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Identification of important plant areas
in the Mountainous Eastern Karatau (Mangystau)

The identification of Important Plant Areas (IPAs), which are of particular significance for the conservation
of biological diversity, is one of the international programs implemented under the Convention on Biological
Diversity. The aim of this study was to identify IPAs in the Eastern Karatau Mountains. Field research was
conducted using the traditional route reconnaissance method, covering the most diverse biotopes (landscape
and ecological conditions) and their characteristic phytocoenoses. The vegetation cover of the identified areas
was studied using standard geobotanical methods, including the description of plant communities, as well as
the assessment of species diversity and vegetation condition. The flora of the Mangystau Region is character-
ized by a relatively low level of species diversity, and the vegetation cover is typical of desert regions. Based
on criteria A-C, eight IPAs were identified: Kurkeruek, Kirezhyk Zheke, Eskildi Aday, Shili, Kaskyr Sai,
Kaskyr Sai 2, Bakshy, and Agashty. The locations of ten species with IUCN conservation statuses 2(U), 3(R),
and 4(I) were recorded: Armeniaca vulgaris, Tulipa sogdiana, Capparis herbacea, Crambe edentula, Ephed-
ra aurantiaca, Onosma staminea, Rhamnus sintenisii, Rubus caesius, Verbascum blattaria, and Crataegus
ambigua. For each Important Plant Area, a passport was compiled, threats to vegetation were identified, and
recommendations for biodiversity conservation were developed.

Keywords: flora, Eastern Karatau Mountains, rare, endangered species, endemics, Red Book of Kazakhstan,
important plant areas

Introduction

Import Plant Areas (IPAs) are an internationally recognized expert approach developed in the UK by
Plantlife [1]. It aims to identify and conserve the richest areas in terms of plant life, possibly within existing
protected areas. The designation of IPAs is necessary in order to combine efforts to conserve important wild
plant populations in these areas and is an important complement to the Key Biodiversity Areas designated in
a broader context [2].

The identification and designation of IPAs is based on three criteria, which take into account floristic
richness, the number of rare and endemic species in need of protection, species listed in the Red Data Books,
or species whose current status is of great importance for the evolution and preservation of life-supporting
biosphere systems, as well as the presence of rare and threatened plant communities (habitats) [3-5].

The Mangystau region is an important industrial region with a significant range of environmental prob-
lems, as well as poorly studied areas in terms of assessing their condition and the presence of protected plant
species. This problem is particularly acute in light of global climate change and the increasing anthropogenic
pressure on natural areas [6-8]. The Mountainous Eastern Karatau region in Mangyshlak is one such poorly
studied area.

The choice of the research area was determined by its relatively good floristic study, the availability of
a large array of herbarium collections over a period of more than 50 years, the significant species diversity of
the natural flora, and the presence of a number of endangered, rare, and endemic species in the area, the
preservation of which is of not only national but also important international significance.

The aim of this study is to identify important plant areas for the Eastern Karatau Mountains.
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Experimental

Surveys were conducted using route reconnaissance methods, covering different seasons of the 2024
growing season. The coordinates of plant species locations were determined using a GPS navigator. The geo
referencing of historical herbarium sample collection points was carried out using Google Earth.

The following criteria were used to identify key botanical areas:

Criterion A. The site contains important populations of one or more plant species that are of high value
on a global or European scale. There are four categories under criterion A.

A(i) — plant species recognized as being threatened with global extinction. This includes plants from
the International Union for Conservation of Nature (IUCN) Red List.

A(ii) — plant species recognized as being threatened with extinction in Europe.

A(iii) — endangered endemic species not included in A(i) or A(ii). According to the guidelines for iden-
tifying KBTS, this category includes areas with national endemic species whose range does not extend be-
yond the borders of Kazakhstan and which are listed in the national Red Book.

A(iv) — endangered sub-endemic species with a narrow range, not included in A(i) or A(ii) and distrib-
uted in neighboring countries.

A(v) — species that are rare, endangered, and in need of protection within Kazakhstan and the
Mangystau region.

Criterion B — the site is distinguished by its floristic richness or richness in plant species of special sig-
nificance.

Criterion C — represents a unique or rare type of ecosystem, the presence of threatened habitats.

The main criterion is designated as A, as it includes Red Book species, the protection of which is speci-
fied by the legislation of the Republic of Kazakhstan.

The list of IPA trigger species and their distribution was compiled using data from field expeditions and
herbarium collections stored in the herbarium of the Mangyshlak Botanical Garden (MANG), the Institute of
Botany and Phytointroduction (AA), the Herbarium of the Botanical Institute of the Russian Academy of
Sciences in St. Petersburg (LE), and the Herbarium of Moscow State University (MW). The collected her-
barium material was identified using fundamental summaries: Flora of Kazakhstan [9], Illustrated Plant
Guide of Kazakhstan [10], and the Plant Guide of the Mangystau Region [11]. The nomenclature of each
taxon was carried out in accordance with POWO source [12]. The conservation status of each species was
determined in accordance with the Red Book of Kazakhstan [13] and the regional Mangystau Red Book [14].

Results and Discussion

The Eastern Karatau Range is the highest massif of the Mangyshlak Mountains [15]. Its elevation rang-
es from 380 to 480 m above sea level. The highest point is Mount Beschoku, rising 555 m above sea level.
The ridge stretches for 45 km and is about 10 km wide. Its summit is a peneplanated, hilly surface with
ridges of dense rock, stretching parallel to each other and rising 5-10 m above the plain. Individual cone-
shaped peaks rise 50-100 m above the peneplain (the Dzhipakhchi, Beschoku, and other mountains). Eastern
Karatau has very steep slopes, almost vertical in places. The slopes are deeply cut by deep ravines. The
northern and southern macroslopes of the ridge are very steep, rocky and gravelly, with outcrops of bedrock,
cut by numerous canyon-like gorges, deep ravines, and gullies. The lithological composition of the rocks that
make up Eastern Karatau is very diverse. It is represented by various sandstones, siltstones, and shales, with
one or another type of rock predominating.

There are 9 rare species in Eastern Karatau, whose numbers are declining, of which 3 species are
included in the Red Book of Kazakhstan [13], and 6 are included in the Red Book of the Mangystau
Region [14] (Tab.).

Table

Vascular plant species of Eastern Karatau included in the Red Data Books

Status
Species No. IPAs (?((;C.()ngﬂg Population status Note
Red List)
Armeniaca vulgaris Lam. 8 3(R) diirlfnsiﬁgcéismvggrs Listed in the Red Book of Kazakhstan
Capparis herbaceae Sp. 8 2 (V) Rare species I;:gt?gnm the Red Book of Mangystau
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Continuation of Table

Status
. (according .
Species No. IPAs t0 IUCN Population status Note
Red List)
. . Listed in the Red Book of Mangystau

Crambe edentula Fisch. 7,8 2 (V) Rare species Region and Kazakhstan
Ephedra aurantiaca . . Listed in the Red Book of Mangystau
Takht. et Pachom. ! 400 Uncertain species Region
Onosma staminea Ledeb. 8 2 (L) Rare species :iggt?gnm the Red Book of Mangystau
Rhamnus sintenisii Rech. 1-8 4 (1) Uncertain species :iggt?gnm the Red Book of Mangystau
Rubus caesius L. 6-8 4 (D) Undetermined species Iégsgt?gnm the Red Book of Mangystau
Verbascum blattaria L. 8 2 (V) Rare species ksgt?gnm the Red Book of Mangystau

Listed in the Red Book of of the Repub-
Tulipa sogdiana Bunge 8 5 (co) Rare species lic of Kazakhstan and Mangystau

Region

Survey of the territory showed an extreme degree of vegetation transformation, which allowed us to
identify 8 IPAs: 1). Kurkeruek; 2). Kirezhyk zheke; 3). Eskildi adai; 4). Shili Gorge; 5). Kaskyr sai; 6).
Kaskyr sai 2; 7). Bakshy; 8). Agashty (Fig. 1).

Figure 1. Locations of important plant areas in the Eastern Karatau Mountains

The important plant area Kurkeruek (N 44°04200"; E 052°36'365", altitude — 156-361 m above sea
level) is located in the foothills of the Mountainous Eastern Karatau Range. The relief is low-mountainous,
with very steep slopes, almost vertical in places. The slopes are deeply cut by ravines. The water regime is
automorphic, characterized by seasonal atmospheric moisture in the area, dry gorges, and no water. They
consist of gray-brown soil cover.

The floral diversity offered by IPA Kurkeruek consists of 49 species of vascular plants. The vegetation
cover includes species listed in the Red Book of Mangystau Region, Rhamnus sintenesii and Ephedra
aurantiaca, whose presence meets criterion A(iii).

The territory is partially used for grazing. The main part of the vegetation cover of the territory is as-
sessed as background with patches of slight disturbance. The low density of settlements contributes to the
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preservation of beautiful flowering ornamental and medicinal species. Types of anthropogenic impacts are
grazing and roads. The degree of anthropogenic impact ranges from low to moderate. Part of the site (dry
slopes with rock outcrops) requires a complete ban on grazing.

Important plant area Kirezhyk Zheke Gorge (N 44°04'200"; E 052°36'365", altitude — 304-320 m
above sea level). The proposed Kirezhyk Zheke IPA is located in the foothills of the Eastern Karatau
Mountains, on a salt marsh depression in the foothill plain. The water regime is automorphic, characterized
by atmospheric moisture, semi-hydromorphic, characterized by the influence of closely occurring
groundwater, and hydromorphic, caused by the influence of surface water from springs. The soil profile is
characterized by a poor humus horizon and a slightly lumpy structure.

According to criterion A(iv), two Red Book species have been identified: Rhamnus sintenesii and
Verbascum blattaria, which are listed in the regional Red Book [14]. According to criterion B, the site is
characterized by a fairly complete range of flora typical of sub-mountain medium deserts. Thirty-seven spe-
cies of vascular plants have been identified here. According to criterion C, grazing livestock poses a threat to
the preservation of the vegetation of the proposed IPA.

The important plant area Eskildi Adai (N 44°00'332"; E 052°42'590", elevation 135-164 m above sea
level). The IPA is located on the foothill plain of the southwestern slope of the Mountainous Eastern Karatau
ridge. The relief is rocky and heavily dissected. The water regime is automorphic, characterized by
atmospheric moisture. The gently undulating foothill plain is characterized by the spread of gray-brown de-
sert soils.

The proposed IPA Eskildi is botanically interesting as an example of a foothill plain with complex
vegetation cover. The floristic diversity of the proposed site is demonstrated by a list of 47 species of
vascular plants. There is also a species listed in the catalog of rare and endangered plant species of
Mangystau — Rhamnus sintenesii, which meets criterion A(iii). Criterion B — the high floristic diversity of
IPA is demonstrated by 42 plant species. Criterion C — threats to the habitat of plants in the proposed
Eskildi IPA include grazing, plant collection, and steppe fires.

Overall, the condition of the vegetation cover is satisfactory. The remoteness from populated areas en-
sures the preservation of the flora. It is recommended that this area be given the status of a specially protect-
ed area as a botanical reserve.

The important plants area Shili Gorge (N 44°28'40"; E 052°38'450", altitude — 212 m above sea level).
The site is located in the Kus Konbas area of Eastern Karatau. There is a mineral water spring within the site.
The site is characterized by specific conditions that allow for a unique combination of communities from
different ecological and geographical groups (desert and mountain-desert) in the local area. The value of the
site also lies in the presence of the Red Book species Rhamnus sintenesii, which meets criterion A(iii). Crite-
rion C — The originality of the site lies in its fairly diverse species composition. The proposed IPA may be
subject to anthropogenic influences associated with mineral extraction and intensive grazing of domestic
livestock.

The important plant area Kasqyr Sai (N 44°02'325"; E 052°37'291", elevation — 258 m above sea lev-
el). The area is occupied by rocky lowlands with short, rugged foothill valleys of dry ravines covered with
stones and scree. The soils of plant communities are rocky. The vegetation consists mainly of petrophytic
communities, reflecting various stages of overgrowth of rocky mountain rocks in the process of their weath-
ering.

The botanical value of the site lies in its significant species diversity — 53 species — and the presence
of the rare species Rhamnus sintenesii and Verbascum blattaria, which are listed in the catalog of rare and
endangered plant species of Mangystau [14]. Criterion A (iii) — rare species: Rhamnus sintenesii and
Verbascum blattaria. Criterion B — Great diversity of habitats and floristic richness. Criterion C — Groups
of petrophytes on rocks and scree slopes are rare in the desert zone as a whole.

Overall, the condition of existing plant communities, rare species, and their habitats can be assessed as
stable, with livestock grazing posing a threat.

The important plant area Kaskyr sai 2 (N 44°02'378"; E 052°36'101", elevation — 229 m above sea
level). The site has a fragmented relief, with large rocky cliffs on all sides, stretching for about 1.2 km with a
width of 30-60 m. The entrance to the gorge is not wide, 25-30 m, and narrows even more towards the bot-
tom to 15-20 m. The communities proposed for designation occupy the rocky and stony slopes, the lower
part and the bottom of the gorge. The substrate is stony, gray-brown and clayey at the foot.

The site represents typical mountain desert vegetation characteristic of the middle and lower parts of the
gorges of the Eastern Karatau Mountains. The vegetation cover is slightly disturbed, and the floristic
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diversity of the communities is fairly well represented. Criterion A (iii) — the presence of rare species listed
in the Red Book of Kazakhstan: Rubus caesius, Rhamnus sintenesii, included in the catalog of rare and
endangered plant species of Mangistau. Criterion B — high overall species diversity of plants (43 taxa)
characteristic of mountainous desert areas represented in this key area. The condition of the vegetation cover
in the area described is good but unstable.

The important plant area Bakshy (N 44°03229"; E 051°30'064", elevation — 290 m above sea level) is
located at the entrance to the gorge. It features a private garden, an artificial apricot plantation, and a
reservoir. The gorge has a dissected relief, with large rocky slopes on all sides, stretching for about 3 km
with a width of 40-80 m. The entrance to the gorge is wide, but after 25 m it narrows to 20 m. The commu-
nities proposed for designation occupy the slopes, lower part, and bottom of the gorge. The substrate is large
and rocky, with gray-brown soil.

Criterion A (iii) — presence of Red Book species — Crambe edentula, Rhamnus sintenisii (Fig. 2),
Armeniaca vulgaris, Artemisia gurganica, Rubus caesius, Teucrium polium. Criterion B is high floristic di-
versity of IPA, including 58 species of higher plants. Criterion C — the habitat is occupied by slightly dis-
turbed communities of low-mountain vegetation.

Figure 2. Teucrium polium (A) and Rhamnus sintenesii (B)

The status of rare species is stable. They are threatened by recreational pressure, mudslides, and live-
stock grazing. The degree of transformation is estimated at 20-25 %. The area needs restrictions on livestock
grazing.

The important plant area Agashty (N 44°03'318"; E 051°30'416", altitude — 288 m above sea level).
The site is rocky and stony, with steep, rocky slopes on all sides, stretching for about 1.2 km and 20—40 m
wide. The entrance to the gorge is not wide, 25-30 m, and narrows even more towards the bottom to
15-20 m. The communities proposed for designation occupy the rocky and stony slopes, the lower part and
the bottom of the gorge. The substrate is stony, gray-brown and clayey at the foot.

The site represents typical mountain desert vegetation characteristic of the middle and lower parts of the
gorges of the Eastern Karatau Mountains. The vegetation cover is slightly disturbed, and the floristic
diversity of the communities is fairly well represented, including 80 species of vascular plants. Criterion A
(i) is represented by species listed in the Red Book of Kazakhstan and the catalog of rare and endangered
plant species of the Mangystau region: Armeniaca vulgaris, Verbascum blattaria, Salix alba, Rubus caesius,
Rhamnus sintenesii, Crambe edentula, Tulipa sogdiana, and Onosma staminea (Fig. 3). Criterion B is the
overall high species diversity of plants, characteristic of mountain desert areas, represented in this IPA. The
area is subject to anthropogenic impact and livestock grazing.
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Figure 3. Rubus caesius (A) and Tulipa sogdiana (B)

Conclusion

Thus, as a result of studies of the flora of the Mountainous Eastern Karatau of the Mangystau region,
eight IPAs were identified that meet the international criteria for IPA: Kurkeruek; Kirezhyk zheke; Eskildi
adai; Shili Gorge; Kaskyr Say; Kaskyr Say 2; Bakshy and Agashty. The communities were described and the
species composition of the communities in these areas was determined.

The locations of 10 species with IUCN status 2(U), 3(R), 4(I) have been identified: Armeniaca vulgaris,
Capparis herbaceae, Crambe edentula, Ephedra aurantiaca, Tulipa sogdiana, Onosma staminea, Rhamnus
sintenisii, Rubus caesius, Verbascum blattaria. A passport has been created for each key botanical territory,
factors threatening the condition of vegetation have been identified, and proposals for biodiversity conserva-
tion have been made.
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Tayasl Hsirbic KapaTtayabin (ManFbicTay) Herisri
00TAaHNKAJIBIK AyMaKTapbIH 00,1y

Buonorusmelk - anmyaHTYpIIUTIKTI  cakTay VIOIH epeKIie MaHb3Bl 0ap aymakrapIbl (CHpEK OCIMIIKTep
KE3JIeCEeTIH HeTi3ri OOTaHWKAaNbIK ayMaKTapAbl KOca alFaHAa) aHBIKTay — OWOJOTHSIIBIK aTyaHTYPILTK
JKOHIH/IETT KOHBEHIHS MICHOEPIH/IE JKY3€Te achIPhUIAThIH XaJbIKapalblK OaraapiamMaiapAbH Oipi. 3epTTeyain
makcatel — IllbiFpic Kapatay Taymbel eHipiHiH Heri3ri OOTaHHKAJIbIK ayMaKTapbhlH alKplHAay. 3epTTey
JKCIIEMIMSUIApBl  MapIIPYTTBIK ~ PEKOTHOCLMpIEY OMiCIMEH OKyprisimim, amyan Typni OuotonTap
(manAmad THIK-3KOJIOTHSUIIBIK JKaFJaiiyiap) MeH oJlapra ToH (uToleHo3aap sl KaMThIabl. Herisri 00TaHUKaJIbIK
ayMaKTap/blH OCIMJIIK >XaMBUIFBICBIH 3€pTTEY ISCTYpJli reoOOTaHMKAJIBIK OiCTEpMEH JKYPTi3inii, oFaH
OCIMIIK KaybIMAACTBHIKTAPBIH CHIIATTay, TYP alyaHIBIFBIMEH OCIMIIKTEpIiH jKarqalibiHa Oara Oepy Kipai.
MasnrpicTay OOJBICHIHBIH (BIOpAcHl TYPIIK alyaHIBIKTHIH TOMEHITIMEH epeKIIeNieHe i, al OHBIH ©CIMIIK
JKaMBUTFBICH IOl aiimMakrapra ToH. A-C KpuTepHiiepiH kKonmaHa oTeIpei, Kypkepyek, Kipexik JKeke,
Eckinmi Amait, 1linmi, Kackeipcait, Kackpipcait 2, Bakmisl skoHe AFamITHl CHAKTHI 8§ HETi3Ti OOTaHUKAIBIK
aymak anbikranabl. MCOII Golibiamia moptebeci Gap 10 Typain Mekenzepi Tipkenmi, onap: Armeniaca
vulgaris, Tulipa sogdiana, Capparis herbaceae, Crambe edentula, Ephedra aurantiaca, Onosma staminea,
Rhamnus sintenisii, Rubus caesius, Verbascum blattaria, Crataegus ambigua. Op6ip Herizri G0TaHHKAIBIK
ayMaKKa MacropT JKacalbl, ©CIMIIK XaMBUIFBICBIHA Kayill TOHIIPETIH (akTopiaap alKbIHAAIIB JKOHE
OHMoamyaHTYPIIIKTI caKTay OOHBIHIIA YCHIHBICTAp Oepii.

Kinm co30ep: ¢dnopa, Uleirsic Kaparay Tayinel eHipi, CHpEK, KOUBUIBIT Oapa )aTKaH TypJiep, SHIEMHKTED,
KazakcrannbiH KpI3b01 KiTaOBI, HETi3Ti OOTAaHUKAIBIK ayMaKTap

XK. Anamxanosa, C.K. Myxty6aeBa, H. JlyiicenoBa, A. JIlykmaHoB

Beienenne kir04YeBbIX 00TAHMYECKUX TEPPHUTOPHIA
I'opnoro Bocrounoro Kaparay (Maunrucray)

BblsgBieHUE TEppUTOpHUii, MMEIMMX 0co00e 3HAYEHHE U COXPAHEHHS OMOJIOrMYEcKOro pasHooOpasus
(BKJTrOUast KIII04YEBbIe OOTAHUUECKUE TEPPUTOPHHU C PEAKMMH PACTEHHUSIMH), SIBISIETCS] OJTHOI M3 MEXyHapOI-
HBIX TPOTpaMM, peanu3yeMbIX B paMkax KOHBEHIMH 0 GHOJIOTHYECKOM pa3HooOpa3uu. Llenbio HacTosIIero
HCCIIeZIOBaHMUS SIBJSUIOCH BBIIETICHHE KIIFOYEBBIX OOTaHMuecKHX Tepputopuii ['oproro Bocrounoro Kapartay.
OKCIeANIINOHHBIE UCCIIE0BAaHNSI OOBEKTOB MIPOU3BOIWINCH TPAJUIHUOHHEIM METOJIOM MapIIPyTHOH pEeKoT-
HOCIIUPOBKM C OXBAaToM HamOoliee pa3sHOOOpa3HBIX OHOTONOB (JTaHIMIA(THO-IKOJIOTHUECKUX YCIOBHH) H
CBOWCTBEHHBIX UM (DUTOIEHO30B. VI3yueHHe paCTUTENBFHOIO MOKPOBA KIIOUEBBIX OOTAaHUYECKUX TEPPUTOPUHA
OCYILIECTBIISUIOCHh TPAJULMOHHBIM METOZOM Ie000TaHMYECKUX UCCIIEIOBAHUH, BKIIOYAIOIINM OIMCAHUE pac-
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Identification of important...

TUTETBHBIX COOOINECTB, a TAKKE OLEHKY BHAOBOTO Pa3HOOOpasHs M COCTOSHHS pacTuTenabHocTH. Propa
Masrucrayckoi 001acTH OTIHMYAETCS HEBHICOKHMM YPOBHEM BHIOBOTO pa3HOOOpa3us, paCTUTEIbHBIN TOKPOB
3TOTO PErHMOHA THUIHWYEH /IS MYCTHIHHBIX pernoHoB. [Ipu ucnonszoBanun kputepreB A-C ObUIO BBIAETEHO §
KITI09eBBIX OoTaHmdeckux teppuropuit: Kypkepyek, Kipexix JKeke, Eckinni Anaif, lwmi, Kacksipcaii, Kac-
KbIpcail 2, bakmibl 1 Aramtel. Beisiinensl mectoHaxoxaenns 10 BumoB, nMeromux craryc mo MCOIT 2(U),
3(R), 4(): Armeniaca vulgaris, Tullipa sogdiana, Capparis herbaceae, Crambe edentula, Ephedra
aurantiaca, Onosma staminea, Rhamnus sintenisii, Rubus caesius, Verbascum blattaria, Crataegus ambigua.
Jng  xaxngol Kimo4yeBodl OOTaHMYECKOW TEpPUTOPHUHM COCTAaBICH MACIOPT, OMIpeAeNeHbl  (aKTOpHI,
YIPOXKAIOIINE COCTOSHUIO PACTHTENBHOCTH, U CPOPMYIMPOBAHBI MPEATIOKEHHUS 10 COXPAHEHUIO OHMOPa3HO-
o0pazusi.

Kniouesvie cnosa: dhinopa, ropusiii Bocrounslii Kaparay, penkue, ucuesaromue BUabl, SHAEMHKH, KpacHas
kHura Kasaxcrana, KiodeBble 00TaHHIECKHE TePPUTOPUH

References

1 (2025). Plantlife Important Areas (IPA) Database. Retrieved from https://www.plantlifeipa.org/home
2 (2025). Key Biodiversity Areas. Retrieved from https://www.keybiodiversityareas.org/

3 Anderson, S. (2002). Identifying important plant areas. A site selection manual for Europe, and basis for developing guide-
lines for other regions of the world. London: Plantlife.

4 Darbyshire, I., Anderson, S., Asatryan, A. et al. (2017). Important Plant Areas: revised selection criteria for a global approach
to plant conservation. Biodivers Conserv., 26, 1767-1800. https://doi.org/10.1007/s10531-017-1336-6

5 Saenz, S., Walschburger, T., Gonzilez, J.C., Leon, J., McKenney, B., & Kiesecker, J. (2013). Development by design in Co-
lombia: making mitigation decisions consistent with conservation outcomes. PLoS ONE, 8(12), e81831.
https://doi.org/10.1371/journal.pone.0081831

6 Abbass, K., Qasim, M.Z., Song, H. et al. (2022). A review of the global climate change impacts, adaptation, and sustainable
mitigation measures. Environ Sci Pollut Res., 29, 42539-42559. https://doi.org/10.1007/s11356-022-19718-6

7 Bolan, S., Pafhye, L.P., Jasemizaf, T. et al. (2024). Impact of climate change on the fate of contaminants through extreme
weather events. Science of Total Environment, 909, e168388. https://doi.org/10.1016/j.scitotenv.2023.168388

8 Gabric, AJ. (2023). The Climate Change Crisis: A Review of Its Causes and Possible Responses. Atmosphere, 14(7), 1081.
https://doi.org/10.3390/atmos14071081

9 (1956-1966). Flora Kazakhstana [Flora of Kazakhstan]. Almaty: Nauka [in Russian].
10 (1969-1972). Illustirovannyi opredelitel rastenii Kazakhstana [lllustrated Determinant for the Plants of Kazakhstan]. Al-
maty: Nauka, 1-2 [in Russian].

11 Aralbai, N.K., Kudabaeva, G.M., Imanbaeva, A.A. et al. (2006). Gosudastvennyi kadastr rastenii Mangistauskoi oblasti.
Orpedelitel visshikh sosudistykh rastenii [State Plant Cadastre of Mangystau Region. Guide to Higher Vascular Plants]. Aktau:
Klassika [in Russian].

12 (2025). Plant of the World Online. Retrieved from https://powo.science.kew.org/

13 (2014). Krasnaia kniga Respubliki Kazakhstan. Tom 2, Chast 1. Rastenia [Red Book of the Republic of Kazakhstan. Vol. 2.
Part 1. Plants]. Almaty: ArtPrintXXI [in Russian].

14 Aralbai, N.K., Kudabaeva, G.M., & Imanbaeva, A.A. et al. (2006). Gosudarstvennii kadastr rastenii Mangistauskoi oblasti.
Katalog redkikh i ischezaiushchikh vidov ratenii (Krasnaia Kniga) [State Plant Cadastre of the Mangystau Region. Catalogue of Rare
and Endangered Plant Species (Red Data Book).

15 Safronova, I.N. (1996). Pustyni Mangyshlaka (ocherk rastitelnosti) [Deserts of Mangyshlak (essay on vegetation)]. Saint-
Petersburg: Nauka [in Russian].

Information about the authors

Adamzhanova Zhanna — Candidate of Biological Sciences, Mangyshlak Experimental Botanical
Garden, Aktau, Kazakhstan; e-mail: adamzhanovazanna@gmail.com, https://orcid.org/000-00002-6719-
327X

Mukhtubaeva Saule Kakimzhanovna — Candidate of Biological Sciences, Associated
Professor, Leading Researcher, Mangyshlak Experimental Botanical Garden, Aktau, Kazakhstan;
e-mail: mukhtubaeva@mail.ru; https://orcid.org/0000-0001-5921-3113

Duisenova Nurzhaugan — Candidate of Biological Sciences, Head of Laboratory of
Mangyshlak Experimental Botanical Garden, Aktau, Kazakhstan; e-mail: nurzhaugan_84@mail.ru;
https://orcid.org/0009-0004-3459-4246

ISSN 3080-6836 (Print) ISSN 3080-6844 (Online) 41


https://www.plantlifeipa.org/home
https://www.keybiodiversityareas.org/
https://doi.org/10.1007/s10531-017-1336-6
https://doi.org/10.1007/s10531-017-1336-6
https://doi.org/10.1371/journal.pone.0081831
https://doi.org/10.1007/s11356-022-19718-6
https://doi.org/10.1007/s11356-022-19718-6
https://doi.org/10.3390/atmos14071081
https://powo.science.kew.org/
https://orcid.org/000-00002-6719-327X
https://orcid.org/000-00002-6719-327X
mailto:mukhtubaeva@mail.ru
https://orcid.org/0000-0001-5921-3113
mailto:nurzhaugan_84@mail.ru

Zh. Adamzhanova, S. Mukhtubayeva et al.

Lukmanov Akimzhan — Master of Environmental Technology, Researcher, Mangyshlak
Experimental Botanical Garden, Aktau, Kazakhstan; e-mail: lukmanov_a@mail.ru; https://orcid.org/0009-
0006-6061-5156

42 Fundamental And Experimental Biology. 2025, 30, 4(120)


mailto:lukmanov_a@mail.ru

