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Abstract: This study investigates the development of
algal communities and their spatiotemporal variability
along the southern coast of the Caspian Sea (Lankaran,
Astara, Masalli, and Neftchala) in 2023-2024. The
study identified 75 taxa including Bacillariophyta,
Chlorophyta, Cyanobacteria, Rhodophyta, Charophyta,
and Ochrophyta. Results varied by location and year,
with the highest values observed in Lankaran (2023)
and Astara (2024). Diatoms and chlorophytes were the
major dominant groups in all study areas. The Shan-
non diversity index ranged from 3.94 to 4.42, indi-
cating high species richness and ecological stability
of the algal communities, while the Evenness index
(0.944-1.03) suggests a relatively uniform distribution
of individuals among species and the absence of strong
dominance. Algal communities in the study areas ex-
hibited high species richness and ecological stability.
Cluster analysis revealed that algal community struc-
ture exhibited high similarity within the same seasons
and significant differences between seasons, indicating
that temporal variations in abundance are mainly driv-
en by seasonal environmental factors. Water tempera-
ture showed significant variability (8.1-27.4 °C; P <
0.0002), but no statistically significant differences were
observed in parameters such as pH, and TDS (P > 0.05).
The increase in temperature indicates a potential risk
for algal blooms. The taxonomic composition and abun-
dance patterns of algal communities along the south-
ern Caspian Sea coast are influenced by environmental
conditions and play an important role in evaluating the
ecological health of aquatic ecosystems.

Keywords: diversity indices, hydrochemical param-
eters, macroalgae, phytoplankton, saprobic index, sea-
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INTRODUCTION

Macroalgae are one of the important trophic components
in aquatic ecosystems, acting as the main primary pro-
ducers of the coastal zones. They play an important role
in maintaining the biological stability of coastal zone
and regulating energy cycles, significantly influencing
the biogeochemical transformation of substances. As
eukaryotic organisms macroalgae with photosynthetic
capacity are considered primary producers in the aquat-
ic environment and provide the initial stage of energy
flow to the system [Cacabelos et al., 2010]. Seaweeds or
benthic macroalgae constitute a heterogeneous group of
primary producers based on their pigment composition
and other fundamental biological characteristics and in-
clude three main divisions: Chlorophyta (green algae),
Ochrophyta (brown algae), and Rhodophyta (red algae)
[Dhargalkar, Verlecar, 2009; Hong et al., 2007; Koch et
al., 2013]. The phytoplankton community of the Cas-
pian Sea is mainly formed by diatoms (Bacillariophyta),
blue-green algae (Cyanobacteria), certain green algae
(Chlorophyta), and some representatives of charophyta
(Charophyta). The development and spread of algae are
closely related to abiotic factors such as light intensity,
water temperature, salinity, pH, and the concentration
of biogenic substances [Sofiyana et al., 2023].

The study of macrophyte flora in the Caspian Sea
began in the 18th century, and the first studies were
associated with the expeditions of scientists such as P.
Pallas, K. Baer, S. Gmelin and P. Knipovich [Volkov,
1913-1917]. These studies laid the foundations for a
systematic investigation of the phytobenthos of the Cas-
pian [Vokov, 1934]. The study of the planktonic algal
flora of the Caspian Sea has a rich scientific history,
and a number of prominent researchers have made sig-
nificant contributions at different times. The first sys-
tematic studies of Caspian phytoplankton date back to
the second half of the 19th century. In the subsequent
period, the studies of L.A. Kiselyov [1938] and M.S.
Kireyeva and T.F. Shapova [1957] played an important
role in the formation of the fundamental database on the
phytoplankton of the Caspian Sea.

A.D. Zinova [1967] and E.B. Zaberzhinskaya
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analyzed the known algae taxa and compiled the first
systematic database. E.B. Zaberzhinskaya [1968]
analyzed the macrophyte flora of the Caspian Sea
and recorded the distribution of numerous species for
the Azerbaijani coast of the sea. A. Kosarev and E.
Yablonskaya [1994] summarized the hydroecological
conditions of the sea and regional differences in flora
and fauna diversity. As a result of large-scale expeditions
carried out in the 1930s—1960s, the species diversity
of macroalgae and seaweeds was determined, the
distribution areas of aquatic plants were mapped, and
the biological and ecological characteristics of a number
of species were investigated [Zinova, Perestenko, 1964;
Zinova, Zaberzhinskaya, 1968].

The main goal of this study is to comparatively
analyse the species diversity, taxonomic structure, and
regional differences of macrophyte algal flora on the
southern coasts of the Caspian Sea. Such an approach
has important scientific and practical significance in
terms of improving the ecological monitoring system
and identifying potential bioindicator species.

MATERIAL AND METHODS

Study area. The Caspian Sea is the largest enclosed
water basin on Earth, isolated from the world's oceans
and containing approximately 40—45% of the global
lake water. The sea is divided into the North, Middle and
South parts according to its physical and geographical
characteristics [Marret et al., 2004; Stolberg et al.,
2006]. The South Caspian is the deepest part, reaching
a maximum depth of 1025 m and accounting for
approximately 66% of the total water volume [Kosarev,
Yablonskaya, 1994; Aladin, Plotnikov, 2004].

The study was conducted on the Azerbaijani coast
of the sea and covered four main zones: the Neftchala—
Kura River delta and the Astara—Lankaran region
(southwestern coast). Salinity in the open waters of the
sea averages 12.8—-13%, but this indicator decreases
significantly in areas close to the river mouths. Especially
due to the influence of the Samur and Kura rivers, the
salinity of coastal waters decreases by 8—10% during
the spring-summer flood period [Aliyev, 2004]. Algae
distribution map of the study area was prepared using
ArcGIS 10.7 software (Fig. 1).

Data collection. Seasonal field sampling (January, April,
June, October) was carried out between 2023 and 2024
along the southern and southeastern coasts (Astara,
Lankaran, Masalli, Neftchala) of the Caspian Sea. A
random square method was used to assess macrophyte
species diversity and abundance. At each station, 3
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replicate samples were taken from selected stations
along the horizontal distance from the shoreline towards
the sea (covering different substrate types) using square
frames measuring 0.04—0.25 m? Macroalgae were
collected by hand, mainly from hard substrates (stones
and rocks). The study areas were located close to each
other, with the distance between stations being less than
2.4 km.

In situ measurements. Environmental parameters —
temperature, pH, dissolved oxygen, and turbidity
determined directly in the field. WTW TDS & EC
Meter 2.0 (Wissenschaftlich-Technische Werkstitten
GmbH, Germany), and pH was measured using a WTW
3110 portable pH meter (Wissenschaftlich-Technische
Werkstitten GmbH, Germany).

Algal sampling and identification. In the laboratory,
the samples were cleaned, dried and identified under a
stereomicroscope to the lowest possible taxonomic level
(mainly species). All samples were then stored in 70%
ethanol for long-term storage in case further analysis
was required in the future. Samples belonging to the
families Rhodomelaceae and Corallinaceae were treated
with 10% HCI in specific procedures due to certain cell
wall properties. The samples were washed with seawater,
labeled and stored in 4.0% buffered formaldehyde for
taxonomic analysis.

The identification of the detected species was
carried out using the E. Carpenter and H. Niem [1998]
identification guide and the AlgaeBase database [Guiry
and Guiry, 2022] and the taxonomic classification was
refined based on the World Register of Marine Species
(WoRMS). A stereo microscope and regional flora
sources and identification keys were used for species
identification [Afanasyev et al., 2020; Karaeva 1972;
Karaeva, Zaberzhinskaya, 2008; Zaberzhinskaya, 1968;
Zinova, 1967; Muradova et al., 2024; Nuriyeva, 2019].

Statistical analysis. The Shannon—Wiener  index
was used to assess species diversity during statistical
analyses. Analysis of variance (one-way ANOVA)
followed by a non-parametric test (Kruskal-Wallis) on
water parameters was used to determine the significance
of variables between different sampling periods. Means
and standard deviations are presented as “mean+ SD”. In
addition, cluster analyses (Bray—Curtis similarity index;
UPGMA; logl0 transformed data) were carried out
using PAST software (version 4.13) to detect temporal
changes in phytoplankton structure [Anderson, 2008].

Saprobic indices. Organic pollution was evaluated using
the Saprobic Index (SI), defined as:



48°40'0°E
L

48"50'0°E
!

PLANT & FUNGAL RESEARCH

11008010

38°25'0°'N 38°28'30'N 38°32°0'N 38°35'30°N 38°39'0°N
11

L0410 aa 113y

Astara

Tt
T

icm=8km [
€0 ap (ang) contrdutors, CC8Y-5a L
A T T
48°40'0°E 48°50'0°E 49°00°E
z 48°30'0°E 48°40°0°E 48°50°0°E 49°00°E <
':': 1 1 1 I E)
_E Calilabad N .
23 Masalli E2
=3 -
=1 ES
3 4
@3 ES
=3 =
o3 ==3
23 =
e P
a3 E®
=9 ==
23 ES
E 3
EE 23
z3 E=
=3 =
a3 =
Ui =
%3 =
=3
5
2
hE
23

1cm=8kmEz
© OpenStresti ap (309 cootr@utors. CC-8Y-SA

T T T T
agsanE PELYPUS S s En e sorrnne

43°00°E
n

z z
5 B =
81 Lankaran N'?&
3 2
F Calilabad &
o 14
o Fo
8 &
£ z
o o
o e
2 &
z z
o =4
27 K3
- ®
£ 2
1 2
* %
z z
2 icm=8km| &
£ voStresti 8 (a0 costrdutors CCBY-SA T8
S b

49°00°E
I

Neftchala

39°400'N

39°200°'N 300N
| S
[a=—=y
T T
39°20 300°N

30°100°N
i
T
0

iem=8km| o

ap (30¢) contesutors. CCEY-SA -5

39°00°N
"

T )
termnee &

Figure 1. Study area algae sampling points in the coastal areas of the Caspian Sea (Red framed zones are

study areas).
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where: SI — the saprobic value assigned to species

(scale 1- 4: oligio-, B-meso-, a-meso-, polysaprobic),

h — the frequency of species in samples [Persoone, De
Pauw, 1979].

Higher SI reflects increased organic

Classification of saprobic categories follows
Zahradkova, T. Soldan [2008].
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RESULTS AND DISCUSSION

Taxonomic structure. A systematic list of algae species
recorded during the study, their presence (+) and absence
(-) indicators showing their occurrence status by year, as
well as the relative contribution of different taxonomic
groups to the total algae biodiversity on the southern
coasts of the Caspian Sea are presented systematically in
Table 1. As a result of the conducted studies, significant
diversity was recorded in the species composition of
phytoplankton and benthic communities in 2023 and
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2024. Thus, in 2023, 67 algae species were identified in
Lankaran coastal zone, 55 on Astara coast, 42 in Masalli,
and 57 in Neftchala. These results reflect the dynamic
variability of algal communities in both space and time
in the studied areas and indicate the impact of ecological
conditions on species diversity in coastal ecosystems.
Taxonomic analysis of phytoplankton and benthic
algal communities in different regions of the Azerbaijani
coast of the Caspian Sea in 2023 showed that algal
biodiversity is spatially distributed differently. In 2003, in
the coastal part of Lankaran district of the total 62 algae
species, diatoms-11 genera, 12 species, charaphytes-2
genera, 5 species, chlorophytes-7 genera, 19 species,
cyanophytes-10 genera, 14 species, and rhodophytes
-8 genera, 8 species, 1 subspecies and brown algae-5
genera, 3 species were distinguished. In the coastal
part of Astara district, the mentioned indicators change
accordingly as follows: total 55 algae species, diatoms
-13 genera, 17 species, charaphytes-2 genus, 4 species,
chlorophytes-5 genera, 11 species, cyanophytes-11
genera, 12 species, rhodophytes-7 genera, 6 species, 1
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subspecies and brown algae-3 genera, 4 species, Masalli
district: total 41 algae species, diatoms-13 genera, 9
species, charaphytes-1 genera, 3 species, chlorophytes
-6 genus, 13 species, cyanophytes-7 genera, 10 species,
rhodophytes-5 genera, 4 species and brown algae-1
genera, 2 species, Neftchala district: total 53 algae
species, diatoms-12 genera, 14 species, charaphytes-2
genera, 3 species, chlorophytes-6 genera, 14 species,
cyanophytes-9 genera, 13 species, rhodophytes-8 genera,
6 species, 1 subspecies and brown algae-3 genera, 2
species were identified (Table 1).

Taxonomic analysis of algal communities in various
regions of the Azerbaijani coast of the Caspian Sea
in 2024 showed that the species composition and
distribution of taxonomic groups have undergone
certain changes compared to the previous year. In 2024,
in the Caspian coastal zone of Lankaran district of the
total 61 algae species: diatoms-9 genera, 12 species,
charaphytes-2 genera, 4 species, chlorophytes-7 genera,
15 species, cyanophytes-10 genera, 18 species, and
rhodophytes-7 genera, 8 species and brown algae-3
genera, 4 species were distinguished. In the coastal zone
of the Astara district, the mentioned indicators change
accordingly as follows: total 64 algae species, diatoms
-10 genera, 13 species, charaphytes-2 genera, 5 species,
cyanophytes-9 genera, 14 species, chlorophytes-6
genera, 17 species, thodophytes-10 genera, 11 species, 1
subspecies and brown algae-3 genera, 3 species, Masalli
district: total 51 algae species, diatoms-13 genera, 13
species, charaphytes-2 genera, 5 species, chlorophytes
-5 genera, 12 species, cyanophytes-9 genera, 13 species,
rhodophytes-7 genera, 6 species and brown algae-2
genera, 2 species, Neftchala district: total 48 algae
species, diatoms-9 genera, 12 species, charaphytes-2
genera, 6 species, chlorophytes-5 genera, 13 species, 9
cyanophytes-6 genera, 9 species, rhodophytes-5 genera,
6 species and brown algae-2 genera, 2 species were
distinguished in Table 1. The results show that in 2023,
chlorophytes and diatoms were dominant in all study
areas, with the highest species diversity recorded on the
Lankaran coast, indicating more favorable ecological
conditions in that area. In 2024, the highest species
diversity was observed in the Astara region (63 species),
and the lowest in the Neftchala region (48 species), with
diatoms and chlorophytes prevailing as dominant taxa in
both years.

In addition, as a result of the comparative analysis
of the community structure formed in January, April,
July and October of 2023 and 2024, a total of 75 taxa
of algae were identified in the study areas (Table 1).
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The identified taxa included diatoms with 13 genera, 17
species, charaphytes-2 genera, 6 species, chlorophytes-7
genera, 19 species, cyanophytes-10 genera, 15 species,
rhodophytes-10 genera, 11 species and 1 subspecies,
and brown algae-5 genera, 6 species. A total of 29 algae
species were recorded from the Caspian Sea coastal zone
of Lankaran district in March-December 2022, 11 of
which were identified in the territory of the Gizilaghac
National Park. The detected species belonged to the
Chlorophyta (9 species), Bacillariophyta (7 species),
Cyanobacteria (6 species), Charophyta (4 species) and
Rhodophyta (3 species) divisions from a taxonomic point
of view. Comparative analysis shows that in that year,
diatoms and green algae dominated in species diversity,
which once again confirmed the dominant position of
these groups in the coastal ecosystem [Muradova et al.,
2024].

High values of the Shannon diversity index (3.94—
4.42) and Evenness index (0.944-1.03) indicate that
algal communities in the studied areas are characterized
by both high species richness and even abundance
distribution among species. These indicators confirm that
ecological stability is maintained in coastal ecosystems
and that dominant species was not sharply prevalent.
Despite seasonal changes, the community structure was
generally balanced and stable Figure 2.

The dendrogram obtained from the cluster analysis
clearly illustrates the monthly structure of seaweed
abundance patterns. The hierarchical grouping of
samples reflects variations in community composition
over time, revealing both stable periods and phases of
change. The analysis shows that several samples cluster
together at relatively high similarity levels, forming
compact groups in the dendrogram. These clusters
predominantly include months that are temporally close,
indicating that similar ecological conditions prevailed
during these periods. This pattern suggests that the
structure of the algal community remains relatively
stable within such intervals, with no substantial shifts in
dominant species composition. In contrast, other clusters
are linked at greater distances, reflecting lower similarity
between the corresponding months. These separations
indicate noticeable differences in seaweed abundance,
pointing to temporal variability in community structure.
The increased linkage distances between certain groups
highlight periods during which the abundance patterns
undergo more pronounced changes. These factors directly
affect the development dynamics of phytobenthos and
phytoplankton communities, causing variations in
species composition and abundance indicators Figure 3.
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Figure 2. Biodiversity indicators by year: Shannon and Evenness indices.
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Figure 3. Bray—Curtis similarity index (UPGMA; logl0 transformed) results of total marine algae density in

different time periods during study.

Hydrochemical parameters and seasonal variation.
Statistical results on monthly changes in surface water
temperature, salinity, pH, and total dissolved solids
(TDS) along the southern coasts of the Caspian Sea are
presented in Table 2.

The average annual water temperature in the
study area (southern coasts) is 13-14°C in the Middle
Caspian. The average annual temperature change in the
Southern Caspian is more intense than in other areas of
the sea. However, temperature values during the study
were relatively similar to previous years [Reynolds,
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2006]. For example, average temperatures during the
study ranged from 8.1°C (January) to 27.3°C (June). On
the other hand, our mean temperature findings for 2023
and 2024 were different from each other. For example,
the annual mean temperature finding in 2023 was lower
(16.10 £ 1.40°C) than the finding in 2024 (16.84 +
1.47°C). Rising temperatures, in particular, stimulate
the growth of blue-green algae (Cyanobacteria) and
can cause them to dominate over other groups. This is
why cyanobacterial “blooms” occur more frequently
in warmer months [Reynolds, 2006, Schabhiittl et al.,
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Table 2. Descriptive statistical results of hydrophysical parameters in the southern coasts of the

Caspian Sea.

Temperature (°C) pH TDS g/L
Parameter
Min Max Mean+SD Min Max Mean+SD Min Max Mean+SD
L-Oct-23 155 182 16,6+1,4 8.2 8.6 8.40+0.20 7.25 10 8.72 +1.38
L-Jan-23 8.1 10 8.7£1,06 7.9 8.2 8.07+0.15 9.5 11.2 10.30 + 0.85
L-Apr-23 11.3 146 13.1£1,6 7.8 8.3 8.03 +0.25 8.9 10.25 9.75+0.74
L-Jun-23 233 263 24.9+1,5 7.6 8.1 7.83+0.25 9.3 12.2 10.90 + 1.47
A-Oct-23 155 172 16.2+0,8 8.2 8.5 8.33+0.15 9.2 10.3 9.67+0.57
A-Jan-23 8.3 10.1 8.9+0,1 7.9 8.2 8.07+0.15 7.28 10 8.73+1.37
A-Apr-23 123  16.6 14+2.2 7.9 8.2 8.03+0.15 9.7 11.2 10.37+0.76
A-Jun-23 25.1 273  2657+1.27 7.6 8.1 7.83 +£0.25 7.9 10.1 8.75+1.18
M-Oct-23 155 192 1697+1.97 8.2 8.4 8.27+0.12 8.9 10.25 9.75+0.74
M-Jan-23 8.3 10.1 8.93 +1.01 7.9 8.1 8.03+0.12 9.6 13.2 11.67+1.86
M-Apr-23 123 156 14.07+1.66 7.8 8.3 8.03+0.25 8.25 10.1 9.42+1.02
M-Jun-23 233 273 2557+2.05 7.5 8.1 7.80 +0.30 9.4 12.2 10.6+1.44
N-Oct-23 16.2 192 17.63+£1.50 8.2 8.3 8.23 £ 0.06 10.2 12.2 10.97+1.08
N-Jan-23 8.2 10.1 8.93+1.02 7.9 8.2 8.07+£0.15 8.25 10.1 9.42+1.02
N-Apr-23 11.5 156 13.50+2.05 7.5 8.3 7.93 +£0.40 8.5 13.2 10.97+2.36
N-Jun-23 242 274 25.57+1.58 7.4 8.1 7.73 £0.35 7.5 10.1 8.77+1.30
,«ggr;%e 149 178 161+ 1.4 78 825  8.04+0.19 8.7 11.0 9.8+1.13
L-Oct-24 155 182 16.6+1.42 8.2 8.6 8.40+0.20 9.13 12.2 10.84+1.57
L-Jan-24 8.2 10 8.8+1.04 7.9 8.2 8.10+0.17 7.55 10 8.82+1.23
L-Apr-24 11.3 14.6 13.07+1.66 7.8 8.3 8.03+0.25 9.45 11.2 10.28+0.88
L-Jun-24 233 263 24.97+1.53 7.8 8.1 7.90+0.17 8.9 10.25 9.75+0.74
A-Oct-24 155 172 16.3+0.85 8.2 8.5 8.33+0.15 9.3 10.3 9.70+0.53
A-Jan-24 8.2 9.9 8.8+0.95 7.9 8.2 8.07+0.15 8.28 10 9.06+0.87
A-Apr-24 123  16.6 14.07+£2.25 8 8.2 8.07+0.12 9.7 11.2 10.37+0.76
A-Jun-24 253 273 26.63+1.15 7.6 8.1 7.83+0.25 7.9 10.1 8.75+1.18
M-Oct-24 15.6  19.2 17.0£1.93 8.2 8.4 8.30+0.10 9.4 12.2 10.63+1.43
M-Jan-24 8.3 10.1 8.93+1.01 7.9 8.1 8.03+0.12 8.9 10.25 9.78+0.77
M-Apr-24 124 156 14.1+1.61 7.8 8.3 8.03+0.25 9.6 13.2 11.73+1.89
M-Jun-24 233 273 25.57+£2.05 7.6 8.2 7.87+£0.31 8.25 10.1 9.42+1.02
N-Oct-24 16.2 192 17.63+1.50 8.3 8.5 8.37+0.12 10.2 12.2 11.00+1.06
N-Jan-24 8.2 10.1 8.93+1.02 7.9 8.2 8.07+0.15 8.35 10.1 9.45+0.96
N-Apr-24 11.5 15.6 13.53+£2.05 7.6 8.3 7.97+0.35 8.5 13.2 11.03+2.37
N-Jun-24 242 272 25.53+1.53 7.7 8.1 7.90+0.20 7.5 10.2 8.80+1.35
Average
(2024) 149 177 16.84+1.47 7.9 8.3 8.08+0.19 8.8 11.0 9.99 +1.09

Note: Jan-January, Oct-October, Apr-April, Jun-June; 23-2023, 24-2024.

2013]. In addition, as temperatures increase, there is a
change in phytoplankton biomass and species diversity.
Interesting results show that maximum growth in some
phytoplankton communities was recorded around 18°C,
while the proportion of cyanobacteria increased at
higher temperatures. This suggests that climate change
could alter the structure of algal communities in closed
water bodies such as the Caspian Sea. Rising water
surface temperatures during the summer months extend
the vegetation period of algae, resulting in accelerated
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reproduction of some species and an increased risk
of harmful algal blooms. For this reason, temperature
indicators are considered one of the main indicators
in monitoring algal populations. In 2023, the surface
water temperature varied between 8.1°C (January)
and 27.3°C (June), with an annual average of 16.10 £
1.40°C. In 2024, the temperature varied between 8.2°C
(January) and 27.4°C (June), with an annual average of
16.84 £ 1.47°C. The interannual comparison showed
a statistically significant difference in temperature
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indicators (P < 0.0002).

pH indicates the acidity-alkaline balance of water
and directly affects the enzyme activity, photosynthesis
rate, and nutrient uptake of phytoplankton. The optimal
pH for most algae is in the range of 7.5-8.5. pH outside
this range can disrupt cellular metabolism, causing
some species to decline and others to dominate. In
particular, when pH increases, the growth of blue-green
algae (Cyanobacteria) can be stimulated. Analysis of
pH values shows that in 2023, the values recorded in
surface waters ranged between 7.5 and 8.6, with an
annual average of 8.04 + 0.19. A similar trend was
observed in 2024, with pH values ranging from 7.6-8.6,
averaging 8.08 £ 0.19. Statistical results showed that
there was no significant difference in pH levels in both
interannual and monthly comparisons (P > 0.05).

As TDS increases, the osmotic pressure of the water
increases, which affects the water balance and growth
processes of algae cells. Freshwater algae thrive in
low TDS conditions, while high TDS favors salt and
mineral-tolerant species (especially diatoms and some
cyanobacteria) [Wetzel, 2001; Paerl & Huisman,
2008]. Seasonal and spatial variations in pH and TDS
in the Caspian Sea play an important role in shaping the
species composition of phytoplankton, the occurrence
of "bloom" events, and the overall productivity of the
ecosystem. The amount of total dissolved solids (TDS)
in water varied between 7.25-13.40 g/L in 2023, with
an average value of 9.80 + 1.13 g/L. In 2024, TDS
values varied between 7.50-13.20 g/L, with an annual
average value of 9.99 = 1.09 g/L. Based on the results
of statistical analysis, the observed changes in TDS
indicators were not considered significant (P > 0.05).

Hydrological observations conducted in the southern
coasts of the Caspian Sea during 2023-2024 showed
that surface water temperature exhibited a statistically
significant difference in terms of seasonal variability
(P < 0.0002), while the changes recorded in salinity,
pH, and TDS indicators over years and months were
not statistically significant (P > 0.05); these results

indicate that temperature is the main ecological factor
affecting phytoplankton dynamics in the region, while
other hydrochemical parameters create relatively stable
background conditions.

Bioindicator potential of diatoms within phytoplankton.
Saprobic analysis of phytoplankton species showed that
the saprobic state of the aquatic environment changed
within the B-mesosaprobic zone during the study
period. The total saprobic index in 2023 was calculated
as 2.51, and in 2024 as 2.60 (Table 3). According to the
Pantle—Buck saprobic index system, these indicators
characterize moderate organic pollution and correspond
to B-mesosaprobic conditions [Nurdin, et al., 2025].
The increase in the index in 2024 indicates a relatively
high organic matter load in the watershed.

The increase in the abundance of Nitzschia denticula
Grunow, Nitzschia palea (Kiitzing) W.Smith, Nitzschia
dissipata (Kiitzing) Grunow, and Craticula halophila
(Grunow) D.G.Mann species with high saprobic values
is an important bioindicator of the intensification of
organic pollution and eutrophication processes. In
particular, species belonging to the genus Nitzschia
A.H.Hassall are known as tolerant indicator taxa that
are widespread in waters rich in organic matter and
exposed to anthropogenic influences [Barinova et al.,
2006]. The observation of high abundance of the species
Craticula halophila only in 2024 suggests that changes
in the water salinity-pollution regime have occurred.
The results show that organic pollution in the study
area is stable and the structure of the phytoplankton
community responds sensitively to changes in
water quality, which once again confirms the role of
phytoplankton as a reliable bioindicator in aquatic
ecosystems. The determined P-mesosaprobe saprobic
index values correspond to moderate anthropogenic
loading and are consistent with the results of other
saprobic monitoring studies; as the B-mesosaprobe
zone is usually considered characteristic of moderately
organically polluted waters.

Table 3. Annual variation in the total saprobic index based on diatom indicators and ecological assessment of

water quality in the study area (2023-2024).

Total saprobic

Year Saprobic zone

Ecological assessment

index
2023 2.51 B-mesosaprobic Medium organic pollution
2024 2.60 B-mesosaprobic Moderate—increasing organic pollution

75
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CONCLUSION

Studies conducted in 2023-2024 on the Azerbaijani
coast of the Caspian Sea showed that algal communities
have high taxonomic diversity. A total of 75 taxa were
identified, with Chlorophyta and Bacillariophyta being
the dominant groups. The highest species diversity
was recorded on the coasts of Lankaran and Astara.
The variation of the Shannon diversity index between
3.94-4.42 confirmed high biodiversity and ecological
stability in coastal algal communities. Temperature
was the main factor affecting phytoplankton dynamics,
while salinity, pH and TDS remained relatively
constant. According to the results of saprobic analysis,
the water bodies belonged to the B-mesosaprob zone
in both years, and the increase in the saprobic index in
2024 (2.60) indicated an increase in organic pollution.
The increase in species belonging to the genus Nitzschia
confirmed the intensification of organic pollution and
eutrophication. The species composition and abundance
structure of algal communities on the southern coasts
of the Caspian Sea are formed under the influence of
ecological factors, and these communities play a key
role in assessing the state of aquatic ecosystems. These
findings highlight the critical role of algal bioindicators
in monitoring environmental changes and provide a
scientific basis for predicting the ecological trajectory
of the Caspian Sea under ongoing climatic and
anthropogenic pressures.
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Azarbaycanin Xazar donizinin conub sahillorinds
yosunlarin név tarkibinin, bolluq dinamikasinin va
bioindikator xiisusiyyatlorinin qiymatlondirilmasi

Aytac B. Muradova Sayadli, Yaqut M. Malikli

Botanika Institutu Publik Hiiquqi Saxs, Azorbaycan Respublikasi Elm va
Tohsil Nazirliyi, A. Abbaszadb kiig., giris 99, AZ1073, Azarbaycan

Bu tadgiqat 2023-2024-cii illorde Xazor denizinin conub
sahili boyunca (Lonkaran, Astara, Masall1 vo Neftcala)
yosun icmalarmin inkisafin1 vo onlarin mokan-zaman
doyisikliyini  aragdirir. Todqiqat Bacillariophyta,
Chlorophyta, Cyanobacteria, Rhodophyta, Charophyta
vo Ochrophyta sobolorine daxil olan ndvler olmagla
75 taxson miioyyon edilmigdir. Noticolor yer vo il
tizro doyigmis, on yiiksok doyorlor Lonkaranda (2023)
vo Astarada (2024) miisahido edilmigdir. Diatom vo
xlorofit biitlin tadqiqat sahslorinds iistlinliik togkil edon
asas qrup olmusdur. Shannox miixtsliflik indeksi 3.94—
4.42 arasinda doyismisdir ki, bu da yosun icmalarinda
yiiksok nov miixtoslifliyi vo ekoloji sabitliyi gostorir, eyni
zamanda Evenness Boraborlik indeksi (0.944-1.03)
fordlorin ndvler arasinda nisbaton borabar paylandigini
vo gliclii dominantligim olmadigim gostorir. Klaster
tohlili gostormisdir ki, yosun icmalarinin strukturu
eyni fosillor daxilinds yiiksok oxsarliq, fosillor arasinda
iso ohomiyyatli forqler niimayis etdirir vo bu, bolluq
gostaricilorinin  zaman {izro doyigmosinin  9sason
movsiimii ekoloji amillarls slagsli oldugunu tesdiglayir.
Suyun temperaturu shomiyyatli doyiskonlik gostormisdir
(8.1-27.4°C; P < 0.0002) vo TDS gostoricilorinda
statistik cohotdon ohomiyyatli forqlor miisahids
edilmamigdir (P > 0.05). Temperaturun artmasi yosun
cigoklonmosinin intensivlesmsi ilo olagslondirilmis va
potensial risk faktoru kimi qiymatlondirilmisdir. Conubi
Xozor sahili boyunca yosun icmalarinin taksonomik
torkibi vo bolluqg modellori otraf miihit goraitindon
tasirlonir vo su ekosistemlorinin ekoloji saglamliginin
giymatlondirilmasinds miihiim rol oynayir.

Acar sozlor: miixtaoliflik  indekslori,  hidrokimyavi
parametrlor, makroyosunlar, fitoplankton, saprobik
indeks, movsiimi dayiskonlik
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Ounenka BHAOBOIO COCTABa, JMHAMHUKHU OOMIUSL U
OMOMHIMKATOPHBIX XapaKTePUCTUK BOAOpOC/Ieii HA
10:)kHOM mobepe:kbe Kacnuiickoro mopst Azepoaiin-
sKaHa

Aiitanx b. Mypanosa Casinnel, SAryt M. Manukinu
HUncmumym 6omanuxu Ilyonuunoe IOpuouyeckoe Jluyo, Munucmepcmeo
Hayku u Obpasosanus Azepbaiioxcanckou Pecnyonuku, yn. A. Abbacsaoe,
nooeso 99, AZ1073, baky, Azepbatioican

JlanHOE wWcclenoBaHWE OXBaThIBAET pPa3BUTHE CO-
o0IIecTB BONMOPOCIIE M WX NPOCTPAHCTBEHHO-BpeE-
MEHHYI0O HM3MEHUYUBOCTH BJIOJIb FOXKHOTO MOOEPEkbs
Kacmmmiickoro mopst (Jlsaksipan, Acrapa, Macaiis
u Hedruana) B 2023-2024 romax. B xome wuccieno-
BaHUS OBLJIO BBIABICHO 75 TaKCOHOB, OTHOCSIIUXCS K
otaenam Bacillariophyta, Chlorophyta, Cyanobacteria,
Rhodophyta, Charophyta u Ochrophyta. Pesynsra-
THl BapbHpPOBAIM B 3aBUCHUMOCTH OT pailioHa M roja
WCCIICZIOBAHUS, TPH 3TOM HAuOOJNbIINE 3HAYCHHUS Ha-
omonannce B JlsHksapane (2023) u Acrape (2024).
JlnaroMoBBIe BOAOPOCITH M XJIOPOMHUTHI ABISUIIUCH JI0-
MUHHUPYIOIIAMHU TPYNIIAMA BO BCEX HCCIEIOBAHHBIX
paiionax. Uaaexc pasnooOpasus LllenHOHA BaphrpoBal
B npezaenax 3.94 no 4.42, 4to yka3plBaeT Ha BBICOKOE
BUJIOBOE pa3HOOOpa3ue W DKOJOTHYECKYIO YCTONYH-
BOCTh BOJIOPOCIIEBBIX COOOIMIECTB, TOTNA KaK HHIEKC
BbIpaBHeHHOCTH (0.944—1.03) cBHIETENBCTBYET O OT-
HOCHTEJIHPHO PaBHOMEPHOM paclpellelieHnn ocobeit
MEX]ly BHJIAMU ¥ OTCYTCTBHH BBIPAKEHHOTO JIOMHUHU-
poBanusi. KiactepHblii aHaIM3 1MoKasaj, 4TO CTPYKTY-
pa cooOIIecTB BOMOPOCIEH XapaKTepPH3YyeTCs BBICO-
KOW CTETIEeHBIO CXOJICTBA B Ipeneiax OJHOTO Ce30Ha U
3HAYUTEIHHBIMU PA3IUYUAAMUA MEXIY CE30HAMH, UYTO
yKa3bIBaeT Ha TO, YTO U3MEHEHHS TIOKa3aTeel YiCIIeH-
HOCTH B OCHOBHOM CBSI3aHBI C C€30HHBIMHU JKOJIOTHYe-
ckuMu axropamu. Temreparypa BOIbl JeMOHCTPUPO-
BaJla 3HAYHUTENBHYIO U3MEHUUBOCTH (8.1-27.4°C; P <
0.0002), Torma kak pasnuuuss u TDS He ObutH cTaru-
ctudeckd 3HauuMbIMU (P > 0.05). TloBeIeHNEe TeMIe-
parypsl OBIJIO CBA3aHO C YCHIIGHHUEM IIBETEHHUS BOJOPO-
Clield M OIICHEHO KaK MOTEHLHUAIbHBIN (pakTop puCKa.
TakcOHOMHUYECKHI COCTaB M CTPYKTypa OOWIIUS BOZO-
POCIIEBBIX COOOIIECTB BIOIb FOKHOTO 1mobepexbs Ka-
CIIUICKOTO MOPST POPMHUPYIOTCS IO BIMSHUEM JKOJIO-
THYECKHUX (aKTOPOB M UTPAET BAKHYIO POJIb B OIIEHKE
9KOJIOTHYECKOTO COCTOSTHHS BOTHBIX IKOCHCTEM.
Kntouesvle cnoea: UHOEKCbl  pasHoobpasus,
2UOpoOXUMUYecKUe  napamempul,  MAaxKpo8oOopoCu,
DUMONIAHKMOH, canpoOHbIll UHOEKC, Ce30HHAS UIMEH-
YUBOCM®



