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Abstract

The paper estimates the dynamics of the settlement of mytilasters in the coastal water area
with different degrees of petroleum pollution using the example of Sevastopol Bay (high
level of anthropogenic load) and Laspi Bay (conditionally clean water area). To assess
the marine environment quality at the sites of mytilaster fouling in the mentioned bays, data
on the petroleum hydrocarbons content in the water was analysed (2012, 2015, 2018).
The study material was samples of Mytilaster lineatus mollusks and bottom sediments
taken in Sevastopol Bay from 2012 to 2018 at depths from 7 to 17 m during three sanitary
and biological surveys. The abundance of mytilasters on various natural and artificial sub-
strates of Sevastopol Bay in 2012, 2015 and 2018 under conditions of chronic oil pollution
was analysed. It was revealed that the abundance of mytilasters on solid substrates was pri-
marily influenced not by pollution of the marine environment but by water temperature and
surf-wave phenomena. The values of the functional abundance index show that under chronic
petroleum pollution, mytilasters, inhabiting artificial substrates of Sevastopol Bay, make a
more significant contribution to transformation of matter and energy. At the same time, the
energy significance of the studied mollusks in the soils of Sevastopol Bay is considerably
lower than that in the conditionally clean water area (Laspi Bay). An analysis of average
abundance and biomass of mollusks for 2012, 2015 and 2018 showed that the number of
mytilasters in the marine soils of Sevastopol Bay increased. It was established that the quality
of life of the community was influenced by the physical and chemical parameters of bottom
sediments, which either accelerate or slow down the oxidation processes, thereby changing
the oxygen level in the bottom sediments. According to the correlation analysis results, there
is a direct relationship between the abundance, biomass of mollusks and concentrations of
chloroform-extractable substances, petroleum hydrocarbons and redox potential. It was re-
vealed that in the soils of Laspi Bay, the quantitative indicators of mytilasters were four times
higher than in Sevastopol Bay.
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AHHOTanust

OneHeHa TMHAMIKa OCEJICHUSI MUTHIACTEPOB B IPUOPEKHON aKBaTOPHH C PA3IMIHON CTe-
MeHbI0 HeTSHOTO 3arpsi3HeHUs Ha IprMepe 0yxT CeBacTonobCKOH (BHICOKUI YPOBEHb aH-
TPONOTeHHOW Harpy3ku) u Jlactu (yCIIOBHO uncTas akBaTopus). s OIeHKH KadecTBa MOp-
CKOI cpembl B MecTax oTOOpa oOpacTaHmii MUTHISICTEpOB B OyxTax CeBacTOMONBCKOW M
Jlacnu npoaHaIM3UPOBAIH JaHHBIE O COJIep )KaHUU HEPTSHBIX YTIIEBOA0OPOIOB B Boje (2012,
2015 u 2018 rr.). MaTtepuamoM I WCCIEAOBAHUS IIOCIYKHIA MPOOBI MOJUTIOCKOB
Mytilaster lineatus u moHHBIX ocankoB, oToOpaHHbIe B CeBacTomonbekol OyxTe ¢ 2012 1o
2018 r. c riryomH ot 7 10 17 M B paMKax Tpex CaHWTapHO-OHosorndecknx cbeMok. [Ipoana-
JTM3UPOBAHO OOWJINE MUTHIISICTEPOB Ha PA3IIMYHBIX €CTECTBEHHBIX M MCKYCCTBEHHBIX CYO-
crparax 0. CeBactononbckoid B 2012, 2015 12018 rr. B ycI0BUSIX XPOHHYECKOTO HEPTSIHOTO
3arpsi3HeHus. BeIsBICHO, YTO Ha OOMJIME MUTWIISICTEPOB Ha TBEPABIX CyOCTparax B IEPBYIO
ouepelb BIHMET He 3arpsA3HEeHHe MOPCKON CpeJibl, a TeMIepaTypa BOIbI M TPUOOHHO-BOITHO-
BBIC SIBJICHMS. 3HAYCHUS MHAEKCA (PyHKIMOHAIBHOTO OOMIIHS MTOKA3bIBAIOT, YTO B YCIOBHUIX
XPOHUYECKOTO HE()TSHOTO 3arpsi3HEHNST MUTHUIISICTEPHI, 0OUTAIOIINE Ha HCKYCCTBEHHBIX CYy0-
ctparax 0. CeBacTOMOILCKOM, BHOCAT 00Jiee 3HAYMMBIH BKJIa B MPeoOpa3oBaHKUe BEIIECTBA
n 3Heprud. IIpu 3TOM sHepreTHYecKast 3HAYMMOCTh HCCIEAYEMBIX MOJITIOCKOB B TpyHTax O.
CeBacTonobpCKON 3HAYNTENBEHO HIDKE, YEM B YCIIOBHO YMCTOM akBaTopuH (0. Jlactin). Ananu3
CPeIHMX 3HaYCHUH YHCICHHOCTH B OnoMacchl MOJuTiockoB B 2012, 2015 u 2018 rr. mokaszan,
YTO OOMIINE MUTHILSICTEPOB B MOPCKHX TpyHTax 0. CeBacTONMOIBCKON yBENMIMIOCh. YCTa-
HOBJICHO, YTO HAa Ka4yeCTBO >KU3HHU COOOIIECTBA OKA3bIBAIOT BIMSHHUE (PU3HKO-XMMHUECKHE
MOKa3aTeJH JOHHBIX 0CaJIKOB, KOTOPHIE JTHO0 YCKOPSIOT, JIN0O 3aMeUISIOT IPOIECCHl OKHC-
JICHUSI, U3MEHSS TEM CaMbIM COJIEp)KaHHe KHCIOpOo/ia B JOHHBIX OTI0XKeHHAX. [1o pe3ynbra-
TaM KOPPEALMOHHOTO aHaIn3a HaOI0AaeTes psiMasi B3aMMOCBA3b MEXIy YHCICHHOCTBIO,
61oMaccoil MOJUTIOCKOB ¥ KOHIIEHTPALUSIMH XJIOPO(OPM-IKCTParupyeMbIX BelecTB, HedTs-
HBIX YTJIEBOJOPOJIOB U OKUCIUTEIHHO-BOCCTAHOBUTEIHHBIM MOTEHIMATIOM. BBIABICHO, UTO
B rpyHTax 0. Jlactin KomuecTBEHHBIE TTOKA3aTeI MUTHIACTEPOB B YETHIPE pa3a BEIIIE, YeM
B 0. CeBacTONOIbCKOM.

KaioueBble ciioBa: npuOpexHas akBaTOpHUs, MUTHISACTEPHI, UCKYCCTBEHHBIE CyOCTpaThl,
€CTECTBEHHbIE CyOCTpaThl, He(hTAHBIE YIIIEBOAOPOIbI, UepHOE MOpe
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BaarogapHocTn: paboTa BBINOJNHEHA B paMKax rocyaapcrBeHHoro 3ananus OUIL[ MTabIOM
no teme «M3ydyeHne OnOreoXMMHIECKNX 3aKOHOMEPHOCTEH PaanOIKOIOTHIECKUX H XEMO-
9KOJIOTHYECKUX TIPOIECCOB B HKOCHCTEMAaX BOJOEMOB A30Bo-UepHOMOpcKoro OacceiliHa
B CPaBHEHHH C JIPYTMMH aKBaTOPHAMH MHPOBOTO OKE€aHa U OTAEIBHBIMU BOJHBIMU KOCH-
CTEMaMH MX BOJOCOOPHBIX OaCCEHHOB I 00ECIEUEHUS] yCTOWINBOTO Pa3BUTHS HA FOKHBIX
Mopsix Poccum» (Ne roc. perucrparmu 124030100127-7).

Jast uurupoBanust: Txauenxo FO. C., Tuxonosa E. A., Bumep T. B. luHamMuka noceneHus
mosutrockoB Mytilaster lineatus B wepHOMOpCKO# akBaTOpPHH € Pa3THYHON CTEMEHBIO

HE(TSIHOTO 3arps3HeHus // DKomorndeckas 0€30MacHOCTh MPUOPESIKHON | IISTB(POBOI 30H
mopst. 2025. Ne 1. C. 137-154. EDN YFOTIP.

Introduction

Mytilaster (Mytilaster lineatus (Gmelin, 1791)) is a mass and widespread
Black Sea species of coastal communities, forming settlements on various natural
and artificial substrates. These mollusks contribute significantly to the filtration
activity of mytilid settlements [1, 2], acting as a powerful natural biofilter [3].
Mytilasters are known to filter water 18 h/day ¥, removing bacterial suspension from
it [4]. They are able to reduce the level of organic pollution of the water area
significantly, including the concentration of petroleum products [5].

The mollusks under study are distributed quite widely and can be found on
the Atlantic coast of southern Europe as well as in all seas of the Mediterranean basin
[3]. They have been introduced to the Caspian Sea, where they are widely distrib-
uted 2. Mytilasters dominate in most areas of the Sea of Azov [6], forming settle-
ments in muds under conditions of hypoxia and elevated temperatures as well as at
increased content of petroleum products in bottom sediments [7].

Mytilasters are found in the Black Sea from the water edge to depths of
50-70 m. However, they form permanent breeding settlements only at shallow
depths (3-8 m), mainly in the coastal zone. There, mytilasters are found on rocks
among cystosira thickets (natural substrate) and on hydraulic structures (artificial
substrate) [8, 9]. Mollusks also form mud communities, but less abundant than
on hard substrates [3]. An increase in the abundance and biomass of Mytilaster
species is observed in sheltered parts of bays where the surf action is weakened
[10].

In recent years, the mytilid fouling of the Crimean coast has undergone a signif-
icant transformation [11, 12]. Mussels become smaller and less abundant, and myti-
lasters inhabit free spaces on both natural and artificial substrates [9]. The dominance of
the studied mollusk species was previously observed on hydraulic structures of var-
ious coastal waters of Sevastopol [13]. In 2008-2009, the bivalve

D Mironov, G.N., 1948. [Filtration and Nutrition of Black Sea Mussels]. Trudy Sevastopolskoy
Biologicheskoy Stantsii, 6, pp. 338-352 (in Russian).

2 Scarlato, O.A. and Starobogatov, Ya.l., 1972. Class Bivalvia. In: V. A. Vodyanitskiy, ed., 1972.
[Field Guide for the Black Sea and the Sea of Azov Fauna]. Kiev: Naukova Dumka. Vol. 3, pp. 178-
249 (in Russian).
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Mytilaster lineatus was also clearly dominant among other macrozoobenthos species
in terms of abundance, biomass, and occurrence in all seasons and at all depths on the
rocky soil of Karantinnaya Bay (Sevastopol) [14].

From 2009 to 2014, mytilasters were recorded on natural hard substrates
in the waters of such reserves of the Crimean Peninsula as Cape Martyan Reserve,
Karadag, Opuk, Kazantip Nature Reserves as well as in the water area of the Tar-
khankut National Nature Park [15]. At the same time, this mollusk found in the above
five areas has the highest abundance and biomass.

Petroleum and petroleum products are main permanent pollutants of the Black
Sea coastal waters, including the Sevastopol water area. Sevastopol Bay is most pol-
luted by the parameter under consideration [10]. It belongs to the water areas of ac-
tive economic use, the main part of its coastline is occupied by berths and related
infrastructure with a total length of 11 km. At the same time, the harbour is home to
a significant number of warships and civilian vessels, which are one of the main
sources of pollution of the bay with petroleum products. In addition, storm water and
sewage runoff are discharged into the water area, and due to impeded water ex-
change, pollutants accumulate in the bay bottom sediments, worsening its ecological
condition.

Mytilasters occur in Sevastopol Bay on all the above described substrates
[1, 9, 16] and play an important role in the process of marine environment self-puri-
fication from petroleum and petroleum products. This was a prerequisite for stud-
ying the dynamics of mytilaster settlements in this polluted area. Laspi Bay was cho-
sen as a conditionally clean water area, the coastal zone of which is characterised as
relatively safe in terms of certain physical and chemical and microbiolo-
gical parameters of seawater [17].

The aim of the work is to analyse the dynamics of settlement of mytilasters
on natural and artificial substrates in the coastal waters with different degrees of pe-
troleum pollution (on the example of Sevastopol and Laspi bays) according to the
literature data and data of monitoring surveys (2012, 2015, 2018).

Within the framework of the set aim, the following tasks were formulated:

1) to analyse the abundance of mytilasters on various natural and artificial sub-
strates of Sevastopol Bay for 2012—-2018 in the conditions of chronic petroleum pol-
lution of the studied water area according to the literature data;

2) to determine the abundance and biomass of Mytilaster lineatus mollusks in
the Sevastopol Bay muds based on the data of monitoring surveys in 2012, 2015 and
2018, taking into account the pollution of bottom sediments with organic substances,
including petroleum hydrocarbons;

3) to determine the contribution of mytilasters to the processes of matter and
energy transformation in bottom communities in water areas subjected to chronic
petroleum pollution and in conditionally clean water areas;

4) to compare mollusk settlements in conditionally clean and polluted water ar-
eas.
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Material and methods

To assess the quality of the marine environment at the sites of sampling of myt-
ilaster fouling in Sevastopol and Laspi bays, literature data on the content of petro-
leum hydrocarbons (PHCs) in water were analysed [10, 18-20] (Figure, a, c).

The indicators of abundance and biomass of mytilasters on artificial substrates
in Sevastopol Bay were analysed according to literature data [9, 10, 13, 21].
The scheme of location of mollusk sampling stations from the mooring walls is pre-
sented in Figure, b.

Samples of Mytilaster lineatus mollusks and bottom sediments were taken
in Sevastopol Bay from 2012 to 2018 at depths ranging from 7 to 17 m (Figure, a)
during three sanitary and biological surveys conducted systematically by the Labor-
atory of Chemoecology (formerly the Department of Marine Sanitary Hydro-
biology) of Institute of Biology of the Southern Seas.

To determine hydrobionts, bottom sediments were sampled with a Petersen
dredge (0.038 m? capture area) in two repetitions. The bottom sediment was
washed through a sieve (1 mm mesh diameter), fixed with ethanol (96%) and then
viewed under binoculars. Next, the abundance and crude weight of the organisms
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were determined. Specimens smaller than 1 mm were not recorded. Bivalves were
weighed after they had been opened and the fixing solution had been removed from
the mantle cavity.

In recently collected sediment samples, pH and Eh were determined using a pH-
150MA meter and natural moisture was determined by weight method.

To determine hydrocarbons, marine sediments were air-dried under laboratory
conditions, ground in a mortar and sieved through a sieve with a mesh diameter
of 0.25 mm.

In air-dry samples, the amount of chloroform-extractable substances (CES) was
determined by weight method, and PHCs were determined by IR spectrometry * us-
ing an FSM-1201 spectrophotometer. All results obtained for the CES and PHCs
concentrations were converted to 100 g of air-dry bottom sediment (ADBS). Corre-
lation analysis was used for statistical processing of the material. The correlation
coefficient was calculated at P = 0.05 in Microsoft Excel programme.

To determine the relationship between the analysed environmental parameters
(Eh and pH), we used index rH> calculated for bottom sediments of the Sevastopol
Bay waters using W.I. Clark’s formula [22, p. 54]:

rH, = Eh/30 + 2pH, 1)

where Eh is redox potential; pH is hydrogen index.

To assess the role of mytilasters in the transfer of matter and energy on different
substrates, we used the index of functional abundance (IFA) calculated by formula
[23, p. 88]

IFA = N°2.B 07, )

where B and N are biomass, g-m’z, and abundance, ind.-m2, of the taxon.

The IFA for solid natural and artificial substrates of water areas with different
anthropogenic load was calculated using data on abundance and biomass of mytilas-
ters from literature sources [10, 15, 18, 20, 24, 25] for 2012-2018. For the bottom
sediments of Sevastopol Bay, this index was calculated according to the indicators
we obtained in the present work (monitoring surveys in 2012, 2015, 2018). For ma-
rine soils of Laspi Bay, the IFA was calculated using literature data.

Results and discussion

Settlement of Mytilaster lineatus on solid artificial and natural substrates under
conditions of chronic petroleum pollution and in conditionally clean water areas

In the seawater of Sevastopol Bay, high concentrations of PHCs have been rec-
orded [10, 18], which indicates their constant inflow into the water area. In [19],
regular exceeding of sanitary norms for this indicator was noted (see Table 1).

% Oradovskiy, S.G., ed., 1977. [Guideline for Methods of Sea Water Chemical Analysis]. Leningrad:
Gidrometeoizdat, p. 118-131 (in Russian).
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In 2008-2010, the amount of these compounds in water exceeded the MPC
on average by 1.5-2 times in 80% of all cases.

Mytilid fouling is ubiquitous on the mooring walls of Sevastopol Bay. Its com-
munity undergoes a number of changes under the influence of natural and anthropo-
genic factors. At the same time, the degree of influence of one or another factor on
mytilid communities is variable. Thus, significant changes in fouling were noted
after the devastating storm in Sevastopol on 11 November 2007. As shown in [9],
mytilid communities on the mooring walls of Sevastopol Bay were almost com-
pletely destroyed. Since 2008, they have been gradually recovering in the environ-
ment with chronic petroleum pollution, but full recovery of biocenoses took quite a
long time.

It was noted [9] that in the spring of 2009, the average abundance of mytilasters
on the mooring walls of the bay had increased significantly relative to 2008 and had
reached pre-storm values of 2006. In 2006-2009, the abundance of mytilasters in-
creased one and a half to two times in some areas of the bay. The mollusks did not
differ in size composition then. It should be noted that the abundance of mussels on
the mooring walls decreased by half during the same period.

By 2015, at the same stations, mussel abundance and biomass had declined sig-
nificantly relative to 2006, with abundance at some stations decreasing four times
and biomass six times. These indicators in mytilasters changed to a lesser extent on
the surface of the hydraulic structure than in mussels. A twofold increase in the num-
ber of abundance and biomass of mytilasters was observed at almost all studied sec-
tions of the promenade. In [13], it is noted that in 2015, mytilasters were more nu-
merous than mussels on the concrete promenade of the bay and this phenomenon is
frequent for fouling of artificial structures in the Sevastopol waters. Based on the
above, it can be noted that under the conditions of regular exceedance of PHCs con-
centrations in seawater, the community of mytilasters on the mooring walls of Se-
vastopol Bay recovered after the storm faster than the mussel community. In 2018,
a decrease in the abundance and biomass of the studied mollusks was observed at
the hydraulic structures of the inner part of the Sevastopol Bay waters compared to
2015 [21]. At the same time, the size composition of the mytilasters has not generally
changed over the period under study.

Information on mytilid fouling on artificial substrates of Laspi Bay (mooring
walls, concrete slabs and pier of the Laspi children resting camp) is fragmentary or
not available. In the waters of Laspi and Sevastopol bays, experiments [26] were
conducted to study the potential replenishment of the settlements of mussels and
mytilasters during the periods of mass settling of their larvae in different periods.
The experiment showed that in the coastal waters of Laspi Bay on artificial sub-
strates (plates with smooth and pile surface), the replenishment of settlements of
mytilasters was much higher than in Sevastopol Bay. Potential replenishment of
mytilasters in conditionally clean and polluted water areas is higher than that of
mussels. Besides the substrate, the reason influencing the difference
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in mollusk settlements in conditionally clean and chronically petroleum-polluted
water areas can be the quality of their habitat.

Studies [24] of fouling of hydraulic structures in the area of the Southern pier
of Sevastopol Bay and a conditionally clean area on the breakwater at the open coast
of the town of Alupka (Southern Coast of Crimea (SCC)) showed that the abundance
of this species in polluted seawater at the Sevastopol coast was almost twice as high
as at the Alupka coast (see Table 1). The biomass of mytilasters in both areas is
almost the same. This can be stipulated by the fact that water temperature rises faster
in Sevastopol Bay during the spring and summer period than near the SCC. Conse-
quently, the breeding period in the bay can start earlier and more juveniles can settle
down by July—August. Such high numbers of mytilasters in the polluted waters in-
dicate that this species is resistant to petroleum pollution and that this anthropo-
genic factor is not determinant for the functioning of the community. The priority
factors affecting the abundance of mollusks are hydrodynamic processes and tem-
perature regime.

Mytilasters are common in waters with different degrees of marine pollution.
Thus, we observed mytilasters on rocks in the Laspi Bay waters, where the PHCs
concentration in seawater in 2018 was close to the maximum permissible one
(MPC =0.05 mg-L™) [20] and exceeded the MPC 3—4 times in summer (see Table 1).
On average, the PHCs concentration was higher than concentrations typical for
Sevastopol bays. At the same time, our studies of hydrocarbon composition of
the Batiliman seawater in the period of different recreational load (Laspi Bay)
in 2023 [27] showed the absence of petroleum pollution in the water area, and high
PH indicators were most likely associated with natural processes (active intake of
allochthonous compounds). No petroleum pollution is also indicated by the trace
PHCs concentrations in marine soils of Laspi Bay in 2016-2018 [20].

Mytilid fouling of natural hard substrates along the Crimean coast, especially in
the SCC waters, has been insufficiently studied in the modern period. The main
works in this direction are devoted to the study of the Karadag benthos. In 2014,
a study of the taxonomic composition and quantitative indicators of mytilids in-
habiting natural substrates of the Cape Martyan Reserve was carried out [28].
The Mytilaster lineatus bivalves dominated in terms of quantitative indicators (47% of
total abundance and 97% of total macrozoobenthos biomass). This species of mollusks
predominates on solid substrates in other areas of the Crimean coast as well.
Nevertheless, it is worth noting that the abundance and biomass quantitative indica-
tors of mytilasters (see Table 1) on artificial substrates in the Sevastopol Bay waters
are significantly higher than on the SCC natural substrates [2, 13, 26].

The highest IFA values were obtained for the Sevastopol Bay artificial sub-
strates (Table 1). The lowest values were recorded on the SCC natural substrates.
This suggests that mytilasters inhabiting the bay hydraulic structures contribute
more to the transformation of matter and energy than mytilasters inhabiting
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Table 1. Average abundance and biomass of Mytilaster lineatus mollusks on artificial
and natural substrates with different levels of petroleum pollution (2012, 2015, 2018)

Acrtificial Natural
substrates substrates
Parameter Sevastopol Bay Southern
Breakwater,
Karadag | Coast of
Southern Prome- Alupka Crimea
pier nade
Abundance, ind.-m™ 11,425 28,388 5654 11,830 9136
Biomass, g-m™2 869 1705 705.1 1700 593.9
Pertroleum
hydrocarbons 0.3 0.16 0.1 0.024 0.14
concentration
in water, mg-L!
IFA 1655 3444 1186 2761 1176

natural rocks. In general, the values of this index specify that in water areas exposed
to chronic petroleum pollution, the contribution of mytilasters to the community is
more significant than in conditionally clean water areas.

It can be concluded that the abundance of mytilasters on hard substrates is prob-
ably primarily influenced not by marine pollution, but by water temperature and surf-
wave phenomena. In addition, it is worth noting that this mollusk is resistant to or-
ganic pollution. Its abundance and biomass in the fouling of water areas chronically
polluted with petroleum and petroleum products corresponds to and in some areas
exceeds these indicators in conditionally clean areas.

Settlement of Mytilaster lineatus on soft soils under conditions of chronic petro-
leum pollution and in conditionally clean water areas

The studied mollusks do not form mass settlements in muds, but it is known that
species diversity of benthic communities can be used to assess the water area eco-
logical conditions, in particular, presence of filter-feeding bivalves, indicating the
environmental quality, in the community. Under conditions of chronic petroleum
pollution and deterioration of physical and chemical parameters of marine soils, the
density of settlement of mytilids decreases [3]. Earlier studies of the Sevastopol
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Bay benthic community (2000-2009) showed significant deterioration of the general
status of macrozoobenthos: decrease in total biomass in almost all selected water
areas [29].

Changes were also noted for mollusks M. lineatus. In 2000, they made a signif-
icant contribution to the total biomass and abundance of macrozoobenthos, whereas
in 2009, these indicators decreased two times. The key factors influencing the for-
mation and composition of benthic animal biocenoses include the oxygen level in
marine soils, salinity, bottom sediment composition, the PHCs and heavy metals
level in water and bottom sediments and their accumulation in mollusks [7]. Myti-
lasters make a great contribution to the total biofilter volume and, consequently, to
the processes of self-purification of the water area [3]. They accelerate significantly
sediment deposition to the bottom due to their filtration activity.

According to the results of our surveys, mytilasters were found in the Sevastopol
Bay bottom sediments represented mainly by black or dark grey muds, sometimes
with admixture of sand and broken shell (in 2012 in 58% of samples, in 2015 and
2018 in 50% of samples) (Table 2). In most cases, mytilasters were recorded
in muddy bottom sediments, less frequently in sandy sediments with admixture of
fine shell. 1t was noted that mollusks had the lowest biomass in sandy soils.

In 2012, the abundance of mytilasters in the Sevastopol Bay muds varied from 9
to 70 ind.-m2 (Table 2). The highest density of mollusks was recorded in the bay
coastal zone in its southwestern part (st. 13). This station is located at one of the most
polluted sites near the mooring walls of Artilleriyskaya Bay (Figure, a).

Table 2. The abundance N and biomass B of Mytilaster lineatus mollusks in the bottom
sediments of Sevastopol Bay with physico-chemical indicators of their habitat

N, 2 0 CES, PHCs,
Year ind..m-2 B, g-m pH Eh,mV | H, % mg-100g~'|mg-100 g IFA
2012 9-70 0.002-0.184 7.2-8.2 -181...-19 36-68 1002200 55-799 022
29.14 0.04 7.6 -91 45 920 317 '
2015 9-26 0.002-0.096 7.3-8.2 —236...+292 31-71 140-2280 110-887 013
16.17 0.03 7.7 19.3 58 1153 514 '
2018 9-79 0.006-0.43 7.6-7.9 -188...+24 52-68 200-2200 134-592 042
36 0.09 7.8 -65 60 871 477 '

Note: 1. The range of values is in the numerator, the average value is in the denominator.
2. H — natural humidity.
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The ferry pier and stormwater outfall are located here. The CES concentration at this
station was 540 mg-100 g * ADBS, that of PHCs was 301.7 mg-100 g * ADBS. These
indicators correspond to the 4" level of bottom sediment pollution according to the
regional classification [25]. The biomass of mytilasters during this period was within
the range of 0.002-0.184 g-m 2 (Table 2).

The range of mollusk abundance in 2015 was from 9 to 26 ind.-m? (Table 2).
The density of mytilasters decreased insignificantly compared to 2012. The abun-
dance of mollusks decreased by half in the central part of the bay at st. 8 (Figure, a)
and by 2.5 times in the southwestern part of the bay (st. 13). At the same time, rela-
tive to 2012, at st. 13, the CES value increased by four times and the PHCs concen-
tration increased more than twice. The pollution level at this station corresponds to
the highest 5™ level, whereas earlier the CES content corresponded to the 4™ level.

In the bottom sediments of Yuzhnaya Bay, on the shores of which the piers were
built (st. 10) (Figure, a), the density of mollusks increased from 18 to 26 ind.-m 2.
At the same time, the CES concentration at this station decreased from 2200 to
1800 mg-100 g * ADBS relative to 2012. Nevertheless, the level of bottom sediment
pollution remained the same and corresponded to the 5" level. The biomass values
of the studied mollusks in 2015 ranged from 0.002 to 0.096 g-m ™2 (Table 2). Fur-
thermore, while the abundance of mytilasters in the central part of the bay (st. 8)
decreased, their biomass here increased three times. The CES and PHCs indicators
at this station decreased significantly. In other parts of the water area, their values
differed slightly.

In 2018, the abundance of mollusks ranged from 9-79 ind.-m™ (Table 2).
In comparison with the data of previous years, the density of settlement of myti-
lasters increased at all stations, except for st. 11 (central part of Yuzhnaya Bay)
(Figure, a). In 2018, compared to the 2015 data, the level of organic pollution of
bottom sediments in the Yuzhnaya Bay water area decreased, the PHCs concentra-
tion decreased by 4.5 times. At the same time, as in previous years, the level of bot-
tom sediment pollution corresponded to the highest 5" level.

In the southwestern part of the bay (st. 13), the abundance of mollusks ap-
proached the values of 2012 and was 2.5 times higher than in 2015. The CES and
PHCs concentrations were almost unchanged from 2015 to 2018 at this station,
but their values were high and corresponded to the 5 level of pollution. The 2018
biomass values ranged from 0.006 to 0.43 g-m 2 (Table 2).

In the central part of the bay (st. 7) (Figure, a), the biomass of mytilasters
became four times higher compared to 2012. During the same period, the CES
indicators remained almost unchanged, while the PHCs concentration increased
by six times. These values also correspond to the 5" level of marine soil pollution.

At other stations, a tendency for an increase in the biomass of mytilasters was
noted, except for the indicators in the central part of Yuzhnaya Bay (st. 11) and
the southwestern part of Sevastopol Bay (st. 13). The biomass value in 2018 at st. 11
decreased almost three times compared to 2015, while at st. 13, the mollusk biomass
decreased almost five times, in contrast to the 2012 data. The abundance of mytilas-
ters was almost the same during this period. At the same time, the CES indicators
at the studied stations during the same period corresponded to the 5" level of pollu-
tion.
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The abundance and biomass of mollusks in the years under analysis varied un-
equally. In general, the analysis of the abundance and biomass average values of the
studied mollusks from 2012 to 2018 showed that the abundance of mytilasters in the
marine soils of Sevastopol Bay had slightly increased. The average abundance dur-
ing the study period increased from 29 to 36 ind.-m2, while the biomass increased
from 0.04 to 0.09 g-m 2,

The IFA for marine soils of Sevastopol Bay in the studied years (2012, 2015
and 2018) was 0.22, 0.13 and 0.42, respectively (Table 2). According to this index,
in 2018, the contribution of mytilasters to the transformation of matter and energy
was higher than in the previous years. In general, the IFA values are very low,
indicating an insignificant energetic role of mytilasters inhabiting the Sevastopol
Bay soft soils.

In addition to substrate, as mentioned above, community functionality is influ-
enced by physical and chemical indicators that either accelerate or slow down ox-
idation processes in bottom sediments, thereby changing oxygen levels.

In 2012, pH in bottom sediments ranged from 7.2-8.2, in 2015 it was 7.3-8.2,
and in 2018 it was 7.6-7.9 (Table 2). The pH range in these years indicated slightly
alkaline environment in most of the analysed samples, except for the Yuzhnaya
Bay coastal area (st. 10) and near Konstantinovsky ravelin (Northern pier)
(st. 17) (see Figure, @), where pH increased to 8.21-8.22 (st. 10 in 2012 and 2015,
respectively) and 8.2 (st. 17 in 2015), which is likely to be related to the type of
precipitation.

The redox potential (Eh) in 2012 had negative values and ranged from —19
to —181 mV (Table 2), indicating reducing environmental conditions. In 2015, Eh
fluctuated within a wide range from —116 to +292 mV (Table 2). In the central part
of Sevastopol Bay (sts. 5, 8) and in the coastal zone of Yuzhnaya Bay (st. 10)
(see Figure, a), Eh indicated poorly reducing conditions. In the central part of Yu-
zhnaya Bay (st. 11) and in the coastal zone of the southwestern part of Sevastopol
Bay (st. 13) (see Figure, a), Eh indicated reducing conditions, whereas at the Northern
pier (st. 17) (see Figure, a) it indicated oxidative ones. As in 2015, Eh had a large
range from —188 to +24 mV in 2018 (Table 2). At all stations, except for the coastal
zone of Sevastopol Bay (st. 13) (see Figure, a), poorly reducing conditions were
noted, with st. 13 having the lowest Eh value indicating reducing environmental con-
ditions. These conditions contribute to the accumulation of hydrocarbons, as at low
values of the environment redox potential, the processes of bitumoid transformation
are slowed down. Reduced Eh values correspond to the water areas where organic
matter is concentrated [30].

It is known that Eh value depends on pH. To obtain comparable data in the an-
alysed bottom sediments with different pH values, we calculated the hydrogen
potential index (rHz) using W.I. Clark’s formula (1). According to this gradation,
oxidative processes predominate at rH, above 27, reducing processes at 22—-25 and
intensive reducing processes below 20. In our case, only one station (st. 17 in 2015)
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(see Figure, a) showed rH, close to 27, hence, oxidative processes prevailed at this
station (Northern pier). At other stations, the rH, values were significantly lower
than 20 during the study period, which indicates intensive reducing processes
in the studied marine soils.

Natural moisture content in bottom sediments was 36-68% in 2012, 31-71% in
2015 and 52-68% in 2018 (Table 2). These values correspond to the particle size
distribution of bottom sediments. In general, reducing environmental conditions and
high concentrations of organic matter accumulated in sediments are observed at most
stations in terms of physical and chemical parameters: CES in the range of 100-
2280 mg-100 g~' ADBS (Table 2). Widespread occurrence of mytilasters under
these conditions confirms the tolerance of mollusks to organic pollution.

In the correlation analysis, only those stations of Sevastopol Bay at which
mytilasters had been found were taken into account (n = 15). In 2012, no correlation
between mollusk abundance, biomass and physical and chemical parameters of bot-
tom sediments was detected. In subsequent years (2015-2018), a direct relationship
between the abundance and CES and PHCs concentration was observed, with corre-
lation coefficients r equal to 0.94 and 0.85, respectively (Table 3). A reverse rela-
tionship is observed between abundance and Eh (r = —0.79). The strongest direct
correlation was with the CES concentration (r = 0.94). In 2015, a direct correla-
tion between the CES concentration and mollusk biomass was observed (r = 0.72).
In 2018, a direct correlation was observed between the biomass of mytilasters and
Eh (r = 0.6). An increase in the abundance (2015, 2018) and biomass (2015) of myt-
ilasters at elevated CES concentrations can be observed from the correlation data
obtained.

It is known that at high levels of organic pollution (4", 5™) degradation and
reorganisation of biocenoses occurs [25]. Starting from the 3 level of pollution,
the trophic structure of benthos is sharply changed, a change in its qualitative

Table 3. Correlation coefficients between the abundance and biomass of Mytilaster lin-
eatus mollusks and the physico-chemical parameters of the environment

. CES PHCs
o 1 L
Characteristic | Year pH Eh,mV | H, % mg-100 ! mg-100 g-!
2012 -0.32 0.25 0.10 0.03 -0.18
2018 —-0.47 -0.04 —-0.60 0.72 0.89
2012 —-0.26 0.39 0.20 —-0.05 -0.19
Biomass 2015 —-0.59 -0.34 0.30 0.72 0.40
2018 0.04 0.60 -0.30 0.23 0.43
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composition is observed: some species are eliminated from the community and more
resistant to pollution species occupy dominant positions. The increase in the quanti-
tative indicators of mytilasters at the high 5" level of pollution indicates the re-
sistance of this species to organic pollution. Despite the fact that such dependence
was observed in the water area with high anthropogenic load, the quantitative in-
dicators in Sevastopol Bay were lower than in conditionally clean water area (Laspi
Bay).

For comparison: in the conditionally clean water area of Laspi Bay, the average
abundance of mytilasters was 126 ind.-m 2 and the biomass — 3.5 g-m 2 [31]. The
IFA for the Laspi Bay marine soils was 8.57, which makes it possible to speak about
a greater energetic contribution of the studied mollusks in the conditionally clean
water area than in the water area with chronic petroleum pollution. In Laspi Bay,
bottom sediments are represented mainly by sands. The CES content in them on av-
erage did not exceed 42 mg-100 g * air-dry matter, which corresponds to the 1% level
of pollution [20]. Despite the exceeding of MPCs of PHCs in seawater in recent
years, PHCs in sandy soils were recorded at trace concentrations [20]. Moreover, the
CES and PHCs levels in the Laspi Bay bottom sediments remain within the range
close to the level of the 1980s, which indicates stable favourable environmental sit-
uation in the area. In 2015, the quality of marine waters was assessed using hydro-
chemical indicators of Sevastopol and Laspi bays. It was established that in some
areas of Sevastopol Bay, bottom waters had been in the state of hypoxia, in contrast
to the waters of Laspi Bay ®. It is also known that sandy soils are more oxygenated
than muds. In the latter, in turn, the processes of accumulation of organic substances,
including petroleum hydrocarbons, occur faster, which directly affects the quality of
bottom sediments and, consequently, the density of settlement and biomass of mol-
lusks.

Conclusion

Mytilasters inhabit various water areas with different degrees of marine pollu-
tion by petroleum and petroleum products. These mollusks are widespread, form
mass settlements on artificial and natural hard substrates, inhabit muddy and sandy
bottom sediments. Due to their abundance, the studied mollusks form a powerful
natural biofilter, influencing the marine environment self-purification potential.

The abundance of mytilasters inhabiting hard natural and artificial substrates is
primarily influenced not by marine pollution but by water temperature and surf-wave
phenomena. This mollusk is resistant to organic pollution, its average abundance
(28,388 ind.-m2) and biomass (1705 g-m?) at the hydraulic structures of Sevastopol
Bay were at the same level under conditions of chronic petroleum pollution of the
water area. However, in some areas they were higher than in conditionally clean
areas (SCC water area). At the same time, the correlation between

4 Korshenko, A.N., ed., 2023. Marine Water Pollution. Annual Report 2021. Moscow: SOI, 228 p. (in
Russian).
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the abundance and biomass of mytilasters inhabiting artificial substrates in the bay
and the PHCs concentrations in seawater is not observed. The highest IFA values
were obtained for the artificial substrates of Sevastopol Bay, which indicates a sig-
nificant contribution of mytilasters inhabiting these substrates under conditions of
chronic petroleum pollution to the transformation of matter and energy.

Analysis of the average values of abundance and biomass of mytilasters in the stu-
died years showed that the number of mollusks in the Sevastopol Bay marine soils
had increased at constantly high concentrations of CES (140-2280 mg-100 g)
and PHCs (110-887 mg-100 g '). In 2015 and 2018, a direct correlation between the
abundance of mytilasters and the level of organic matter contamination of bottom
sediments was found (correlation coefficient r was 0.94 for CES and 0.85 for PHCs).

The functionality of the benthic community is influenced by the physical and
chemical parameters of bottom sediments, which either accelerate or slow down the
oxidation processes, thereby changing the oxygen level. The most important indicator
affecting mollusk abundance and biomass is the redox potential of bottom sediments,
which was found to be directly dependent on it (r = 0.6). As for other indicators (pH,
natural moisture), such a relationship was absent or expressed weakly.

It was revealed that in bottom sediments of conditionally clean water area of
Laspi Bay with minimal level of petroleum pollution (PH concentrations in bottom
sediments did not exceed 5 mg-100 g '), the average abundance and biomass of myt-
ilasters had been higher than on the Sevastopol Bay soils with chronic petroleum pol-
lution of marine soils and high CES and PH concentrations in bottom sediments cor-
responding to the 5™ level of pollution.
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