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Ostracodes (Crustacea, Ostracoda) in the Rocky Nearshore Water Area of Zmiiniy Island (Black Sea).
Uzun, O. — Data about meiobenthic ostracodes species on the different substrates of Zmiiniy Island
nearshore water area are presented. The density and biomass means of the ostracodes were higher on the
algal substrates (on Laurencia paniculata made up 41931 + 12689 ind.-m™ and 400.56 + 125.65 mg-m™
respectively). In the current study for the first time 13 ostracodes species were found, most of which are
common in all types of substrate. The dominant species were Loxoconcha pontica Klie, 1937, Paradoxos-
toma intermedium Miiller, 1894, Xestoleberis cornelii Caraion, 1963 and Xestoleberis decipiens (Miiller,
1894). All of them are common species in the north-western Black Sea. Non-metric multidimensional
scaling (nMDS) analysis of ostracodes species abundance shown that the samples of sandy-shells bottom
differed significantly from algal and mussel substrates. According to the cluster analysis sand-shells bot-
tom samples on almost 80 % differed from hard substrates.

Key words: meiobenthos, meiofauna, seed shrimps, hard substrates, soft substrates, habitat, rocky
shores.

Introduction

Nearshore biotopes with specific organisms’ communities play a key role in the functioning of aquatic
ecosystems, in the hydrobionts’ reproduction and are highly sensitive to external influences (Zaitsev et al.,
2006). On the rocky shores an essential substrate is formed for the attachment micro- and macrobenthos or-
ganisms with their associated species.
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Meiofauna in marine benthic ecosystems includes metazoans organisms that are intermediate between
macro- and microfauna (body size range: 30-1000 pm) (Giere, 2009). Meiobenthos is a main food source for
demersal fish species (Vorobyova et al., 2004; Carpentier et al., 2014; Schiickel et al., 2013). Crustaceans from
class Ostracoda (also called seed shrimps) are an important ecological group of meiobenthic organisms. Eco-
logical studies dealing with the abundance, biomass and diversity of ostracodes species can be used for monitor-
ing environmental pollutants along coastal water areas (Ruiz et al., 2005; Shornikov et al., 2015). Seed shrimps
are sensitive to herbicides, pesticides, oil spills or heavy metals pollution (Parameswari et al., 2020). Their valves
are archives of geochemical information related to paleoclimatic and palaeohydrological changes, ecotoxicity
monitoring, biostratigraphy indicator (Meyer et al., 2017; Smith, Palmer, 2012).

In the north-western Black Sea, the ecological, taxonomy and structure features of meiobenthos taxa are
well studied (Vorobyova et al., 2008, 2017; Vorobyova, Kulakova, 2009). Meiobenthic organisms were regis-
tered at the all types of habitats either natural or artificial origin, including plastic marine litter (Vorobyova,
1999; Snigirova et al., 2020; Uzun, Portianko, 2021). A large amount of studies in this part of the sea focusing on
the ostracodes species diversity was conducted during 1960-1970 (Caraion, 1960; Marinov, 1962; Schornikov,
1967, 1969). However, there are few papers concerning present state on the ostracod fauna in the north-western
Black sea (Marinov, 1990; Opreanu, 2005, 2007).

The recent data on meiobenthos community in Zmiiniy Island coastal waters are relatively poor (Kulakova,
Vorobyova, 2019; Portianko, 2017; Vorobyova et al., 2019). In the preliminary studies, concerning quantitative
characteristics of the meiobenthic organism at the different type of substrates in Zmiiniy Island water area, the
high ostracode density was shown (Vorobyova et al., 2019). The data about ostracod species in this water area
to the best of author’s knowledge are absent.

Thus, the aim of this study is to determine the diversity of ostracodes and their role in biomass and
abundance of the total meiobenthos on different types of substrates in the coastal area of Zmiiniy Island.

Material and methods

Study area

The field work was carried out in near-shore water zone of Zmiiniy Island (45°15'18" N, 30°12'15" E)
(fig. 1). Zmiiniy Island is located in the north-western Black Sea shelf (Ukrainian part). Hydrological and hy-
drochemical regime of the island coastal waters is effected by large rivers (Danube, Dniester, South Bug and
Dnipro) that create unique conditions for organisms (Zaitsev et al., 2006). Zmiiniy Island coast represented by
rocky shores and partially sandy-shells bottom sediments that form appropriate habitats for benthos (Brayko,
1985; Zaitsev et al., 1999).

The part of Zmiiniy Island and coastal waters around it were included to the Natural heritage site as
zoological reserve of national significance by the Decree No 1341/98 signed by the President of Ukraine in
9.12.1998.
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Fig. 1. Location of Zmiiniy Island study area in north-western Black Sea, Ukraine.
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Sampling

Meiobenthos was taken in summer seasons during 2013-2015 at depths from 1 to 5 m. Samples were
collected from three types of substrate: sandy bottom sediments, mussels (Mytilus galloprovincialis (Lamarck,
1819)) and alga growing attached to large rocks. Algae include six species: Ceramium elegans (Ducluzeau,
1806), Cladophora vagabunda (Hoek, 1963), Ulva intestinalis (Linnaeus, 1753), Polysiphonia denudata (Gre-
ville et Harvey, 1833), Corallina officinalis (Linnaeus, 1758), Laurencia paniculata (Kutzing, 1849).

Samples was collected by the 0.1 m* benthos frame by scuba diver into the separate plastic bags and trans-
ported to the laboratory of the Institute of marine biology. Then they were washed used fine-meshed net with
upper size 1 mm and lower — 70 pm for collecting meiobenthos. The received samples were preserved in 4 %
buffered formaldehyde solution and stained with Rose Bengal. The meiobenthos taxa were counted in Bogorov
chamber under stereomicroscope MBS-10 (x32 magnification) and recalculated to density of individuals per
1 m? (ind.-m?). The biomass was defined by the use of the shape and body sizes nomograms as mg per 1 m*
(Chislenko, 1968; Vorobyova, Torgonskaya, 1998).

From the received sample all individuals of ostracodes were collected. Their further study was carried out
under the light microscope Konus (x200, x400 magnification) in glycerol-alcohol solution with the identifica-
tion key (Dykan, 2006; Schornikov, 1969). All scientific names are given according to the World Ostracoda
Database (Brandio, Karanovic, 2022).

Data and statistical analyzes

For estimate the similarity between the samples was used the Bray—Curtis index. Grouping of samples
with similar species composition was done by hierarchical agglomerative clustering (CLUSTER analysis) based
on the unweighted pair-group average cluster model with the similarity profile test (SIMPROF) for determine
significant differences between the clusters.

A non-metric multidimensional scaling (nMDS) was carried out to analyze the differences between
substrates based on ostracodes density in samples. The ANOSIM test with global R statistic was used for
analysis of differences significance. The null hypothesis (i. e. ‘no difference between groups’) was rejected at
a significance level of p < 0.05. Multivariate analyses were carried out using the PRIMER version 6 software
package (Clarke et al., 2014).

Results
Density and biomass of the ostracodes

In current study the 10 higher taxa of meiobenthos on the different types of substrate
wereregistered: Turbellaria, Nematoda, Harpacticoida (Copepoda), Ostracoda, Halacaridae,

mussels fouling sand-shells bottom

4.40 % 1.79 %

algal substrates

B Ostracodes B Other taxa

Fig. 2. The percentages of ostracodes in average density of meiobenthos at the different type of substrate from
Zmiiniy Island.
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Fig. 3. Percent ratio of the ostracodes with other meiobenthos taxa densities (ind.-m) associated with different
algal species in Zmiiniy Island.

Oligochaeta, Polychaeta, Bivalvia, Gastropoda, Balanus. The density of ostracodes in the
total meiofauna community ranged between 1000 and 167000 individuals per 1 m, while
biomass made up from 6.5 to 1085.5 mg-m™.

The percentage of the ostracode in the total meiobenthos density ranged between
different types of the substrates, the lowest percentages of which were on the sand-shell
sediments and on mussels substrate (1.79 and 4.40 % respectively) (fig. 2).

The average mean of ostracodes density was relatively high on algal substrate. On
Laurencia paniculata the average mean of ostracode density was 41931 + 12689 ind.-m™
which made up 42.21 % of the total meiobenthos (fig. 3).

In Zmiiniy Island nearshore zone ostracodes play significant role in the total
meiobenthos biomass formation (fig. 4). The higher mean of ostracod biomass was
registered on Laurencia paniculata and made up 400.56 + 125.65 mg-m. On the sand-
shells bottom biomass of ostracodes only made up 2.3 + 0.5 mg-m™? and was lowest.
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Fig. 4. The average means of the ostracodes biomass on different substrates in Zmiiniy Island.
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Table 1. The list of ostracodes species on the different substrate types in Zmiiniy Island nearshore water

zone (Black Sea)
Algal substrate
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Family Loxoconchidae
Loxocauda sp. - -+ o+ - -
Loxoconcha aestuarii Marinov, 1963 + - o+ o+ - - —
Loxoconcha bulgarica Caraion, 1961 + o+ - 4+ = +
Loxoconcha elliptica Brady, 1868 + o+ o+ o+ - - _
Loxoconcha lepida Stepanaitys, 1962 + o+ o+ o+ - = = -
Loxoconcha pontica Klie, 1937 Y o+ o+ o+ o+ o+ -4
Family Paradoxostomatidae
Paradoxostoma intermedium Miiller, 1894 + o+ o+ -+ + + o+
Paradoxostoma mediterraneum Miiller, 1894 - - - - - - =
Family Bythocytheridae
Sclerochilus dubowskyi Marinov, 1962 T
Family Xestoleberididae
Xestoleberis acutipenis Caraion, 1963 + o+ o+ o+ o+ o+ o+ o+
Xestoleberis aurantia (Baird, 1838) + o+ - o+ -+ 4 -
Xestoleberis cornelii Caraion, 1963 + o+ o+ o+ o+ o+ o+ o+
Xestoleberis decipiens (Miiller, 1894) o+ o+ o+ o+ o+ o+ o+
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Fig. 5. The non-metric multidimensional scaling (nMDS) analysis of ostracodes species abundance in the

sample from different substrates in Zmiiniy Island.
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Fig. 6. The results of CLUSTER analysis with the SIMPROF test based on the biomass on different substrates
in Zmiiniy Island.

The biggest ostracodes contribution in the total meiobenthos biomass in nearshore
Zmiiniy Island waters reached 18.01 %.

The taxonomy structure of ostracodes assemblages

A total of 13 ostracod species belonging to 4 families were identified:
Loxoconchidae, Paradoxostomatidae, Bythocytheridae, Xestoleberididae (table 1). All
of them are belonging to subclass Podocopa. On the algal substrates were registered
from 7 to 10 species. On sand-shell bottom were registered 7 species. Ostracodes
species Xestoleberis acutipenis, X. cornelii and X. decipiens were widespread on the all
substrate types.

The results of statistical analysis

Non-metric multidimensional scaling (nMDS) analysis of ostracodes species abun-
dance shown strong differences between the samples of different substrate types (fig. 5).
Comparison abundance of ostracode species in the samples on sandy-shells bottom sedi-
ments differed significantly from other substrates. The species diversity of the ostracodes
from Ulva intestinalis and some Cladophora vagabunda differed from another samples of
alga and mussel’s substrates. The stress count 0.16, that indicates of satisfactory level of
nMDS.

CLUSTER analysis and SIMPROF test recognized two groups with similar ostracodes
taxonomic composition: sand-shells bottom samples on almost 80 % differed from hard
substrates, covered by algae and mussels (fig. 6).

According to the ANOSIM test results the null hypothesis (i. e. ‘no difference be-
tween groups’) was rejected. There was a significant difference in ostracod abundance
between hard and soft sediments substrates tested by ANOSIM (global R = 0.798, p =
0.02).

Discussion
In the nearshore water area of Zmiiniy Island 10 meiobenthic taxa were registered at

the different types of substrate. The percentage of ostracodes range between 1.79 % and
26.71 % depending on the substrate type. The average means of the density and biomass
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of ostracodes were large on the algal substrates and were biggest on Laurencia paniculata
(means 41931 + 12689 ind.-m™ and 400.56 + 125.65 mg-m respectively). The high abun-
dance of ostracodes on the algal substrates was typical and confirmed by other researchers
(Rutledge, Fleeger, 1993; Walters, Bell, 1984).

It should be noted that these means are bigger than in other nearshore regions of
the north-western Black sea region. For example, the density of ostracodes from the al-
gal substrate in the Odessa marine region is almost three times lower (Vorobyova et al.,
2017). The abundance of ostracodes in Zmiiniy Island nearshore water area is higher
than that on fouling artificial hydrotechnical constructions and on the plastic litter (Vo-
robyova et al., 2016; Uzun, Portianko, 2021). Such differences might be explained by the
high sensitives of ostracodes on the impact of anthropogenic factor. The benthic fauna
of Zmiiniy Island water area is healthier than in other regions of the NWBS (Kovalova
et al., 2017).

The identification of ostracode species in the coastal area of Zmiiniy Island was made
for the first time. It was observed that the biodiversity of ostracodes was represented
by typical species registered both on the natural and artificial origin hard substrates in
other north-western regions of the Black sea. The most widespread species were Loxo-
concha pontica, Paradoxostoma intermedium, Xestoleberis cornelii and X. decipiens, that
are common at the shallow zone along the entire coastline of the Black Sea (Shornikov,
1969). They may inhabit both in open waters and in sea beds and other aquatic vegetation
(Shornikov, 1967).

According to the non-metric MDS analysis ostracod assemblages show marked
changes in species composition and density with type of algal substrate. The ostracodes
assemblages on the Ulva and some Cladophora differed from another samples of the algal
substrates. There are complex relationships between ostracodes and algae. Algal fronds ap-
pear to provide protection from wave action and increased habitable living space for many
organisms of meiofauna, including ostracodes (Hull, 1997). The high algal complexity with
numerous fronds can accompanied by an increasing diversity of food availability for both
ostracodes and meiofauna.

Ostracode assemblages associated with algae and macrobenthic communities on rocks
differ from surrounding bottom assemblages. Hard surfaces forms substrates for attach-
ing sessile, that may increase living space for associated with them meiobenthic organisms
(Hicks, 1980, 1986). The species composition of marine invertebrates on hard surface with
fouling is regulated by a combination of factors that include substrate type, orientation and
immersion season (Siddik et al., 2018). Algae and macrobenthic communities serves as
habitat for meiobenthos organisms increasing species diversity and abundance (Bell, 1980;
Hicks, 1986). In meiobenthos assemblages associated with hard surfaces fouling the domi-
nant groups are mainly crustaceans (harpacticoids, isopods, amphipods etc.) and mollusks
(Beckley, 1982; Coull et al., 1983).

Thus, the high means of the percentage, density and biomass have showed favorable
ecological conditions for the ostracodes in the nearshore water area, which might indicate
low levels of anthropogenic impacts in the waters. Despite, the island waters are under the
strong influence of the riverine flows which considered as the main resource of nutrients
and pollutants in the western Black Sea coastal area (Gasparotti, 2014, 2015) and might
effects on the benthos structure. The growth of pressure from fishery, hydrotechnical con-
struction and shore-protection activities in the area of the island probably caused negative
changes on fauna, i.g. on meiobenthos.

The author acknowledges the scuba diver Aleksandr Kurakin from Institute of marine biology of NASU
(Odesa, Ukraine) for the sampling.



178 0. Uzun

References

Beckley, L. E. 1982. Studies on the littoral seaweed epifauna of St. Croix Island. III. Gelidium pristoides
(Rhodophyta) and its epifauna. South African Journal of Zoology, 17, 3-10.

Bell, S. S. 1980. Meiofauna-macrofauna interactions in a high salt marsh habitat. Ecological Monographs, 50
(4), 487-505.

Branddo, S. N., Karanovic, I. 2022. World Ostracoda Database. Accessed at https://www.marinespecies.org/
ostracoda on 2022-02-09, doi. 10.14284/364.

Brayko, V. D. 1985. Fouling in the Black Sea. Naukova Dumka, Kiev, 1- 124 [In Russian].

Caraion, F. E. 1960. Loxoconcha bulgarica n.sp., a new ostracod collected in the Bulgar-
ian waters of the Black Sea (Sozopol). Revue Roumaine de Biologie, Serie de Zoologie, 5,
249-254.

Carpentier, A., Como, S., Dupuy, C., Lefrancois, C., Feunteun, E. 2014. Feeding ecology of Liza spp. in a tidal
flat: evidence of the importance of primary production (biofilm) and associated meiofauna. Journal of Sea
Research, 92, 86-91.

Chislenko, L. L. 1968. Nomograms for determining the weight of aquatic organisms by body size and shape.
Nauka, Leningrad, 1-107 [In Russian].

Clarke, K. R., Gorley, R. N., Somerfield, P. J., Warwick, R. M. 2014. Change in marine communi-
ties: an approach to statistical analysis and interpretation, 3rd edition. PRIMER-E, Plymouth,
1-256.

Coull, B,, Creed, E., Eskin, R., Montagna, P., Palmer, M., Wells, J. 1983. Phytal meiofauna from the rocky
intertidal at Murrells Inlet, South Carolina. Transactions of the American Microscopical Society, 102 (4),
380-389, doi. 10.2307/3225851.

Dykan, N. 2006. Systematization of quaternary Ostracoda of Ukraine (a reference book). Institute of Geological
Sciences of the National Academy of Sciences of Ukraine, Kyiv, 1-430.

Gasparotti, C. 2014. The main factors of water pollution in Danube River basin. EuroEconomica, 33 (1), 75-88.

Gasparotti, C. 2015. The influence of the anthropogenic factors on the Blake sea state. Mechanical Testing and
Diagnosis, 1, 13-31.

Giere, O. 2009. Meiobenthology: The Microscopic Motile Fauna of Aquatic Sediments, 2nd edition. Springer—
Verlag, Berlin-Heidelberg, 1-527, doi. 10.1007/b106489.

Hicks, G. R. F. 1980. Structure of phytal Harpacticoid copepod assemblages and the influence of habitat com-
plexity and turbidity. Journal of Experimental Marine Biology and Ecology, 44, 157-192 doi. 10.1016/0022-
0981(80)90151-3.

Hicks, G. R. F. 1986. Distribution and behaviour of a meiofaunal copepods inside and outside seagrass beds.
Marine Ecology Progress Series, 31, 159-170.

Hull, S. L. 1997. Seasonal changes in the diversity and abundance of ostracods on four species of intertidal algae
with differing structural complexity. Marine Ecology Progress Series, 161, 71-82.

Kovalova, N., Medinets, V., Mileva, A., Gruzova, 1., Botnar, M., Snigirov, S., Gazetov, E., Medinets, S.
2017. Comparative assessment of coastal marine waters quality in the Odessa Bay and in Zmiiniy Is-
land area in 2016. Visnyk of V. N. Karazin Kharkiv National University series Ecology, 16, 132-140
[In Ukrainian].

Kulakova, I, Vorobyova, L. 2019. Free-living marine nematodes of the coastal zone area
near the Snake Island of the Ukrainian shelf of the Black sea. Scientific Issue Terno-
pil  Volodymyr Hnatiuk National Pedagogical University Series Biology, 75 (1), 13-20, doi.
10.25128/2078-2357.19.1.2.

Marinov, T. 1962. Ostracod fauna of the Western Black Sea coast. Proceedings of the Institute of Fisheries.
Varna, 2, 81-108 [In Bulgarian].

Marinov, T. 1990. Zoobenthos from Bulgarian sector of the Black sea, Bulgarian Publishing House Academy of
Sciences, Sofia, 1-195 [In Bulgarian].

Meyer, J., Wrozyna, C., Gross, M., Leis, A., Piller, W. E. 2017. Morphological and geochemical variations of
Cyprideis (Ostracoda) from modern waters of the northern Neotropics. Limnology 18, 251-273, doi.
10.1007/s10201-016-0504-9.

Opreanu, P. 2005. Contributions to the knowledge of Recent Ostracoda (Crustacea) distribution in the
north-western Black Sea. Analele Stiintifice ale Universitatii “Al.LCuza” ser. Biologie Animald, LI,
63-70.

Opreanu, P. 2007. The present state of the Ostracod (Crustacea) populations from the Romanian lit-
toral zone. Analele Stiintifice ale Universitatii “Al.LCuza” lasi, Lucrarile Conferintei Nationa-
le “Biodiversitate si impact antropic in Marea Neagra si in ecosistemele litorale ale Marii Negre”,
57-66.



Ostracodes (Crustacea, Ostracoda) in the Rocky Nearshore Water Area of Zmiiniy Island. .. 179

Parameswari, E., Davamani, V., Kalaiarasi, R., Ilakiya, T., Arulmani, S. 2020. Utilization of Ostracods (Crus-
tacea) as Bioindicator for Environmental Pollutants. International Research Journal of Pure and Applied
Chemistry, 21 (7), 73-93, doi. 10.9734/irjpac/2020/v21i730182.

Portianko, V. V. 2017. Harpacticoida (Crustacea, Copepoda) of mussel beds and macroalgae on the rocky
substrates in the north-western Black Sea. Vestnik Zoologii, 51 (5), 407-412, doi. 10.1515/vz00-2017-
0048.

Ruiz, F., Abat, M., Bodergat, A. M., Carbonel. P., Rodriguez-Lazaro, J., Yasuhara, M. 2005. Marine
and brackish-water ostracods as sentinels of anthropogenic impacts. Earth-Science Reviews, 72,
89-111.

Rutledge, P. A., Fleeger, J. W. 1993. Abundance and seasonality of meiofauna, including harpacticoid copepod
species, associated with stems of the salt-marsh cord grass, Spartina alterniflora. Estuaries, 16, 760, doi.
10.2307/1352434.

Schornikov, E., Zenina, M., Ivanova, E. 2015. Ostracods as indicators of the aquatic environmental conditions
on the northeastern Black Sea shelf over the Past 70 Years. Russian Journal of Marine Biology, 40, 455-464,
doi. 10.1134/51063074014060200.

Schornikov, E. I. 1967. Ostracod fauna of the Black and Azov Seas in ecological and zoogeographical aspects.
Bottom biocenoses and biology of benthic organisms of the Black Sea. Naukova dumka, Kiev, 122-143
[In Russian].

Schornikov, E. 1. 1969. Subclass ostracods, or seed shrimps - Ostracoda. Key to the Fauna of the Black
and Azov Seas Vol. 2. Free Living Invertebrates—Crustaceans. Naukova dumka, Kiev, 163-260
[In Russian].

Schiickel, S., Sell, A. F., Kihara, T. C., Koeppen, A., Kronke, I., Reiss, H. 2013. Meiofauna as food source for
small-sized demersal fish in the southern North Sea. Helgoland Marine Research, 67, 203-218, doi.
10.1007/s10152-012-0316-1.

Siddik, A., Al-Sofyani, A., Baakdah, M., Sathianeson, S. 2018. Invertebrate recruitment on artificial substrates
in the Red Sea: Role of substrate type and orientation. Journal of the Marine Biological Association of the
UK, 99, doi. 10.1017/S0025315418000887.

Smith, A. J., Palmer, D. F. 2012. Chapter 11 — The Versatility of Quaternary Ostracods as Palaeoclimate Prox-
ies: Comparative Testing of Geochemical, Ecological and Biogeographical Approaches. In: Horne, D. J.,
Holmes, J. A., Rodriguez-Lazaro, J., & Viehberg, F. A., eds. Developments in Quaternary Sciences, Elsevier,
17, 183-203, doi. 10.1016/B978-0-444-53636-5.00011-1.

Snigirova, A., Uzun, E., Portyanko, V. 2020. Colonizing of bottom marine litter by benthic organisms in
the northwestern Black Sea (Gulf of Odessa). In: Aytan, U., Pogojeva, M., & Simeonova, A., eds. Ma-
rine Litter in the Black Sea (No56). Turkish Marine Research Foundation (TUDAYV), Istanbul,
247-267.

Uzun, O. Ye., Portianko, V. V. 2021. Eumeiobenthic crustaceans on the plastic litter in the nearshore water area
of the cape Malyi Fontan (Odesa Gulf, Black Sea). Marine ecological journal, 2, 83-92, doi. 10.47143/1684-
1557/2021.2.08 [In Ukrainian].

Vorobyova, L. V. 1999. Dynamics of the fouling of artificial and natural substrates with meiofauna in marine
water. Hydrobiological journal, 35 (1-3), 14-19 [In Russian].

Vorobyova, L. V., Kulakova, I. I., Bondarenko, O. S., Portianko, V. V. 2019. Contact zones of the Black sea:
meiofauna of litocontour of the northwestern shelf. In: Vinogradov, A. K., ed. Feniks, Odessa, 1-196 [In
Russian].

Vorobyova, L. V., Torgonskaya, O. A. 1998. Energy characteristics of meiobenthos of Zhebriyanskaya Bay. In:
Vorobyova, L. V., ed. Ecosystem of the seaside of the Ukrainian Danube delta. Astroprint, Odessa, 275-289
[In Russian].

Vorobyova, L. V., Vinogradov, A. K., Nesterova, D. A., Nastenko, E. V., Garlitska, L. A. 2004. Conditions for
the formation of the fish food base in the northwestern part of the Black Sea. Ecology of sea, 65, 5-14 [In
Russian].

Vorobyova, L. V., Kulakova, I. I, Sinegub, I. A., Polishchuk, L. N., Nesterova, D. A., Bondarenko, A.S,,
Snigirova, A. A., Rybalko, A. A., Kudrenko, S. A., Portianko, V. V., Migas, R. V., Uzun, E. E,
Olefir, 1. V. 2017. Odessa region of the Black Sea: hydrobiology of pelagic and benthal [monograph.] In:
Alexandrov, B. G, ed. Astroprint, Odessa, 1- 324 [In Russian].

Vorobyova, L., Bondarenko, O., Izaak, O. 2008. Meiobenthic polychaetes in the northwestern Black Sea. Ocean-
ological and Hydrobiological Studies, 37 (1), 43-55, doi. 10.2478/v10009-007-0039-9.

Vorobyova, L., Kulakova, 1. 2009. Contemporary state of the meiobenthoA in the western Black Sea. Astroprint,
Odessa, 1-125.

Vorobyova, L., Kulakova, I, Bondarenko, O., Portyanko, V., Uzun, E. 2016. Meiofauna of the periphytal
of the Odessa coast Ukraine. Journal of the Black Sea Mediterranean Environment, 22 (1),
60-73.



180 0. Uzun

Walters, K., Bell, S. 1994. Significance of copepod emergence to benthic, pelagic, and phytal linkages in a sub-
tidal seagrass bed. Marine Ecology Progress Series, 108, 237-249, doi. 10.3354/meps108237.

Zaitsev, Yu. P., Alexandrov, B. G., Minicheva, G. G., eds. 2006. North-Western part of the Black Sea: biology and
ecology. Naukova Dumka, Kiev, 1-701 [In Russian].

Zaitsev, Yu. P., Alexandrov, B. G., Volkov, S. O., Vorobyova, L. V., Dyatlov, S. E., Kolesnikova, E. A., Miniche-
va, G. G., Nesterova, D. A., Rusnak, E. M., Sinegub, I. A., Khutornoi, S. O. 1999. Biology of the shal-
low waters of the Zmiiniy Island. Reports of the National Academy of Sciences of the Ukraine, 8, 111-114
[In Russian].

Received 11 February 2022
Accepted 5 June 2022



