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Abstract. In 2021-2022, 106 macrozoobenthos species were found in the fouling communities of the
rocky marine environment of Karadag Nature Reserve at a 0-5-m depth. In the reserve, several rocks
(Kuzmichev Kamen’, lvan Razboynik, Zolotye Vorota, Lev, and Mayak) and two bays, the Barakhta
Bay and Serdolikovaya Bay, were studied. The average macrozoobenthos abundance ranged as
35355 + 9958 ind./m?, biomass, 2678.38 + 909.73 g/m2. The highest abundance was recorded in the
periphyton communities at Mayak Rock (54878 ind./m?2), the highest biomass, in the periphyton atLev
Rock (5712.62 g/m?). In fouling communities of the Serdolikovaya Bay, crustaceans made a significant
contribution to the total abundance (54%), while in other areas, these were mollusks (from 49 to 86%).
Based on the functional abundance index, community of Mytilaster lineatus (Gmelin, 1790) was identified
in the study area. Onmivorous species predominated by the species number, sestonophagous species,
by abundance and biomass. Sestonophagous bivalve mollusk M. lineatus contributed significantly to
total abundance and biomass (98% and 86% respectively).

Keywords: community, abundance, biomass, frequency of occurrence, trophic structure, rocky biotope,
Karadag Nature Reserve
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Hay4yHas cTtaTtbs

CoBpeMeHHOe COCTOosIHUe
MaKpPO3006eHTOCa CKaNlbHbIX Cy6CTpaTOB
Kapagarckoro npmpoaHoro 3anoseaHukKa
(YepHoOe Mope, KpbiM)

B.l. Konun* , M.A. KoBanesa , M.B. MakaposB |,
B.A. TumodpeeB

UHecmumym buonoauu roxxHbix Mmopeld umeHu A.O. Kosanesckozo PAH, 299011, Poccusi, 2. Cesacmonorib,
npocn. Haxumosa, 8. 2

*kopiy@ibss-ras.ru

AHHoTauusa. B obpacTtaHusix ectecTBeHHbIX TBepAbix cybcTpatoB Kapagara (Ha ckanax KysbmMu4és
KameHb, MiBaH Pa3boliHuk, 3onoTkle BopoTa, Jles, Masik, B byxtax bapaxTel 1 CepgonukoBas) Ha rinybuHe
0-5 m B 2021-2022 1. 06HapyxeHo 106 BugoB Makpo3oobeHToca. CpeaHss NNoTHOCTL U Bromacca
Makpo3oobeHTocacocTaBuna35355+9958ak3./mM?1n2678.38+909.73r/M2cooTBeTcTBEHHO. HanbonbLwuas
NNOTHOCTb 3aperncTpmpoBaHa B nepmudutoHe ckanbl Mask (54878 ak3./m?), Hanbonbluas Guomacca — B
nepudutoHe ckanbl Jlee (5712.62 r/m?). B o6pactaHusix 6yxtbl CepaonukoBasi 3HauuTerNbHbIN BKag
B 0OLLy0 NNOTHOCTb BHeCNM pakoobpasHbie (54%), Ha ocTanbHbIX ydacTkax — Mosuocku (ot 49 oo
86%). Ha Bcem uccrnegyemom nonuroHe Ha OCHOBaHWM MHAEKCa PYyHKLUOHANBHOrO 06unus BelgeneHo
coobuiectBo Mytilaster lineatus (Gmelin, 1790). o konuyecTBy BMAOB Npeobnaganu nonudary,
no MroTHOCTM 1 Buomacce — cectoHodarn. Cpegu cectoHodaroB B 06LLYy0 MAOTHOCTL U Buomaccy
3Ha4YUTENbHbIV BKNaZ BHOCWM AByCTBOpYaThIv Monntock M. lineatus (98 n 86% COOTBETCTBEHHO).

KnroueBble cnoBa: coobLlecTBo, NNOTHOCTb, Briomacca, BCTpevaeMocTb, Tpoduka, broton ckan, Kapagar
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®PuHaHcupoBaHue. PaboTa BbiNONHEHa B paMKax rocygapcTBeHHoro 3agaHus dUL MHBKOM no teme
«BropasHoobpa3sne kak OCcHOBa YCTOMYMBOIO (hYHKLMOHMPOBAHUS MOPCKMX 3KOCUCTEM, KpUTEPUUN U
Hay4Hble NPUHUKNBI ero coxpaHeHus» (Ne roc. permctpaumm 124022400148-4).
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Introduction

Karadag Nature Reserve consists of three arcuate ridges composed of terrigenous-volcanic and
terrigenous-carbonate complexes of Mesozoic age. Kuzmichev Kamen'’ is a large rock formation jutting
out into the sea to the depths of 4-5 m. The coastline frequently changes its outline due to landslides
and scree. lvan Razboynik Rock is a small 100-m volcanic vent with multiple magma outpourings.
Zolotye Vorota Rock is a recumbent volcanic vent composed of concentric andesite-basalt lavas with
columnar jointing. Lev Rock is a neck between two dikes split at the base; the main fissure vent is
located beneath the rock below sea level. Mayak Rock is composed of igneous liparite-dacite rocks.
The small Barakhta Bay is located in the middle of the coastline belonging to Karadag Nature Reserve,
southwest of Serdolikovaya Bay. At the Serdolikovaya Bay (Yuzhnaya, Srednyaya, and Severnaya
inlets), the steep southeastern slope of the ridge is protected by lava flows with pronounced “pillows”
(Kupchenko, 1976; Yudin, 2023).

The Karadag Nature Reserve was established by Resolution no. 386 of the Council of Ministers of
the Ukrainian Soviet Socialist Republic on August 9, 1979. Subsequently, in accordance with Decree
no. 1091 of the Government of the Russian Federation dated September 13, 2018, it was transferred to
the jurisdiction of the Ministry of Science and Higher Education of the Russian Federation. The reserve is
located in the eastern part of the Crimean Peninsula, between the villages of Koktebel' and Kurortnoye; it
is one of the centers for the biological diversity conservation of the marine flora and fauna (Kopiy, 2024).

For over a hundred years, studies of macrobenthic communities of various biotopes, including that
on hard substrates, have been conducted in the reserve (Boltacheva et al., 2010, 2015; Grintsov, 2018;
Grintsov et al., 2005; Kopiy, 2019, 2024; Kovaleva et al., 2014; Makarov, 2006; Murina et al., 2004;
Sharonov, 1952; Sinegub, 2004).

Benthic organisms are a highly taxonomically diverse group; they represent one of the most
important links in marine food webs and inhabit virtually all benthic biotopes. In the Black Sea, most of
the shelf (90%) is occupied by soft soils (Kiseleva, 1981). Hard substrates, including rocky surfaces,
are less common. At the Black Sea coast of Crimea, they form a narrow strip near Cape Tarkhankut
in the northwest and then from the city of Sevastopol in the southwest along the southern coast to the
igneous massif of Karadag Nature Reserve in the southeast; these are the areas exposed to intensive
surf. Sampling the biota on hard substrates is a difficult task. Considering these peculiarities, the fouling
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fauna of natural rocky environment remains insufficiently studied. In 2021-2022, the studies of the
macrozoobenthos of natural hard substrates in this area have been continued.

The study aims to assess the current state of macrozoobenthos in the marine rocky environment of
Karadag Nature Reserve.

Materials and methods

The work is based on the materials of benthic surveys carried out in the summer of 2021 and 2022 at
the marine rocky environment of Karadag Nature Reserve (Southeastern Crimea): Kuzmichev Kamen’,
Ivan Razboynik, Zolotye Vorota, Lev, Mayak, and in the bays of Barakhta and Serdolikovaya (Fig. 1).

Periphyton samples were collected at depths of 0, 1, 2, and 5 m using a frame lined with fine mesh
and a capture area of 0.04 m? (Kopiy, 2024). At each sampling point, the material was collected in two
replicates. A total of 66 samples were collected in the study area (26 samples in 2021, 40 samples in
2022). Decapod crustaceans were collected manually and treated with the highest precaution to avoid
any damage. After visual taxonomic identification with minimal chance of harm, the decapods were
returned back alive to their natural habitat.

The collected material was preserved in 4% neutralized formaldehyde solution and then washed
through a sieve (0.5-mm mesh size) in the laboratory. Individuals of each species were counted; their
wet weight was determined using a Class 3 torsion balance (weighting range of 250—1000 mg) with an
accuracy of 1.0 mg. Smaller specimens were weighed using an AXIS Class 3 torsion balance (weighting
range of 1-50 mg) with an accuracy of 0.5 mg (Kopiy, 2024).

Species were identified by using published taxonomic keys; the trophic characteristics were obtained
in literary sources (Chukhchin, 1984; Greze, 1985; Grintsov, 2022; Grintsov and Sezgin, 2011; Kiseleva,
1981, 2004; Opredelitel’..., 1972). Species taxonomy is given in accordance with the WORMS" database.

When describing the quantitative development of macrozoobenthos, abundance (N, ind./m?) and
biomass (B, g/m?) were calculated, as well as the functional abundance index (FAI) based on N and B
values:

FAI = NO-25 x BO75,

where N is species abundance, B, species biomass (Semkin and Gorshkov, 2010).
The ranked curve of the species dominance-diversity was constructed based on the calculated values
of the abundance indices (Al) of species:

Al =FAI %P

where P is the species frequency of occurrence.

For the average abundance and average biomass of macrozoobenthos, a confidence interval is
given (Kholodov, 2016).

The species frequency of occurrence (P) was calculated as:

P="100%
n

where m is the number of stations at which the species was encountered, n, the total number of
stations (Odum, 1986).

An index approach was applied to assess species diversity. Species dominance was analyzed using
the Simpson index (Simpson 1-D), biodiversity, using the Shannon index (Shannon H, Shannon (exp)H),
calculated by species abundance; species richness, according to the Taxa S index. The Sgrensen index
(i) was applied to assess the similarity of the faunas in the two compared lists:

_ 2a
b+c >

where a is the number of common species, b and ¢, the number of species in the compared lists (Odum,
1986).

" WoRMS Editorial Board. 2025. World Register of Marine Species. Web page. URL: https://www.marinespecies.org/ (accessed:
22.01.2025).
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Fig. 1. Sampling site map: 1 — Kuzmichev Kamen’ Rock, 2 — Ivan Razboynik Rock, 3 — Zolotye Vorota Rock, 4 — Lev Rock, 5 — Mayak
Rock, 6 — Barakhta Bay, 7 A — Southern Serdolikovaya Bay, 7 B — Central Serdolikovaya Bay, 7 C — Northern Serdolikovaya Bay.

In order to compare the abundance of species per unit area and the evenness of the relative
distribution, a dominance-diversity curve was constructed, in which the X-axis was a ranked series from
the most numerous species to the least numerous, the Y-axis, accumulated percentage of the species
abundance (Whittaker, 1972).

The ABC method was applied to assess the stress experienced by the community (Warwick, 1986).
The expected number of species was estimated using the Chao-2 species richness extrapolation
algorithm (Chao, 1987). Data processing was performed using Microsoft Excel 16, PAST 3.5, and
BioDiversity Pro software.

Results and discussion

In the coastal waters of Karadag Nature Reserve, 106 species of macrozoobenthos were identified
in fouling communities, including Polychaeta (38 species), Crustacea (43), Mollusca (18), Pantopoda
(2); representatives of the taxa Acari, Ascidiidae, Platyhelminthes, Nemertea and Actiniidae were found,
but not identified down to species level (Table 1).

The largest number of macrozoobenthos species was recorded for the Zolotye Vorota Rock (77), the
lowest, for the Kuzmichev Kamen’ Rock (48).

The average abundance and biomass of macrozoobenthos in the study area was 35355 + 9958 ind./
m?2 and 2678.38 + 909.73 g/m?, respectively.

The highest abundance of macrozoobenthos (54878 ind./m?) were recorded in the periphyton
communities at Mayak Rock, the highest biomass, in that at Lev Rock (5712.62 g/m?). The lowest
abundance of macrozoobenthos was noted in the fouling communities at the Ivan Razboynik Rock
(13297 ind./m?), the lowest biomass, at Mayak Rock (692.84 g/m?).

Crustaceans made a significant contribution to the total abundance (54%) in the rock fouling
communities of the Serdolikovaya Bay, while in other areas these were mollusks, bringing from 49
to 86% of the total periphyton community abundance. The share of Mytilaster lineatus in the total
mollusks’ abundance ranged from 49 to 82%. Mollusks dominated by biomass in all areas (98.3-99.7%
of the total biomass).

According to biodiversity indices, the highest species richness and macrozoobenthos diversity
were found at Zolotye Vorota Rock, Mayak Rock, and the Serdolikovaya Bay. The lowest number of
species, the lowest species abundance and biomass were observed in the periphyton communities at
Ivan Razboynik Rock (Fig. 2).
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According to FAI, a direct estimated equivalent of the energy role of aquatic organism, a community
of M. lineatus was identified in the entire study area.

Each group of aquatic organisms contributed differently to the species composition and total
abundance and biomass (Table 1).

The class Polychaeta is represented by 38 species belonging to 17 families. The most diversely
represented polychaete families are Syllidae (7 species), Nereididae (5), and Phyllodocidae (5 species).

The average abundance and biomass of polychaetes in the study area are 1693 ind./m? and
5.38 g/m?, respectively. Polyophthalmus pictus (34%) dominates by abundance in macrozoobenthos
communities, large polychaete Alitta succinea, by biomass (71.8%). All registered polychaete species
prefer to inhabit various substrates and macrophyte thickets in coastal zones (Kiseleva, 2004).

Thedominantspecies(occurrence>50%;accordingto: Vorobiev, 1949)ofpolychaetesare Eulaliaviridis,
Harmothoe reticulata, Nereis zonata, Pholoe inornata, Phyllodoce mucosa, Platynereis dumerilii,
P. pictus, Salvatoria clavata, Syllis hyalina, S. gracilis, and S. prolifera. All these species are characterized
by their habitat in the coastal zone in the algae thickets, as a component of the fouling communities,
in the mussel and Mytilaster clusters (Kiseleva, 2004). Rarely found polychaete species (occurrence
< 25%) are represented by 17 species: Amphiglena mediterranea, Capitella capitata, Fabricia stellaris,
Ficopomatus enigmaticus, Haplosyllis spongicola, Harmothoe extenuata, Harmothoe imbricata,
H. impar, Lagis neapolitana, Leiochone leiopygos, Neodexiospira pseudocorrugata, Perinereis cultrifera,
Phyllodoce maculata, Polycirrus jubatus, Protoaricia capsulifera, Schistomeringos rudolphi, and
Spirobranchus triquetter.

Only 13 species of polychaetes were recorded at all sampling sites. Five species of polychaetes —
F. stellaris (1 ind., Zolotye Vorota), L. leiopygos (1 ind., Zolotye Vorota), N. pseudocorrugata (2 ind.,
Serdolikovaya Bay) P. capsulifera (1 ind., Serdolikovaya Bay), and H. spongicola (1 ind., lvan
Razboynik) — were recorded each in one sample only out of 66 samples in total.

Amphiglena mediterranea is a rare species recorded previously in August 2015 at a depth of 1.5 m
along the coast of Romania (Surugiua and Capa, 2020). This species was not included in the list of
Karadag Nature Reserve polychaete species (Murina et al., 2004). In our samples, A. mediterranea is
found in the fouling communities at Zolotye Vorota Rock (1-m depth, 3 ind.; 5-m depth, 6 ind.) and at
Mayak Rock (1-m depth, 6 ind.).

Protoaricia capsulifera is a rare species, single specimens of which were noted by N.V. Bobretsky
and S.A. Zernov in the sand sediments of Sevastopol Bay (Kiseleva, 2004). This species is absent from
the list of Karadag Nature Reserve polychaete species (Boltacheva et al., 2015; Mazlumyan et al., 2009;
Murina et al., 2004; Revkov et al., 2015). In our samples, a single specimen of P. capsulifera is found in
Serdolikovaya Bay at a depth of 1 m.

Crustaceans are represented by 43 species belonging to 31 families. The largest number of species
is found for the Caprellidae and Hyalidae families (3 species in each), the other families are represented
by two or one species.

The order Decapoda is represented by nine species. The representatives of this order are very mobile
and are rarely included in benthic samples obtained by frame. Visual observations provided additional
information about these animals, resulting in eight more species being added to the Decapoda list:
Palaemon adspersus Rathke 1836, Polybius depurator (Linnaeus, 1758), Polybius vernalis (Risso, 1827),
Carcinus aestuaries Nardo, 1847, Brachynotus sexdentatus Risso, 1827, Eriphia verrucosa (Forskal,
1775), Pachygrapsus marmoratus (Fabricius, 1793), and Xantho poressa (Olivi, 1792). Therefore, the
number of Malacostraca species has increased up to 51.

The average crustacean abundance and biomass in the study area were 9646 ind./m? and 5.96 g/
m2, respectively. Amphipods Stenothoe monoculoides (21.8%) made the greatest contribution to the
total abundance, decapods Pisidia bluteli, to the total biomass (23.3%). Amphipoda made a significant
contribution to the total abundance and biomass of all Arthropoda taxa (92 and 44%, respectively). Key
arthropod species were Ampithoe ramondi, Apherusa bispinosa, Biancolina algicola, Caprella acanthifera,
C. liparotensis, Dexamine spinosa, Microdeutopus gryllotalpa, Pleonexes helleri, Plumulojassa ocia,
Protohyale schmidltii, and S. monoculoides (Amphipoda); Athanas nitescens, Pilumnus spinulosus, and
P. bluteli (Decapoda); Chondrochelia savignyi (Tanaidacea); and Dynamene bidentata (Isopoda).

Twenty rarely found crustacean species were represented by Apohyale perieri, Caprella mitis,
Colomastix  pusilla, Hyale pontica, Melita palmata, Microdeutopus versiculatus, and
Monocorophium acherusicum (Amphipoda); Clibanarius erythropus, Decapoda juv., Diogenes pugilator,
Hippolyte leptocerus, Macropodia czernjawskii, Palaemon elegans, and Processa edulis
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1 2

Fig. 2. Changes in diversity indices and species richness: 1 — Shannon index H, 2 — Shannon index (exp)H, 3 — Taxa index S,
4 — Simpson index (1-D) for benthic communities from different sampling sites. A — Kuzmichev Kamen’ Rock, B — lvan Razboynik
Rock, C — Zolotye Vorota Rock, D — Lev Rock, E — Mayak Rock, F — Barakhta Bay, G — Serdolikovaya Bay.

(Decapoda); Cumella pygmaea (Cumacea); Elaphognathia bacescoi, Idotea balthica, and Stenosoma
capito (Isopoda); Mysida gen. sp. (Mysidacea); and Tanais dulongii (Tanaidacea).

Thirteen crustacean species were recorded at all sampling sites (Bondarenko and Timofeev, 2023).
Eight species of crustaceans, including Amphipoda (C. mitis in Barakhta Bay, C. pusilla at Mayak Rock),
Decapoda (C. erythropus in Barakhta Bay, D. pugilator at Lev Rock, M. czernjawskii at Zolotye Vorota
Rock, P. elegans at Lev Rock), Isopoda (E. bacescoi) and Cumacea (C. pygmaea), both in Serdolikovaya
Bay, were recorded in only one sample at each site. In total, five specimens of M. czernjawskii were
found, C. mitis (3), C. pygmaea (3), D. pugilator (3), P. elegans (3 specimens), other crustacean species,
by one specimen each.

Two species of Decapoda, listed in the Red List of the Republic of Crimea (Krasnaya Kniga...,
2015) have been found at all sampling sites, E. verrucosa and P. marmoratus (Bondarenko and
Timofeev, 2023).

Usually, Eriphia verrucosa is found from the water's edge down to a 40-m depth. During the
reproduction season (May—July), the species migrates to shallow depths (up to 1 m). E. verrucosa
prefers rocky and stony substrates with thickets of aquatic vegetation. This onmivorous species feeds
on various small mollusks, fish, shrimp, and organic debris. Species fecundity is quite high, it is capable
to produce a single clutch containing up to 130000 eggs. The maximum carapace size (length 61.9 mm,
width 75.9 mm, height 34.8 mm) and weight (130 g) were recorded for a female caught near Lev Rock.

Pachygrapsus marmoratus is a coastal species, found from the water's edge to the 10-m depth. It
is found primarily on coastal rocks and stones, preferring hard substrates with aquatic vegetation. This
Onmivorous species feeds on algae, benthic invertebrates, and organic debris. The maximum carapace
size (length 38.7 mm, width 42.8 mm, height 16.8 mm) and weight (38.5 g) were recorded for a male
caught near Mayak Rock.
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It is worth noting the appearance of three species of Amphipoda (C. pusilla, M. versiculatus, and
Monocorophium acherusicum), one Decapoda species (P. edulis), and one representative of Tanaidacea
(T dulongii) in the benthic samples of 2021 (Bondarenko and Timofeev, 2023).

Mollusks are represented by 18 species from 12 families from the orders Polyplacophora (2 species),
Bivalvia (4 species) and Gastropoda (12 species). The largest number of species is noted for the families
Rissoidae (4 species) and Pyramidellidae (3 species), the other families are represented by two or one
species. Mollusks of the genus Rissoa are widespread and eurytopic in the Black Sea (Chukhchin,
1984). Species belonging to the family Pyramidellidae (Brachystomia eulimoides, Parthenina indistincta,
and P. interstincta) live mainly on hard substrates (Makarov, 2021).

The average values of abundance and biomass of mollusks in the study area are 19468 ind./m? and
2583.57 g/m?, respectively. Representatives of Mytillidae family has the highest contribution to the total
abundance and biomass, 94 and 99.6%, respectively.

Among the mollusks, three key species are noted: bivalves Mytilaster lineatus and
Mytilus galloprovincialis, and gastropod Rissoa splendida. The latter is a widespread, eurytopic, and
relatively abundant species in the Black Sea, including at hard natural substrates off the coast of Crimea
(Chukhchin, 1984; Makarov and Kovaleva, 2017). The frequency of occurrence of M. lineatus was
high (80%), M. galloprovincialis and R. splendida were less common (51 and 54%, respectively). The
maximum abundance of M. lineatus in the sample reached 213875 ind./m?, that of Tricolia pullus was
much lower (9100 ind./m?2). The other mollusk species belonged to rarely found ones, their frequency of
occurrence did not exceed 25%; they were present in one or two samples of macrozoobenthos.

Mytillids M. galloprovincialis and M. lineatus were found at all sampling sites. Two mollusk species —
Setia valvatoides (2 ind., 1-m depth, Lev Rock) and Flexopecten glaber (1 ind., 5-m depth, Mayak
Rock) — were registered only once. S. valvatoides mainly prefers other biotopes and is not typical for
hard substrates (Chukhchin, 1984). F. glaber is included in the Red Data Book of the Republic of Crimea
(Krasnaya Kniga..., 2015).

According to the distribution of aquatic organisms by depth, M. lineatus dominated by abundance
at all sampling sites. In Barakhta Bay, lvan Razboynik Rock, and Zolotye Vorota Rock, the highest
macrozoobenthos abundance was recorded at a depth of 0 m; the share of M. lineatus in the total
abundance was 56, 68, and 87%, respectively. At Kuzmichev Kamen’, Lev, and Mayak rocks and in the
Serdolikovaya Bay, the highest macrozoobenthos abundance was recorded at the 1-m depth; the share
of M. lineatus there was 54, 58, 67, and 35%, respectively.

According to the FAI graph (Fig. 3), the highest index values belong to the bivalve mollusks M. lineatus
and M. galloprovincialis, which usually settle on rocks, stony and sandy soils, in the fouling communities
of underwater artificial structures and stones at the 0—70-m depths. These eurybiont species stand
water temperatures from +1 to +28 °C and salinity fluctuations from 3—4%. to 30-35%.. In addition,
these species, living in the coastal zone of the sea, are able to survive in conditions of temporary
hypoxia and tolerate the presence of hydrogen sulfide (Karpevich, 1940; Kopiy and Bondarenko, 2020;
Shcherban and Vyalova, 2001; Varigin and Rybalko, 2014). Next comes the gastropod T. pullus, which
inhabits macrophytes at rocky biotopes. It is typically found from the water's edge down to a 20-m depth.
This species may stand low oxygen content and can survive in conditions with relatively high levels
of chloroform-extractable substances and petroleum hydrocarbons in the sediments (Anistratenko et
al., 2007; Chukhchin, 1984; Golikov and Starobogatov, 1972; Kopiy and Bondarenko, 2020; Kovaleva
et al., 2014; Tikhonova and Alemov, 2012; Opredelitel’..., 1972). Amphipod P. schmidtii and decapod
P. bluteli also belong to eurybiont species. It is known that P. schmidtii is a phytophagous species
inhabiting periphyton and macrophytes at 0—12-m depths (Grintsov, 2004, 2022). Pisidia bluteli is an
onmivorous species found primarily in shallow waters (up to 40 m) under rocks, on sandy bottoms with
algae thickets, in rock crevices, and in mussel clusters along the entire coast of the Crimean Peninsula.
In the coastal waters of Crimea and the Caucasus, the plankton larvae of this crab-like crustacean
are registered from late spring to early autumn at water temperatures of 10-25 °C (Kosyakina, 1936;
Makarov, 2004; Zernov, 1913). P. bluteli makes up a large portion of the diet of some bottom-dwelling
fish species (Zakutskiy, 1965).

Dominance-diversity graphs of macrozoobenthos, based on its abundance and biomass, were
developed to assess the evenness of species in the community (Figs. 4A, 4B). It is known that a
community is stable if it has a large number of species and high evenness (Mazlumyan et al., 2009).
The graph shows that the dominance-diversity curve includes a large number of species, with only one
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species of bivalve mollusks dominating in abundance and biomass (M. lineatus). Amphipods Stenothoe
monoculoides, C. acanthifera, and C. liparotensis were subdominants by abundance, bivalves
M. galloprovincialis, gastropods T. pullus, polychaetes A. succinea and N. zonata, by biomass.

Species evenness is low, and dominance is high, suggesting that habitat conditions for aquatic
organisms were relatively unfavorable during the study period. In 2011-2012, habitat conditions were
also unfavorable for the Karadag Nature Reserve communities of hard substrates (Kovaleva et al., 2014).

The Sgrensen-Czekanowski index, the measure of the faunistic similarity of the species composition,
varied from 0.63 to 0.84, which indicated a high degree of similarity between the studied habitats
(Table 2).

The trophic structure of the periphyton community was represented by onmivorous (34 species),
phytophagous (21 species), predators (17 species), detritivorous (10 species), sestonophagous taxa
(5 species), and 16 species with the unknown food spectra (Figs. 5A, 5B).

In terms of the number of species (Fig. 5A), onmivorous taxa predominated. Among them, the largest
share (47%) belonged to crustaceans, a smaller contribution (35%) was made by polychaetes. In terms of
abundance (Fig. 5B), sestonophagous species predominated, among which bivalve mollusk M. lineatus
made a significant contribution (98%). In terms of biomass, sestonophagous species predominated
(99%), and M. lineatus played the first role again, its share was 86%. The contribution of other groups to
the total biomass is insignificant: 0.39% of phytophagous, 0.33% of onmivorous, 0.05% are the species
with an unknown feeding spectrum, predators and detritivorous species contributed 0.02% each.

Fig. 3. Ranked series of macrozoobenthos species according to the functional abundance index (FAl).

Fig. 4. Dominance and diversity of macrozoobenthos species at the marine rocky environment of Karadag Nature Reserve in
2021-2022. A — by abundance, B — by biomass.
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Table 2. Comparative analysis of the species composition of macrozoobenthos at the marine rocky environment of Karadag Nature
Reserve in 2021-2022 according to the Sgrensen-Czekanowski index.

Kuzmichev Ivan Zolotye Serdoli-
Kamen’ Razboynik Vorota Lev Mayak Barakhta kovaya
Kuzmichev 0 _ _ _ _ _ _
Kamen’
lvan
Razboynik 078 0 - - - - -
Zolotye 0.64 0.69 0 - - - -
Vorota : :
Lev 0.74 0.77 0.81 0 - - -
Mayak 0.69 0.67 0.84 0.79 0 - -
Barakhta 0.75 0.71 0.68 0.73 0.71 0 -
ierd""' 0.63 0.69 0.78 0.81 0.78 0.73 0
ovaya
A
B

Fig. 5. Trophic structure of macrozoobenthos fouling communities at the marine rocky environment of Karadag Nature Reserve in
2021-2022. A - by species diversity, B — by abundance.
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Fig. 6. The k-dominance curves of abundance (e) and biomass (A) for macrozoobenthos communities at the marine rocky
environment of Karadag Nature Reserve in 2022-2023.

Fig. 7. Cumulative curve of the expected number of macrozoobenthos species (Sexp) at the marine rocky environment of Karadag
Nature Reserve in 2022-2023.

The k-dominance curves, corresponding to the abundance and biomass of each species, were
developed to assess changes in the rocky biotope under the influence of environmental factors (Fig. 6).
In the graph, the biomass curve is located above the abundance curve, i.e., the community is more
diverse in abundance than in biomass. Consequently, a predominance of k-strategy taxa, characteristic
of an undisturbed community, is observed. Therefore, we assume that there was no environmental stress
for the periphyton macrozoobenthos during the study period (Mazlumyan et al., 2009; Warwick, 1986).

The completeness of our data is characterized by the species cumulative curve (Fig. 7). Because the
curve gradually increases but does not reach a horizontal asymptote, there is a possibility of discovering
new species in the study area.

Conclusions

During 2021-2022, a total of 106 macrozoobenthic species are recorded in the fouling communities
on the rocky substrates at 0-5-m depths in Karadag Nature Reserve. These include Polychaeta
(38 species), Crustacea (43), Mollusca (18), Pycnogonida (Pantopoda; 2), as well as taxa identified only
to higher levels: Acari, Ascidiidae, Platyhelminthes, Nemertea, and Actiniaria.

The average abundance and biomass of macrozoobenthos is 35355 + 9958 ind./m? and
2678.38 + 909.73 g/m? respectively. The highest macrozoobenthos abundance is recorded in the
periphyton community at Mayak Rock (54878 ind./m?), the highest biomass, at Lev Rock (5712.62 g/
m?2). In the periphyton community of the Serdolikovaya Bay, crustaceans make a significant contribution
to the total abundance (54%), in the remaining areas, these are mollusks (from 49 to 86%).

Three species included into the Red List of the Republic of Crimea, are registered: two species of
decapod crustaceans (Eriphia verrucosa and Pachygrapsus marmoratus) and one species of bivalve
mollusks (Flexopecten glaber).
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Mytilaster lineatus community is common throughout the entire study area, as based on the functional
abundance index. Species evenness in the community is low, with a large number of subdominant
species and one dominant species.

The trophic structure of the rock community is represented by onmivorous, phytophagous, predators,
detritophagous, sestonophagous taxa, and species with an unknown food spectra. Onmivorous
taxa dominate by species number, while sestonophagous, by abundance and biomass. Among
sestonophagous species, Mytilaster lineatus makes a significant contribution to the total abundance
and biomass (98% and 86%, respectively).

The obtained results provide an idea of the species composition and quantitative characteristics of
the macrozoobenthos communities of the rocky shores of Karadag Nature Reserve. These data may be
useful for further monitoring of the area.

References

Anistratenko, V.V., Anistratenko, O.Yu., Kostenko, N.S., 2007 (2008). Atlas mollyuskov Karadaga.
Khitony i bryukhonogiye [Atlas of Karadag Mollusca. Chitona and Gastropoda]. SONAT, Simferopol,
Russia, 120 p. (In Russian).

Boltachova,N.A.,Revkov,N.K.,Bondarenko, L.V.,Makarov, M.V., Kopiy, V. G., Timofeev, V.A.,Mazlumyan,
S. A, 2010. Makrozoobentos akvatorii Karadagskogo prirodnogo zapovednika [Macrozoobenthos of
the aquatory of the Karadag Nature Reserve]. Letopis' Prirody Karadaga [Chronicle of the Nature of
Karadag] 14, 150-174. (In Russian).

Boltachova, N.A., Kovaleva, M.A., Makarov, M.V., Bondarenko, L.V., 2015. Mnogoletniye izmeneniya
makrofauny skal v zone verkhney sublitorali u Karadaga (Chornoye more) [Macrofauna on the rocks long-
term changes in the upper subtidal zone of Karadag (the Black Sea)). In: Gayevskaya, A.V., Morozova,
A.L. (eds.), 100 let Karadagskoy nauchnoy stantsii im. T.I. Vyazemskogo: sbornik nauchnykh trudov
[100 years of the T.I. Vyazemsky’s Karadag Scientific Station: issue of scientific papers]. N. Orianda,
Simferopol, Russia, 530-548. (In Russian).

Bondarenko, L.V., Timofeev, V.A., 2023. Taksotsen Malacostraca skal'nykh substratov akvatorii
Karadagskogo prirodnogo zapovednika [Taxocene of the Malacostraca of rock substrates in the water
area of Karadag Nature Reserve]. Ekosistemy [Ecosystems] 33, 7-20. (In Russian).

Chao, A., 1987. Estimating the population-size for capturerecapture data with unequal catchability.
Biometrics 43 (4), 783—791. https://doi.org/10.2307/2531532

Chukhchin, V.D., 1984. Ekologiya bryukhonogikh mollyuskov Chornogo morya [Ecology of gastropods
of the Black Sea]. Naukova Dumka, Kiev, Ukraine, 176 p. (In Russian).

Greze, 1.1., 1985. Fauna Ukrainy. Tom 26. Vlysshiye rakoobraznyye. Vip. 5. Bokoplavy [Fauna of Ukraine.
Amphipoda. Malacostracan crustaceans]. Naukova Dumka, Kiev, Ukraine, 72 p. (In Russian).

Grintsov, V.A., 2004. Otryad amfipody, ili raznonogiye raki (bokoplavy) [Order Amphipoda, or Amphipods
(Amphipoda)] In: Morozova, A.L., Gnyubkin, F.I. (eds.), Karadag. Scientific works dedicated to 90"
anniversary of T.I. Vyazemsky Karadag Scientific Station and 25" anniversary of Karadag Nature
Reserve of Ukraine national Academy of Sciences. Book 2 [Karadag. Hydrobiological Research:
A Collection of Scientific Papers Dedicated to the 90th Anniversary of the T.I. Vyazemsky Karadag
Scientific Station and the 25th Anniversary of the Karadag Nature Reserve of the National Academy
of Sciences of Ukraine. Book 2]. SONAT, Simferopol, Ukraine, 121-132. (In Russian).

Grintsov, V.A., 2018. Makrozoobentos tverdykh yestestvennykh i iskusstvennykh substratov
[Macrozoobenthos of solid natural and artifi cial substrates]. In: Kostenko, N.S. (ed.), Biologiya
Chernogo morya na beregakh Yugo-Vostochnogo Kryma [The Biology of the Black Sea off shore
area at the South-Eastern Crimea]. ARIAL, Simferopol, Russia, 262-272. (In Russian). https://doi.
org/10.21072/978-5-907032-04-0



Kopiy, V.G. et al., 2026. Ecosystem Transformation 9 (2), 130-154 149

Grintsov, V.A. 2022. Amfipody Chornogo morya [Amphipoda of the Black Sea.]. Institute of Biology of
the Southern Seas, Sevastopol, Russia, 476 p. (In Russian).

Grintsov, V., Sezgin, M., 2011. Manual for identification of Amphipoda from the Black Sea. DigitPrint,
Sevastopol, Ukraine, 151 p.

Grintsov, V.A., Murina, V.V., Evstigneeva, |.K., 2005. Bioraznoobrazie i struktura soobshchestva
obrastaniia tverdykh substratov Karadagskogo prirodnogo zapovednika (Chernoe more) [Biodiversity
and structure of fouling community on the hard substrata of Karadag natural reservation (the Black
Sea)]. Morskoi ekologicheskii zhurnal [Marine Ecological Journal] 4 (3), 37-47. (In Russian).

Karpevich, A.F., 1940. Vliyaniye serovodoroda na vyzhivayemost' Mytilaster lineatus i Pontogammarus
maeoticus Kaspiyskogo morya [Effect of hydrogen sulfide on the survival of Mytilaster lineatus and
Pontogammarus maeoticus of the Caspian Sea). Zoologicheskiy zhurnal [Zoological Journal] 19 (6),
860-864. (In Russian).

Kholodov, V.1., 2016. Planirovaniye eksperimentov v gidrobiologicheskikh issledovaniyakh [Planning of
experiments in hydrobiological research]. N. Orianda, Simferopol, Russia, 196 p. (In Russian).

Kiseleva, M.l., 1981. Bentos rykhlykh gruntov Chornogo morya [Soft-bottom benthos of the Black Seal].
Naukova Dumka, Kiev, Ukraine, 163 p. (In Russian).

Kiseleva, M.l., 2004. Mnogoshchetinkovyye chervi (Polychaeta) Chornogo i Azovskogo morey
[Polychaetes (Polychaeta) of the Azov and Black Seas]. Kola Science Centre Press of the RAS,
Apatity, Russia, 409 p. (In Russian).

Kopiy, V.G., 2019. Polikhety obrastaniy v pribrezhnykh akvatoriyakh zapovednikov Kryma i Kavkaza
[Polychaetes of fouling subatrates at the costal marine reserves of the Crimea and the Caucasus].
Biota i sreda zapovednykh territoriy [Biota and Environment of the Protected Areas] 2, 48—65. (In
Russian).

Kopiy, V.G., 2024. Sovremennoye sostoyaniye i mnogoletniye izmeneniya taksotsena morskikh polikhet
Karadagskogo zapovednika (Respublika Krym, Rossiyskaya Federatsiya) [Current state and long-
term changes in the taxocene of marine polychaetes of the Karadag Nature Reserve (Republic of
Crimea, Russian Federation)]. Biota i sreda prirodnykh territoriy [Biota and Environment of Natural
Areas] 12 (1), 22-38. (In Russian).

Kopiy, V.G., Bondarenko, L.V., 2020. Atlas obitateley psevdolitorali Azovo-Chernomorskogo poberezh'ya
Kryma [Atlas of the inhabitans of the pseudo-littoral of the Sea of Azov-Black Sea coast of Crimea]. Institute
of Biology of the Southern Seas, Sevastopol, Russia, 120 p. (In Russian). https://doi.org/10.21072/978-
5-6044865-1-1

Kosyakina, Ye.G., 1936. Sezonnaya smena zooplanktona Novorossiyskoy bukhty [Seasonal change of
zooplankton of Novorossiysk Bay]. Trudy Novorossiyskoy biologicheskoy stantsii [Proceedings of the
Novorossiysk Biological Station] 1 (6), 14—19. (In Russian).

Kovaleva, M.A., Boltacheva, N.A, Makarov, M.V., Bondarenko, L.V., 2014. Obrastaniya yestestvennykh
tverdykh substratov (skal) akvatorii Karadagskogo prirodnogo zapovednika [The fouling community on
the natural hard substrata of Karadag Nature Reserve (the Black Sea)]. Ekosistemy, ikh optimizatsiya
i okhrana [Optimization and Protection of Ecosystems] 10, 77—-81. (in Russian).

Krasnaya kniga Respubliki Krym. Zhivotnyye [Red book of the Republic of Crimea. Animals], 2015.
Ivanov, S.P,, Fateryga, A.V. (eds.). ARIAL, Simferopol, Russia, 440 p. (In Russian).

Kupchenko, V.P., 1976. Kara-Dag: Putevoditel' [Kara-Dag: Guidebook]. 2nd edition, supplemented.
Tavriya, Simferopol', USSR, 81 p.



150 Kopiy, V.G. et al., 2026. Ecosystem Transformation 9 (2), 130-154

Makarov, M.V. 2006. Gastropoda na kamenistykh rossypyakh i skalakh v akvatorii Kryma (Chernoye
more) [Gastropoda on stony placers and rocks in the waters of Crimea (The Black Sea)]. Yestestvennyy
al'manakh. Biologicheskiye nauki. Vipusk 8. Sbornik nauchnykh trudov [Nature Almanac. Biological
sciences. Issue 8. Proceeding of scientific papers] VVlyshemerskiy, Kherson, Ukraine, 117-125. (In
Russian).

Makarov, M.V., 2021. Ekologicheskiye osobennosti Pyramidellidae (Gastropoda, Mollusca) u poberezhiy
Kryma i Kavkaza [Ecological features of Pyramidellidae (Gastropoda, Mollusca) near the coasts
of the Crimea and the Caucasus]. Uchenyye zapiski Krymskogo federal'nogo universiteta imeni
V.I. Vernadskogo. Biologiya. Khimiya [Scientific Notes of V.I. Vernadsky Crimean Federal University.
Biology. Chemistry] 7 (73) (4), 79-91. (In Russian).

Makarov, M.V., Kovalyova, M.A., 2017. Struktura taksotsena Mollusca na yestestvennykh tvordykh
substratakh v akvatoriyakh okhranyayemykh rayonov Kryma [The structure of taxon of molluscs on
natural hard substrates in aquatorium of Crimean reserve areas]. Ekosystemy [Ecosystems] 9 (39), 20—
24. (In Russian).

Makarov, Yu.N., 2004. Desyatinogiye rakoobraznyye. Fauna Ukrainy. Tom 26. Vypusk 1-2 [Decapoda
crustaceans. Fauna of Ukraine. Volume 26. Issue 1-2]. Naukova dumka, Kiev, Ukraine, 429 p. (In
Russian).

Mazlumyan, S.A., Boltachova, N.A., Revkov, N.K., 2009. Izmeneniye raznoobraziya bentosa v biotope
peska v akvatorii Karadagskogo prirodnogo zapovednika (Yugo-Vostochnoye poberezh'ye Kryma)
[Changes of benthos diversity in the sand biotope (south-eastern Crimea)]. In: Gaevskaya, A.V.,
Morozova, A.L. (eds.), Karadag — 2009: sbornik nauchnykh trudov, posvyashchonnyy 95-letiyu
Karadagskoy nauchnoy stantsii i 30-letiyu Karadagskogo prirodnogo zapovednika Natsional’noy
akademii nauk Ukrainy [Karadag — 2009. Collection of scientific papers dedicated to the 95th
anniversary of the Karadag Research Station and 30th anniversary of the Karadag Natural Reserve
of the National Academy of Sciences of Ukraine]. ECOSI-Gidrofizika, Sevastopol, Ukraine, 382—400.
(In Russian).

Murina, V.V., Kiseleva, G.A., Kostenko, N.S., 2004. Vidovoy sostav i kolichestvennoye razvitiye
mnogoshchetinkovykh chervey iz soobshchestva obrastaniy volnoreza pos. Kurortnoye (Karadag)
[Species composition and quantitative development of polychaete worms from the fouling
community of the breakwater of the village. Resort (Karadag)]. In: Morozova, A.L., Gnyubkin, V.F.
(eds.), Karadag. Gidrobiologicheskiye issledovaniya: sbornik nauchnykh trudov, posvyashchennyy
90-letiyu Karadagskoy nauchnoy stantsii im. T.I. Vyazemskogo i 25-letiyu Karadagskogo prirodnogo
zapovednika NAN Ukrainy. Kniga 2-ya [Karadag. Hydrobiological studies: Scientific works dedicated
fo 90" anniversary of T.I. Vyazemsky Karadag Scientifi ¢ Station and 25" anniversary of Karadag
Nature Reserve of Ukraine national Academy of Sciences. Book 2]. SONAT, Simferopol, Ukraine,
340-361. (In Russian).

Odum, Yu., 1986. Ekologiya [Ecology]. Mir, Moscow, Russia, 376 p. (In Russian).

Opredelitel' fauny Chornogo i Azovskogo morey. Tom 1-3 [Identification guide of the fauna of the Black
and Azov seas, Vol. 1-3], 1972. Mordukhay-Boltovskoy, F.D. (ed.). Naukova dumka, Kiev, Ukraine,
340-536. (In Russian).

Revkov, N.K., Boltachova, N.A., Bondareyv, |.P., Bondarenko, L.V., Timofeev, V.A., 2015. Sostoyaniye
zooresursov bentali glubokovodnoy zony shel'fa Kryma posle krizisa chernomorskoy ekosistemy vtoroy
poloviny XX veka (po dannym ekspeditsionnykh issledovaniy 2010 g. na NIS “Professor Vodyanitskiy”)
[The state of animal resources benthic deep-sea zone Crimean shelf after the crisis of the Black
Sea ecosystem in second-half of XX century (based on expeditionary research 2010 on the RV
“Professor Vodyanitsky”)]. In: Gayevskaya A.V., Morozova A.L. (eds.), 100 let Karadagskoy nauchnoy
stantsii im. T.I. Vyazemskogo: sbornik nauchnykh trudov [100 years of the T.I. Vyazemsky’s Karadag
Scientific Station: collection of scientific papers]. N. Orianda, Simferopol, Russia, 549-571. (In Russian).



Kopiy, V.G. et al., 2026. Ecosystem Transformation 9 (2), 130-154 151

Semkin, B.l., Gorshkov, M.V., 2010. Ob otsenke skhodstva i razlichiya v serii floristicheskikh i
fitotsenoticheskikh opisaniy [About estimation of similarity and dissimilarity in series of floristic and
phytocenotic lists]. Komarovskiye chteniya [Komarov Readings] 57, 203—220. (In Russian).

Sharonov, |.V., 1952. Fauna skal i kamenistykh rossypey u Karadaga [Fauna of rocks and stony placers
near Karadag]. Trudy Karadagskoy biologicheskoy stantsii [Proceedings of Karadag Biological
Station] 12, 68—77. (In Russian).

Shcherban', S.A., Vyalova, O.Yu., 2001. Vliyaniye kratkosrochnoy gipoksii na nekotoryye rostovyye
pokazateli chernomorskoy midii v usloviyakh defitsita pishchi [Influence of short-term hypoxia on some
growth parameters of Black Sea mussels under the food deficit]. Ekologiya morya [Ecology of the Sea]
58, 57-59. (In Russian).

Sinegub, I.A. 2004. Makrofauna zony verkhney sublitorali skal v Chornom more u Karadaga.
[Macrofauna of upper rocky sublittoral in the Black Sea near Karadag]. In: Morozova, A.L., Gnyubkin, V.F.
(eds.), Karadag. Gidrobiologicheskiye issledovaniya: sbornik nauchnykh trudov, posvyashchennyy
90-letiyu Karadagskoy nauchnoy stantsii im. T.I. Vyazemskogo i 25-letiyu Karadagskogo prirodnogo
zapovednika NAN Ukrainy. Kniga 2-ya [Karagag. Hydrobiological studies: Scientific works dedicated
to 90" anniversary of T.I. Vyazemsky Karadag Scientific Station and 25" anniversary of Karadag
Nature Reserve of Ukraine national Academy of Sciences. Book 2]. SONAT, Simferopol, Ukraine,
121-132. (In Russian).

Surugiua, V., Capa, M., 2020. The occurrence of Amphiglena mediterranea (Leydig, 1851) (Annelida:
Sabellidae) at the Romanian Coast of the Black Sea: A case on an unsuccessful invasion? Russian
Journal of Biological Invasions 11 (3), 293—299. https://doi.org/10.1134/S207511172003011X

Tikhonova, E.A., Alemov, S.V., 2012. Kharakteristika donnykh osadkov i makrozoobentosa b. Kazach'ya
v pervoy dekade XXI veka. [Characteristic of bottom sediments and macrozoobenthos of Kazachya
Bay in the first decade of 21 century]. Ekolohichna bezpeka pryberezhnoyi ta shel’fovoyi zon
ta kompleksne vykorystannya resursiv shel'fu [Ecological Safety of Coastal and Shelf Zones and
Comprehensive Development of Resources on the Shelf] 26 (1), 88—94. (In Ukrainian).

Varigin, A.Yu., Rybalko, A.A., 2014. Mezhgodovaya izmenchivost' makrozoobentosa severnoy chasti
Sukhogo limana [Intergranular variability of macrozoobenthos of the Sukhoy Liman]. Vestnik
Odesskogo natsional’nogo universiteta Seriya: Biologiya [Bulletin of Odessa National University Biology
Series] 19 (2), 53-60. (In Russian).

Vorobiev, V.P., 1949. Bentos Azovskogo morya [Benthos of the Sea of Azov]. Trudy Azovo-Chernomorskoy
nauchnoy rybokhozyaystvennoy stantsii [Proceedings of the Azov-Black Sea Research Institute of
Marine Fisheries and Oceanography] 13, 1-193. (In Russian).

Warwick, R.M., 1986. A new method for detecting pollution effects on marine macrobenthic community.
Marine Biology 92 (4), 557-562.

Whittaker, R.H., 1972. Evolution and measurenment of species diversity. Tarpon 21, 213-251.

Yudin, V.V,, 2023. Geologiya Karadaga v Krymu. Chast' 1. Obshcheye stroyeniye [Geology of Karadag
in the Crimea. Part 1. General Construction]. Uchenyye zapiski KFU im. V.I. Vernadskogo. Geografiya.
Geologiya [Scientific Notes of V.I. Vernadsky Crimean Federal University. Biology. Chemistry] 3, 130—
151. (In Russian).

Zakutskiy, V.P., 1965. Kraboid Porcelena longimana Risso kak osnovnoy ob"yekt pitaniya bychka-
ratana v severo-zapadnoy chasti Chernogo morya [The craboid Porcelena longimana Risso as the
main food object of the goby rattan Gobius ratan Nord in the northwestern Black Sea]. Voprosy
ikhtiologii [Questions of Ichthyology] 5, 579-583. (In Russian).



152 Kopiy, V.G. et al., 2026. Ecosystem Transformation 9 (2), 130-154

Zernov, S.A., 1913. K voprosu ob izuchenii zhizni Chernogo morya [On the study of life in the Black
Sea]. Zapiski Imperatorskoy akademii nauk [Notes of the Imperial Academy of Sciences] 32 (1), 162.
(In Russian).

CnUCoK nutepaTypbl

AHnucTpateHko, B.B., AHuctpateHko, O.10., KocteHko, H.C., 2007-2008. Atnac monntockoB Kapapgara.
XuToHbI 1 6ptoxoHorne. COHAT, Cumdbeponons, Poccus, 120 c.

BonTtauesa, H.A., Peskog, H.K., BonaapeHko, J1.B., Makapos, M.B., Konui, B.I"., Tumocpees, B.A., MaznymsiH,
C.A., 2010. Makpo3oobeHToC akBaTopun Kapaaarckoro npupoaHoro 3anosedHuka. Jlemonucs [Mpupods!
Kapadaza 14, 150-174.

BbonTtayeBa, H.A., Kosanesa, M.A., Makapos, M.B., boHaapeHko, J1.B., 2015. MHoronetHue nameHeHus
MakpodayHbl ckan B 30He BepxHen cybnuTtopanu y Kapapara (MepHoe mope). B: Maesckas, A.B.,
Mopososa, A.Jl. (pea.), 100 nem Kapadaackol Hay4Hol cmaruyuu um. T.U. Bsizemckoeo: cO60pHUK
Hay4HbIx mpydoes. H. Opianga, Cumdbeponons, Poccus, 530-548.

BoHpaapeHko, J1.B., Tumodpees, B.A., 2023. TakcoueH Malacostraca ckanbHbix cybCcTpaToB akBaTtopumn
Kapapgarckoro npupoaHoro 3anosegHuka. 3kocucmemsi 33, 7-20.

BapuruH, A1O., Puibanko, A.A., 2014. Mexrogosasi KBMEHUYMBOCTb MaKpO300beHTOCa CeBEpPHOM YacTu
Cyxoro numaHa. BicHuk Odecbko020 HauioHarnbHo20 yHieepcumemy. Cepis: bionoeis 19 (2), 53-60.

BopobbeB, B.IM., 1949. BeHToc A3oBckoro wmopsi. Tpydbl A3080-YepHoMopckol — Hay4YyHoU
pbiboxossticmeeHHolU cmaHyuu 13, 1-193.

Mpese, N.N., 1985. dayHa YkpauHbl. T. 26. Briclume pakoobpasHbie. Boin. 5. Bokonnaebl. HaykoBa
aymka, Kues, YkpanHa, 72 c.

MpuHuoB, B.A., 2004. Otpsg amdunogbl, unu pasHoHorne pakm (6okonnaebl). B: Mopososa, A.Jl.,
MHoOkuH, O.WN. (pen.), Kapadae. udpobuonozuyeckue uccrnedosaHusi: C60PHUK Hay4YHbIX mpyoos,
nocesiueHHbIl 90-nemuro Kapadaackol HaydyHoU cmarHyuu um. T.U. Bssemckoeo u 25-nemuto
Kapadaackoao npupodHoeo 3anoeedHuka HAH YkpauHbi. KHuza 2-1. COHAT, Cumdeponons,
YkpauHa, 391-397.

MpuHUoB, B.A., 2018. Makpo3006eHTOC TBEPALIX ECTECTBEHHbIX M UCKYCCTBEHHBLIX CybcTpaToB. B: KocTeHko,
H.C. (pen.), buonoaus YepHozo mops y 6epezos KO2o-BocmouHozo Kpbiva. APUAJT, Cumdeponons,
Poccus, 262—-272. https://doi.org/10.21072/978-5-907032-04-0

puHuoB, B.A., 2022. AMdunoabl YepHoro mops. dULL MHBIOM, Cesactononb, Poccus, 475 c.
MpuHuoe, B.A., MypuHa, B.B., EBcturHeeBa, M.K., 2005. BropasHoobpasne u cTpykTypa coobLuecTsa
obpacTaHnsa TBepabix cybcTtpatoB Kapagarckoro npypogHoro 3anoeegHuka (YepHoe mope). Mopckol

aKonoaudeckud xypHan 4 (3), 37-47.

3akyTtckui, B.T1., 1965. Kpaboup Porcelena longimana Risso kak OCHOBHOWN OObeKT nuTaHus Obluka-
paTaHa B ceBepo-3anagHon Yactu YepHoro mops. Bornpockl uxmuosnoauu 5, 579-583.

3epHoB, C.A., 1913. K Bonpocy 06 u3yvyeHun xm3Hu YepHoro mopsi. 3anucku Mmnepamopckol
akademuu Hayk 32 (1), 162.

Kapnesuy, A.®., 1940. BnvaHue cepoBogopoaa Ha BbiknusaemMoctb Mytilaster lineatus n Pontogammarus
maeoticus Kacnuinckoro mopsi. 3oonoauyeckuli xypHan 19 (6), 860—864.



Kopiy, V.G. et al., 2026. Ecosystem Transformation 9 (2), 130-154 153

Kucenesa, M.W., 1981. BeHToc pbixnbix rpyHTOB YepHoro mop4. HaykoBa aymka, Kues, YkpanHa, 163 c.

Kucenesa, M.N., 2004. MHoroweTtuHkoBble 4Yepsu (Polychaeta) YepHoro u A30BCKOro MOpEW.
M3pnaTtenbctBO Konbckoro HayyHoro ueHTpa PAH, Anatutel, Poccus, 409 c.

Kosanesa, M.A., bontauesa, H.A., Makapos, M.B., BoHgapeHko, 11.B., 2014. O6pacTtaHnsi eCTECTBEHHbIX
TBepabIx cybcTpatoB (ckan) aksatopumn Kapagarckoro npMpoaHoro 3anoBegHuka. Jkocucmemsbl, Ux
onmumu3auyus u oxpaHa 10, 77-81.

Konui, B.T"., 2019. MonuxeTbl o6pacTaHMi B NpnbpexHbIX akBaTopusix 3anoBeaHMKoB Kpbima 1 KaBkasa.
Buoma u cpeda 3anogedHbix meppumoputi 2, 48—65.

Konui, B.I"., 2024. CoBpeMeHHOE COCTOSIHUE Y MHOIONETHNE N3MEHEHUS TaKCOLLEHA MOPCKUX NONNXET
Kapaparckoro 3anoeegHuka (Pecnybnuvka Kpbim, Poccuiickas depepaums). buoma u cpeda
npupodHbix meppumopud 12 (1), 22-38.

Konun, B.I., BoHgapeHko, J1.B., 2020. Atnac obutaTtenen ncesgonutopanu A3oBo—YepHOMOPCKOro
nobepexbs Kpbima. UL MHBKOM, Cesactononb, Poccus, 120 c. https://doi.org/10.21072/978-5-
6044865-1-1

Kocsikuna, E.T"., 1936. Ce3oHHasi cMeHa 3oonnaHkToHa HoBopoccuiickor 6yxTel. Tpydsl Hogopoccutickol
buornoauyeckol cmaHyuu 1 (6), 14-19.

KpacHas kHura Pecnybnuku Kpbim. XXuotHble, 2015. NeaHos, C.I1., ®atepeoira, A.B. (pea.). APUAT,
Cumdeponons, Poccus, 440 c.

KynueHko, B.I., 1976. Kapa-[ar: lNyTeBoguTens. 2-e nsgaHue, gonornHeHHoe. Taspus, Cumdeponons,
CCCPR, 81c.

MaanymsH, C.A., BontayeBa, H.A., PeBkoB, H.K., 2009. NameHeHne pazHoobpasus 6eHToca B Guotone
necka B akBaTtopuu Kapagarckoro npupogHoro 3anosegHuka (KOro-BoctouHoe nobepexee Kpbima). B:
laesckasi, A.B., Mopo3soBa, A.Jl. (pen.), Kapadaz — 2009: c60pHUK Hay4YHbIX mpydos, NoC8sAUEHHbIU
95-nemuro Kapadaackol Hay4Hou cmaHuyuu u 30-nemuto Kapadazckoao npupoOHo20 3arnogedHuUKa
HauyuoHanbHol akademuu Hayk YkpauHbi. SKOCU-Tnapodumamka, Cesactonons, YkpauHa, 382—400.

Makapos, M.B., 2006. Gastropoda Ha kaMeHUCTbIX POCChINAX U ckanax B aksatopun Kpeima (MepHoe mope).
lMpupodHuyuli ansmaHax. bionoaidHi Hayku, surnyck 8. 36ipHuk Haykosux npaupk. NI Buwemepcbkui,
XepcoH, YkpanHa, 117-125.

Makapos, M.B., 2021. Qkonorundeckne ocobeHHocTn Pyramidellidae (Gastropoda, Mollusca) y nobepesxuii
KpbiMa wn KaBkasa. YueHble 3anucku KpbiMckoz2o pedeparnbHoO20 yHueepcumema umeHU B.U.
BepHadckoeo. buosnoeusi. Xumusi T (73) (4)), 79-91.

Makapos, M.B., Kosanesa, M.A., 2017. Ctpyktypa TakcoueHa Mollusca Ha ecTecTBeHHbIX TBepAbIX
cybcTpatax B akBaTopusiX oxXpaHsieMbix paoHoB Kpbiva. 3kocucmembl 9 (39), 20-24.

Makapog, K0.H., 2004. [lecatuHorne pakoobpasHeie. PayHa YkpauHbl. T. 26. Bein. 1-2. HaykoBa gymka,
Kues, YkpaunHa, 429 c.

MypuHa, B.B., Knucenesa, I"'A., KocteHko, H.C., 2004. BugoBor cocTtaB 1 KONMYECTBEHHOE pa3Butune
MHOTOLLIETUHKOBLIX YepBeln 13 coobLllecTtBa obpacTtaHui BonHopesa noc. KypopTHoe (Kapagar). B:
Mopo3soBa, A.Jl., THOBOkuH, B.®. (pen.), Kapadae. [udpobuonozuyeckue uccredosaHusi. cOOPHUK
Hay4yHbIx mpydos, rnocesaweHHbIt 90-nemutro Kapadaeckol HayyHou cmaHuyuu um. T.U. Bazemckozo
u 25-nemuro Kapadaeckoeo npupodHoz2o 3arnoeedHuka HAH YkpauHbl. KHuza 2-9. COHAT,
Cumdepononsb, YkpanHa, 340-361.



154 Kopiy, V.G. et al., 2026. Ecosystem Transformation 9 (2), 130-154

Onym, KO., 1986. Okonorusa. Mup, Mocksa, CCCP, 376 c.

OnpepgenuTtenb dayHbl YepHoro 1 Azosckoro mopeit. T. 1-3, 1972. Mopayxan-bontosckon, ®.[1. (pea.).
HaykoBa aymka, Kues, YkpanHa, 340-536.

PeBkog, H.K., BontaueBa, H.A., BoHpapes, W.I., BoHaapeHko, J1.B., Tumodees, B.A., 2015. CocTosiHne
300pecypcoB GeHTanu rnyboKOBOAHOW 30HbI wenbga KpbiMa nocre kpusuca YepHOMOPCKOM
aKocUCTEeMbl BTOPON nonoBuHbl XX Beka (M0 AaHHbIM 3KCNeAUUMOHHbIX uccregosaHui 2010 r. Ha
HNC "Mpodeccop Boganuukmin"). B: Maesckas, A.B., Mopososa, AJl. (pea.), 100 nem Kapadazckol
Hay4yHol cmaHyuu um. T.UW. Bssemckoeo: cbopHUK Hay4Hbix mpydos. H. OpiaHga, Cumdeponons,
Poccus, 549-571.

CewmkuH, B.W., Topwkos, M.B., 2010. O6 oueHKe CXOACTBa M pasnuyns B cepum riopucTUHECKUX U
duToLeHoTU4eCckMx onucaHun. Komapoeckue ymeHus 57, 203—220.

CuHery6, V.A., 2004. MakpodhayHa 30HbI BEpXHeW cybnutopanu ckan B YepHom Mope y Kapapgara.
B: Mopo3soBa, A.J1., THobkuH, B.®. (pen.), Kapadae. [udpobuonoauyeckue uccriedosaHusi: COOpHUK
Hay4yHbIx mpydos, rnocesauweHHbIt 90-nemutro Kapadaeckol HayyHou cmaHuyuu um. T.U. Basemckozo
u 25-nemuro Kapadaeckoeo npupodHoz2o 3arnosedHuka HAH YkpauHbl. KHuza 2-9. COHAT,
Cumdeponons, YkpanHa, 121-132.

TuxoHoBa, E.A., Anemos, C.B., 2012. XapakTepucTuka 4OHHbIX 0CaaKkoB M Makpo3oobeHToca 6. Kazaubs
B nepBown aekage XXI Beka. ExonoziyHa 6e3neka npubepexxHoi ma wenbgho80i 30H ma KOMIIeKCHe
suKopucmaHHs pecypcis wesnbgy 26 (1), 88—94.

Xonopos, B.W., 2016. MNMnaHupoBaHMe 3KCNEPMMEHTOB B rmapobuonorndeckmx uccnegoBaHusx. H.
OpiaHga, Cumdbeponons, Poccus, 196 c.

YyxunH, B.[., 1984. 3Okonorus GproxoHorMx monmntockoB YepHoro mopsi. HaykoBa [ywmka, Kues,
YkpauHa, 176 c.

LWapoHos, W.B., 1952. dayHa ckan u kameHUCTbIX poccoinen y Kapapara. Tpydsi Kapadaackol
buonozauyeckoli cmaHyuu 12, 68-77.

LWep6aHb, C.A., Banosa, O.10., 2001. BnusiHne KpaTKOCPOYHOW TMMOKCUN Ha HEKOTOPbLIE POCTOBLIE
nokasaTenu YepHOMOPCKOW MUAUKN B YCrOBUAX Aeduunta nuwn. 3konoaust Mops 58, 57-59.

KOouH, B.B., 2023. leonoruss Kapapara B Kpbimy. Y. 1. OGwee cTpoeHue. YyeHble 3arucku KoY
um. B.W. BepHadckoeo. leoepagpus. leonoaus 3, 130-151.

Chao, A., 1987. Estimating the population-size for capturerecapture data with unequal catchability.
Biometrics 43 (4), 783—791. https://doi.org/10.2307/2531532

Grintsov, V., Sezgin, M., 2011. Manual for identification of Amphipoda from the Black Sea. DigitPrint,
Sevastopol, Ukraine, 151 p.

Surugiua, V., Capa, M., 2020. The occurrence of Amphiglena mediterranea (Leydig, 1851) (Annelida:
Sabellidae) at the Romanian Coast of the Black Sea: A case on an unsuccessful invasion? Russian
Journal of Biological Invasions 11 (3), 293—299. https://doi.org/10.1134/S207511172003011X

Warwick, R.M., 1986. A new method for detecting pollution effects on marine macrobenthic community.
Marine Biology 92 (4), 557-562.

Whittaker, R.H., 1972. Evolution and measurenment of species diversity. Tarpon 21, 213-251.



	Current state of macrozoobenthos of the rocky marine environment of Karadag Nature Reserve (Black Se
	Introduction
	Materials and methods
	Results and discussion
	Conclusions
	References
	Список литературы


