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The paper is the first one to summarize original data on the diatom species composition for 129 samples
of 14 macrophyte species from the upper sublittoral of the aquatic-rock complex Kazantip Cape
(the Sea of Azov). The sampling was carried out in 2022-2023 at depths of 0.1-1.0 m at a tem-
perature of +3.7...429.0 °C and water salinity of 13.6-15.6 g-L™'. The annotated list covers 98
Bacillariophyta species and intraspecific taxa from 3 classes, 21 orders, 27 families, and 45 gen-
era. Data on their sizes, occurrence, ecological and phytogeographic characteristics, abundance,
and biomass are provided. High species diversity of diatoms was noted for the class Bacillario-
phyceae (72 taxa) and for three genera: Nirzschia (12 species), Navicula (11), and Licmophora (6).
The highest number of diatom species was recorded on thalli of a green alga Ulva linza (61 species),
red alga Carradoriella denudata (45), and brown alga Ericaria crinita (40), as well as in epiphy-
ton of the seagrass Zostera marina (37) and its association with Zannichellia palustris subsp. ma-
jor (35). The lowest number of species was revealed for epiphyton of a red alga Pyropia leucos-
ticta (9). A benthic diatom Berkeleya scopulorum was found in the Sea of Azov for the first time.
In epiphytic communities, benthic (83%), marine (51%), and cosmopolitan species (35%) predom-
inate. In total, 30 colonial species were identified. Out of them, the following diatoms occur year-
round: Achnanthes brevipes, Berkelya rutilans, Grammatophora marina, Melosira moniliformis, Nav-
icula ramosissima, Rhoicosphenia marina, and Tabularia tabulata. Cosmopolitan species Cocconeis
scutellum, Gr. marina, Licmophora abbreviata, Rh. marina, and T. tabulata dominate in abundance.
We recorded 11 species capable of causing water blooms and 45 serving as indicators of saprobity
of water organic pollution.
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The coastal zone of the Kazantip Cape has long attracted the attention of algologists as an area with
high biodiversity and minimum anthropogenic impact. Since the mid-20th century, aquatic macroflora
has been periodically studied there, and annotated lists of macroalgae, aquatic flowering plants, and ben-
thic cyanobacteria have been compiled and updated [Belich et al., 2019; Gromov, 1999; Maslov, 2004;
Sadogurskaya, 2001; Sadogurskaya et al., 2006]. The surveys of this zone are important given the con-
servation status of terrestrial sites and coastal waters within the aquatic-rock complex Kazantip Cape
[Litvinyuk, 2016].
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In 2005-2010, the species composition and quantitative characteristics of benthic microalgae
from various ecotopes of the Crimean coast of the Sea of Azov, including the Kazantip Nature Reserve
and the cape water area, were studied [Bondarenko, 2017; Bondarenko, Ryabushko, 2010; Bondarenko
etal., 2018; Ryabushko, Bondarenko, 2016]. In the shallow Sea of Azov, the interaction between benthic
and pelagic zones is especially noticeable; planktonic and benthic microalgae represent a single ecologi-
cal and floristic species complex there. At the initial stage of the survey, in order to clarify the species list,
a search of literature sources was carried out (summaries, species guidelines, reference books, serials,
abstracts, algal database, and also our own data) for the inventory and revision of the taxonomic com-
position of planktonic and benthic microalgae of the Sea of Azov as a whole [Ryabushko, Bondarenko,
2011]. As a result, a checklist of 1,060 taxa comprising 9 divisions was compiled, with a predomi-
nance of Bacillariophyta (538 taxa). In plankton, 621 taxa were revealed, and in benthos, 370; 69 taxa
were common to the two biotopes. From the presented data, a lag in the study of microphytobenthos
is evident.

Diatoms are known to be the key group of marine microphytobenthos in terms of their diversity
and abundance. These microalgae feature high primary productivity and make a significant contri-
bution to the formation of biodiversity in the benthic community. Along with other benthic organ-
isms, diatoms are sensitive to environmental changes: fluctuations in water temperature, its salinity,
and pollution with toxicants. These microalgae can be used as indicators of the quality of their habitat
when assessing the environmental situation, infer alia in protected areas [Barinova et al., 2019b;
Ryabushko, 2013].

In seas, diatoms inhabit all natural and artificial substrates. However, according to many authors,
macrophytes are a preferred substrate for colonization by microalgae [Bondarenko, 2017; Korotke-
vich, 1960; Lee et al., 1975; Nikolaev, 1970; Ryabushko, 2013; Shiroyan, 2022; Siqueiros-Beltrones,
Hernandez-Almeida, 2006]. Therefore, in 2022-2023, we expanded our research on diatoms in the epi-
phyton of aquatic vegetation in the coastal waters of the Kazantip Cape. The study of the epiphyton
of 11 macroalgal species allowed revealing 97 taxa of Bacillariophyta; out of those, 51 species were
recorded in the area for the first time. Moreover, dominant species were identified, the qualitative
and quantitative composition was analyzed, and also the structure of diatom communities depending
on the season and the species of colonized macroalgae was surveyed [Bondarenko et al., 2024].

When we finished processing the material from the one-year studies, information on diatoms
of the epiphyton of other macrophytes was added to the previously published results [Bondarenko
et al., 2024]. Also, comprehensive data on the ecological, phytogeographic, and quantitative charac-
teristics of diatoms were accumulated. Generalized information of this kind is valuable for under-
standing the ecology of species and the environmental effects on the formation of microphytoben-
thic communities. Moreover, such material is helpful when compiling databases covering information
on microalgal habitats, ranges, morphological traits, efc. In addition, revealing the trends in the qualita-
tive and quantitative distribution of diatoms in benthic macrophyte communities, especially in coastal
ecosystems, is required to establish general patterns of interaction between diatoms, macrophytes,
and their habitat.

The aim of this work is to summarize the original results of studying the species composition and aut-
ecology of diatoms of macrophyte epiphyton of the coastal waters of Kazantip Cape in order to compile
an annotated list covering data on diatom dimensions, their occurrence, ecological and phytogeographic
characteristics, abundance, and biomass.
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MATERIAL AND METHODS

The material for the summarization was 129 samples of epiphyton of 12 macroalgal species:
* brown algae — Ericaria crinita (Duby) Molinari et Guiry, 2020, Gongolaria barbata (Stackhouse)
Kuntze, 1891, and Cladosiphon mediterraneus Kiitzing, 1843;
* red algae — Callithamnion corymbosum (Smith) Lyngbye, 1819, Ceramium arborescens J. Agardh,
1894, Pyropia leucosticta (Thuret) Neefus et J. Brodie, 2011, and Carradoriella denudata (Dillwyn)
Savoie et G. W. Saunders, 2018;
* green algae — Bryopsis hypnoides J. V. Lamouroux, 1809, Cladophora liniformis Kiitzing, 1849,
Cl. sericea (Hudson) Kiitzing, 1843, Ulva intestinalis Linnaeus, 1753, and U. linza Linnaeus, 1753;
and also, the seagrass Zostera marina Linnaeus, 1753 alone and in its association with another flowering
plant, Zannichellia palustris subsp. major (Hartman) Ooststroom et Reichgelt, 1964.

Sampling was carried out from October 2022 to September 2023 in the upper sublittoral zone of four
bays of the Kazantip Cape (the Sea of Azov): the Shirokaya and Kunushkay (both within the Kazantip
Nature Reserve area), Russkaya, and Tatarskaya (Fig. 1).

The Sea of Azov

TN,

Crimean Peninsula Kazantip Cape

The Black Sea aw |

Fig. 1. Sites of the algological sampling in the Kazantip Cape area: 1, the Russkaya Bay; 2, the Shirokaya
Bay; 3, the Kunushkay Bay; 4, the Tatarskaya Bay

Sampling was carried out at depths of 0.1-1.0 m and at temperatures from +3.7 to +29.0 °C. Water
salinity varied from 13.6 to 15.6 g-L.™' (Table 1).

Table 1. Hydrological conditions of epiphyton sampling in various months of 2022-2023 in the Kazantip
Cape bays (the Sea of Azov)

2022 2023
Parameter
13.10 | 29.11 31.01 28.02 | 29.03 | 25.04 | 31.05 | 22.06 | 27.07 | 29.08 | 25.09
Depth, m 0.5 0.2 0.5 0.2 0.5 0.2 0.5 0.1-1 0.1-1 0.1 0.1-0.5
Temperature, °C| +17.0 | +10.0 +3.7 +4.9 +8.1 +14.0 | +19.2 | +26.2 | +27.3 | +29.0 | +23.9
Salinity, g-L‘1 15.0 15.6 15.0 15.6 15.1 15.0 14.9 14.9 13.6 13.6 15.0
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In the study area, samples occasionally contained various macroalgal species floating freely at the wa-
ter’s surface; their thalli were tightly intertwined. These samples were used only for qualitative analysis
of the diatom composition.

For taxonomic identification, aqueous and permanent preparations were used. Diatom valves
were cleaned by a standard acid-based technique [The Diatoms of the USSR, 1974]. After washing,
frustules were embedded in Naphrax LTD resin (refractive index was 1.74). Living cells and frus-
tules were studied under an Axioskop 40 light microscope (Carl Zeiss, Germany) at magnifications
of 10 x 20 and 10 x 40, with a x100 objective, and with immersion oil added (Carl Zeiss) (re-
fractive index n, = 1.518). Also, frustules were examined under a Hitachi SU3500 scanning electron
microscope (Japan).

When analyzing the taxonomic structure of diatoms, we mostly used the system developed
by F. Round et al. [1990], with amendments and additions of new data [AlgaeBase, 2025; Ryabushko,
2013; Ryabushko, Begun, 2015, 2016]. The taxonomic affiliation was determined based on literature
sources [Diatomovyi analiz, 1950; Guslyakov et al., 1992; Kuylenstierna, 1989, 1990; Ryabushko, 2013;
Ryabushko, Begun, 2015, 2016; Smith, 1853; Witkowski et al., 2000]. The ecological and phytogeo-
graphic characteristics of diatoms were analyzed using a number of publications [AlgaeBase, 2025;
Barinova et al., 2019a, b; Bondarenko et al., 2024; Guslyakov et al., 1992; Ryabushko, 2013; Ryabushko,
Begun, 2016; Sladecek, 1986]. Quantitative characteristics of diatoms (abundance and biomass)
were determined according to the method [Ryabushko, 2013].

RESULTS AND DISCUSSION

As a result of the study of the diatom biodiversity in the epiphyton of coastal macrophyte thickets
in the Kazantip Cape water area in 2022-2023, an annotated list was compiled; it includes 98 species
and intraspecific taxa from 3 classes, 21 orders, 27 families, and 45 genera and provides the de-
scription of their taxonomic affiliation. For the first time, autecology data are presented for each
taxon, including phytogeographic and quantitative characteristics (see Supplement: https://marine-
biology.ru/mbj/article/view/507).

Two genera, Nitzschia and Navicula, are characterized by high taxonomic diversity (12 and 11 species
accordingly). Licmophora is less represented (6 species). This genus is followed by Amphora, Diploneis,
Lyrella, and Melosira (4 species each). Frequently encountered species were identified: Achnanthes bre-
vipes, Berkeleya rutilans, Cocconeis scutellum, Cylindrotheca closterium, Grammatophora marina, Lic-
mophora abbreviata, Navicula cancellata, N. ramosissima, Nitzschia sigma, N. sigmoidea, Rhoicosphe-
nia marina, Tabularia tabulata, and Trachyneis aspera. Several species were found singly: Amphora
laevis, Grammatophora angulosa, Licmophora rostrata, Lyrella lyra, L. lyroides, Navicula cancel-
lata var. gregoryi, Navicula dumontiae, Nitzschia dissipata, N. inconspicua, Planothidium delicatulum,
and Petroneis humerosa.

For the first time, Berkeleya scopulorum (Fig. 2F) was recorded in the Sea of Azov. It was registered
in the Russkaya Bay of the Kazantip Cape in August, in epiphyton of Z. marina.

In epiphyton communities, 30 colonial species were noted. Out of those, 7 occurred year-round:
A. brevipes, B. rutilans, Gr. marina, Melosira moniliformis, N. ramosissima, Rh. marina, and T. tabu-
lata. In various months, 5 cosmopolitan species dominated: C. scutellum, Gr. marina, L. abbreviata,
Rh. marina, and T. tabulata (Fig. 2A-E).
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Fig. 2. Benthic diatom species in epiphyton of macrophytes (a scanning electron microscope). A, Gram-
matophora marina; B, Rhoicosphenia marina; C, Cocconeis scutellum; D, Licmophora abbreviata; E, Tabu-
laria tabulata; F, Berkeleya scopulorum. Scale bars are 10 um (A—C), 20 um (F), 30 um (D), and 50 um (E)

In coastal mycrophyte thickets, 11 bloom-forming species were recorded: B. rutilans, C. closterium,
Gr. marina, L. abbreviata, Licmophora flabellata, Parlibellus delognei, Striatella unipunctata, Tabularia
fasciculata, and T. tabulata, as well as planktonic ones Skeletonema costatum and Sk. subsalsum. Also,
Halamphora coffeiformis was registered: a potentially toxic species. As a rule, it occurs in epiphyton
communities throughout the year; however, its abundance does not reach high values.

The highest number of diatom species was recorded on thalli of macroalgae: U. linza (61), C. de-
nudata (45), and E. crinita (40), and also in the epiphyton of the seagrass Z. marina alone (37) and in its as-
sociation with Zannichellia palustris subsp. major (35). The lowest number of taxa was noted in the epi-
phyton of a red alga P. leucosticta (9). Interestingly, the epiphyton of U. linza featured a high diatom
species richness in August and September only (in other months, thalli of Ulva were colonized much
less frequently). The minimum values of diatom abundance and biomass were often registered in its epi-
phyton (see Supplement: https://marine-biology.ru/mbj/article/view/507). Apparently, thalli of U. linza,
which grew by the end of summer, served as a kind of “nets” on which diatoms settled, reaching the peak
of their development by the end of summer.

Ecological analysis of the qualitative composition of the epiphyton community of diatoms showed
the predominance of benthic forms (83%), marine ones (51%) and, to a lesser extent, brackish-
marine ones (36%). Proportions of brackish, freshwater-brackish, and freshwater forms were small
(5, 5, and 3%, respectively).

Saprobic indices were established for 45 diatom species. According to the system [Barinova et al.,
2019a; Sladecek, 1986] and to our data [Barinova et al., 2019b; Bondarenko et al., 2024], 32 species
out of these 45 are indicators of moderate organic water pollution (water quality class 3), and the leading
role is played by a group of beta-mesosaprobes. We revealed 10 species inhabiting oligotrophic water
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bodies, and 6 species typical of eutrophic waters. The occurrence of oligosaprobes in communities,
despite the constant influx of organic matter, including anthropogenic one, is likely to indicate the abil-
ity of coastal ecosystems to neutralize excess organic matter via self-purification processes, in which
microalgae also participate.

In benthic communities, the proportion of marine species increased, and the proportion of fresh-
water species significantly decreased. Shifts in species composition and size structure were also reported
for diatoms from upper sediments sampled in 1998 and 2019 at 32 stations in various areas of the Sea
of Azov [Kovaleva, Gavrilova, 2021]. The authors highlight a noticeable drop in the number of frustules
of the size fraction 5—10 um and an elevated number of large-celled species. Those were related to the tax-
onomic restructuring of the complex of dominant diatoms, among which medium- and large-sized taxa,
chiefly marine and brackish-marine forms, began to prevail in terms of their frequency of occurrence
and abundance.

Taking into account our and literature data, it can be concluded that the revealed restructuring
of the algal flora reflects a trend of increasing salinity of the Sea of Azov in recent decades [Berdnikov,
2023; Kovaleva, Gavrilova, 2021].

As established, by the end of the biological summer (August and September), in the coastal area
of the Kazantip Cape, there is a noticeable rise in the quantitative characteristics of some algal bloom-
forming species [Bondarenko et al., 2024]. One of the risk factors for the occurrence of this phenomenon
is the summer-associated elevated recreational load on the Sea of Azov coast in the Crimea and, as a con-
sequence, the influx of organic matter with untreated sewage and household wastewater into the coastal
zone [Ryabushko, 2003]. On the one hand, various organic matter, being mineralized, becomes a source
of biogenic elements available for microalgae and stimulating a boost in their abundance. On the other
hand, organic matter causes an outbreak of heterotrophs, which include some diatoms (representatives
of Amphora, Cocconeis, Licmophora, Navicula, Striatella, and Tabularia). Notably, algal bloom is a reg-
ular problem of the Sea of Azov, since humus and dissolved organic matter constantly enter this initially
eutrophic water body along with the runoft of the Don, Kuban and numerous small rivers, and the con-
centration of biogenic elements does not reach analytical zero [Aleksandrova et al., 1998; Gidrome-
teorologiya 1 gidrokhimiya morei SSSR, 1991]. In shallow water, algal bloom is caused by the mass
development of both planktonic and benthic microalgae. Therefore, information on the species compo-
sition and quantitative characteristics of diatoms of macrophyte epiphyton is an important component
in a comprehensive assessment of the state of coastal ecosystems.

Conclusion. The original data on the study of epiphytic diatom biodiversity from macrophytes
of the upper sublittoral zone of the aquatic-rock complex Kazantip Cape in 2022-2023 are summarized;
information on diatom ecology (relation of species to habitat, water salinity, and saprobity), phytogeog-
raphy, abundance, and biomass is given. An annotated list was compiled. It includes 98 Bacillariophyta
species and intraspecific taxa from 3 classes, 21 orders, 27 families, and 45 genera, and provides the de-
scription of their taxonomic affiliation. For the first time, autecology data for each taxon are presented,
including phytogeographic and quantitative characteristics. In the surveyed algal flora, a benthic diatom
Berkeleya scopulorum was registered, new for the Sea of Azov; its scanning electron micrograph is pre-
sented. The highest taxonomic diversity was recorded for three genera: Nitzschia (12 species), Navic-
ula (11), and Licmophora (6). In epiphyton communities, 30 colonial species were found; out of those,
7 occur year-round: Achnanthes brevipes, Berkeleya rutilans, Grammatophora marina, Melosira monil-
iformis, Navicula ramosissima, Rhoicosphenia marina, and Tabularia tabulata. In terms of abundance,
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the cosmopolitan species are dominant ones: Cocconeis scutellum, Gr. marina, Licmophora abbreviata,
Rh. marina, and T. tabulata. The bioindicator properties of the identified saprobic diatoms can be used
in further monitoring of the dynamics of anthropogenic load in the Sea of Azov.

This work was carried out within the framework of IBSS state research assignment “Comprehensive study of the

functioning mechanisms of marine biotechnological complexes with the aim of obtaining bioactive substances from
hydrobionts” (No. 124022400152-1).
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Bnepeeie mpeacTaBieHsl 0000IIEHHBIE OPUTMHAJIBHBIE JaHHBIE O BUIOBOM COCTAaBE JUATOMOBBIX BO-
Jopocneit B 129 nmpodax snuduroHa 14 BUOOB MakpoHUTOB U3 BEPXHEH CyOIMTOpaM aKBajJbHO-
CKaJibHOTO KoMIuIekca «Msic Kazantum» AzoBckoro Mopsi. ITIpo6sl otoOpansl B 2022-2023 rr. Ha I1y-
6unax 0,1-1,0 m npu Temneparype ot +3,7 1o +29,0 °C u con€Hocru Boasl ot 13,6 10 15,6 o
AHHOTHPOBaHHBIN CIMCOK BKJIIOYaeT 98 BUIOB U BHYTPUBUAOBBIX TaKCOHOB oTnena Bacillariophyta
u3 3 KjaccoB, 21 mopsnaka, 27 cemeicTB M 45 poJoOB; yKa3aHBl UX pa3Mephl, BCTPEYaeMOCTb, KO-
Jornveckue M uroreorpaduuecKie XapaKTepUCTHKH, YUCIEHHOCTh M OroMacca. Bbicokoe BHIO-
BOE pa3HOOOpa3me AMaTOMOBBIX BOJIOpPOCIHEl oTMedeHo i Kiacca Bacillariophyceae (72 Takcona)
u popoB Nitzschia (12 BunoB), Navicula (11) u Licmophora (6). B snuguToHe 3e1EHON BOAOPOCIU
Ulva linza obnapyxen 61 Bua, kpacuoii Carradoriella denudata — 45, Oypoii Ericaria crinita — 40,
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MOPCKOU TpaBHl Zostera marina — 37, e€ accormanuu ¢ Zannichellia palustris subsp. major — 35.
Hawnmenblniee unciio BUIOB HaliieHO B AMM(UTOHE KpacHOU Bojopociu Pyropia leucosticta — 9. O6-
HapyKeH HOBHIN TSI A30BCKOTO MOps1 OeHTOCHBIN BUJ, Berkeleya scopulorum. B cooOrectBax smu-
(putona npeobnanaotr GenrocHsie (83 %), mopckue (51 %) u kocmononutHeie BUIH (35 %) nua-
TOMOBBIX Bojiopociieil. Brisieneno 30 KOJOHMATBHBIX BUIOB, U3 HUX KPYIJIOTOJUYHO MPUCYTCTBYIOT
Achnanthes brevipes, Berkeleya rutilans, Grammatophora marina, Melosira moniliformis, Navicula
ramosissima, Rhoicosphenia marina n Tabularia tabulata. T1o 9UCIEHHOCTH TOMHHUPYIOT KOCMOIIO-
mutbl Cocconeis scutellum, Gr. marina, Licmophora abbreviata, Rh. marina v T. tabulata. BoisiBneHO
11 BuIOB, BBI3BIBAIOIINX «I[BETEHUE» BOJIBI, U 45 BUIOB — MHAWKATOPOB CAlTPOOHOCTH OPraHMYECKOTO
3arpsi3HEHUs BOJL.

KiaroueBbie cioBa: AUATOMOBBIC BOIOPOCIIH, MaKpO(l)I/ITbI, SHI/I(bI/ITOH, aKBaJIbHO-CKaJIbHBIA
KOMILIEKC «MBIC KaSaHTI/IH», A30BCcKoe MOpe
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