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Abstract

For the first time, the paper presents data on the interannual dynamics of quantitative indica-
tors of macrophytobenthos. A comparative analysis of spatiotemporal changes in the contribu-
tion of dominant macrophyte species in the western part of Sevastopol Bay over a 40-year
period was performed. Hydrobotanical studies were carried out in the summer period of
1977, 2008 and 2017 on the same transects using standard methods. It was revealed that
during the period under study, polydominant phytocommunities were formed in the compo-
sition of bottom vegetation, dominated by species inhabiting highly euthrophic environ-
ments, with a high proportion of epiphytic algae and an insignificant role of Gongolaria
barbata. Over the studied period, the lower boundary of macrophyte growth rose and
a sharp decrease in macrophytobenthos biomass was registered at a depth of over 5 meters.
It was established that changes in the distribution and composition of bottom vegetation
in the western part of the bay were caused by its geo-ecological state, which depends
on the impact of anthropogenic and natural factors. The construction of hydraulic structures
in the bay leads to redistribution of sea grasses growing on soft soils and algae occurring
on a hard substrate. It was revealed that after extreme storms, the vegetation cover is pre-
dominated by seasonal and annual algae species, with only juvenile Gongolaria barbata
beds observed at a depth of 0.5-1 m. The obtained results can be used to monitor the eco-
logical situation in the bay and to organize the coastal-marine nature management.
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AHHOTAUMA

BnepBrle npuBeeHbl CBEACHUSI O MEKIOJOBON TMHAMUKE KOJMYECTBEHHBIX MOKa3aTeje
Makpo(UTOOCHTOCa W TIPOBENICH CPAaBHHUTENHHBIA aHAU3 MPOCTPAHCTBEHHO-BPEMEHHBIX
M3MEHEHHH BKJIaJa JOMHUHHUPYIOUINX BHIOB MakpOo(pHUTOB B 3amanHoi yacTu CeBacTOIONb-
ckoil OyxThl 3a 40-netHu nepuoj. ['MapoOoTaHNUECKHE UCCIIeIOBAHHS BBITOJIHSIIN B JIET-
Huit nepuon 1977, 2008 u 2017 rr. Ha OAHMUX U TEX K€ pa3pe3ax Mo CTAaHIAPTHOU METOUKE.
BaIsABII€HO, UTO HA NPOTSKEHUU U3Yy4aeMOro IEPUOJA B COCTABE JIOHHOW PACTUTENBHOCTU
c(OpPMHUPOBAJIMCH MOJUIOMUHAHTHBIE (PUTOCOOOIECTBA, IJIe TOCHOACTBYIOT BUJBI, O0H-
TAIOIIUE B CPE/C C MOBBIIMICHHBIM YPOBHEM 3BTpOGupoBaHus. [Ipu 3TOM OTMEUCHBI BbI-
coKast J10Jis SIUPUTHPYIOIIUX BOJOPOCIel U He3HaunTeNbHas posib Gongolaria barbata.
3a ucciaenyemMblid MPOMEXYTOK BPEMEHHM IPOU3OLLIO MOJHATHE HUXKHEH TpaHULbl IPOU3-
pacTaHus MaKpo(HUTOB U 3apETHCTPUPOBAHO PE3KOe CHIDKEHHE OMOMAacchl Makpo(pHUTOOCH-
TOCa Ha TIIyOWMHE CBBIIMIE 5 M. YCTaHOBIICHO, YTO W3MEHECHHUS B PACIIPEICICHIN U COCTaBe
JOHHOW PAaCTUTETHHOCTH B 3aagHON YacTH OyXTHI OOYCIOBJIEHBI €€ Te€0IKOJIOTHUCCKUM
COCTOSIHUEM, KOTOPOE 3aBHCHUT OT BO3JCHCTBUS aHTPOIIOTEHHBIX M MPUPOIHBIX (PaKTOPOB.
CrpoutenscTBO B OyXTe TMAPOTEXHUIECCKHX COOPYKCHHH MPUBOIUT K M3MCHEHHUIO pac-
MPOCTPaHEHUs 3apociieil MOPCKUX TpaB, OOUTAIOIIMX HAa MATKHX TPYHTaX, ¥ BOAOPOCIE,
BCTPEYAIOLINXCS HAa TBEPAOM cyOcTpaTe. BBIABICHO, UTO MOCIE IKCTPEMAIBHBIX IITOPMOB
B COCTaBE€ PACTUTEIILHOTO MOKPOBA MPeoOIagaoT Ce30HHbIE U OHOJIETHHE BUIBI BOJOPOC-
e, mpu 3ToM Ha riyoune 0.5—1 M oTMeuaroTCs Ul FOBEHIIbHBIE croeBuina Gongolaria
barbata. [Mony4eHHbIC pe3yabTaThl MOTYT OBITh HCIIOJIL30BAHBI JIIsi MOHUTOPUHTOBBIX HC-
CJICIOBaHUI KOJIOTHYECKOH CHUTyalld B OyXTe, a TakKe IIPH OpraHu3aliu NpUOpex HO-
MOPCKOTO IIPHPOIOTI0Ib30BAHHMA.

KawueBbie cioBa: npuOpekHas 30Ha, JOHHAs PacTUTEIBHOCTh, MOPCKHE TpaBHI,
Gongolaria barbata, Yepuoe mope, CeBacromnoib, CeBacTononbckas 0yxra

BaarogapHocTu: paboTa BBIITOJHEHA B paMKaX rocyaapcTBenHoro 3ananus OUI MabIOM
mo teme «KOMIUIEKCHOE HCClleloBaHHEe MEXaHM3MOB ()YHKIIMOHHPOBAHUS MOPCKHX OHO-
TEXHOJIOTHYECKHX KOMIUIEKCOB C LEJIbI0 MOJyYeHHs OMOJIOTHYECKH aKTHUBHBIX BEIECTB
u3 ruapobuoHToB» (Ne roc. peructparnuu 124022400152-1).

Jasa nuruposanus: Muponoea H. B., Ilankeega T. B. IIpoCTpaHCTBEHHO-BPEMEHHBIE
u3MeHeHus: MakpogurodenToca B CeBactonoibekoit oyxre (UepHoe Mope) // Dkosorudeckas
0e30IMacHOCTh MPUOPEKHOH U 1IeNB(POBOI 30H Mopst. 2024. Ne 4, C. 51-67. EDN YUYBFO.

Introduction

In recent years, a notable increase in the level of eutrophication of the Crimean
peninsula coastal zone has been attributed to a number of factors including an in-
crease in the volumes of untreated wastewater, uncontrolled recreational load and
active construction on the coast [1-3]. The most significant anthropogenic impact
on the ecological state of the coastline is evident in bays and port water areas.
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Sevastopol Bay is a water area subject to active economic utilisation. Currently,
it functions as a reservoir that receives industrial and domestic wastewater as well
as stormwater from the surrounding catchment area. On a daily basis, up to
10,000-15,000 m*® of untreated or conditionally clean water is discharged into
the bay resulting in the introduction of a diverse range of chemical compounds
of organic and inorganic origin into it [4, 5]. This unfavourable ecological situation
in the bay has resulted in significant alterations to the composition and biomass of
the macrophytobenthos, with the potential for complete degradation observed
in certain areas of the water body.

The current state of the macrophytobenthos in Sevastopol Bay is not well
documented [6, 7]. The growth of certain species of macrophytes in the Black Sea,
particularly in Sevastopol Bay, was first documented in the works of N. N. Voroni-
khin in the early 20" century 2. The author noted that algae and higher aquatic
vegetation grow on a particular type of substrate. During the same period,
S. M. Pereyaslavtseva made a map of the bay showing the distribution of benthic
communities ®. Later, S. A. Zernov presented a map of the distribution of bottom
vegetation in Sevastopol Bay ¥. The author showed that in the early 20th century,
the bottom biocenoses of the bay followed the general pattern of the Black Sea
biocenoses where the distribution of macrophytobenthos was mainly determined
by the substrate (cystosira was found on hard substrates and sea grasses on soft sub-
strates) ¥. The paper suggests that significant changes in the state of biocenoses will
occur in the bay under the influence of anthropogenic activities®. It is notable that
by the 1930s the bay had already been considerably polluted, which resulted in nega-
tive changes to the local fauna [8].

The first hydrobotanical survey of macrophytobenthos in Sevastopol Bay was
carried out by A. A. Kalugina-Gutnik in 1967 9. The materials presented in the work
provide an overview of the species composition and calculate the biomass of
macrophytes at varying depths across different regions of the bay. Subsequently,
in 1977, A. A. Kalugina-Gutnik proceeded with her investigation of the bottom
vegetation of the bays situated along the coastline of Sevastopol [9].

It is notable that over the last 40 years, the level of pollution in the bay has
fluctuated repeatedly due to a range of socio-economic factors. Therefore, it is
necessary to implement a monitoring programme to observe changes in the compo-
sition and structure of the macrophytobenthos, which is considered to be a bioindi-
cator of the marine environment state.

D Voronikhin, N.N., 1908. [On Distribution of Algae in the Black Sea near Sevastopol]. Botanichesky
Zhurnal. Trudy Imperatorskogo Sankt-Peterburgskogo Obshchestva Estestvoispytateley, (7),
pp. 181-198 (in Russian).

2 Voronikhin, N.N., 1909. [Red Algae (Rhodophyceae) of the Black Sea]. Trudy Imperatorskogo
Sankt-Peterburgskogo Obshchestva Estestvoispytateley, 40(3-4), pp. 175-356 (in Russian).

%) Pereyaslavtseva, S.M., 1910. [Materials to Characterize the Black Sea Flora]. In: N. N. Voronikhin,
ed., 1910. Zapiski Imperatorskoy Akademii Nauk. Saint Petersburg: Imperatorskaya Akademiya
Nauk. Vol. 25, iss. 9, pp. 39 (in Russian).

4 Zernov, S.A., 1913. [On Studying Life of the Black Sea]. In: 1AS, 1913. Zapiski Imperatorskoy
Akademii Nauk. Saint Petersburg: Imperatorskaya Akademiya Nauk. Vol. 32, iss. 1, 304 p. (in
Russian).

% Kalugina-Gutnik, A.A., 1974. [Bottom Vegetation of Sevastopol Bay]. In: AS USSR, 1974.
Biologiya Morya. Kiev: Naukova Dumka. Iss. 32, pp. 133-164 (in Russian).
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The objective of this study is to identify the distinctive characteristics of
the macrophytobenthos distribution interannual dynamics in the western part of
Sevastopol Bay over the period 1977-2017.

Materials and methods of study

The length of Sevastopol Bay is approximately 7.5 km, with a maximum width
of 1 km (Fig. 1). At the entrance to the bay, the depth reaches 20 m, at the top — 5 m.
The bay was formed due to the flooding of the mouth of the Chernaya River during
the post-glacial sea level rise. The shores of the bay are characterised by elevated
terrain, comprising Sarmatian limestone, and the coastline displays a pronounced
indentation. The coastal relief is dissected by gullies, the extensions of which give
rise to smaller bays and concavities of the coastline. The shore type can be defined
as abrasion-embayed ingression ria [10]. In modern conditions, the coastal zone
has been significantly transformed (concreting of the coastline, construction of
breakwaters, piers). It is established that in 2022, the untransformed shores of
the bay constituted only 1.1 km (3% of the original length) of all the shoreline [11].

Sevastopol Bay is currently classified as a semi-enclosed estuarine-type water
area with a relatively slow rate of water exchange [5]. The configuration of the bay
renders it susceptible to wave action from the westward direction only. Since
the construction of the entrance breakwaters in the late 1970s, the bay has remained
largely protected from significant wave action [10]. The hydrochemical structure of
the waters in the bay is primarily influenced by natural factors, namely interactions
with the atmosphere, freshwater runoff from the Chernaya River into the eastern
part of the bay and the inflow of saline marine waters through the entrance strait
in its western part [5].

Hydrobotanical surveys in Sevastopol Bay were carried out using lightweight
diving equipment and small vessels in July 2017. Macrophyte distribution and bio-
mass were estimated for the coastal zone of the western part of the bay (profiles 1-4)
(Fig. 1). The coordinates of the transects were determined using an Oregon 650
portable GPS receiver (Table 1).

Black Sea
Se Vastopol p ay

Fig. 1. Schematic map of the location of hydrobo-
tanical profiles in the western part of Sevastopol Bay
(1 - Cape Konstantinovsky; 2 — Cape Khrustalny; 3 — Cape Slavy;
4 — Monument to Sunken Ships)

54 Ecological Safety of Coastal and Shelf Zones of Sea. No. 4. 2024



Table 1. Coordinates and depth range of hydrobotanical profiles, number of sampled
macrophytobenthos in Sevastopol Bay

Coordinates Depth, m
Profile Number

northern eastern 05 | 1 3 5 | 7-10 | of samples
latitude longitude

1 44°37'36" 33°30'44" + + + + - 16

2 44°37'1" 33°3172" + + + + + 20

3 44°37'35" 33°31'59" + + + + - 16

4 44°37'3" 33°3129" + + + + - 16

Note: dash — no bottom vegetation.

To study the composition of macrophytobenthos, samples were taken ac-
cording to standard methods ®. Four 25 x 25 c¢m survey plots were laid at depths
of 0.5, 1, 3, 5, 10 and 15 m and a total of 68 quantitative samples were collected
(Table 1). The dominant classification was used to describe the bottom vegetation
in accordance with ”. Shannon diversity index (H) was used to analyse the struc-
ture of phytocommunities. Algae were identified in accordance with ®, taking into
account the latest nomenclature changes (available at: http://www.algaebase.org).
Information on the composition and distribution of macrophytobenthos in the bay
for 1977 and 2008 was obtained by one of the authors who participated in the col-
lection and processing of material carried out in the summer period in the same
areas using a similar methodology.

Results and discussion

The distribution of macrophytobenthos and its dominant macrophyte species
in the western part of Sevastopol Bay is characterised on the basis of the conducted
studies.

Distribution of bottom vegetation in the bay in 1977. In the estuary of Sevas-
topol Bay on the northern coastal area at profile 1 (Cape Konstantinovsky) bot-
tom vegetation is registered up to 5 m depth. The maximum total biomass of

6 Kalugina-Gutnik, A.A., 1969. [Black Sea Benthic Vegetation Survey Using Light-Weight Diving
Equipment]. In: AS USSR, 1969. [Marine Underwater Studies]. Moscow: Nauka, pp. 105-113
(in Russian).

) Kalugina-Gutnik, A.A., 1975. [Phytobenthos of the Black Sea]. Kiev: Naukova Dumka, 248 p.
(in Russian).

8 Zinova, A.D., 1967. [Field Guide to Green, Brown and Red Algae of the Southern Seas of the USSR].
Leningrad: Nauka, 397 p. (in Russian).
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macrophytes was recorded at a depth of 3 m. At depths of 0.5 and 1 m, the quan-
titative index was slightly lower, while at a depth of 5 m, the biomass decreased
sixfold (Table 2). Gongolaria barbata (Stackhouse) Kuntze (= Cystoseira barbata)
was the most abundant species observed in the depth range studied, representing
a significant proportion (Fig. 2). The macrophytobenthos included Cladophora
albida (Nees) Kutz. and Ulva rigida L. The presence of epiphytic algae was not
identified. The diversity index values by depth ranged widely from 0.07 to 1.48.
Its low values at depths of 1 and 3 m are explained by the fact that almost pure
vegetation of Gongolaria barbata was recorded at these depths (Table 2).

Table 2. Changes in the total biomass of macrophytobenthos, percentage of its dom-
inant and epiphytic macrophyte species, diversity index (H) in Sevastopol Bay by
depth and years

) Proportion, %
barbata
1977 1608.4 £ 422.3 88 0 1.42
05 2008 1088.9 £ 251.5 0 5 2.19
2017 992.2 +302.1 63 3 1.58
1977 1382.6 £ 214.9 95 0 0.31
1 2008 1425.4 + 396.4 0 11 1.99
2017 422.6 +£58.1 73 15 1.41
1 1977 2249.8 +92.5 99 0 0.07
3 2008 361.6 + 92.6 0 5 2.52
2017 424.3+31.9 44 27 2.19
1977 370.1+117.7 84 0 1.48
5 2008 296.5 + 58.8 0 6 2.10
2017 18.6+7.7 18 26 2.39
7 2008 63.1+18.7 20 23 3.37
1977 38.8+5.2 0 0 0.64
0.5 2008 360.2 +40.4 0 4 2.03
2017 744.7 £ 330.3 70 9 1.76
2 1977 375.0 £128.9 0 0 0
1 2008 120.5 £ 60.2 3 6 2.54
2017 1224.3 £135.5 80 17 1.24
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Continued

Proportion, %
. Depth, Total biomass of
Profile m vear macrophytes, g-m~ | Gongolaria Epiphytic "
barbata

1977 623.8 £45.1 0 0 0
3 2008 537.1£194.4 39 2 2.31
2017 1310.2 £431.9 45 48 1.86
1977 600.9 £ 145.3 0 0 0.65
2 5 2008 399.3 £ 141.3 79 14 1.29
2017 306.3 £ 67.3 55 25 1.85
10 2008 50.0 £ 2.9 38 1 2.32
7 2017 13.1+64 72 0 1.57
1977 623.3£97.3 0 0 0.15
0.5 2008 789.9 + 343.9 55 3 2.11
2017 4699.6 £ 1206.9 86 12 0.84

1977 588.5 + 128.2 0 0
1 2008 253.3+112.8 1 1.03
2017 5063.6 £ 346.6 87 7 0.88

3

1977 689.9 £ 130.7 0 0
3 2008 202.7 £75.9 2 0.49
2017 2322.8 £ 363.1 79 4 1.06
1977 200.7 £76.9 0 0.97
5 2008 228.4 £+ 33.3 0 0.05
2017 1.2+0.54 0 1.23
1977 917.0+ 1224 0 0 0.77
0.5 2008 955.9 +284.7 52 6 2.59
2017 5483.0 £ 1536.9 87 8 0.97
1977 1602.6 + 127.4 0 0 0.02
1 2008 1406.2 £ 431.1 55 22 2.26
4 2017 3416.2 £ 1039.5 85 6 0.89
1977 1079.0 £ 543,7 0 0 0.82
3 2008 616.1+£172.1 50 4 2.06
2017 1863.7 £ 327.0 39 10 191
2008 270.9+£64.0 76 3 1.27
° 2017 655.2 £ 135.5 32 39 2.42
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In the estuary of Sevastopol Bay, Ulva rigida was the dominant species
in the southern coastal area at profile 2 (Cape Khrustalny), occurring at depths of
0.5-3 m (Fig. 2). The total biomass of macrophytes in this range exhibited a 16-fold
increase with increasing depth (Table 2). Zostera noltei Hornem predominated
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Fig. 2. Change in the proportion of dominant macrophyte species by profile and
years at the depth of 0.5 m (a), 1 m (b), 3 m (c) and 5 m (d) (1 — Cape Konstanti-
novsky; 2 — Cape Khrustalny; 3 — Cape Slavy; 4 — Monument to the Sunken Ships)
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at a depth of 5 m. Ulva rigida was noted among sea grasses. Epiphytes were
absent. The diversity index values were low (0-0.65), indicating a monodominant
structure of the phytocommunity.

Along the way further into the bay along the northern coastline, Ulva rigida
exhibited a dominant presence at depths of 0.5-5 m at profile 3 (Cape Slavy)
(Fig. 2). The total biomass of macrophytes exhibited minimal variation at depths of
0.5-3 m, demonstrating a notable decrease of approximately threefold at a depth of
5 m (Table 2). It is indicative that the macrophytobenthos is represented by accu-
mulations of Ulva rigida at depth of 1-3 m, whereas Ulva sp. and Bryopsis hyp-
noides Lamour were noted in its composition at depths of 0.5 m and 5 m, respec-
tively. The diversity index values provide insight into the dominant species within
the algal community.

Further inland along the southern coastline of the bay, Ulva rigida was also
dominant at depths of 0.5-3 m at profile 4 (Monument to the Sunken Ships)
(Fig. 2). The maximum total biomass of macrophytes was recorded at a depth of 1 m,
while at depths of 0.5 and 3 m, this index was found to be 1.7-1.5 times lower.
Representatives of Ceramium were found in the composition of bottom vegetation
at all depths. The diversity index values varied by depth from 0.03 to 0.82.

Distribution of bottom vegetation in the bay in 2008. At profile 1, the domi-
nant species at a depth of 0.5 m were Ulva intestinalis L., U. rigida and Ceramium
virgatum Roth (Fig. 2). The composition of bottom vegetation also included
Callithamnion corymbosum (Smith) Lyngb., Ceramium diaphanum (Lightf.) Roth.
The dominant species at a depth of 1 m were Laurencia coronopus J. Ag. and Ul-
va intestinalis. Ulva rigida, Ceramium virgatum and species of Cladophora were
also recorded at this depth. The depth range of 3-5 m was dominated by Ceramium
virgatum and Ulva rigida. The proportion of these species exhibited considerable
variation, with values ranging between 45-57 and 18-20% of the total macrophyte
biomass, respectively. The total macrophyte biomass at these depths exhibited min-
imal variation (Table 2). It is significant that the contribution of Ulva intestinalis
to the total macrophyte biomass decreased from 35 to 1% as the depth increased
from 0.5 to 5 m. At a depth of 7 m, the total macrophyte biomass was found to be
relatively low (Table 2). Gongolaria barbata and Ulva rigida dominated there.
Epiphytic algae were abundant at this depth. Among them, the predominant ones
were Ceramium virgatum, Ectocarpus confervoides (Roth) Le Jolis, Laurencia
coronopus and Vertebrata subulifera (C. Ag.) Kiitz. The diversity index values
indicate a complex polydominant community structure with a high contribution of
associated species and epiphytic algae.

At profile 2, Palisada perforata (Bory) K.W. Nam dominated at depths of
0.5-1 m, with its proportion decreasing in this range with increasing depth from 50
to 36% of the total macrophyte biomass (Fig. 2), which also decreased threefold
(Table 2). The composition of bottom vegetation included Gelidium crinale
(Hare ex Turner) Gaillon, Ulva intestinalis, U. rigida, Callithamnion corymbosum.
The representatives of Cladophora were found in both lithophytic and epiphytic
forms. Gongolaria barbata and Palisada perforata predominated at a depth of 3 m.
Cladophoropsis membranacea (Ag.) Borg., Gelidium crinale, Ulva rigida were

Ecological Safety of Coastal and Shelf Zones of Sea. No. 4. 2024 59



also abundant in the composition of the macrophytobenthos. At depths of 5-10 m,
Gongolaria barbata dominated, the proportion of which decreased by half
with increasing depth, and the total biomass of macrophytes decreased by a factor
of eight (Table 2). Under the cover and among the Gongolaria barbata beds, Ulva
rigida was observed at a depth of 5 m, while Cladostephus spongiosus (Huds.)
C. Ag., Laurencia coronopus and Cladophora laetevirens (Dillw.) Kitz were
recorded at a depth of 10 m. Such deepwater species as Zanardinia typus (Nardo)
P. C. Silva, Carradoriella elongata (Huds.) Savoie & G.W. Saunders., Nereia
filiformis (J. Ag.) Zanard. were found in the composition of bottom vegetation
at depths of 5-10 m. The greatest development of epiphytic synusia occurred
at a depth of 5 m. Vertebrata subulifera and Stilophora tenella (Esper) P. C. Silva
dominated among epiphytic algae. The diversity index values indicate a high pro-
portion of associated species in the phytocommunity structure.

At profile 3, Gongolaria barbata predominated at a depth of 0.5 m (Fig. 2).
Ceramium virgatum, Carradoriella denudata (Dillw.) Savoie et G. W. Saunders,
species of Cladophora and Ulva were abundant in the composition of the macro-
phytobenthos. Palisada perforata dominated at depths of 1-3 m, with this species
accounting for 84-93% of the total macrophyte biomass. With increasing depth,
the contribution of Cladophora laetevirens increased from 1 to 5% and that of Ulva
rigida decreased from 5 to 1% of total macrophyte biomass. Zostera marina was
dominant at a depth of 5 m. The contribution of epiphytic algae at all investigated
depths was insignificant (Table 2). The diversity index values varied in a wide
range and depended on the complexity of the community structure.

At profile 4, Gongolaria barbata dominated at depths of 0.5-5 m (Fig. 2).
The maximum total macrophyte biomass was recorded at a depth of 1 m, while
at a depth of 0.5 m, this parameter was observed to be 1.5 times lower, and
at depths exceeding 1 m, it decreased by a factor of two and five at depths of 3 and
5 m, respectively (Table 2). Ulva rigida, Cladophoropsis membranacea were
found in the composition of bottom vegetation at all investigated depths. A high
proportion of G. crinale and Dermocorynus dichotomus (J. Ag.) Gargiulo Morabito
and Manghisi was observed at depths of 0.5-1 m, while at a depth of 3 m -
the lithophytic form Laurencia obtusa (Huds.) J. V. Lamour., and at a depth of 5 m
— Zanardinia typus. The contribution of Cladophora laetevirens decreased from 9
to 1% with increasing depth in the studied range. Epiphytes were most abundant
at a depth of 1 m. Vertebrata subulifera and species of Cladophora dominated
among them. High diversity index values indicate a polydominant community
structure.

Distribution of bottom vegetation in the bay in 2017. In the estuary of Sevas-
topol Bay, bottom vegetation was recorded up to a depth of 5 m at profile 1.
Gongolaria barbata dominated at depths of 0.5-3 m (Table 2). The proportion of
this species was observed to be at its maximum at a depth of 1 m, with a sub-
sequent decrease in abundance with increasing depth, occurring at a rate of two and
four times. The total macrophyte biomass exhibited a decrease of over 50 times
with increasing depth. Dictyota fasciola (Roth) Howe was found in the macrophy-
tobenthos composition at all investigated depths (Fig. 2). The proportion of this
species at depths of 0.5-1 m exhibited a range of 2-4%, while at depths of
3-5 m, it showed a notable increase to 10-28% of the total macrophyte biomass.
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The lithophytic form Laurencia obtusa was observed among Gongolaria barbata
thickets at a depth of 0.5 m; at greater depths, this species was found as an epi-
phyte. Cladophora serisea (Huds.) Kiitz. was abundant at a depth of 5 m. The con-
tribution of epiphytic algae exhibited a notable increase with increasing depth.
The shift in the diversity index suggests that the community structure becomes
increasingly complex with increasing depth.

At profile 2, Gongolaria barbata was predominant at depths of 0.5-5 m (Fig. 2).
The total macrophyte biomass exhibited a significant increase, approximately two-
fold, with an increase in depth from 0.5 to 3 m (Table 2). With further increase
in depth this indicator decreased more than fourfold, and at a depth of 7 m, bottom
vegetation was practically absent. The proportion of the dominant species at depths
of 0.5-1 m varied from 70 to 80% and decreased at depths of 3-5 m to 45-55%
of the total macrophyte biomass. Green algae of Cladophora and Ulva were found
in the macrophytobenthos at all depths among Gongolaria barbata. Deepwater
species Nereia filiformis and Carradoriella elongata were recorded at depths of
3-5 m. The contribution of epiphytes increased from 9 to 17% with increasing
depth (0.5 and 1 m) and decreased from 48 to 25% of total macrophyte biomass
with further depth (3 and 5 m). Among the epiphytic algae, the predominant one
was Vertebrata subulifera. The diversity index by depth varied from 1.24 to 1.86.

At profile 3, bottom vegetation was found down to a depth of 3 m (Table 2).
Gongolaria barbata dominated at these depths (Fig. 2). The total macrophyte bio-
mass at depths of 0.5-1 m was found to be considerable (from 4699.6 + 1206.9
to 5063.6 + 346.6 g-m~) and decreased twofold at a depth of 3 m, whereas at a depth
of 5 m, macrophytobenthos was practically absent. The composition of the macro-
phytobenthos exhibited a notable increase in the proportion of Ulva rigida with
increasing depth, from 1% to 17%. Conversely, the contribution of epiphytic algae
demonstrated a significant decrease from 12% to 4% of the total macrophyte bio-
mass. The epiphytes were dominated by Shacelaria cirrhosa (Roth) C. Ag. Dictyota
fasciola, Ulva rigida and Carradoriella elongata occurred sporadically at a depth
of 5 m. The diversity index at a depth of 0.5-3 m exhibited a narrow range (0.84—
1.06) suggesting the dominance of a single species.

At profile 4, Gongolaria barbata was predominant at depths of 0.5-5 m.
The total biomass of macrophytes decreased eightfold with increasing depth
in the studied range, and the proportion of the dominant species decreased almost
threefold (Table 2). Cladophora laetevirens and Ulva rigida were noted in the com-
position of bottom vegetation at all depths. Ulva was sporadic at depths of 0.5-1 m,
and at depths of 3-5 m, its proportion increased up to 6—7% of the total macrophyte
biomass (Fig. 2). The lithophytic form Laurencia obtusa was abundant at a depth
of 3 m, whereas this species epiphytised on Gongolaria barbata at a depth of 5 m.
The greatest concentration of epiphytic algae was observed at a depth of 5 m, with
significantly lower levels recorded at depths of 0.5-3 m. The most prevalent spe-
cies among the epiphytes was Vertebrata subulifera. The diversity index values
indicate that the community structure becomes more complex with increasing depth.

In the late 1970s, the western part of Sevastopol Bay was a water area that
had been significantly affected by human activities. A notable proliferation of
green algae was observed in the studied part of the bay (profiles 2—-4) during
the specified period, with Ulva rigida exhibiting a marked dominance. This species
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is characteristically found in water with a high level of pollution from domestic
sewage. It seems probable that the species composition of the macrophytobenthos
has been affected by the sewage outlet from the north side urban development
since 1964. Furthermore, a fish farm was situated in the vicinity of Severnaya Bay,
and its operations also had a deleterious effect on benthic biocenoses. Thus, it is
shown in [8] that in areas where ships and other vessels are moored, the concentra-
tion of organic and ammonium nitrogen in bottom sediments is found to be 1.5 and
5 times higher, respectively, than in the open sea.

During the construction period of the northern part of the breakwater at profile 1,
the macrophytobenthos is represented mainly by Gongolaria barbata (84-99%
of the total macrophyte biomass), a cenosis-forming species of the Black Sea coastal
zone (Table 2). Although partial water exchange with the open sea still occurred
at this site in 1977, the total biomass of macrophytes at depth was 3—-10 times lower
than in the same year at the open coast of Omega Bay where the proportion of
Cystoseira spp. also reached 95-98% [9].

Over the past more than 30 years (1977-2008), the composition of dominant
macrophyte species has changed significantly in the studied area of the bay. At pro-
files 2-4, where Ulva species had dominated in 1977, Gongolaria barbata became
dominant at some depths in 2008 (Table 2). The shift in dominant species is likely
indicative of a decline in water pollution. The aforementioned assumption is sup-
ported by the studies outlined in monograph [12]. The findings demonstrate that
by the conclusion of the 20th century, the concentration levels of phosphates and
biogenic elements indicating primarily the release of sewage and storm water were
noticeably lower than in the period 1974-1983. Furthermore, it was observed that
the concentration of phosphate was 16 times lower during the period 1998-1999
than it was during the 1970s.

Monograph [8] states that the concentration of such persistent organic pollu-
tants of bottom sediments as petroleum hydrocarbons and chloroform bitumoid
exhibited a slight increase in 1979-1985 in comparison to the period 1997-2000
(328-999 and 451-507 mg/100 g; 0.82-2.7 and 1.21-1.25 ¢/100 g). It has been
established [13] that in the central part of Sevastopol Bay, in the bottom sediments
at a depth of 5 to 20 cm, a zone of extremely high concentration of polychlorinated
biphenyls (PCBs) was formed reaching concentrations of up to 600 ng-g~ (per dry
weight). The concentration of PCBs in the surface layer of bottom sediment in this
area was observed to be slightly lower (from 200 to 450 ng-g?), which resulted
in the authors reaching the conclusion that the anthropogenic pollution of the bay
had been reduced.

In June 2009, macrozoobenthos sampling was conducted at stations distributed
throughout the bay. The quality of the environment in the vicinity of the Monument
to Sunken Ships (profile 4) was evaluated as “good” according to the M-AMBI
index. In contrast, the quality at other stations (central and eastern parts of the bay)
was classified as “moderate” or “poor” [14]. According to a number of researchers,
the environmental situation of Sevastopol Bay improved during the late 1990s and
early 2000s. However, this was not the result of environmental protection actions,
but rather due to a reduction in the volume of sewage from industrial enterprises as
a consequence of their cessation of operations as well as a decrease in oil pollution
due to a reduction in the naval fleet [8, 12]. Nevertheless, the proliferation of algae
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(Ulva intestinalis, U. rigida, Cladophora laetevirens, Cl. serisea Ceramium virga-
tum, C. diaphanum, Callithamnion corymbosum, Carradoriella denudata, Ectocar-
pus confervoides), which inhabit water with increased eutrophication, has become
a pervasive phenomenon in the study areas, thus indicating the presence of pollu-
tants in the bay.

It is characteristic that the construction of the northern (250 m long) and south-
ern (500 m long) parts of the breakwater at the entrance to the bay has changed
the longshore drift of deposits [11]. This provides an explanation for the change of
substrate in some areas of the western part of the bay. As posited by the authors,
the initial accumulations manifested in the form of sandbanks in both Severnaya
and Aleksandrovskaya Bays. The influx of sand into the first bay has ceased en-
tirely, while in the second bay, only residual fragments of sandbanks remain [11].
It is likely that the absence of soft substrates is responsible for the disappearance of
sea grasses (Zostera noltei) in the area of Cape Khrustalny (profile 2), which were
previously (1977) recorded at a depth of 5 m. In 2008, algae species growing ex-
clusively on hard substrate were found at this profile at this depth. At the same
time, minor accumulations of Zostera marina appeared at a depth of 5 m near Cape
Slavy (profile 3).

It is possible that the distribution and composition of macrophytobenthos
in the western part of the bay in 2008 were influenced by the effects of the storm.
It is established that active storm activity results in the degradation and destruction
of coastal biocenoses. For instance, following the most intense storm on record
in 1992, a comprehensive decimation of benthic vegetation was documented
in the Kara Dag region at depths of 0-10 m [15]. In November 2007, an extreme
storm was recorded in the Black Sea area, with wind speeds reaching 27-32 m-s™
and wave heights of up to 4 m [16]. It has previously been demonstrated that this
storm had a negative impact on the macrophytobenthos in Laspi Bay [17]. It is well
documented that the most intensive growth of macrophytes in the Black Sea occurs
during the spring and summer months®. Probably, that is why the bottom vegeta-
tion in the coastal zone of this part of Sevastopol Bay in summer 2008 was char-
acterised by a high species mosaic, with annual algae species (Ceramium spp.,
Cladophora spp.) occurring en masse in the macrophytobenthos composition.
During that period, algae of Laurencia (L. coronopus, L. obtusa, L. papillosa = Pali-
sada perforata) were abundant in the studied areas of the bay (Fig. 2). It is known
that the active growth of these species begins under intense sunlight and with
the beginning of warming of the water column [18]. It is possible that the storm-
destroyed Gongolaria barbata, with its thalli growing rather slowly, was originally
replaced by the beds of representatives of Laurencia® [18]. Thus, in the water area
of profile 2 (Cape Khrustalny), Gongolaria barbata seedlings only were recorded
at depths of 0.5-1 m and only at depths of 3-5 m, the proportion of this species
was 39-79% of the total macrophyte biomass (Table 2).

The results of studies conducted in 2017 indicate that the western part of Se-
vastopol Bay is characterised by a decrease in the quantitative indicators of macro-
phytobenthos in the lower sublittoral zone. This trend is observed in other areas of
the Black Sea coastline that have experienced an increase in eutrophication [19, 20].
The aforementioned trend precipitates a series of catastrophic outcomes in the bays.
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Thus, in the area of Cape Konstantinovsky (profile 1), at a depth of 5 m, the total
macrophyte biomass decreased 20-fold and the proportion of Gongolaria barbata
decreased 5-fold from 1977 to 2017 (Table 2). During the same period, the total
biomass of macrophytes at the same depth exhibited a decrease of over two orders
of magnitude in the area of Cape Slavy (profile 3). The remaining study areas also
showed a decrease in the contribution of Gongolaria barbata from 2008 to 2017.

It is notable that at the present time, epiphytic algae (Vertebrata subulifera,
species of Cladophora) are prevalent in the macrophytobenthos at all profiles of
the western part of the bay. This is attributed to their high competitive ability
determined by their resistance to changing environmental conditions, rapid growth
and effective assimilation of excessive amounts of organic and mineral elements 2.

It can be reasonably deduced that the changes in the composition of the bottom
vegetation in the western part of Sevastopol Bay are likely the result of a combina-
tion of natural factors and human economic activity:

— the geo-ecological situation in the bay, associated with high anthropogenic
load, has led to the fact that the dominant role in the composition of macrophytoben-
thos belonged to species growing in the environment with an increased level of
pollutants, with a high proportion of epiphytic algae, while the contribution of Gon-
golaria barbata is decreasing. In addition, a sharp decrease in the quantitative indica-
tors of the vegetation component at depths greater than 5 m is observed. The diversi-
ty index values indicate a complex polydominant structure of phytocommunities;

— the construction of hydraulic structures in the bay, which have altered
the longshore drift of deposits, has resulted in the redistribution of sea grasses
growing on soft soils and algae occurring on hard substrates;

— increase in storm intensity affects the state of benthic communities negative-
ly. It is revealed that after extreme storms, the vegetation cover is characterised
by significant species mosaic and is predominated by seasonal and annual algae
species, with only juvenile Gongolaria barbata beds observed at depths of 0.5-1 m.

Conclusion

The distribution of macrophytobenthos biomass and its constituent dominant
macrophyte species by depth and years (1977, 2008 and 2017) in the western part
of Sevastopol Bay was illustrated.

A comparative analysis of spatiotemporal changes in the contribution of domi-
nant macrophyte species in the western part of Sevastopol Bay over a 40-year peri-
od was performed.

It was revealed that during the period under study, polydominant phytocom-
munities were formed in the composition of bottom vegetation, dominated by
species inhabiting highly euthrophic environments, with a high proportion of epi-
phytic algae and an insignificant role of Gongolaria barbata. A sharp decrease
in the quantitative indicators of macrophytobenthos at a depth of more than 5 m is
a distinctive feature, accompanied by an upward shift in the lower boundary of
the macrophyte growth.

9 Minicheva, G.G., 1990. [Predicting the Phytobenthos Structure Using Algal Surface Indicators].
Botanichesky Zhurnal, 75(11), pp. 1611-1618 (in Russian).
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It was established that changes in the distribution and composition of bottom

vegetation in the western part of Sevastopol Bay were caused by its geo-ecological
state, which depends on the impact of anthropogenic and natural factors.

The obtained results can be used to monitor the ecological situation in the bay

and to organize the coastal and marine nature management.
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