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Abstract: The nonuniformity of the environmental
conditions of the Caspian coast and the anthropogenic
factors lead to an uneven distribution of various types of
vegetation. Desert vegetation is one of the most widely
represented and most vulnerable types in this region.
In this regard, the current state of annual saltwort
of coastal desert phytocenoses has been studied. A
comparative analysis of modern plant units of the
annual saltwort desert with plant units of previous years
have been carried out. New plant units — annual saltwort
formation Salsoleta tragosae and three associations — S.
kali subsp. tragus+Convolvolus persicus, S. kali subsp.
tragus+Suaeda confusa, S. kali subsp. tragus+Limonium
meyeri have been found in the coast of the Azerbaijani
part of the Caspian Sea. An inventory of the species
composition of annual saltwort communities has been
carried out, dominant species have been identified.
Based on the collected material, an analysis of a and S
diversity has been conducted.

Key Words: plant units, coastal ecosystems, vegetation,
formation, association, a. and p diversity

INTRODUCTION

Coastal ecotopes are under the influence of continuously
affecting external factors leading to disruption of struc-
tures and dynamics of the complexes of coastal ecosys-
tems [Mo Alessio, D*Antraccoli Marco et al., 2019].
Currently, the protection and rational use of the Cas-
pian coastal environment is also attracting growing
interest. The consequence of this is a change in the
dominant composition, change in species diversity, etc.
The modern landscape of the coast is formed by a long
combined effect of anthropogenic and natural factors
[Alizade et al., 2018]. In the last decade, the annual
saltwort desert communities of the coastal lowlands are
increasingly replaced by galomesophytes meadow and
wetland vegetation [Alizade et al., 2019].
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In this regard, the study of the modern structural or-
ganization of vegetation becomes important. The aim
of this work was to study the current state of annual
saltwort communities in the coastal middle part of the
Caspian Sea. The research objectives included the study
of the species and dominant composition of the annual
saltwort communities by the use of modern floristic,
geobotanical and statistical methods, as well as the
identification of negative factors affecting their compo-
sition and structure.

MATERIAL AND METHODS

Description of study area. The study was conducted in
2018-2019. The object of the study was the annual salt-
wort community of the coastal strip of the middle part
of the Caspian. The studied area includes two botanical
and geographical (Samur-Devechi and Caspian low-
lands) and four administrative (Khachmaz, Shabran,
Siyazan, partially Khizi) districts (Fig. 1).
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Figure 1. Distribution of annual halophyte communities
in the middle part of the Caspian Sea.

Morphologically, the territory is flat abrasive-accumu-
lative lowland. In climatic terms, it refers to the low-
land zone with a temperate continental climate: the ab-
solute minimum air temperature is -1.5 °C in January,
the absolute maximum +43.3 °C in August. The main
soil type in the study area is meadow-forest, alluvial-
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meadow, carbonate, wet alkali and sandy soils [Hajiyev,
Akhundov, 1987; Ekoloji Atlas, 2010]. The smallest
amount of precipitation is 185 mm per year. Sometimes,
due to rains of rainstorm character, the corresponding
annual amount of precipitation reaches 420 mm per
year. A distinctive feature of the climate of the region is
the constant strong winds called “khazri”. In addition to
the north, north-west, north-east winds, the south winds
called “gilavar” appear. Winds contribute to the drying
out of the upper horizons of the soil and its blowing,
affects the distribution of vegetation on the soil surface.
Study of plant community. According to our observa-
tions, the vegetation of the region in the direction from
the south (Samur-Devechi lowland) to the north (the
Caspian lowland) is distinguished by species diversity
and is formed under the influence of the specific con-
ditions of soil habitats, seasonal and annual fluctua-
tion patterns of the Caspian Sea, and also reflects the
influence of natural conditions adjacent to the coast of
the - geographical areas; contains signs of anthropo-
genic stress in the composition and structure of plant
groups. In general, the study area in the Caspian coast is
represented by plant formations and associations related
to various types of vegetation — from psammophytic-
littoral, desert, semi-desert, ephemeral, meadow, shrub
to wetland, ruderal and adventitious.

Direct and indirect human activities also contri-
bute to the formation of weedy adventive vegetation
[Budagov et al., 2002]. Monitoring and general geobo-
tanical methods were used in this study [Ipatov, Mirkin,
2008; Odhiambo, 2016]. Model sites of 100 m? were
selected in each botanical-geographical area. Transect
of a smaller size (1m?% 10 x 2 m) were laid for more de-
tailed study. Records of abundance, projective cover of
species, their number and also drawing of horizontal
projection of phytocenosis were prepared [Braun-Blan-
quet, Pavillard, 1925; Camerino, 2013].

Since previous researchers relied on the ecological-
phytocenotic (botanical-geographical) method when
developing the classification of vegetation of the coastal
strip, the same classification approach was used in our
studies, which provided a comparative assessment with
previous years [Agadjanov, 1969; Shachsuvarov, 1993].
We distinguish the type of vegetation by biomorphe:
deserts, meadows [Velazquez et al., 2016]. Classes of
formations (cl. form.) are determined by ecological and
systematic features. Groups of formations (group for-
mation) are united by formations of the same kind of
dominant. Associations (ass.) with a dominant of one
species and its subdominants.
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Alpha diversity (o)) characterizes the richness with
species of individual communities. Its main indicators
are species richness - the total number of species in the
community and species density - the average number
of species per unit area. For characterizing the alpha-
betta diversity, the most typical geobotanical descrip-
tions were selected, based on which the alpha diversity
(internal habitat diversity in homogeneous community)
of annual saltwort formations was calculated. To assess
the biodiversity of the vegetation cover of the coastal
part, the generally accepted principles were adhered by
applying indices and also the differentiating Beta-diver-
sity (B) -diversity between different communities along
the environmental gradient was determined according
to the literature [Lebedev et al., 2004; Wittaker, 1960].
Species richness indices (excluding dominance).
Various combinations of S and N are indicators of the
calculation of species diversity (formulas 1, 2):
Index of species wealth by Margalef: DMg = fn;;
Index of species wealth by Menchinic: DMn= \/izv
where; S - number of identified species, N - the total
number of individuals of all S species.

Index of Berger-Parker expresses the relative signifi-
cance of the most abundant species (formula 3,4,5):

Nmax
N

d=

where; N - the number of individuals of the most
abundant species.
Index of Shennon: H=-3 p;Inp; (5)

where; pi is the proportion of individuals of the i-spe-
cies (p,=n,/N). s
Index Whittaker: 3,~ 21

where; S is the total number of recorded species a - the
average number of species.

RESULTS AND DISCUSSION

Plant groups of the Caspian coastal lowland are cha-
racterized by the participation of edificator and domi-
nants: Elaeagnus angustifolia L., Phragmites australis
(Cav.) Trin.ex Steud., Rubus anatolicus Focke, Suaeda
confusa lljin., Convolvulus persicus L., Tournefortia
sibirica L. (Syn.: Argusia sibirica (L.) Dandy), Melilotus
oficinalis (L.) Pall. Dominant species are also represen-
tatives of the genera Sambucus L., Equisetum L. and
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Cyperus L. Further south, in the direction of Samur-
Devechi lowland significantly distributed species are
E. angustifolia L., Ph. australis (Cav.) Trin. ex Steud,
Calamagrostis giganthea Roshev., Tamarix ramosissima
Ledeb., Artemisia campestris (Syn.: A. arenaria DC),
Suaeda confusa 1ljin., Salicornia europea L., Juncus
acutus L., J. littoralis C.A. Mey., Limonium meyeri
(Boiss.) Kuntze, C. persicus L., T. sibirica L. as well
as groupings with Nitraria schoberi L. The edificators
E. angustifolia, Ph. australis, R. anatolicus., S. confusa,
C. persicus, A. sibirica are common for the two regions.
The study of the edificatory and dominant composition
of annual saltwort communities of coastal ecosystems
allowed us to distinguish 2 class formations, 2 — group

kali subsp. tragus is distributed throughout the coast
and is ecologically associated with semi-mobile sands.
However, along with this, small groups of this saltwort
can be found on wet salted sands (wet salt marshes) at a
distance of 1 m from the water line, which indicates the
wide ecological potential of this plant. The structure and
composition of the S. kali subsp. tragus community are
very primitive. On wet sands, the projective cover is no
more than 5% per 100 m?. Species composition is rep-
resented up to seven species. On semi-mobile sands the
projective cover and species composition is increased
up to 25%, the species composition up to 12-18 species

(Fig. 2).

Table 1. Plant units of annual saltwort vegetation of coastal ecosystems of the middle part

of the western Caspian Sea.

Indices Suaedeta Suaedeta Salsoleta Salsoleta Salicornieta
confusae confusae tragosae tragosae europae
(Khachmaz) (Siyazan) (Khachmaz) (Siyazan) (Siyazan)
Taxa 13 7 15 12 7
Individuals 164 206 143 136 228
Dominance 0.1086 0.22 0.09404 0.1184 0.2212
Shannon 2.363 1.698 2.507 2.275 1.664
Menhinick 1.015 0.4877 1.254 1.029 0.4636
Margalef 2.353 1.126 2.821 2.239 1.105
Berger-Parker 0.189 0.3252 0.1538 0.2132 0.3421
Beta diversities 0.3 0.12 -
Wittaker (B)
Total beta 0.27
diversities
Whittaker (B, )

formations, 3-formations, and 8 — associations (Tab.1).
A comparative analysis of modern plant units of an-
nual soltwart coastal desert vegetation with previous
years [Shachsuvarov, 1993] showed the appearance of
new formation Salsoleta kaliae and new associations S.
kali subsp. tragus+Convolvolus persicus, S. kali subsp.
tragus+Suaeda confusa, Salsola tragos+Limonium
meyeri in the vegetation cover of the coast. It should be
noted that at the end of the 20th century Salsola kali sub-
sp. tragus (L.) Celak (Syn.: S. tragus L.) was registered
in the communities, C. persicus L., T. sibirica L., Suae-
da confusa lljin, Salicornia europea L. as a weed com-
ponent with abundance marks - Sol. After more than 30
years, this small diffusely scattered groups have grown
to the rank of formation and associations. Currently, S.
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One-year old associations (S. confusa) are also found
on the coast of both botanical and geographical areas. In
the northern part, a large number of herbosa was found
in their composition, which is associated with soil con-
ditions and anthropogenic stress. The communities in
these habitats are polydominant in nature, numbering
up to 13 species, which is 50% lower than the species
diversity observed by researchers at the end of the 20th
century (20 species or more). Further south, they most
often become monodominant (Fig. 3).

Salicornioideae (S. europea) communities are cur-
rently reducing their range and are local in nature and
are concentrated in the southern part of the Samur-
Devechi lowland forming monodominant overgrowth
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Figure 2. 2.1 - One-year associations: S. kali subsp. tra-
gus (L.) CelakL.; 2.2 - Suaeda confusa ljin.

stretching for hundreds of meters. The species composi-
tion consists of 2-3 species. This formation is confined
to wet coastal salt marshes, wet salted sands.

The description of the profiles made it possible to
determine the remoteness of the species S. confusa, S.
europea, S. kali subsp. tragus from the water line as
follows: S. confusa 1-25 m, §. europea 1-30 m, S. kali
subsp. tragus 1-50 m.

The calculation of the indices of species diversity
indicates the heterogeneity of annual saltwort commu-
nities. All indicators of the Caspian seaside lowlands
are characterized by higher values in comparison with
the indicators of Samur-Devechi lowland, the simila-
rity of the species composition of all three formations is
extremely low (Tab. 2), which is explained by various
indicators of the quality of the substrate (less salinity,
soil type, etc.) of the Caspian seaside lowlands.

CONCLUSION
The studies revealed new annual saltwort communities
with the dominant S. kali subsp. tragus not previously
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Figure 3. The horizontal projection of a fragment of the
phytocenosis of Suaedeta: 3.1. Khachmaz district;
3.2. Siyazan district (B).

indicated in the literature on the coastal sands of
Azerbaijan. Ecological profiling of annual saltwort
communities from the coastline inland showed the un-
even distribution. The communities xerohalophyte of
S. tragos are able to occupy areas of wet saline sands
and extend to a distance of 100-150 m from the coast.
Given such a high adaptability of this plant to various
environmental conditions, we can conclude that these
communities will continue to be very highly competi-
tive. Annual saltwort communities to a greater extent
occupy areas of wet salt march, partially able to enter a
drier substrate with strong salinity with a distance up to
25 m from the water line. Salicornioideae (Salicornieta)
communities are concentrated in the zone of wet salted
sands, avoid dry sands, without moving away to a dis-
tance of more than 30 m.

Human activity currently largely determines the
course of development of coastal ecosystems. Con-
struction of hotels and the organization of beach areas,
cafes and restaurants have strongly affected the Caspian
lowland. The greatest anthropogenic pressure is ob-
served in Samur-Devechi lowland. The laying of the
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Table 2. Assessment of the diversity of annual saltwort communities of model phytocenoses of the middle part of

the Caspian Sea.
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expected highway will have significant impact on the
species composition of the vegetation cover and disrupt
its structural organization, which will undoubtedly af-
fect the desert annual saltwort communities.
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Xazarin sahil zolaginin orta hissasinin birillik
sorangali birliklori

Komals K. 9sadova
AMEA Botanika Institutu, Badamdar sossesi 40, Baki, AZ1004, Azarbaycan

Xazar sahillorinin  doyison ekoloji vaziyyati vo burada
0z tosirini goOstoron antropogen amillor miixtalif bit-
ki novlerinin qeyri-borabar paylanmasima sabab olur.
Sohra bitkiliyi buregionda an genis tomsil olunan vo an
hassas bitki tiplerinden biridir. Bununla slagadar birillik
sorangolorin donizkaonar sshra fitotsenozlarmin hazirki
voziyyoti Oyrenilmisdir. Birillik sorangsli sohralarin
miiasir bitki vahidlerinin avvalki illorin bitki vahidlori
ilo miiqayisali tohlili aparilmisdir. Xozor donizinin
Azarbaycan hissasinin sahillari ligiin yeni bitki vahidlori
- birillik sorangs formasiyasit Salsoleta tragosae va
iic assosiasiya - S. kali subsp. tragus+Convolvolus
persicus, S. kali subsp. tragus+Suaeda confusa, S.
kali subsp. tragus+Limonium meyeri askar edilmisdir.
Birillik sorangoloerin név torkibinin inventarizasiyasi
apartlmis vo dominant noévler miioyyon edilmisdir.
Toplanmis material osasinda alfa vo beta miixtolifliyinin
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tohlili aparilmisdir.
Acar sozlar: bitki vahidlari, sahilyani ekosistemlor, bitki
ortiiyii, formasiya, assosasiya, o va  miixtaliflik

OnHoJieTHHE COJITHKOBBIE CO00IIECTBA
NpUOpPeKHOIl MOJIOCHI CPeIHeld YacTH KACHHA

Ksamaas K. AcagoBa
Hucmumym Bomanuxu HAHA, baoamoap 40, baky, AZ1004,A3epbatiosrcan

Heoxnopoanocts ycnoBuii cpensl modepexbst Kacrms
U JCUCTBYIOIINX 3/1€Ch AHTPOIIOTEHHBIX (PaKTOPOB BbI-
3BIBAIOT HEPABHOMEPHOE paclpeesieHHe Pa3InyHbIX
TUIIOB PAaCTUTENbHOCTU. IlyCThIHHAS PacTUTENBHOCTH
SIBJISIETCS. OAHOM M3 OOIIMPHO MPEACTABICHHBIX U HaH-
OoJsiee yS3BUMBIX THUIIOB B 3TOM peruoHe. B cBssu ¢
9THM H3yY€HO COBPEMEHHOE COCTOSHHE OJHOJIETHE-
COJISTHKOBBIX MPUMOPCKHX IYCTBIHHBIX (DUTOLICHO30B.
[IpoBeneH cpaBHUTENBHBII aHAIN3 COBPEMEHHBIX pac-
TUTEJBHBIX €AWHUL] OIHOJETHECOISIHKOBOW IYCTBIHU
C PacCTHUTENBHBIMH €IMHUIAMU NpeAbLIymux JeT. s
noOepexpst azepOaiikanckoit yactu Kacnmsa Haiige-
Hbl HOBBIE DPACTUTEJIBHBIE €AMHUIBI - OAHOJIETHECO-
nsiHKOBast  popmanua  Salsoleta tragosae u Tpu acco-
uuanuu - S. kali subsp. tragus+Convolvolus persicus,
S. kali subsp. tragus+Suaeda confusa, S. kali subsp.
tragus+Limonium meyeri. IIpoBeneHa MHBEHTapu3a-
¥l BUJOBOTO COCTaBa OJHOJIETHECOJISIHKOBBIX CO00-
IECTB, BBIBICHBI JOMHUHHUpYIomuUe BUAbl. Ha ocHoBe
coOpaHHOTO MaTepHaa NpOBeJeH aHaiu3 anbpa u Oe-
Ta-pa3zHooOpasusl.

Knrouesvle cnosa: pacmumenvhvie eOunuyb,
Opedichble IKOCUCEMbl,  PACUMETbHOCb,
yus, accoyuayus o u ff paznoobpasue

npu-
gopma-



