyshlak Experimental Botanical Garden,
V.L. Komarov Botanical Institute of the Russian Academy of
Sciences and research data from the "Results of a
comprehensive expedition to the southeastern part of Zhylyoi
District, Atyrau Region, Republic of Kazakhstan" [34].

During the herbarium identification process, the following
floristic references were used: The Flora of Kazakhstan [35],
Determinant of Plants in Central Asia: Critical Synopsis of
Flora [36], Conspectus of the Flora of the Aktobe Floristic
District [37], and State Cadastre of Plants of Mangystau
Region [38].

2.4 Data analysis

The Plant List Version 1.1 database was used to unify the
material [39]. The volume of the flowering plant family was
considered according to the APG IV (Angiosperm Phylogeny
Group) system [40].
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The similarity of the Donyztau escarpment flora with other
regions (Zheltau, Mugodzhar, and mountainous Mangyshlak)
was analyzed based on the coefficient of floristic similarity
proposed by P. Jaccard:

_
T A+B-C

J

where, A — the number of species in the 1st examined territory;
B — the number of species in the 2nd examined territory; C —
the number of species common to the 1st and 2nd territories.

The Jaccard similarity coefficient was chosen for its
effectiveness in comparing presence—absence data of species
across regions. Unlike other indices, it emphasizes shared
species while minimizing the influence of absent species,
making it especially useful in regions with varying levels of
biodiversity and sampling intensity.

3. RESULTS AND DISCUSSION

The vegetation cover of Donyztau is poor and
heterogeneous. The predominant plant species are desert
formations [41]. While sandy pastures are populated by trees,
shrubs, prostrate shrubs, perennial grasses, and perennial and
annual ephemeral plants, the basis of Donyztau vegetation is
composed of shrubs and ephemerals. Perennial grasses are
found in the region in much smaller quantities.

0.63%

= Gnelopaida = Liliopsda = Magnoliopsida

Figure 1. General composition of Donyztau flora

The studied area is home to 314 species of higher plants
belonging to 170 genera and 40 families. Gymnosperm species
are the least abundant in the Donyztau escarpment. The class
Gnetopsida is represented by two species (0.63% of the total
number of species in the flora). The overwhelming majority of



species are flowering plants. The Magnoliophyta division
includes 312 species (99.3%). Of these, 38 species (12.1%)
belong to the class Liliopsida, and 274 species (87.2%) belong
to the class Magnoliopsida. The ratio of monocotyledons to
dicotyledons is 1:7.2 (Figure 1).

This ratio of the number of species of mono- and
dicotyledonous plants is characteristic of Ancient Middle-
earth [42].

The average species richness of families in the Donyztau
escarpment is 7.6 species, and genus richness is 4.1.

A higher average species richness is demonstrated by ten
families. The remaining 30 families account for 60% of all
species.

The average level of species richness of a genus is ten. On
average, each genus includes seven species.

The ten leading families by the number of species comprise
239 species, which constitute 78.3% of the total diversity of
the Donyztau flora. The dominant families with more than 20
species are the Amaranthaceae — 67 species, Asteraceae — 40
species, and Brassicaceae — 31 species. Slightly inferior to the
Brassicaceae are the Poaceae with 27 species and the Fabaceae
with 26 species (Figure 2).
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Figure 2. Representation of the leading families in Donyztau

Together, the first five families comprise 88 genera (51.7%
of the total) and 190 species (61% of the total).

The family Amaranthaceae in the researched area comprises
the genera Amaranthus, Anabasis, Agriophyllum, Atriplex,
Arthrophytum, Bassia, Bienertia, Camphorosma, Caroxylon,
Ceratocarpus, Chenopodium, Climacoptera, Corispermum,
Dysphania, Girgensohnia, Halimocnemis, Halocnemum,
Haloxylon, Kalidium, Nanophyton, Petrosimonia, Salsola, and
Suaeda. Taxonomic analysis shows that the bulk of the family
is represented by the genera Suaeda, Salsola, Atriplex,
Anabasis, and Climacoptera. They include 35 species, which
make up 52% of the total number of species within the family.
In Donyztau, the series of monotypic genera is supplemented
by 12 genera, two species each: Amaranthus, Agriophyllum,

Arthrophytum, Bienertia, Camphorosma, Ceratocarpus,
Corispermum, Dysphania, Girgensohnia, Halochemum,
Krascheninnikovia,  Nanophyton.  Genera  Caroxylon,

Chenopodium, Haloxylon, Kalidium, Kochia, Bassia, and
Petrosimonia are represented by three species each. The only
genus with four species is Halimocnemis.
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Researchers believe that the increase in species diversity in
the studied flora is connected with the increase in the ecotopic
diversity of vegetation habitats in mountainous terrain [43].

As a result of this research, we found that 827 species of
vascular plants belonging to 63 families and 290 genera were
documented in the areas (Table 2).

Table 2. Information on the floristic richness of the
compared floras

Total Number

Flora

Species  Genera Families
Donyztau 314 170 40
Mugodzhar 273 156 43
Mountainous Mangyshlak 382 204 53
Zheltau 113 78 24
827 290 63

The number of plant species in the floras varies
considerably: the smallest list is that of Mount Zheltau (113
species). The dominant family with more than 20 species is the
Amaranthaceae, which has 35 species; the second most
abundant family is the Poaceae with 23 species; and the third
is the Asteraceae with 15 species.

The dominant family in Mugodzhar is the Caryophyllaceae
with 35 species. Ranking second by the number of species is
the Asteraceae with 40 species; slightly inferior is the
Fabaceae with 33 species present in the region.

The greatest variety of vegetation is found in the
mountainous Mangyshlak — 382 species in total. The greatest
variety of species includes the following families: Asteraceae
— 55 species, Brassicaceae — 38 species, Poaceae — 33 species,
and Amaranthaceae — 32 species. The difference in the number
of species is mainly related to the size of the territories, as the
richest floras are represented by combined floristic lists for
rather large territories, exceeding the size of the rest of the
territories. However, each flora is heterogeneous and specific
and reflects the microconditions of its existence [44].

A way to identify distinctive features of a territory is to
compare its family spectrum with that of neighboring
territories. The construction of spectra of leading families and
genera fulfills an auxiliary function in understanding the
botanical and geographical features of the flora and serves as
a reliable and objective indicator for comparing different
floras and identifying differences and relationships between
them [45].

Recent studies explored the impact of climate variability
and land use changes on floristic composition in arid zones.
For instance, the study by Du et al. [46] reported significant
shifts in species dominance in Central Asian arid regions, with
drought-tolerant species from the Asteraceae family showing
an increase in prevalence, a finding that aligns with our
observations in Donyztau. Similarly, Tu et al. [47] examined
the adaptive strategies of the Amaranthaceae family in
response to increasing aridity, further corroborating our results,
which highlight the prominence of Amaranthaceae in both
Donyztau and neighboring regions.

Table 3 presents information about the leading families by
the number of species in the floras.

Table 3 demonstrates the difference in flora spectra by
region. The top ten families in the four compared regions
include five families: Amaranthaceae, Asteraceae,
Brassicaceae, Poaceae, and Caryophyllaceae. The floristic
spectra of Donyztau and the mountainous Mangyshlak are
closest, with the first four families matching.



Table 3. The number of species in the top ten families of the floras compared

Overall Flora - Flora
Donyztau  Mountainous Mangyshlak Mugodzhar Zheltau
Ast!tS Amaranth®’ Ast® Ast* Poa?®
Amaranth® Ast® Brassic®® Caryoph®* Amaranth3®
Poa® Brassic®! Poa3 Faba3? Ast?®
Brassic®® Poa?’ Amaranth3? Brassic?® Caryoph’
Faba®® Faba® Cyperact* Brassic®
Borag® Borag?6 Caryoph —Faba®® Amaranth'?
Caryoph58 Caryoph'* Borag? Scrophul*?
Apial® Apiatt Scrophul®® Rosa'! Lam — Apia — Rosa — Ranun — Polyg*
19 8 10
Rants  Ranune Sl Poa — Ranun - Borag’

Note: Amaranthaceae — Amaranth, Asteraceae — Ast, Brassicaceae — Brassic, Poaceae — Poa, Fabaceae — Faba, Boraginaceae — Borag, Caryophyllaceae —
Caryoph, Apiaceae — Apia, Polygonaceae — Polyg, Ranunculaceae — Ranun, Scrophulariaceae — Scrophul, Euphorbiaceae — Euphor, Rosaceae — Rosa, Lamiaceae
— Lam. The number of species in a family is indicated in the superscript.

The Amaranthaceae and Asteraceae families make up the
spectra of Donyztau, mountainous Mangyshlak, and
Mugodzhar, generally holding leading positions. In Zheltau,
the number of species in the Poaceae family exceeds that of
the Amaranthaceae and Asteraceae families, though
insignificantly. In Mugodzhar, however, the Amaranthaceae
family is inferior to the Caryophyllaceae family. A high
position of the Caryophyllaceae family is characteristic of the
flora of Mugodzhar, where it ranks second.

The family Amaranthaceae holds first place in Donyztau,
second place in Zheltau, fourth place in the mountainous

Mangyshlak, and sixth place in Mugodzhar.

It is reasonable to compare floristic areas directly based on
plant species lists rather than by the spectra of families or
genera (Table 4).

The highest number of common species is found in
Donyztau and the mountainous Mangyshlak, while the lowest
number of shared species is observed in Mugodzhar and
Zheltau.

A separate analysis was conducted on the flora of the
Donyztau escarpment. The floristic lists compiled for each
territory were compared (Table 5).

Table 4. The number of common species in the compared floras

Flora Donyztau Mountainous Mangyshlak  Mugodzhar Zheltau
Donyztau - 123 34 63
Mountainous Mangyshlak 123 - 22 38
Mugodzhar 34 22 - 11
Zheltau 63 38 11 -
Table 5. The Jaccard similarity coefficient for the compared territories
Flora Donyztau Mountainous Mangyshlak Mugodzhar  Zheltau
Donyztau - 0.21 0.06 0.17
Mountainous Mangyshlak 0.21 - 0.03 0.08
Mugodzhar 0.06 0.03 - 0.03
Zheltau 0.17 0.08 0.03 -

Considering the degree of similarity, the values of the
Jaccard index for the floras of the Donyztau escarpment and
Mugodzhar are scattered, with 34 species in common (Jaccard
index — 0.06). Most common species in the floras of
Mugodzhar and Donyztau belong to the family Asteraceae. In
total, the territories are home to 40 species of the family
Asteraceae, 11 of which are shared. Of the 23 species in the
family Brassicaceae, the number of common species is eight.

Zheltau is the most distinct among the regions, possessing
the most species-poor flora. The similarity coefficient with the
flora of Donyztau is 0.17 (63 common species). Common
species of the Poaceae family found both in Donyztau and
Zheltau include Agropyron desertorum (Fisch. ex Link)
Schult., Agropyron fragile (Roth) P. Candargy., Eragrostis
collina Trin., Eragrostis minor Host., Eremopyrum orientale
(L.) Jaub. & Spach., Eremopyrum triticeum (Gaertn.) Nevski.,
Hordeum spontaneum K. Koch., Phragmites australis (Cav.)
Trin. ex Steud., Poa bulbosa L., Psathyrostachys juncea
(Fisch.) Nevski., Puccinellia diffusa (Krecz.) Krecz. ex
Drobov., Stipa caspia C. Koch., and Stipa sareptana Beck. In
second place by similarity are species of the family
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Amaranthaceae: Anabasis aphylla L., Anabasis salsa (C.A.
Mey.) Benth. ex Volkens., Atriplex aucheri Mog., Atriplex
sphaeromorpha lljin., Bassia hyssopifolia (Pall) Kuntze.,
Bassia prostrata (L.) Akhani & E.H. Roalson., Climacoptera
lanata (Pall.) Botsch. Climacoptera crassa (M. Bieb.) Botsch.,
Climacoptera turcomanica (Litv.) Botsch., Girgensohnia
oppositiflora (Pall.) Fenzl., Halimocnemis karelinii Moq.,
Halimocnemis sclerosperma (Pall.) C.A. Mey., Halocnemum
strobilaceum (Pall.) M. Bieb., Haloxylon persicum Bunge.,
Kalidium caspicum (L.) Ung.-Sternb., Kalidium foliatum
(Pall.) Mog., Krascheninnikovia ceratoides (L.) Gueldenst.,
Petrosimonia brachiata (Pall.) Bunge., Petrosimonia
brachyphylla (Bunge) lljin., Salsola arbusculiformis Drobow.,
Suaeda acuminate (C.A.Mey) Moq., Suaeda altissima (L.)
Pall., Suaeda physophora Pall.

The most similar flora was the flora of the mountainous
Mangyshlak (Jaccard index — 0.21).

More significant differences between the regional floras
were shown when considering the species composition of
individual families (Table 6).



Table 6. Comparison of the spectrum of families in Donyztau with other floras based on the Jaccard index
Flora
mieror | NSO MTBETOEmosror | M Mo Mo
Family Dongyztau P Jaccard  Mugodzhar P Jaccard Zheltau P Jaccard
. Mangyshlak common - - common : - common -
species - index species index species index
D) species to D and M) to D and zh) to D and
(MM) MM M Zh

Asteraceae 40 55 17 0.21 40 11 0.16 15 2 0.04

Amaranthaceae 67 32 19 0.24 13 7 0.10 35 25 0.32

Brassicaceae 31 38 14 0.25 23 8 0.17 5 2 0.06

Poaceae 27 33 9 0.18 7 0 0 23 12 0.32

As indicated in Table 6, the family Amaranthaceae ranks
first by the number of common species. Of the 32 species
found in the mountainous Mangyshlak, 19 are also present in
Donyztau. These include Anabasis truncata (Schrenk) Bunge,
Agriophyllum lateriflorum (Lam.) Moq. ex DC., Atriplex
aucheri Moq., Atriplex tatarica L., Bassia hyssopifolia (Pall)
Kuntze., Ceratocarpus arenarius L., Chenopodium glaucum
L., Chenopodium strictum Roth., Climacoptera affinis (C.A.
Mey. ex Schrenk) Botsch., Climacoptera brachiata (Pall.)
Botsch., Climacoptera lanata (Pall.) Botsch., Girgensohnia
oppositiflora (Pall.) Fenzl., Kochia iranica Bornm., Kochia
odontoptera Schrenk., Salsola arbuscula Pall., Salsola
arbusculiformis Drobow., Salsola orientalis S.G. Gmel.,
Salsola paulsenii Litv., and Suaeda physophora Pall.

The family Asteraceae is represented in the regions by the
shared species Artemisia kelleri Krasch., Artemisia lerchiana
Weber., Artemisia scoparia Waldst. & Kitam., Carthamus
gypsicola 1ljin., Centaurea squarrosa Willd., Cichorium
intybus L., Cousinia astracanica (Spreng.) Tamamsch.,
Cousinia onopordioides Ledeb., Cousinia tenella Fisch. et
C.A. Mey., Echinops ritro L., Koelpinia turanica Vassilcz.,
Lactuca tatarica (L.) C.A. Mey., Rhaponticum nitidum Fisch.,
Tanacetum santalina C. Winkl., and Tragopogon ruber S.G.
Gmel.

There are 38 species of the Brassicaceae family in the
mountainous Mangyshlak area, of which 18 species are also
present in Donyztau. These include Alyssum desertorum
Staph., Crambe edentula Fisch. & C.A.Mey. ex Korsh.,
Descurainia Sophia (L.) Webb ex Prantl., Diptychocarpus
strictus (Fisch. ex M. Bieb.) Trautv., Isatis minima Bunge.,
Lachnoloma lehmannii Bge., Lepidium aucheri Boiss.,
Lepidium latifolium L., Lepidium perfoliatum L., Lepidium
ruderale L., Matthiola robusta Bunge., Matthiola tatarica
(Pall.) DC.

The comparative analysis of family spectra of the floras
shows that the floristic spectra of Donyztau and the
mountainous Mangyshlak are closest, particularly with respect
to the families Asteraceae (0.21), Amaranthaceae (0.24), and
Brassicaceae (0.25). The greatest similarity in the family
Poaceae is observed with the flora of Zheltau.

4. CONCLUSIONS

This study provides a comprehensive comparative analysis
of the floristic composition of Donyztau, Zheltau, and the
mountainous regions of Mangyshlak and Mugodzhar,
contributing to the broader understanding of plant biodiversity
in the arid zones of Central Asia. The flora of the northern
escarpment of Ustyurt, or Donyztau, has not been properly
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studied before. Our results indicate that the flora of the
escarpment comprises 314 species. Flowering plants account
for 312 species (99.3%). Of these, 38 species (12.1%) belong
to monocotyledons and 274 (87.2%) to dicotyledons.
According to the literature studied to compare the vegetation,
the flora of the mountainous Mangyshlak includes 382 plant
species, Zheltau — 113 species, and Mugodzhar — 273 plant
species.

Theoretically, the fundamental ecological principle that
states that floristic composition is a product of climatic,
geological, and edaphic factors is confirmed by the dominance
of drought-resistant species, Amaranthaceae, and Asteraceae
in multiple regions of arid nature. The study validates the
relevance of floristic similarity indices, such as the Jaccard
coefficient, in assessing biodiversity relationships and
ecological connectivity between geographically distinct yet
climatically similar regions. The results also reinforce the
notion that biodiversity patterns in arid zones are not only
driven by historical biogeographical events but also by
contemporary environmental stressors, such as temperature
fluctuations, precipitation variability, and anthropogenic
influences.

The study highlights the need for targeted conservation
strategies to mitigate biodiversity loss and land degradation in
Central Asia’s arid regions. The identification of key plant
species that contribute to ecosystem stability, such as drought-
tolerant species within the Amaranthaceae and Asteraceae
families, provides a foundation for the development of
restoration programs.

The main conclusion is that when comparing the flora of
Donyztau with the floras of neighboring territories, its greatest
similarity is with the flora of the mountainous Mangyshlak.
The number of common plant species in these territories is 123,
the similarity coefficient being 0.21. The flora of Zheltau
contains 63 species in common with Donyztau, with the
Jaccard index amounting to 0.17. The lowest degree of
similarity is observed when comparing the flora of Donyztau
with that of Mugodzhar. The number of species in common
between them is insignificant, totaling 34, the similarity
coefficient being 0.06. This difference results from the history
of flora formation, reflected by a significant diversity of plant
species in the biosphere.

The findings of the present study have a direct bearing on
the critical ecological concerns of Central Asia's arid regions,
particularly in view of climate change and ineffective use of
resources. The fragile environment of these regions is under
threat with continued precipitation loss, increased
temperatures, and increased anthropogenic factors such as
overgrazing and inefficient use of water. There is a strong case
for an integrated conservation of biodiversity through a mix of



policy interventions and scientific studies, according to the
study. To make these fragile environments more resilient,
habitat restoration, ecological monitoring, and ecological
approaches to grazing must receive high priority. Ultimately,
this study provides a critical baseline for future research aimed
at addressing the multifaceted environmental challenges of
Central Asia’s arid zones. By enhancing our understanding of
floristic composition and ecological relationships, it lays the
groundwork for more effective conservation strategies and
sustainable land management policies.

REFERENCES

[1] Mukhambetov, B., Nasiyev, B., Abdinov, R., Kadasheva,
Z., Mamyrova, L. (2023). Influence of soil and climatic
conditions on the chemical composition and nutritional
value of Kochia prostrata feed in the arid zone of Western
Kazakhstan. Caspian Journal of Environmental Sciences,
21(4): 853-863.

Mussynov, K.M., Suleimenova, Z.S., Bekenova, S.S.,
Utelbayev, Y.A., Bazarbayev, B.B., Yessenbekova, G.T.,
Sagatbek, S.D. (2019). Diseases of flax (Linum
usitatissimum) and substantiation of protective measures
in the conditions of the dry steppe zone of Northern
Kazakhstan. Annals of Agri Bio Research, 24(1): 82-87.
Mussatayev, S., Muminov, N., Orynbayev, Z. (2024).
Water scarcity dynamics in central Asia: Implications for
regional stability. Journal of Central Asian Studies, 96(4):
20-31. https://doi.org/10.52536/3006-807x.2024-4.002
Jiang, J., Zhou, T. (2023). Agricultural drought over
water-scarce Central Asia aggravated by internal climate
variability. Nature Geoscience, 16(2): 154-161.
https://doi.org/10.1038/s41561-022-01111-0
Serekpayev, N., Popov, V., Stybayev, G., Nogayev, A.,
Ansabayeva, A. (2016). Agroecological aspects of
chickpea growing in the dry steppe zone of Akmola
Region, Northern Kazakhstan. Biosciences
Biotechnology Research Asia, 13(3): 1341-1351.
Zheleznova, 1., Gushchina, D., Meiramov, Z., Olchev, A.
(2022). Temporal and spatial variability of dryness
conditions in Kazakhstan during 1979-2021 based on
reanalysis data. Climate, 10(10): 144.
https://doi.org/10.3390/cli10100144

Oladejo, T.O., Balogun, F.O., Haruna, U.A., Alaka, H.O.,
Almazan, J., Shuaibu, M.S., Adedayo, L.S., Ermakhan, Z.,
Sarria-Santamerra, A., Eliseo, D.L. (2023). Climate
change in Kazakhstan: Implications to population health.
Bulletin of the National Research Centre, 47(1): 144.
https://doi.org/10.1186/s42269-023-01122-w

Wheeler, W. (2021). Environment and Post-Soviet
Transformation in Kazakhstan’s Aral Sea region: Sea
Changes. UCL Press.

Amantayev, B., Kipshakbayeva, G., Turbekova, A.,
Kulzhabayev, Y., Lutschak, P. (2025). Enhancing
drought resistance in spring wheat (Triticum aestivum L.)
through chelated zinc seed treatment: An experimental
study. OnLine Journal of Biological Sciences, 25(1): 53-
64.

Lioubimtseva, E., Cole, R., Adams, J.M., Kapustin, G.
(2005). Impacts of climate and land-cover changes in
arid lands of Central Asia. Journal of Arid Environments,
62(2): 285-308.
https://doi.org/10.1016/j.jaridenv.2004.11.005

(2]

(3]

(4]

(3]

(7]

(9]

[10]

791

[11] Noy-Meir, I. (1973). Divisive polythetic classification of
vegetation data by optimized division on ordination
components. Journal of Ecology, 61(3): 753-760.
https://doi.org/10.2307/2258647

Zotova, L., Zhumalin, A., Gajimuradova, A., Zhirnova,
I., Nuralov, A., Zargar, M., Serikbay, D., Chen, L., Savin,
T., Rysbekova, A., Zhao, Z. (2024). Studying the
influence of TaGW8 and TaGS5-3A genes on the yield
of soft spring wheat in arid climate conditions of the
Republic of Kazakhstan. Brazilian Journal of Biology, 84:
€286189. https://doi.org/10.1590/1519-6984.286189
Kuldybayev, N., Dutbayev, Y., Konstantinova, O.,
Borodulin, D., Yessimbekova, M., Daugaliyeva, S.,
Toishimanov, M., Yesserkenov, A., Bastaubaeva, S.,
Temreshev, 1. (2023). Identification and pathogenicity of
the soybean root rot pathogen in arid conditions. OnLine
Journal of Biological Sciences, 23(2): 202-209.
https://doi.org/10.3844/0jbsci.2023.202.209
Mukhambetov, B., Nasiyev, B., Abdinov, R., Kadasheva,
Z., Mamyrova, L. (2023). Influence of soil and climatic
conditions on the chemical composition and nutritional
value of Kochia prostrata feed in the arid zone of Western
Kazakhstan. Caspian Journal of Environmental Sciences,
21(4): 853-863.

[12]

[13]

[14]

[15] Zhang, M. (2017). A review on the floristic
phytogeography in arid northwestern China and Central
Asia.  Biodiversity  Science, 25(2):  147-155.

https://doi.org/10.17520/biods.2016192

Baliasnyi, V.I. (1981). Soils of haloxylon deserts of the
Northern Aral Sea region and Ustyurt (in connection with
the problem of phytomelioration of pastures). Moscow:
M. V. Lomonosov Moscow State University.
https://earthpapers.net/pochvy-saksaulnikov-severnogo-
priaralya-i-ustyurta-v-svyazi-s-problemoy-
fitomelioratsii-pastbisch.

Nauanova, A., Shaikhin, S., Ospanova, S., Makenova, M.,
Shumenova, N., Bostubayeva, M. (2024). Enhancing
spring barley grain yield with local biofertilizers in the
semi-arid steppe zone of Northern Kazakhstan.
International Journal of Design & Nature, 19(2): 371-378.
https://doi.org/10.18280/ijdne.190202

Tietjen, B., Jeltsch, F., Zehe, E., Classen, N., Groengroeft,
A., Schiffers, K., Oldeland, J. (2010). Effects of climate
change on the coupled dynamics of water and flora in
drylands. Ecohydrology, 3(2): 226-237.
https://doi.org/10.1002/eco.70

Sapanov, M.K., Elekesheva, M.M., Sizemskaya, M.L.,
Kolesnikov, A.V. (2024). Ecological condition and
invasiveness of Fraxinus pennsylvanica in different
ecotopes of the arid Caspian region. Brazilian Journal of
Biology, 84: €284645. https://doi.org/10.1590/1519-
6984.284645

Serikbay, D., Zotova, L., Zhumalin, A., Gajimuradova,
A., Rysbekova, A., Abdulloyev, F., Chen, L., Savin, T.,
Sereda, T., Zhao, Z.C. (2024). The impact of RHT gene
alleles on the yield of spring wheat under drought
conditions. International Journal of Design & Nature,
19(3): 859-873. https://doi.org/10.18280/ijdne.190316
Wu, S.D., Lin, L., Li, H.L., Yu, S.X., Zhang, L.J., Wang,
W. (2015). Evolution of Asian interior arid-zone biota:
Evidence from the diversification of Asian Zygophyllum

[16]

[17]

[18]

[19]

[20]

(21]

(Zygophyllaceae). PLOS One, 10(9): e0138697.
https://doi.org/10.1371/journal.pone.0138697
[22] Kamelin, R.V. (1973). Florogeneticheskii Analiz



(23]

(24]

[25]

[26]

(27]

(28]

[31]

[32]

[33]

Estestvennoi Flory Gornoi Srednei Azii [Florogenetic
Analysis of the Natural Flora of Mountainous Central
Asia]. Leningrad: Nauka.

Nie, W., Kumar, S.V., Arsenault, K.R., Peters-Lidard,
C.D., Mladenova, L.E., Bergaoui, K., Hazra, A., Zaitchik,
B.F., Mahanama, S.P., McDonnell, R., Mocko, D.M.,
Navari, M. (2022). Towards effective drought
monitoring in the Middle East and North Africa (MENA)
region: Implications from assimilating leaf area index
and soil moisture into the Noah-MP land surface model
for Morocco. Hydrology and Earth System Sciences,
26(9): 2365-2386. https://doi.org/10.5194/hess-26-2365-
2022

Hoque, M.A., Pradhan, B., Ahmed, N., Sohel, M.S.I.
(2020). Agricultural drought risk assessment of Northern
New South Wales, Australia using geospatial techniques.
The Science of the Total Environment, 756: 143600.
https://doi.org/10.1016/j.scitotenv.2020.143600

Liu, X., Guo, P., Tan, Q., Zhang, F., Huang, Y., Wang,
Y. (2021). Drought disaster risk management based on
optimal allocation of water resources. Natural Hazards,
108(1): 285-308. https://doi.org/10.1007/s11069-021-
04680-2

Mei, X.R., Yang, X.H. (2014). Department of Research
Management, CAAS, Beijing, & Institute of
Desertification Studies, Chinese Academy of Forestry,
Beijing. (n.d.). DROUGHT CONDITIONS AND
MANAGEMENT STRATEGIES IN CHINA. In
Department of Research Management, CAAS, Beijing.
https://www.droughtmanagement.info/literature/UNW-
DPC_NDMP_Country Report China 2014.pdf.
Bazargaliyeva, A., Kurmanbayeva, M., Admanova, G.,
Sarzhigitova, A., Koblanova, S., Utaubayeva, A.,
Gataulina, G., Kaisagaliyeva, G., Bissenov, U,
Alzhanova, B. (2024). Geobotanical characteristics of
plant communities with participation of rare species
Alnus glutinosa (L.) Gaertn. Brazilian Journal of Biology,
84: €281672. https://doi.org/10.1590/1519-6984.281672
Chashkov, V., Bugubaeva, A., Kuprijanov, A., Bulaev,
A., Mamikhin, S., Joldassov, A., Shcheglov, A.,
Paramonova, T. (2024). Formation of vegetation cover
and soil quality indicators at the mine sites of a gold-
bearing deposit (the case of Kara-Agash, Kazakhstan).
OnLine Journal of Biological Sciences, 24(4): 877-887.
https://doi.org/10.3844/0jbsci.2024.877.887

Kent, M., Coker, P. (1992). Vegetation Description and
Analysis: A Practical Approach. London: Belhaven Press.
Imanbayeva, Z., Mussirov, G., Nurgaliyeva, A.,
Rakhimov, T., Akhmetova, G., Kaldybayeva, D., Petrov,
A. (2024). Enhancing agricultural efficiency and land
resource management through information systems.

Qubahan  Academic  Journal, 4(2): 342-354.
https://doi.org/10.48161/qaj.v4n2a543
Kuanbay, Z., Abiyev, S.A., Tikhomirov, V.N.,

Ishmuratova, M.J., Admanova, G.B. (2019). Taxonomic
analysis of the Dongyztau flora. Bulletin of L.N.
Gumilyov Eurasian National University, Biosciences
Series, 128(3): 59-63.

Imanbayeva, A.A., Kubentayev, S.A., Alibekov, D.T.
Ishmuratova, M.Y., Lukmanov, A.B. (2022). Floristic
records in the Mangystau region (Western Kazakhstan).
Turczaninowia, 25(2): 151-154.
https://doi.org/10.14258/turczaninowia.25.2.14
Bukharbayeva, Z., Yernazarova, G., Zayadan, B.,

792

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[42]

[43]

[44]

Turasheva, S., Yeraliyeva, Z., Shynybekova, S.,
Mukasheva, D., Ramazanova, A., Keubassova, G. (2024).
Efficacy of Chlorella Sp. in diesel fuel degradation in a
model experimental study. International Journal of
Agricultural Biosciences, 13(3): 531-539.
https://doi.org/10.47278/journal.ijab/2024.147

The results of a comprehensive expedition to the
southeastern part of Zhylyoi District, Atyrau Region,
Republic of Kazakhstan.
https://silkadv.com/en/content/zhylyoi-district.

Pavlov, N.V. (1956). Flora Kazakhstana [The flora of
Kazakhstan]. Publishing House of the Kazakh Academy
of Sciences.

Vvedensky, A.L (1968). Determinant of plants in Central
Asia. Critical Synopsis of Flora.
https://i.twirpx.link/file/3518700/.

Aipeisova, S., Utarbayeva, N., Kazkeev, E., Agadiyeva,
M., Berkaliyeva, A., Baubekova, A., Alzhanova, B.,
Kaisagaliyeva, G. (2023). Species diversity and structure
of the saxicolous floral complex in the Aktobe floristic
district. SABRAO Journal of Breeding and Genetics,
55(5): 1486-1495.
http://doi.org/10.54910/sabrao2023.55.5.4
Kantarbayeva, E.E., Shayakhmetova, A.S., Koshen,
B.M., Zholamanov, K.K. (2017). The density of planting
and the productivity of corn in the context of forest-
steppe zone of Northern Kazakhstan. Asian Journal of

Microbiology, Biotechnology and Environmental
Sciences, 19(1): 116-120.
The Plant List. (2013). Version 1.1.

http://www.theplantlist.org/.

The Angiosperm Phylogeny Group, Chase, M.W.,
Christenhusz, M.J.M., Fay, M.F., Byng, J.W., Judd, W.S.,
Soltis, D.E., Mabberley, D.J., Sennikov, A.N., Soltis,
P.S., Stevens, P.F. (2016). An update of the Angiosperm
Phylogeny Group classification for the orders and
families of flowering plants: APG IV. Botanical Journal
of  the Linnean Society, 181(1): 1-20.
https://doi.org/10.1111/b0j.12385

Laiskhanov, S.U., Poshanov, M.N., Smanov, Z.M.,
Karmenova, N.N., Tleubergenova, K.A., Ashimov, T.A.
(2021). A study of the processes of desertification at the
modern delta of the Ili River with the application of
remote sensing data. Journal of Ecological Engineering,
22(3): 169-178.
https://doi.org/10.12911/22998993/132546

Sadyrova, G., Sadyrov, G., Zhamilova, S., Jusupbekova,
N., Baizhygitov, D., Dauletbaeva, M., Urymbayeva, A.
(2020). Comparative analysis of the flora of the Ketpen-
Temerlik in Kazakhstan and China (Northern Tian Shan).
Journal of Ecological Engineering, 21(4): 70-81.
https://doi.org/10.12911/22998993/119803
Yessenbayeva, G., Kenenbayev, S., Dutbayev, Y.,
Zhumanov, K. (2024). Influence of nutrient factors and
cover crops on the composition of bacteria, fungi, and
actinomycetes in soils in Southeastern Kazakhstan.
SABRAO Journal of Breeding and Genetics, 56(5):
2152-2165. http://doi.org/10.54910/sabrao2024.56.5.38
Hassan, M.O., Alsudays, I.M., Mohamed, H.Y.,
Abdelhameed, A.A., Suliman Alghanam, S.M., Al-Robali,
S.A., Genidy, E.M., Nasr, S.H., El-Tayeb, M.A., Okla,
MK., Kiani, B.H., Abeed, A.HA. (2024).
Microenvironment created by Plantago lagopus L. may
affect cover and diversity of coexisting species in urban



[45]

[46]

vegetation. Heliyon, 10(7): e28614.
https://doi.org/10.1016/j.heliyon.2024.e28614

Vallati, A., Matteo, M.D., Sundararajan, M., Muzi, F.,
Fiorini, C.V. (2024). Development and optimization of
an energy saving strategy for social housing applications
by water source-heat pump integrating photovoltaic-
thermal panels. Energy, 301: 131531.
https://doi.org/10.1016/j.energy.2024.131531

Du, D., Jiao, L., Wu, X., Xue, R., Wei, M., Zhang, P., Li,

793

[47]

Q., Wang, X. (2024). Drought determines the growth
stability of different dominant conifer species in Central
Asia. Global and Planetary Change, 234: 104370.
https://doi.org/10.1016/j.gloplacha.2024.104370

Tu, W., Lu, W., Gu, J,, Lou, A. (2024). The species
diversity and phylogenetic structure patterns of desert
plant communities in the Turpan-Hami region, Xinjiang.
Global Ecology and Conservation, 55: e03239.
https://doi.org/10.1016/j.gecco.2024.e03239





