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Vegetation cover of the Kulaly Islands in the Kazakhstan region
of the Caspian Sea

This study presents a comprehensive analysis of the floristic and ecological diversity of vascular plants on
Kulaly Island, located in the Kazakhstani sector of the Caspian Sea. Field surveys documented.449 species,
predominantly annual therophytes (47.0%) and perennial xerophytes, reflecting adaptations to arid climates,
high soil salinity, and unstable substrates. Most taxa are associated with sandy and solonchak habitats, while
wetland and aquatic ecosystems support comparatively fewer species. A quantitativesassessment of alpha di-
versity using the Shannon (H' = 1.55), Simpson (D = 0.71), and Pielou (J = 0.79) indices revealed a relatively
high level of structural heterogeneity, with a balanced distribution of ecolegical«groups. Canonical Corre-
spondence Analysis (CCA) identified salinity, moisture, and substrate mobility asthesprimary environmental
gradients structuring vegetation, with clear separation of halophytie, psammophytic, and hydrophilic commu-
nities. These findings demonstrate both the ecological plasticity of the flora‘and the vulnerability of rare and
localised taxa to hydrological fluctuations of the Caspian Sea and anthropogenic pressures. The results pro-
vide a crucial scientific foundation for biodiversity monitoring{ the censervation of genetic resources, and the
sustainable management of fragile arid ecosystems in westerfitKazakhstan.

Keywords: Kulaly Island, Caspian Sea; vascular plants; biodiversity; halophytes; psammophytes; Shannon
index; Jacquard index; arid ecosystems; gene pool.conservation

Introduction

The Kazakhstan sector of the Caspian,Sea occupies the northeastern and eastern parts of the planet’s
largest enclosed body of water and is@fthigh ecological significance. It encompasses several islands and is-
land groups, the largest of which isthe Tyuleniy Islands archipelago, administratively part of the Mangystau
region. The archipelago spans approximately 130 square kilometres and comprises five islands: Kulaly,
Morskoy, Podkovka, Rakushechny; and Zhilany. These islands form unique natural complexes where, de-
spite the harsh climate and unique geomorphology, distinctive floral and faunal communities have been pre-
served [1].

The islands™geological structure is dominated by sand, shell, and clay deposits, the surface of which is
subject to wind erosion andwabrasion. The terrain is low-lying and flat, with absolute elevations not exceed-
ing 5-6 meters above sea level. These conditions make the island ecosystems vulnerable to fluctuations in the
Caspian.Sea‘level andythe impact of ice masses. The climate is sharply continental with pronounced seasonal
contrasts: in_sumumer, air temperatures reach 40°C, and soil warms up to 65-70°C; in winter, temperatures
drop,to £10°C: High humidity, frequent fog, and soil salinity create a stressful environment that limits the
growth of vegetation [2].

Theislands of the Tyuleniy Archipelago are critical biodiversity hotspots in the Kazakhstan sector of
the Caspian Sea. They are designated as Important Bird Areas (IBAs) because they provide crucial habitats
for nesting and migratory stopovers for numerous bird species. Rare and endemic species inhabit the area,
including the Caspian seal (Pusa caspica), which is listed in the Red Data Book of Kazakhstan and the IUCN
Red List of Threatened Species. The islands’ flora serves as a biogeocenotic framework, preventing deflation
and erosion, stabilising loose substrates, forming microbiotopes, and acting as an indicator of climate
change.

Of particular importance in the archipelago is Kulaly Island—the largest in area (approximately 38 km?)
and the longest (34 km long, 2-4 km wide). It is distinguished by its crescent-shaped form and mosaic land-
scapes: dunes, salt marshes, lagoons, and coastal shoals. Kulaly is the only island where a permanent human
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presence remains, associated with fishing. This makes the island’s ecosystems more vulnerable to anthropo-
genic impact, but simultaneously opens up opportunities for observation and regular monitoring. The most
diverse floristic complexes of desert vegetation are represented here, including halophytes (Halochemum
strobilaceum, Salicornia europaea), psammophytes (Agriophyllum squarrosum, Carex physodes), xero-
phytes and salt-tolerant shrubs (Tamarix ramosissima, Kalidium caspicum) [3].

Despite the importance of the island ecosystems, the level of knowledge of Kulala’s flora and fauna re-
mains extremely low. The main problems can be summarised as follows: Systematic floristic surveys have
been conducted only sporadically; the most notable expedition took place in 2013, with the participation of
the Mangyshlak Experimental Botanical Garden and scientific organisations from Dagestan. However, the
obtained data are of a general nature and do not encompass the full diversity of the island’s vascular
plants [4].

Inaccessibility and extreme conditions. The harsh climate, high humidity, isolation, and camplex
transport logistics limit the possibility of conducting long-term and regular expeditions. This leads to‘a:short-
age of herbarium materials, complicating the creation of a comprehensive flora inventorygFishing, military
outposts, and uncontrolled human impacts (such as waste disposal and trampling of vegetation) have a local-
ised but significant effect on biodiversity. Fluctuations in the Caspian Sea level, increasedsfrequency of ex-
treme weather events, and changes in the hydrological regime directly affect the composition'and structure of
vegetation.

The flora of the mainland part of the Mangystau region has been relativelywell'studied, comprising 770
species of vascular plants from 73 families and 333 genera [5, 6].. TheChenopodiaceae, Asteraceae,
Brassicaceae, Poaceae, Fabaceae, and other families play a significant role, which is typical of the Irano-
Turanian floristic province. However, the flora of island ecosystems,remains poorly studied, with no com-
prehensive reports and limited data on the dynamics of plant communities and their role in ecosystem pro-
cesses. This significantly complicates the development of conservation.and monitoring programs [7].

Studying the flora of Kulaly Island helps fill gaps injour knewledge of the island ecosystems of the
Caspian region. The data obtained will contribute to: Identifying plant adaptation strategies to extreme condi-
tions (salinity, aridity, wind load, ice processes); Creatinghindicator species groups for monitoring climate
change; Assessing the conservation potential ofiisland biocenoses; and Developing scientifically based
measures for the conservation of biodiversity and sustainable use of the region’s natural resources. The ob-
jective of this study is to analyse the vascularglants of Kulaly Island, identify their floristic composition, and
assess the role of vegetation in maintaining the stability of island ecosystems in the Kazakhstan sector of the
Caspian Sea.

Experimental

Field studies of the vegetation cover of Kulaly Island were conducted during the summer of 2013 as
part of a comprehensive expeditioniby. the Mangyshlak Experimental Botanical Garden. The work covered
the central, northeastern, and_coastal parts of the island, allowing for the spatial heterogeneity of plant com-
munities to be taken into account. Floristic data were collected using a route-reconnaissance method across
the main habitat types, including dune sands, salt marshes, coastal lagoons, and lowland meadows. Along
each route, vascular plant species encountered were recorded, linked to the biotope, moisture level, and sub-
strate mobility. Their life-form, ecological-coenotic role, and relative frequency were also noted. The collect-
ed specimens: were herbarized using standard botanical methods and are stored in the herbarium of the
Mangyshlak.Experimental Botanical Garden (MEBG). Each plant was accompanied by a label indicating the
coordinates, collection date, ecotope type, and the name of the collector. Species were identified using the
“Flora‘ef Kazakhstan” (1956-1966) and regional identification guides, such as “ldentification Guide to
Plants of‘Central Asia” (1968). An international database, Plants of the World Online (POWO, 2021), was
also utilised to update the nomenclature. Standard biostatistical approaches were used to quantify biodiversi-
ty and the ecological-cenotic structure of the flora: analysis of species distribution by life form according to
Raunkiaer’s classification, grouping by salt tolerance, moisture availability, and substrate types (sand, silt,
clay, gravel, and salt marshes), and calculation of the Shannon, Simpson, Margalef, and Pilou indices to
characterize alpha diversity. Data processing and graphic creation were performed using PAST 4.0 and Mi-
crosoft Excel 2019 [8].

Canonical correspondence analysis (CCA) was employed to investigate the impact of abiotic factors on
the distribution of vascular plants. This multivariate statistical approach enables the simultaneous analysis of
a matrix of species composition and environmental parameters, identifying the primary ecological gradients
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that govern the spatial structure of the flora. The study was conducted in R (version 4. x) using the vegan
package. The input data included a species occurrence matrix (comprising 149 taxa) and a matrix of envi-
ronmental factors (including salinity, humidity, substrate mobility, and life form). The results are visualised
as biordination diagrams, where the CCA axes reflect the contribution of environmental factors, and the posi-
tion of each species indicates its ecological preferences [9].

Results and discussion

A study of the flora of Kulaly Island revealed a significant diversity of vascular plants, reflecting the
adaptation of communities to arid conditions and high soil salinity. A total of 149 species representing vari-
ous life forms and ecological strategies were recorded. The most significant number of taxa are represented
by annual therophytes and perennial xerophytes, indicating the dominance of short-lived forms capable of
quickly completing their life cycles under conditions of moisture deficiency. Most of the identified species
are associated with sandy and saline habitats, emphasising the leading role of these biotopesiin maintaining
the island’s floristic diversity. Fewer species characterise wetland and meadow areas, but,their.importance
for the overall flora structure is demonstrated by the formation of specific communities.that'serve-as indica-
tors of increased humidity.

To clearly present the floristic composition and its ecological characteristi€s, ‘@ summary table was
compiled, including information on the life form of each species, its salt tolerance, humidity requirements,
type of substrate, and its central role in the community (Tab. 1).

Table 1
Ecological structure and floristic composition of vascular. plants of Kulaly Island
N View Life form Haplfcat Hamidity Subst_r_ate _ Primary role_
salinity mobility in the community
Equisetaceae
. Soil-strengthening,
1 Equisetum Perennial. Saline and D(,:,[}; It; PTJ (;:ji?jr- a“rfé)?éfk;aggg_ participant in
ramosissimum Hemicryptophyte. | sandyssoils conditions strates xerophytlt(i:ezommum-
Ephedraceae

Forms sparse commu-

2 Ephedra distachya Crljaerrr?::plﬁ;te sﬁgﬂﬂﬁgﬁé Dry conditions | Shifting sands nitie? a fopd source
or animals
Typhaceae
Perennial. Freshand | High humidity Stable, silty Forms coastal thickets
3 Typha angustifolia | Hemicryptophyte, | slightly brack- | (shores of res- subst}ates and acts as a filter
geocryptophyte ish waters ervoirs) feeder

Strengthening the

- Hemicryptophyte, . - . .
4 Typha latifolia helogryptophyte Fresh water | High humidity | Stable shores | banks, cr;aglng habi
Potamogetonaceae
Perennial Fresh and Aquatic Silts, sandy Forms underwater
5 Stuckenia filiformis Hvdrocryoto h e brackish water envi(r]onment bottom communities and sta-
y yptophyte. (up to 11%) sediments bilises bottom soils

An essential compo-

6 Stuckenia pectinata H drID()e(;rfnrl:)al.r] yte (slisflilb?;slt ) enaﬁgr?:rl]%nt Sand;ggir;g silty nent of underwater
Y yprophyte. ghtly salty communities
7 pzflig?rlicshsﬂg:p Perennial. Fresh and Aquatic Iy thFi(c:)Iirerjtz uamd?r:;\gi?[gr
major Hydrocryptophyte. |brackish waters| environment of brackish biotopes
Zannichellia Perennial. Fresh and Aquatic - - Participant in
8 alustris Hydrocryptophyte. |brackish waters| environment Silts, soft soils underwater
P ' phytocenoses
Ruppiaceae
The primary compo-
. -, Perennial. Brackish Aquatic San’dy and nent qf underwater
9 Ruppia maritima . Shelly’s bottom | vegetation serves as a
Hydrocryptophyte. waters environment .
soils food source for water-
fowl.
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Continuation of Table 1

Ne View Life form Hapl_tat Humidity Subst.r.ate . Primary role_
salinity mobility in the community
. . . Forms dense underwa-
o | R | || ket an i
y yptophyte. y tor of salty biotopes
Juncaginaceae
Stable silt and Forms coastal and
11 | Triglochin palustris Perennial. Lightly saline | Wet, damp meadow sub- meadow communities,
9 P Helocryptophyte meadows conditions strates an indicator of damp-
ness
Poaceae
. . Soil conditioner; dom-
. . Perennial. Salt marshes, . Mobile sandy . ¢ ’
12 | Aeluropus littoralis Hemicryptophyte. | salted sands Dry conditions and saline soils inantin soquchak
communities
Alopecurus Perennial. Saline Wet, coastal Stable floodplain Forms. dense turf;‘fod-
13 arundinaceus Geocryptophyte meadows conditions and meadow der value
yptophyte. substrates
Aristida Annual. Non-saline dry . Mobile Sy Ephemera_l of_de§ert
14 adscensionis Therophyte sands Dry conditions | and rocky sub- [“éemmunities, it fixes
P strates the sands
Annual. Non-saline - Light, sandy, and | Ephemeral component
15 Bromus tectorum Therophyte sands Dry conditions gravelly soils | of desert communities
Annual. Non-saline . -, Participant in
16 | Bromus squarrosus Therophyte sands Dry eonditions | " Shifting sands ephemeral deserts
. Forms thickets on salt
17 Sporobolus Annual. Saline and salt | Wet, _damp Silts, damp sands| marshes, with food
aculeatus Therophyte marshes habitats value
Sporobolus Annual. . 9 Wet, damp Sandy-clayey | Member of meadow-
18 alopecuroides Therophyte Solonetzic sURy conditions substrates saline communities
L . Moderately A weed species in
o | D e | TR i ong | S| grceres,aso
9 P the ditches) fixer
Eremopyrum Annual. Non-saline . Sands, clayey Ephemeral desert
20 bonaepartis Therophyte soils Dry conditions substrates communities
Eremonvrum Annual Solonetzic Dry substrates |Xerophytic ephemeral,
21 triticgﬁm Theroph ; e ravell soiis Dry conditions | (sand, crushed | an indicator of desert
phyt 9 y stone) conditions
Lolium Perennial: So_lonetzm gnd Wet conditions Clayey, meadow | Forms turf, valuable
22 arundinaceum Hemicryptophyte slightly saline (shores, substrates forage species
YPLophyte. soils meadows) gesp
. Non-saline .
Perennial. Moderately - Strengthening sandy
23 Leymus iggemdgus Hemicryptophyte. sasgsétséea humid (shores) Shifting sands banks, forming turf
24 Leymus ramosus Perennial. stSeOk:ar;etrzi:/Cer Moderately Sandy-clayey, Svc\)lges(j'[rs ng;if:;nienr,
y Hemicryptophyte. PPes, humid solonetzic P
banks agrocenoses
. . Perennial. Non-saline . Shifting sands, Xerophyte forms
25 Stipa caucasica . sands and | Dry conditions feather grass commu-
Hemicryptophyte. rocky substrates -
gravelly slopes nities
26 Stipa capillata Perennial. ';I;\?e-lsia“anned Arid Slopes, scree Indicator of dry
pacap Hemicryptophyte. g ya Pes, steppes and deserts
sandy soils
. Clayey saline Member of feather
27 Stipa sareptana Perennial. depressions Arid Rocky, clayey, rass-wormwood
P P Hemicryptophyte. P ' sandy g o
sands communities
28 Stipa Perennial. Non-saline Dr Loess, gravelly | Forms feather grass in
hohenackeriana | Hemicryptophyte. soils y slopes the foothills
Perennial. Slightly saline Sandv-clave Dominant of wet
29 Puccinellia distans |Hemicryptophyte/h gntly Wet, swampy y-clayey, meadows, an indicator
meadows pebble .
elocryptophyte of salinity
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Continuation of Table 1

. . Habitat - Substrate Primary role
Ne View Life form salinity Humidity mobility in the community
L Perennial. Slightly salty 5 Forms a grass stand,
30 ngecc?lgﬁltlig Hemicryptophyte/h |waters, wet salt|Raw conditions Sandﬁ/ulsgamy, an indicator of water-
P elocryptophyte marshes grussy logged soils
Phalaris Perennial. Non-saline - Stable floodplain| Creates dense turf and
31 arundinacea Geocryptophyte. floodplains Raw conditions soils strengthens banks
Perennial. Slightly saline . .
32 |Phragmites australis |[Hemicryptophyte/g| and non-saline [Raw conditions Coastal and silty | - Forms thickets and
soils stabilises banks
eocryptophyte waters
Fast-growing;.ephem-
33 Polypo_gon_ Annual Solonetzic soils|Raw conditions|  Moist soils eral, waterlogging
monspeliensis Therophyte e
indicator
nli A weedy species, a
34 Tragus racemosus Tﬁ;?guﬁ;te No:asglsme Dry conditions | Shifting sands member of sandy
P communities
Cyperaceae
Perennial. Non-saline - Mobile and-fixed| The primarystabiliser
35 Carex physodes Hemicryptophyte. sands Dry conditions sands ofsands fixes dunes
Bolboschoenus Perennial. Salt meadows, . Forms coastal thickets
36 maritimus Geocryptophyte. swamps Raw Y > i and filters water
Asparagaceae
A semi-desert species,
37 Asparagus Perennial. Salt marshes, Arid Clayey, chalky an element of
breslerianus Hemicryptophyte. salt lakes soils xerophytic communi-
ties
Polygonaceae
P Forms sparse forests
L Shrub. Non-saline Clay and gravel -
38 Atraphaxis spinosa Phanerophyte. soils Dry Substrates and shru?i::mmum
Amaranthaceae
39 Agriophyllum Annual. Non-saline Arid Dune and Psammophyte, sand
pungens Therophyte sands hummocky sands fixer
L Perennial. Sandy-clay . Clay and gravel | Dominant of desert
40 Anabasis eriopoda Hemicryptophyte. deserts Arid substrates communities
Moderately
a1 Anabasis aphvlla Subshrub. Salt marshes, | humid (with | Clay and sandy | Member of salt marsh
phy Chamaephyte solonetz close ground- substrates communities
water)
An inhabitant of salt
. . Annuals Moderately | Clay and sandy )
42 Atriplex aucheri Therophyte Salt marshes humid substrates marshes,ca;ev:eed spe
Atriplex Annual. Hilly sands, : Rubble and  |Ephemer, a member of
43 . . outskirts of Arid . o
dimorphostegia Therophyte Takyrs sandy soils desert communities
. Annual. Wet salt Coastal Member of salt marsh
a4 Ag'ex PRNS Therophyte marshes Wet solonetzic soils communities
. A weedy species, an
. . Annual. Salt marshes, | Moderately | Floodplain and L '
45 Atriplex tatarica Therophyte solonetz humid meadow soils indicator of salt
marshes
An inhabitant of salt
, - Annual. Salt marshes, . Sandy and loamy
46 Bassia hyssopifolia Therophyte salted sands Arid substrates marshes,cailev:eed spe-
A desert species, an
. Annual. Salt marshes, . Rocky and . )
47 Bassia odontoptera Therophyte clay slopes Arid clayey substrates |nd|c?]g)gi;);§allne
. Perennial. Salt marshes, . Rocky and sandy| Forage species, soil
48 Bassia prostrata Hemicryptophyte. solonetz Arid substrates fixer
bgzzri)r?ugl ¢ Moderately An indicator of salt
49 | Bienertia cvcloptera Annual. marsﬁes moist Clayey and marsh habitats, an
yclop Therophyte ' (occasionally | saline substrates | ephemeral of desert
shores of salt I,
damp) communities
lakes
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Continuation of Table 1

No View Life form Ha_bljcat Humidity Subst.r.ate _ Primary role_
salinity mobility in the community
Psammophyte, a
50 Corispermum Annual. Non-saline Arid Shifting sands, member of desert
laxiflorum Therophyte sands dunes communities, a sand
fixer
Hilly sands Psammophyte and
51 Corispermum Annual. Saline sands, Moderately clave yand éb- halophyte species
aralocaspicum Therophyte saline coasts wet/dry yey ano p areindicators of arid
ble soils ;
habitats
52 Corispermum Annual. No data for the o o Av‘vzaerg erﬁ?]sgfgrlgséfa
squarrosum Therophyte region Kulala)
Non-saline Sandy and
o | Comonens | e | e | oain | coygmely | S o
P sandy loams substrates PP
Various Aoweed species, an
. Annual. Weedy, non- | Moderately . .
54 |Chenopodium album Therophyte saline places humid substrates (Sand; |nd|cato_r of ar_1thropo
loam) genic habitats
. Wet Halophyte, a member
s | Gl |t | et | Gossionay | PRSI | of sl i o
P damp) nities
Salt marshes . .
. Annual. ' | Damp, salty |"Clayand saline | Halophyte, dominant
56 | Climacoptera lanata Therophyte shor;a;kgi salt conditions substrates in saline communities
Non-saline
57 Caroxylon Annual. sands, less Arid Sandy and rocky | Psammophyte, indica-
scleranthum Chamaephyte | often, gravelly substrates tor of dry habitats
places
5 Halophytes, which are
Annual Takyrs, salt hMu?ng?tsﬂ% C;%ey grsztvrt;l_ly indicators of saline
58 |Caroxylon nitrarium Theroph ' e marshes, salted marshes) and bear?r{p sub- soils, are integral to
phyt sands g semi-desert communi-
dry strates -
ties
59 Grubovia sedoides Annugjs Sglﬁgﬁzgk‘& Moderately dr Clayey and ff\ytriT::e(r:T)kr)T?rrn?Jfr]?t?zleg- a
Therophyte solonetzic ydry compacted soils P o
weed species
steppes
. No data (absent
Halanthium Annual. . . .
60 kulpianum Therophyte in the rI;)M flo- — — A rare alien species
. . Takyrs, salt . . Halophyte, a member
P phyt serozems P nities
Salt marshes, .
wet and puffy . Dominant of .
Halocnemum Shrub. Clay and silt | solonchak communi-
62 strobilaceum Chamaephyte salt marshes, Wet substrates ties, an indicator of
P and the shores : -
saline depressions
of salt lakes
Salt marshes, Obligate halophyte,
63 l]'gr!?gfat?uns Trﬁ\a rrlguﬁl' e gravelly desert Arid gnrgir;zd ;gﬂ; indicator of desert salt
9 phyt slopes y marshes
Wet and puffy . Dominant of coastal
. Shrub. Clay and silt
64 | Halostachys caspica Phanerophyte. salt marshes, Wet Soils and salt mgr_sh com-
sea coasts munities
No data (absent
65 Halotham_nus Shrub. in the KM flo- — — Rare species
turcomanicus Chamaephyte ra)
Salt marshes,
- . Shrub. salt marshes, | Wet and semi- Halophyte, coastal
66 Kalidium caspicum Chamaephyte banks of salt wet Clay substrates stabiliser

lakes and rivers
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Continuation of Table 1

No View Life form Ha_bljcat Humidity Subst.r.ate _ Primary role_
salinity mobility in the community
Chalk out-
. . Annual. crops, gypsum- . Chalk and clay | Indicator of saline and
67 Caviria gossypina Therophyte bearing clays, Arid substrates gypsum-bearing soils
salt marshes
Sandy shores, A weed species, an
Lipandra Annual. cliffs, estuaries,| Moderately | Sandy and loose | . ed sp :
68 olysperma Therophyte and garbage humid soils inhabitant of anthro-
polysp phyt garbag pogenic habitats
dumps
Salt marshes,
river and lake . A weedy species, an
. Annual. Wet and semi- Sandy and A .
69 Oxybasis glauca banks, and indicatoriof saline
Therophyte vegetable gar- wet clayey substrates habitats
dens
Clayey
70 Pvankovia affinis Annual. solonchaks, |Arid and semi- | Clay and gravel | Halophyte, a member
y Therophyte takyrs, rubble- humid substrates of desert communities
clayey trails
Solonetz .
. . Annual. - ' . Clayey-gravelly | Member of halophytic
71 |Pyankovia brachiata highly Arid -
Therophyte solonetzic soils substrates communities
Forms clumps on salt
72 Petrosimonia Annual. Issftc?;ﬁ;ﬁ’ Moderately. Clay and silt | marshes, an indicator
brachiata Therophyte y humid soils of wet halophytic
solonetz -
habitats
Petrosimonia Annual. Salt marshes, Clay compacted | Member of halophytic
3 glaucescens Therophyte solonetz A dry soils communities
Wet salt
marshes, sors, . . Halophyte, an indica-
74 | Salicornia europaea Trf; r:guEl. e sea coasts, and Wet sn?&ggg:&.ne tor of waterlogged salt
phyt shores of salt marshes
lakes
Sandy areas of A weed species, an
. Annual. . Dry and Sandy and sandy | . _ .. L
75 Salsola australis Therophyte river valleys, moderately dry | loam substrates |nd|c§tor_of anthropo
saline places genic disturbances
Solonetzic .
" Annual. - . Sandy and sandy | Member of halophytic
76 Salsola paulsenii sandy soils, Arid .
Therophyte desert steppes loam desert communities
Salt marshes .
. Annual. - ' Dry and . Weed and halophytic
77 Salsola foliosa Chamaephyte satgl:;/crlgs, moderately dry Clay and saline species
Salt marshes, s
78 Suaeda acuminatd Annual. salt marsh  [Semi-moistand| Clayey and tﬂ??fpszﬁeﬁicswﬂ;:bﬁ:
Therophyte meadows, moist saline tats
wastelands
Salt marshes .
/ . Annual. - ' Lo Saline sandy | Member of salt marsh
79 Suaeda kossinskyi Therophyte sors alrr:a ;:ndy Semi-moist substrates communities
Coastal and . -
Annual. - Siltand salt | Halophyte, an indica-
80 priaeda salsa Therophyte continental salt Wet marshes tor of coastal habitats
marshes
Caryophyllaceae
Holosteum Annual Non-saline clay Ephemeral, a member
81 umbellatum subsp. ) and rocky Dry Clayey and stony| of xerophytic commu-
. Therophyte 2.
glutinosum slopes nities
Weedy areas, .
Psammophiliella Annual. arable land, Moderately Various A weed_spe_cles that
82 - - occurs in disturbed
muralis Therophyte wastelands, salt humid substrates habi
abitats
marshes
82 Fundamental And Experimental Biology. 2025, 30, 4(120)
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Continuation of Table 1

. . Habitat - Substrate Primary role
Ne View Life form salinity Humidity mobility in the community
83 Gypsophila Perennial. Sl;ﬁe(ja;igg papr:; Moderately dry| Sandy loam and ii?irigst(;:rhj):‘ns?tselpapl
paniculata Hemicryptophyte. salt marshes and semi-moist| sierozem soils habitats
84 Gypsophila Perennial. Sands, pebbles, Semi-moist Sandy and 2?13?5) e(: doﬁarlri]ﬁi%?“n\/\f
perfoliata Hemicryptophyte. | salt meadows pebble substrates munpi ties
85 Silene wolgensis Biennial. Meadow and | Moderately A variety of I\/(I)?Ln:re]:(rj ?{):Q; r:deaéi-
9 Therophyte grassy slopes humid grassy soils > €dg
communities
Rocky and An element.of
86 Silene cvri Biennial. Non-saline Arid rav)éll xerophyticieemmuni-
y Therophyte rocky slopes g y ties, anvindicator-of the
substrates .
foothills
Solonetzic . .
- Annual. Moderately Clay and silt¢" | ‘Halophyte, an indica-
87 | Spergularia diandra Therophyte meﬁ?;\sﬁé Ssalt humid substrates torof wet habitats
Spergularia Perennial. . . .
88 mediasubsp. media | Hemicryptophyte. Saline soils Wet Saline substrates | Coastal halophyte
Annual. Saline and :
89 Spergularia rubra |Therophyte/hemicr| sandy soils, |Moderately dry cSI:ngy:‘(?i?s Weed asnclgiilsophytlc
yptophyte weedy areas ey P
Ceratophyllaceae
. Fresh and . . Forms underwater
90 Ceratophyllum Perennial. slightly salty A_quatlc Sllty_bottom communities and sta-
demersum Hydrocryptophyte. water bodies | €Mvironment sediments bilizes the bottom soils
Ranunculaceae
Adonis scrobiculata Annual. Saline and WX Wetand semi- | Sandy and sandy Epheme_ral, an |nd|c53-
1 subsp. scrobiculata Therophyte sarg, shrub wet loam substrates tor of disturbed habi-
P. phyt thickets tats
Steppes-and
Annual. Clay, sand and |Ephemer, a member of
92 |Ranunculus falcatus deserts, clay Dry ! ' o
Therophyte and sandy soils pebble substrates| desert communities
93 Ranunculus Annual. Deserts, clayey Arid Sandy and Ephemeral desert
testiculatus Therophyte and sandy soils clayey soils habitats
. Fixed and Member of ephemeral
Delphinium Annual. s "
94 semi-fixed Dry Sandy substrates | communities on the
camptocarpum Therophyte sands sands
Papaveraceae
Rocky and Crushed rock -
. Annual. . . Ephemeral, an indica-
95 | Papaver laevigatum gravelly slopes, Arid and variegated ' )
Therophyte pebbles rocks tor of rocky habitats
Brassicaceae
Rubbly, stony Loamy and Ephemeral, a member
96 turﬁel)s/f;ﬁzzum T@?Q”ﬁ;te and slightly Arid sandy loam sub- | of xerophytic commu-
P saline soils strates nities
97 mariﬁ%lgls?ms Annual. Sea coasts Wet Coastal sands Coastal halophyte, rare
Bixina P- Therophyte (presumably) alien species
Steppe slopes, Ephemeral, an indica-
. Annual. ' | Moderately | Clay and sandy . .
98 Chorispora tenella Therophyte banks of reser humid loam substrates tor of disturbed habi-
Voirs tats
A weedy species, an
- . Annual. Clayey and o .
99 | Descurainia sophia Therophyte Salted areas |Moderately dry sandy loam mdmat;)rre 2: saline
Hilly sands,
100 Goldbachia Annual. sandy-rocky | Arid and semi-| Shifting sands, |Ephemer, a member of
laevigata Therophyte and clayey humid sandy loams desert communities
substrates

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

83



M.S. Sagyndykova, G.G. Gasanova et al.

Continuation of Table 1

Ne View Life form Hapl_tat Humidity Subst_r_ate . Primary role_
salinity mobility in the community
Sands and out- L
101 | Meniocus linifolius Annual crops of Ter- Arid Sandyand |Ephemeral indicator of
Therophyte : clayey substrates clay outcrops
tiary clays
Sands (often
Annual saline), gyp- Sandy and Ephemeral, a member
102 | Strigosella brevipes Therophyte sum clays, Arid gravelly of halophytic a[u_i de-
sert communities
pebbles
- Sands, alluvial
103 | Strigosella circinata Biennial. deposits, sandy Arid Sandy and sandy Ephe_:meral, afare spe-
Therophyte loams loam cies on the plain
L Biennial. Steppe mead- Moderately |Sandy and sandy{ >Member of meadow
104 Syrenia siliculosa ows on sandy . -
Therophyte soils humid loam communities
Fabaceae
105 seu d:IIr:]:gilsubs Perennial. Slﬁztlzsﬁgne Moderately Clayey @nd Halophyte, a
P g - Hemicryptophyte. y ' humid sandy depression indicator
persarum sands
Slightly saline
. . Perennial. sandy soils, Weed species, forage
106 | Alhagi pseudalhagi Hemicryptophyte. | edges of fixed Moderately dry Sandy shrub
sands
Astragalus Subshrub. Semi-fixed < - Psammophyte, sand
107 karakugensis Chamaephyte sands Arid Shifting sands fixer
Astragalus Subshrub. . . - Forage and soil-
108 ammodendron Chamaephyte Sandy sofg Ard Shifting sands strengthening species
Geraniaceae
Annual Loamy soils, Loams and ston Ephemeral, an indica-
109 | Erodium ciconium ) variegated |Moderately dry . Y1 tor of disturbed habi-
Therophyte soils
flowers tats
Nitrariaceae
. Halophyte, an indica-
110 | Tetradiclis tenella Annual \§ s'allne Wet Claye_y and tor of damp salt
Therophyte soils saline
marshes
Perennial. Sands, weedy . Weed species,
111 | Peganum harmala Hemicryptophyte. places Arid Sandy medicinal plant
Zygophyllaceae
Perennial. Sands, salt . Loamy and Halophyte, weed
112 | Zygophyllum fabagg Hemicryptophyte. marshes Arid sandy species
Rutaceae
Sand and grav- Elements of
113 Haplophy_llum Subshrub, el deposits, Arid Pebbles and sand xerophytic
obtusifelium Chamaephyte - o
rocky ridges communities
Margins and
Haplophyllum Perennial. depressions of . Desert habitat
< bungei Hemicryptophyte. | hummocky Arid Sandy indicator
sands
Euphorbiaceae
115 Euphorbia Annual. Weedy and Moderately Loamy and Weed, an indicator of
helioscopia Therophyte fallow areas humid garden soils disturbed habitats
Malvaceae
N Fine-grained
116 Malva pusilla Annual/biennial, and gravelly |[Moderately dry Rubble a_nd
Therophyte sandy soils
slopes, pebbles
Frankeniaceae
Wet banks, -
117 Frankenia hirsuta Subshrub. clay and rocky Wet Clay an_d stony | Halophyte, an |r_1d|ca-
Chamaephyte deserts soils tor of wet habitats
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Continuation of Table 1

No View Life form Hapi_tat Humidity Subst.r.ate . Primary role_
salinity mobility in the community
Tamaricaceae
Saline soils High .
118 Tamarix gracilis phaﬁz:ggh vie (solonetz, (groundwater | Sandy, clayey Egggfrgﬁgf;aelntshg;ﬁe;:
solonchaks) close)
Tamarix Shrub, Solonetz, salt .| Substrate stabilisation,
119 ramosissima phanerophyte marshes Average Sands, chalk hills habitat for birds
Solonetzes, .
120 Tamarix laxa oh aﬁg:ggﬁ yte solonchaks, Variable Sands Dom;g;nraﬁgist?ggnetz
takyrs
Elaeagnaceae
121 Elaeagnus Shrub/low tree, | Slightly saline Low Hummocky
angustifolia phanerophyte sands sands
Apiaceae
Perennial, Slightly saline - Elements of
122 Ferula nuda hemicryptophyte sands Average Semi-fixed sands psammophytic groups
. Perennial . . | DOm"_‘f’%”t of dr)_/ .
123 Ferula foetida hemicr ; Arid habitats Low Sandy hills communities, medici-
yptophyte
nal value
. Perennial/biennial, .
124 ?05"_‘_’& . hemicryptophyte/t | Not salted Dry Rocky slopes Member of xe_rpphytlc
absinthiifolia h communities
erophyte
Primulaceae
_ _ _ Rocky, gravelly Episodic component
125 | Androsace maxima |Annual, therophyte| Slightly saline Low sllopes of rock and steppe
phytocenoses
Plumbaginaceae
_ _ o Perennial Salt.marshes, ) Salt-_laden _de- A weed species, an
126 | Limonium gmelinii hemicryptopﬁyte salt marsh High pressions, river | element of anthropo-
meadows valleys genic habitats
. . . Perennial, . Damp meadows, | Indicator of saline and
127 | Limonium caspium hemicryptophyte Ralt marshes High degressions wetland habitats
Gentianaceae
Centaurium Saline Sands, stream Indicator medicinal
128 pulchellum Annual, thapsmigge substrates Average banks plant
Apocynaceae
. Rubble-rocky
129 C);E?)Z;hglm ﬁgﬂ:ﬁm henZi:f/g?éT)Iﬁ yte Slightly saline Average slopes, variegat- | Weedy appearance
ed flowers
Convolvulaceae
. Coastal sands | A rare protected spe-
130 Convo_|vu|us P_erennlal, Salt-laden Average (200 m from the | cies, aﬁ indicator%f
persicus hemicryptophyte sands -
sea) coastal communities
131 Cgrr;xglg:dgs chsaun:);Z;;E/,te Slightly saline Low H”Izair:di flat Sand stabilizer
Miscellaneous
132 Convolvulus Perennial, Wide range Fromdryto | (vegetable gar- | A weed species with a
arvensis hemicryptophyte wet dens, wastelands, | broad ecological range
fields)
Boraginaceae
Shell rocks, Coastal stabiliser
L Perennial, Lightly saline boulders, peb- :
133 |Tournefortia sibirica hemi Average forms protective
emicryptophyte coasts bles, storm surg- o
e communities
134 Heliotropium Perennial, Non-salted or Average Rocky shores, A;?%?;Q:;T ggmﬁ?t
ellipticum hemicryptophyte | slightly salted mountain trails

ties
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Continuation of Table 1

Ne View Life form Hapl_tat Humidity Subst.r.ate . Primary role_
salinity mobility in the community
Annual or biennial, Rocky and Ephemeral desert and
135 Lappula barbata therophyte Unsalted Low gravelly slopes |mountain communities
sands. sand A weedy and ephem-
136 Lappula patula  |Annual, therophyte|  Unsalted Low ’ Y | eral species of desert
loams, pebbles
steppes
Lamiaceae
Rocky and grav-
. N elly slopes, forest| A weed species, an
137 amLallglilér:ule Ann;ﬂr%r ﬁlyir;mal, Unsalted Average edges, fields, and| indicator of disturbed
P P vegetable gar- habitats
dens
Orobanchaceae
. . A parasitic.plantaf-
Perennial Solonetzic Clay and sandy
138 | Orobanche amoena . ’ Average fectsthe structure of
hemicryptophyte steppes substrates oMunities
Asteraceae
. . Subshrub, Salted coasts, Dominant desert
139 | Artemisia arenaria chamaephyte sands Low Sandy substrates vegetation
. Steppe and . .
. . Perennial, - Sandy‘andsandy | A widespread species,
140 | Artemisia austriaca chamaephyte solonetzic Average 10am.soils it grows as a weed.
meadows
N Subshrub, nght chestnut Rocky, gravelly, Member of cereal-_
141 | Artemisia lercheana chamaephyte soils, chalk Low: sandv substrates wormwood communi-
P outcrops y ties
142 Artemisia Hamephyte, Saline and Medium-hiah BIzT(I;Z o;‘nrév;r_s, Medicinal species,
abrotanum hemicryptophyte |moist meadows g v'ines found in agrocenoses
Weed and Sandy loam, | A weedy species that
143 | Artemisia scoparia |Annual, therophyte steppe Average sandy, loess | quickly colonises dis-
communities slopes turbed lands.
Artem_|5|a Subshrub, Sands, salted . Dominant of local
144 | marschalliana var. Low Sandy soils L
. chamaephyte coasts desert communities
marschalliana
. . : Potential component
145 Cicerbita Rerenmal, Not salted Moderate Forest anc_j of wetland communi-
macrophylla hemieryptophyte meadow habitats ties
146 Lactuca serriola Annual/biennial, Ssgﬂztlgnizrg_e Average Sands, vegetable| A common weed
therophyte . g gardens, roads species
pogenic places
. Salt marshes, Pebbles, . .
147 Lactuca tatarica Perennial, saline clays Average sandstone Indicator of saline
hemicryptophyte Y g habitats
and sands outcrops
. Solonchaks, Sandy and
148 Mllgrmogflgl:sla Annual, therophyte| clayey, takyr- Average gravelly Epcr:)er?ne]rjlr: ictiitzssert
like soils substrates
Senecio glaucus Salt marshes, An ephemeral species
149 subsp. Annual, therophyte| solonetzic Medium-high | Salt meadows | in salt marsh commu-
caronopifolius meadows nities

Floristic composition analysis revealed a diverse range of life forms and ecological strategies among the
plants represented in the studied sample (149 species). The most significant proportion is made up of annual
therophytes (70 species, 47.0%), which form the basis of ephemeral and ephemeroid communities character-
istic of desert and semi-desert habitats. Perennial hemicryptophytes (30 species, 20.1%), represented by
steppe and meadow species that form dense sods and ensure the stability of the vegetation cover, are of sig-
nificant importance. Hydrocryptophytes (10 species, 6.7%), confined to aquatic and coastal biotopes,
chamaephytes (10 species, 6.7%), and geocryptophytes (5 species, 3.4%) were also noted. Phanerophytes
(7 species, 4.7%) are represented by shrubs and small trees that play a key role in stabilising the substrate
(e.g., Tamarix, Halostachys). Mixed life forms comprise 11.4% of the flora.
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In terms of habitat salinity, non-saline biotope species predominate, comprising 40 species (26.8%).
However, a significant portion of the flora is formed by halophytes: solonchaks (30 species, 20.1%),
solonetzic (20 species, 13.4%), and slightly saline habitats (20 species, 13.4%). Another 15 species (10.1%)
are associated with brackish and saline water bodies, while 12 species (8.1%) inhabit freshwater environ-
ments. Thus, almost half of the flora is represented by halophytes, emphasising the adaptation of the vegeta-
tion to the extreme conditions of saline and arid ecosystems.

The calculation of diversity indices revealed that the flora is characterised by a relatively high level of
species and structural diversity (Tab. 2).

Table 2

Biodiversity indices

Index Meaning
Shannon H' 1.55
Simpson D 0.71
Saw J 0.79

The Shannon index was H' = 1.55, reflecting the presence of several major life-form groups dominated
by therophytes. The Simpson index was D = 0.71, indicating a relatively/high probability of encountering
different groups if randomly selected. The Pilou evenness index (J = 0.79)<indicates a relatively balanced
distribution of species among the various life forms.

Overall, the results of the analysis confirm that the flora ofuthe studied area is ephemeral and
ephemeroid in nature, but is also distinguished by a pronounced meosaic: along with ephemerals, perennial
halophytes, shrubs, and hydrophytes play a significant role/forming a stable and diverse vegetation cover
adapted to sharp fluctuations in humidity and salinity of habitats.

Canonical correspondence analysis (CCA) of the Kulaly“lsland flora revealed key ecological gradients
that determine the spatial distribution and structural organisation of plant communities. Factors such as sub-
strate salinity, moisture level, and soil mobility wereiincluded as key predictors in the analysis, allowing for
a comprehensive characterisation of the ecological niche®of each species (Fig.).
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Figure. Canonical analysis of the environment and biodiversity flora of Kulaly Island
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The distribution of objects on the diagram showed that the CCA1 axis best reflects the salinity gradient,
which is closely related to moisture conditions. Typical halophytes from the Chenopodiaceae and
Amaranthaceae families are located at the positive pole of the axis. Suaeda salsa, Halochemum
strobilaceum, Kalidium caspicum, Halogeton glomeratus, Atriplex dimorphostegia, Salsola paulsenii, and
others. These species are confined to salt marshes and areas with high salt concentrations, forming distinct
communities that are resistant to the extreme conditions of mineralised soils. On the opposite side of the axis
are hydrophytes and coastal species—Typha angustifolia, Typha latifolia, Stuckenia filiformis, Zannichellia
palustris, Ruppia maritima, Ceratophyllum demersum, reflecting freshwater aquatic habitats. Thus, the
CCAL axis represents the primary ecological-geochemical contrast in the island’s flora, ranging from fresh-
water to saline ecotopes.

The CCA2 axis broadlycharacterises the influence of substrate mobility and moisture gradients. The
upper part of the diagram contains species associated with dune and sand ecotopes characterised, by high
substrate dynamics—Agriophyllum pungens, Aristida adscensionis, Carex physades; Corispermum
aralocaspicum, and Anabasis eriopoda. Their spatial displacement indicates the significant.role of,edaphic
instability and wind activity in the formation of phytocenoses. Species that prefer miore stable substrates,
such as Suaeda acuminata, Artemisia arenaria, and Atriplex tatarica, are concentrated closer to the centre of
the diagram, demonstrating a broad ecological amplitude range and plasticity ingrelation,te’substrate condi-
tions.

Coastal hygrophilous species occupy a special position (Phragmites australis, Bolboschoenus
maritimus, Polypogon monspeliensis), which form a cluster in the lowerdeft guadrant of the ordination. Their
placement confirms that humidity is the second most crucial factor structuring the island’s vegetation cover.
In contrast, xerophytes (Astragalus ammodendron, Artemisian, scoparia, Ephedra distachya,
Haplophyllumbungei) are shifted to the right pole of the diagram, which reflects their adaptation to arid con-
ditions and moisture-poor substrates.

Thus, the CCA results indicate that the primary ecological determinant of Kulaly Island’s vegetation
cover is salinity, which shapes the fundamental division-of theflora into hydrophilic and halophytic com-
plexes. A secondary, but significant, role is played by the moisture gradient, which creates a contrast be-
tween coastal and dry arid communities. Finally, substrate mobility determines the specificity of dune and
psammophyte assemblages, increasing their ecological selectivity and limiting species composition. The ob-
served species distribution confirms the high ecological mosaicism of Kulaly Island’s flora, where each spe-
cies or group of species occupies a strictly“defined position within the spatial distribution of environmental
axes. This spatial structure highlights the adaptive strategies of plants in the extreme conditions of arid-salt
marsh landscapes in the northeastern Caspian.

Conclusion

The flora of Kulaly Island is\characterised by a significant diversity of vascular plants—149 species—
reflecting a wide range of life forms and ecological strategies. The most abundant taxa are annual
therophytes (47.0%),and, perennial xerophytes, indicating the vegetation’s adaptation to the extreme condi-
tions of an arid climate, high salinity, and dynamic substrate. Perennial halophytes and shrubs play a crucial
role in stabilising ecosystems, strengthening soil substrates, and forming resilient communities.

Calculation of biodiversity indices confirmed the high structural mosaicity of the flora. The Shannon
index (H”="1:55)and Simpson index (D = 0.71) indicate a relatively high level of alpha diversity. In con-
trast, the Pilou evenness index (J = 0.79) reflects a balanced distribution of taxa across different ecological
groups. This indicates the presence of a stable floristic structure even under conditions of sharp fluctuations
in habitat humidity and salinity.

Canonical correspondence analysis (CCA) identified three key ecological gradients determining the
spatial distribution of flora: salinity, humidity, and substrate mobility. The primary division of flora is deter-
mined by the contrast between freshwater and saline biotopes, while secondary factors structure coastal, arid,
and dune communities. This spatial organisation confirms the high ecological flexibility of the Kulala flora
and its ability to form stable phytocoenoses in the extreme conditions of the arid-salt marsh landscape.

At the same time, the vulnerability of rare and locally distributed taxa to anthropogenic impacts (fish-
ing, economic use) and fluctuations in the Caspian Sea level was revealed. This highlights the need for sys-
tematic monitoring of the island’s flora, the implementation of environmental measures, and the develop-
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ment of long-term biodiversity conservation programs. Data obtained from a scientific basis for assessing the
dynamics of island ecosystems can be used to develop strategies for the sustainable use of the region’s natu-
ral resources.
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Kacnmii Tenizinin Kazakcran aiimarbIHIaFbI
Kyiaasl apangapbIiHbIH 6CIMIK KAMBLIFBICHI

3eprreyne Kacmmii TeHi3IHIH Ka3aKCTAaHIBIK CEKTOPHIHAA OpHajdackaH Kyitanel apaiblHBIH TaMBIPIIEI
OCIMAIKTEiHIH (PIOPAJIBIK KOHE SKONOTHSUIBIK allyaH TYPIUITiHIH KeIIeH i Tangaysl YChIHBUIFaH. Jlananbik
3eprreynep O6apbicsiHna 6Gapiabirbl 149 Typ Tipkenmi, onapasly imriHAe 6ackiM Oeiri OipKbUIIBIK TepoduTTep
(47,0%) MeH KeIDKbULIBIK Kcepodutrep Oosibl. byn ¢uopaHblH apuATi KIMMATKA, TONBIPAKTBHIH KOFApPbI
TY3ABUIBIFBIHA XOHE TYPaKChI3 cyOcTparrapra OeiiMaenyiH kepceremi. TyprepniH Herisri Oemiri KymzIbl
JKOHE COp TOIBIPAKTH OHOTONTapMeH OalIaHBICTHI, al CyNbI-0AaTIIAKTHI JKOHE Cy SKOXKYHelepiHae cabl-
CTBIPMAJIBI TYpJE a3faraH TaKCOH/Ap FaHa Ke3mecTi. Anbga-alyaHTYPIIUIIKTI CaHIBIK Oaraiay HOTIDKECIHIe
Hlennon (H' = 1,55), Cummcon (D = 0,71) sxene ITumy (J = 0,79) urnexcrepi ¢iopa KypbUIEIMBIHBIH )KOEAphI
MO3aMKAaIBLIBIFBH JKOHE SKOJIOTHSUIBIK TONTAPJBIH CaJbICTHIPMAalbl TYpAe TEHTepiMIl TapalyblH KepCeTTi.
Kanounpix koppecnonaenttik tanaay (CCA) eciMaik ®KaMbUIFBICBIH KYPBUIBIMIAUTBIH HETIi3T1 IKOJIOT HSHIBIK
TPaJMEHTTEPli — TONBIPAKTHIH TY3ABUIBIFBIH, BUIFAJIBUIBIKTEL JKOHE CYOCTPATTBIH KO3FaaMalbUIbIFBIH
aHbIKTagel. byn ¢axropnap ramoduTTik, IcaMMOQUTTIK >KOHE THAPO(GMIBIAI KaybIMIACTHIKTAPIB! AUKbIH
XbIpaTambl. 3epTTEy HOTIDKeNepi (IOpaHBIH >KOFaphl SKOJIOTHSUIBIK MKEMJUIITIH, COHBIMEH Karap, CHpeK
JKOHE IIEKTEeyJi TapajfaH TaKcOHAapAbH Kacrmil TeHi3i NeHreiliHiH THAPOJIOTHSUIBIK ayBITKYJIapbiHa JKoHE
AHTPOTOTCHIIK dCepIIepre OCAIIBIFBIH KOPCETTI. AJIBIHFAH JEPEKTep OHOATyaHTYPIISKTI MOHHTOPUHITEY,
TeHETUKAJIBIK pecypcTapipl cakray jkoHe baTtbic KasakcTaHHBIH HO3IK apuATL. OKOXYHENIepiH TypaKThl
Oackapy YIIIiH MaHbBI3/IbI FRUIBIMU HET13 OOJBIT TaObLIa b

Kinm ce30ep: Kynaner apansl, Kacnnii TeHi31, TaMbIpiIbl eciMaiKTep, OHOaTyaHTYPIITIK, ragopuTIep, ncam-
Modurtrep, lllenHon nHaekci, JKakkap HHICKCI, apUATI SKOXKYienep, TeHKOPABL CaKTay

M.C. CarsingbikoBa, ['.I'. 'acanoBa, A.A«ldmanbacesa, A.E. Opazos

PacturesabHblii OKPOB oCTpoBa Kyabl
B Ka3zaxcranckom cekrope Kacuuiickoro mops

B craTbe npezcTaBieHsl pe3ysbTaThl KOMIUIEKCHOTO @HAIN3a (hIIOPHUCTHIECKOTO M IKOJIOTHYECKOT0 Pa3Ho00-
pa3usi COCYIHUCTBIX pacTeHHH ocTpoBa Kynaiel, pacroloKeHHOro B Ka3axcTaHCKOM cektope Kacmuiickoro
Mopsi. B xo71e monieBbIX HcCiieIoOBaHUi ObLTO\BBISBICHO 149 BUIIOB, CpeM KOTOPBIX MPE0OIaIatoT OIHOJIET-
Hue TepoduTs (47,0%) 1 MHOTOJIETHHE,KCEPOMUTEI, 4TO OTpaXkaeT aJanTaruio (GpIopsl K apuAHOMY KIHMATy,
BBICOKOMY YPOBHIO 3aCOJICHUS TTOYB. M TIOABMIKHBIM cyOcTparaM. OCHOBHAs YacTh BHIOB MPUYpPOUYCHA K Iec-
YaHBIM U COJOHYAKOBEIM OHOTOHAM, TORIA KaK BOJHO-OOJIOTHBIE M aKBaIbHBIE IKOCHCTEMBI XapaKTEePU3YIOT-
¢Sl MEHBIIUM YHCIIOM TaKCOHOB. KonmmuecTBeHHas olleHKa anb(da-pasHooOpa3us MoKaszaia CIeAyIoIIne 3Ha-
uyenust: unaexc [ennona (H' ="1555), manexc Cumrcona (D = 0,71) u unaexc paBHomeprocTH Iuny (J =
0,79), 4TO CBHAETENBCTBYET Q)BBIPAKEHHON CTPYKTYPHOI MO3aMYHOCTH M COAIAaHCHPOBAHHOM paclipeserne-
HHUHU 3KOJIOTHUECKUX Apynin, KanoAndeckuit koppecrnionaentHbli ananmu3 (CCA) BBIIBHI TPU BEAYIIUX JKO-
JIOTUYECKUX TpaJHeHTa <~ 3acOJEHHOCTh, BIAXHOCTh M MOABMHKHOCTH CyOCTpaTa, KOTOpPBIE OMPENEISIOT
MPOCTPAHCTBEHHOE pacIipesenenne (Gaopsl U GpopMHUpOBaHHE TANO(GUTHBIX, ICAMMOMHUTHBIX U THAPOQUIB-
HBIX coobmiecTB. [lonydeHHbIe NaHHBIE AEMOHCTPHPYIOT BBICOKYIO 3KOJIOTHUECKYIO IUIACTUYHOCTH PACTH-
TENBFHOCTH, a TAKKEYSI3BIMOCTh PEIKUX U JOKAIFHO PaclpOCTPAHEHHBIX TAKCOHOB K THAPOJIOTUIECKUM KO-
neGaHusIM ypoBHsL Kacmuiickoro Mopsi ¥ aHTPOIIOT€HHOMY BO3JICHCTBHIO. Pe3ynbTaThl CCIeJOBaHHS CITY>KaT
Ba)KHOI HaYHHOU OCHOBOH IJI1 MOHUTOPUHIa OHMOpa3HOOOpa3us, COXpaHEHHUs TeHETHYECKUX PECYPCOB U yC-
TOMYUBOTO YHPABICHUS apuIHBIMU 3KocucTeMaMu 3anaaHoro Kazaxcrana.

Kniouesvie crosa: octpos Kymnanel, Kacnniickoe Mope, cocymucTsie pacTeHus, OnopazHoobpasue, rasoQursl,
ncamMMoutsl, naaekc lllenHona, nuaekc YKakkapa, apuHble SKOCHCTEMBI, COXpaHEeHHe TeHo(oHIa
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