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COMPARATIVE ANALYSIS OF THE TAXONOMIC STRUCTURE OF
MICROALGAE IN BAYS AND ESTUARIES OF THE BLACK SEA-
AZOV REGION

Abstract. Bays and estuaries of the Black Sea—Azov region are characterized by pronounced
hydrological variability, which creates a wide range of environmental conditions and influences
the taxonomic structure of microalgae. Despite the substantial number of studies, available data
are mostly reported for separate water bodies, which complicates their comparison. In this
study, published data on the taxonomic structure of microalgae were compiled and
comparatively analysed at the level of phyla and classes using multivariate statistical
approaches, including ordination (NMDS) based on the Bray—Curtis index, permutational
multivariate analysis of variance (PERMANOVA), and analysis of the contribution of
individual taxa to differences between water body types (SIMPER). In bays, Bacillariophyta
and Dinoflagellata had generally comparable species proportions, whereas in estuaries
Bacillariophyta comprised substantially more species, while Dinoflagellata were represented
by few species or were absent in several water bodies. These differences indicate patterns in the
taxonomic structure of microalgae between bays and estuaries of the Black Sea—Azov region

and could be considered in ecological monitoring.

Keywords: Bacillariophyta, Dinoflagellata, bays, estuaries, phyla, classes, regional patterns,

Black Sea—Azov region

Hagpiitia o penakuii 01.05.2026. ITicns noonparoBannst 19.05.2026. Ony6aikoBauna 20.06.2026

HurtyBanus. Bren O.G., Bren O.A., Podorozhny S.M. 2026. Comparative analysis of the taxonomic
structure of microalgae in bays and estuaries of the Black Sea—Azov region. Amweonozis. 36(2): 107-117.

https://doi.org/10.15407/alg36.02.107

This is open access article under the CC BY license (https:/creativecommons.org/licenses/by/4.0/)

© Incrutyt 60taniku iMm. M.I". Xononunoro HAH Ykpaiuu, 2026
© Bunaseus B/l «Axanemnepioguka» HAH Ykpainu, 2026

ISSN 2413-5984. Anveonozis. 2026. 36(2) 107



Bren O.G., Bren O.A., Podorozhny S.M.

Introduction

Bays and estuaries are characterized by fluctuations in hydrological and
physicochemical parameters, which also affect aquatic biota. Microalgae
represent an important and integral component of coastal aquatic ecosystems and
respond rapidly to environmental changes. Their species composition and
taxonomic structure reflect the ecological state of a water body and allow the
detection of changes that are not always clearly captured by other indicators
(Barinova et al., 2019; Barsanti, Birindelli, 2021; Shevchenko et al., 2023).

Despite the availability of numerous studies on microalgae in the Black Sea-
Azov region, the results are typically reported for individual water bodies
(Dolinska, 2016; Terenko, Terenko, 2000; Gerasimyuk, Ennan et al., 2023) or
limited to a single type of water body, particularly estuaries (Gerasimyuk, 2018).
This approach complicates comparative analysis of microalgal taxonomic
composition across different types of water bodies and limits generalization at
the regional scale.

As a result, it remains unclear whether the taxonomic structure of
microalgae differs between different types of water bodies, particularly between
bays and estuaries, and which taxa contribute to these differences, if present. The
Black Sea—Azov region, characterized by a high number of bays and estuaries,
their spatial proximity, and the availability of accumulated phycological data,
provides a suitable setting for such a comparative analysis.

The aim of this study is to perform a comparative analysis of the taxonomic
structure of microalgae in bays and estuaries of the Black Sea—Azov region.

We hypothesize that the taxonomic structure of microalgae at the level of
phyla and classes differs between bays and estuaries in this region.

Materials and Methods

The study is based on a synthesis of published data on the taxonomic structure of
microalgae in bays and estuaries (estuarine water bodies) of the northern part
of the Black Sea—Azov region (Fig. 1). Data were compiled for estuaries of the
northwestern Black Sea region (Gerasimyuk, 2018), water bodies of the eastern
Azov region (Kovaleva, 2008), bays of Crimea (Tokareva et al., 2008; Nevrova,
2015), and the Odesa Bay (Terenko, Terenko, 2000). In total, 22 water bodies
were analysed, including 6 bays and 16 estuaries.

Taxonomic assignment of microalgal taxa followed the classification
adopted in AlgaeBase (Guiry, Guiry, 2025).

Similarity among water bodies was assessed using the Bray—Curtis index
calculated based on the relative proportions of phyla. Ordination was performed
using non-metric multidimensional scaling (NMDS). Differences in taxonomic
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structure between water body types (bays and estuaries) were tested using
permutational multivariate analysis of variance (PERMANOVA) with 9,999
permutations. Homogeneity of multivariate dispersion was assessed using
PERMDISP. To evaluate the contribution of individual taxonomic groups to
differences between bays and estuaries, similarity percentage analysis (SIMPER)
based on the Bray—Curtis index was applied. Differences in the distribution of
relative proportions of microalgal phyla between (bays and estuaries were tested
using the non-parametric Mann—Whitney test. Effect size was estimated using
the Vargha—Delaney A statistic. All calculations were performed in PAST 5.3
(Hammer et al., 2001).
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Fig. 1. Map of bays and estuaries in the northern part of the Black Sea-Azov region included in the

analysis

Results

Based on published data, a compiled dataset of relative proportions (%) of the
main phyla and classes of microalgae was obtained (Fig. 2). In each analysed
water body, regardless of type, Bacillariophyta prevailed in the taxonomic
structure in terms of the species proportion (31.2-97.5%). Representatives of
Cyanobacteriophyta also contributed substantially, with proportions ranging
from 0.9 to 23.1%.

At the same time, differences between water body types were observed. In
particular, Dinoflagellata and Haptophyta showed relatively high proportions in
bays (up to 43.5% and 10.2% respectively). In estuaries they generally had lower
proportions of the total number of recorded species or were absent:
Dinoflagellata — up to 5.4% (with exception in the Budak Liman — 26.9%) and
Haptophyta 3.8%. A similar pattern was observed for Chrysophyceae,
Cryptophyceae, and Dictyochophyta, which were mainly recorded in bays and
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were nearly absent in estuaries, although their proportions were low in all
studied water bodies.
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Fig. 2. Representation of microalgal taxa (phyla and classes) in the studied bays and estuaries of
the Black and Azov Seas (%)

Non-metric multidimensional scaling (NMDS; stress = 0.09) revealed a
clear separation of the studied water bodies according to their type (Fig. 3). The
first NMDS axis represents the main gradient in the data and distinctly separates
marine bays from estuaries. All bays are located in the negative part of axis 1,
whereas estuaries consistently cluster in its positive part, indicating differences
in the taxonomic structure of microalgae between these water bodies. The
second axis explains a smaller portion of the variation and does not play a
substantial role in separating bays and estuaries.

The distribution of taxonomic groups in the ordination space showed that
some taxa (Dinoflagellata, Haptophyta and Dictyochophyta) were positioned in
the negative part of axis 1 with bays, whereas others occupied its positive
part and were characteristic of estuaries. The separation of water bodies
along axis 1 is primarily driven by taxa located at its extreme positions.

It should be noted that the Taganrog Bay and Dinska Bay do not group with
the other bays, instead occupying positions among the estuaries.
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Fig. 3. NMDS ordination of coastal water bodies based on the Bray—Curtis index calculated from
the relative proportions of microalgal taxa. Black points represent water bodies, and purple points

represent microalgal taxonomic groups

PERMANOVA results indicated statistically significant differences in the
taxonomic structure of microalgae between bays and estuaries (F = 16.16,
p = 0.0002), with water body type explaining approximately 45% of the total
variation. The test for homogeneity of multivariate dispersion (PERMDISP)
showed no statistically significant differences between bays and estuaries
(p = 0.06), allowing reliable interpretation of the PERMANOVA results.

SIMPER analysis (Table) showed that differences in the proportions of
Bacillariophyta and Dinoflagellata accounted for approximately 70% of the
overall dissimilarity between bays and estuaries. Bacillariophyta had
substantially higher mean relative proportions in estuaries (80.6%) compared to
bays (49.1%), whereas Dinoflagellata were characteristic of bays (26.9%) and
were much less represented in estuaries (3.1%). Additional differences were
contributed by Cyanobacteriophyta, which were more frequently recorded in
estuaries than in bays (9.2% and 4.1%, respectively).

To assess differences between bays and estuaries in the distribution of major
microalgal taxa, the non-parametric Mann—Whitney test was applied. The
analysis showed that the distribution of Bacillariophyta proportions was shifted
towards higher values in estuaries compared to bays (p < 0.01; 4 = 0.10). In
contrast, Dinoflagellata exhibited the opposite pattern, with higher proportions
in bays (p < 0.01; 4 = 0.94). Similarly, Haptophyta were also characterized by
higher values in bays (p < 0.01; 4 = 0.86), although their overall representation
was lower than that of Dinoflagellata.
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Table. Microalgal taxa contributing to differences between bays and estuaries (SIMPER

analysis)
Taxon Contributin Mean proportion in Mean proportion in
g, % bays, % estuaries, %
Bacillariophyta 39.7 47.4 80.6
Dinoflagellata 30.1 28.4 3.1
Cyanobacteriophyta 7.9 4.1 9.2
Chlorophyta 6.3 6.3 4.7
Haptophyta 5.5 5.0 0.4
Cryptophyceae 2.6 24 0.2
Euglenophyta 2.5 2.3 0.1
Chrysophyceae 2.0 1.9 0.8
Dictyochophyta 1.4 1.2 0.1
Charophyta 0.8 0.0 0.7
Xanthophyceae 0.7 0.6 0.1
Raphidophyceae 0.4 0.3 0.0
Olisthodiscophyceae 0.1 0.1 0.0

For other taxonomic groups, including Chlorophyta and Cyano-
bacteriophyta, despite their occurrence in nearly all analysed water bodies, no
statistically significant differences in the distribution of proportions between
bays and estuaries were detected (p > 0.05).

Thus, the results of the comparative analysis indicate differences in the
taxonomic structure of microalgae between bays and estuaries of the Black Sea—
Azov region, primarily reflected in the relative proportions of Bacillariophyta
and Dinoflagellata.

Discussion

The results obtained in this study support the proposed hypothesis that the
taxonomic structure of microalgae at the level of phyla and classes differs
between bays and estuaries of the Black Sea—Azov coast.

The high representation of Bacillariophyta and Dinoflagellata in coastal
water bodies worldwide, as well as their sensitivity to environmental changes,
has been reported by other studies (Carstensen et al., 2015; Garrido et al., 2016;
Miao et al., 2024). At the same time, the dominance of these groups in terms of
species proportions varies among studies. Some reports are consistent with our
findings (Cardoso, Torgan, 2007; Saifullah et al., 2014; Telesh et al., 2025),
whereas others indicate a prevalence of diatoms in bays (Chan, Hamilton, 2001;
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Souza et al., 2013; Stanca et al., 2013) or dinoflagellates in estuaries (Sellner et
al., 2001; Prabhudessai, Rivonker, 2020).

This variability likely reflects the primary role of local environmental
conditions, particularly salinity, water exchange intensity, and turbulence
(Elferink et al., 2020; Bi et al., 2021; Xu et al., 2024), while the water body type
represents a generalized expression of these factors. In this context, the results
obtained in this study should be interpreted primarily as reflecting regional
features of the taxonomic structure of microalgae in coastal water bodies of the
Black Sea-Azov region.

Along with the observed general patterns in the distribution of taxonomic
groups, some deviations were identified. In particular, in Taganrog Bay and
Dinska Bay, the proportion of Bacillariophyta substantially exceeds that of
Dinoflagellata, which may be related to specific salinity conditions as well as
trophic and hydrochemical regimes of these water bodies (Belova et al., 2026;
Sukhinov, Belova, 2026).

Another example is Budak Liman, which, in contrast, shows a taxonomic
structure closer to that of bays, particularly Odesa Bay, with comparable
proportions of these two major groups. Limited hydrological and hydrochemical
data for this water body do not allow a clear explanation of these differences.

It should be noted that the dataset for coastal water bodies of the Azov Sea
in this study is smaller and includes fewer sites compared to those from the
Black Sea coast. For some water bodies, available phycological data are limited,
particularly for Zapadensky and Shahaivsky estuaries (Kovaleva, 2008). In
addition, some strongly transformed water bodies (e.g., Molochny and Utliuk
estuaries) (Bren et al., 2022), characterized by unstable and significantly altered
hydrological conditions, were not included in the analysis.

Among other limitations, the dataset includes both planktonic and benthic
microalgal communities, and for some water bodies, information is available for
only one of these components, which may affect the completeness of the
taxonomic representation. Despite these limitations, the analysis allowed
generalization of the main features of microalgal taxonomic structure in coastal
water bodies and revealed differences between their types at the level of higher
taxa.

The results of this study may be useful for monitoring the ecological status
of coastal water bodies. Future research could focus on expanding spatial
coverage and testing the observed patterns in other regions, as well as applying
molecular, non-culture-based approaches to improve data comparability and
reduce the time required for data acquisition.
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Conclusions

This study synthesizes published data on the proportions of microalgal
taxonomic groups in bays and estuaries of the Black Sea-Azov coast and
provides their comparative analysis at the level of phyla and classes. In bays,
Bacillariophyta and Dinoflagellata generally showed comparable proportions,
whereas in estuaries Bacillariophyta substantially prevailed. These differences
reflect patterns in the taxonomic structure of microalgae between the studied
water body types and reflect features of the Black Sea—Azov region.
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YopHOMOPCHKO-A30BCHKOI0 PEriony

3arokn Ta JUMaHH YOpPHOMOPCHKO-A30BCBKOTO PETiOHY XapaKTepU3YIOThCS BHPAKECHOIO
TiPOJIOTiYHOI0 MIHJIMBICTIO, MO (GOpMy€e LIMPOKHH CIIEKTP YMOB CEpElOBHINA Ta BIUIMBAE HA
TaKCOHOMIYHY CTPYKTYpy MiKpoBogopocTeil. Ilonpu 3HaYHY KiNBKICTH JOCTIIKEHB, HAsSBHI JaH1
MePEeBaYKHO HABOJATHCS JUII OKPEMHX BOZOMM, IO YCKJIAJHIOE iXHE TMOPIBHSAHHA. Y pPOOOTI
y3arajbHEHO JITepaTypHi AaHI MPO TaKCOHOMIUHY CTPYKTYypYy MIKpPOBOJOPOCTEH Ta MpPOBEICHO
iXHIi TNOPIBHSUIBHUM aHali3 Ha pIiBHI BUIUIB 1 KJaciB i3 3acTOCYBaHHSIM OaraTOBHMipHUX
CTAaTUCTUYHUX MiIX0iB, BKIovatoun opauHanito (NMDS) Ha ocHoBi iHnmekcy bpes—Kyprica,
nepmytaniiauii anani3z Bapianii (PERMANOVA) ta SIMPER-ananiz. ¥V 3atokax Bacillariophyta
ta Dinoflagellata xapakTepu3yBalucsl 3arajloM CIiBCTABHUMH NPOMOPLISIMH BUMIB, TOAI SIK Y
nmumanax Bacillariophyta BkmoOYanu 3HA4YHO OUIBINY KUTBKICTH BHIIB, a Dinoflagellata Gymu
MpeCTaBIeHI HE3HAYHOIO KINBKICTIO BUAIB a00 Oynu BiCYyTHI B OKpeMHX BojoiiMax. BusBieHi
BIIMIHHOCTI ~ CBi4aThb NP0 HASBHICTH 3aKOHOMIPHOCTEH y TaKCOHOMIYHIH CTpyKTypi
MIKpPOBOJIOPOCTEH MK 3aTOKaMHu Ta JUMaHaMi YOpHOMOPCHKO-A30BCBKOTO PETIOHY Ta MOXKYTh

6yTI/I NEPCIEKTUBHUMU 1JIs1 BUKOPUCTAHHS B eKOJ’IOFi'-IHOMy MOHiTOpI/IHFy,
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