TpaHchopMaLIUa SIKOCUCTEM  ISSN 2619-0931 Online
A WWW.ecosysttrans.com
Ecosystem Transformation

DOI 10.23859/estr-230802
EDN FSQRVF
UDC 581.526.323 (477.75)

Article

Long-term changes in the composition

and structure of the pseudolittoral
macrophytobenthos in the intense
eutrophication environment

of the Southern Coast of Crimea (Black Sea)

T.V. Belich* |, S.Ye. Sadogurskiy , S.A. Sadogurskaya

Nikitsky Botanical Garden — National Scientific Center of the Russian Academy of Sciences, Nikitsky
Spusk St. 52, Nikita Settlement, Yalta, 298648 Russia

*tbelich@yandex.ru

Abstract. As a result of monitoring studies in 1991-2022, carried out in the marine pseudolittoral (PSL)
of one of the recreational and tourist centers of the Southern Coast of Crimea (SCC), it was established
that the summer plant communities of macrophytobenthos differed in composition and structure from
year to year. It was shown that this is due to changes in the level of eutrophication of the coastal
marine water area by wastewater, the amount of which and extent of pollution from which depend on
the number of tourists and the damage to the sewage treatment plants (STP). In the 1990s, during
a threefold decrease in the number of tourists, communities of mesosaprobic brackish-water-marine
representatives of Chlorophyta, typical of moderately eutrophic waters, were replaced by polydominant
communities formed mainly by oligosaprobic marine representatives of Rhodophyta. As a result, the
composition of the flora and the nature of the vegetation cover of the PSL came as close as possible to
those characteristic of the natural or slightly transformed water areas of the Southern Coast of Crimea.
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MHoroneTHue U3sMeHeHUs COCTaBa U CTPYKTYPbl
NnceBAONUTOPANIbHOIO0 MaKpodpuUTobeHTOoCa

B YC/IOBUSIX MHTEHCUBHOIO 3BTpOoPpUpoBaHUSA

y IOXHoro 6epera Kpbima (UepHoe Mmope)

T.B. berimy* |, C.E. Capgorypckmn , C.A. Cagorypckas

Hukumckuli 6omaHudeckuli cad — HayuoHanbHbIl Hay4YHbIl ueHmp PAH, 298648, Poccus, 2. Sinma,
rnem Hukuma, Hukumckut crniyck, 0. 52

*tbelich@yandex.ru

AHHOTauuA. B pesynsrate MOHUTOPUHIOBLIX UccregosaHui 1991-2022 rr., BbINOMHEHHbLIX B MOPCKOW
ncesgonutopanu (MCJ1) ogHoro M3 pekpeaunoHHO-TYpUCTUYECKNX LieHTpoB HOxHoro Gepera Kpbima
(FOBK), ycTaHOBNEHO, 4TO neTHMEe pacTuTenbHble coobllecTBa MakpouToOeHTOCa B pasHble roabl
OTNMYanMcb COCTaBOM W CTPYKTYpoW. lNMokasaHo, 4YTo 3To 0OyCnoBreHO M3MEHEHWEM YPOBHSI 3BTPO-
hupoBaHUs NPUBPEXHO-MOPCKOM akBaTOPUKN CTOYHLIMU BO4AMWU, OOBbEM U CTEMNEHb 3arpsA3HEHUS KOTO-
PbIX 3aBUCAT OT KONMYECTBa PeKpeaHToB M U3HOCA KaHanm3aunoHHbIX O4UCTHBIX coopyxeHuit (KOC). B
1990-x IT. HA hbOHE TPOEKPATHOIO CHIKEHWS YMCNa PEKPEAHTOB Ha CMeEHY coobLLecTBaM Me3ocanpob-
HbIX COMOHOBATOBOAHO-MOpPCKUX npeactaButenen Chlorophyta, xapakTepHblM NSt yMEPEHHO 3BTPO-
(hMpPOBaHHbIX BOA, NMPULLNN NOMNMAOMMHAHTHbIE COOOLWECTBa, CHOPMUPOBAHHBIE MPEUMYLLECTBEHHO
onurocanpoBHbIM1 Mopckumu npeacTaBuTensammn Rhodophyta. B pesynsrate coctaB dnopbl U xapak-
Tep pacTtutensHoro nokpoea MNCJ1 makcMMarnbHO NPUOIM3UINCL K XapakTepHbIM 41151 eCTECTBEHHbIX U
cnabo TpaHcdopmMupoBaHHbIX akBaTtopuii KOBK. [IBykpaTHbIA pOCT Yncna pekpeaHToB B koHue 2000-
X IT. B COBOKYMHOCTM C nporpeccupytowmm naHocom KOC obycnoBunu cMeHy pacTUTENbHOIO NOKpoBa
MCJ1, KoTopbI C TEX MOP N AOHbIHE DOPMUPYHOT MOHO- U ONUIOAOMUHAHTHbLIE COOOLLECTBA Npenmy-
LLIECTBEHHO MonucanpobHbIX CONOHOBATOBOAHbBIX KOCMOMONMMUTHBLIX npefctasutener Chlorophyta. Co-
KpalleHne 0ObeMOB 1 Ka4eCTBEHHAsA OYMCTKA CTOYHBLIX BOA, MOCTYMAMLLMX B MPUOPEXHYIO akBaTopuio,
MOXET CcnocobCTBOBaTbL BOCCTAHOBINEHMIO COOBLLECTB, TUMMYHBIX A5 tokHObepexxHow MCI1.

KnioueBble crnoBa: MOHUTOPWHI, BOAOPOCIM-MaKpouThl, 9BTpodmKaLus, BUAOBOW cocTas, Guomacca,
3KOMOro-hriopucTUYEecK1e rpynnupoBKn
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Introduction

The Southern Coast of Crimea (SCC) is a physical-geographical region stretching across the extreme
south of the Crimean Peninsula from Cape Fiolent in the west to Cape llya in the east (Ena, 1983). It
stands out from the rest due to the diversity of natural and climatic conditions that determine the richness
of the phytobiota, which fully applies to the adjacent coastal waters of the eponymous hydrobotanical
region of the Black Sea (Kalugina-Gutnik, 1975; Minicheva et al., 2014). On the other hand, traditional
recreational and tourist use determines a high degree of urbanization and the presence of developed
infrastructure. More than 70% of the total length of the coastline has been transformed and now consists
mainly of artificial beaches, and the already high population density (235.5 people/km?) increases
several times in the summer (Soveremennye landshafty..., 2009). The sewage treatment facilities (STP)
of the South Coast of Crimea were originally designed as a system for deep-water discharge of treated
wastewater. Their original capacity has since been exceeded, the outdated collectors are in a state of
emergency, and more than half of the total volume of wastewater now entering the sea is untreated or
insufficiently treated (Pupyrev, 2015). Therefore, one of the most acute problems of the SCC is the long-
term eutrophication of coastal sea waters, which is highest near the emergency collectors.

In coastal areas the primary producers, the main consumers of organic matter, are macrophyte
algae. They form one of the key links in the homeostasis system of coastal ecosystems and, at the same
time, the most important factor in the self-purification processes of sea waters (Egorov et al., 2021).
The macrophytobenthos responds to an increase in the trophic level of the environment by adaptively
restructuring the composition and structure of communities, while changes in biomass and, accordingly,
the functional (including purification) role of some species are compensated by opposite changes in
other species (Kovardakov and Firsov, 2008; Minicheva, 1998; Minicheva et al., 2013; etc.). Therefore,
the composition and structure of macrophytobenthos communities are important indicators of the state
of the coastal ecosystem, and their dynamics (up to a certain limit, beyond which vegetation degradation
inevitably occurs) reflects the intensity and direction of the changes taking place. However, there have
been relatively few studies of this subject on the South Coast of Crimea (Evstigneeva and Tankovskaya,
2020a, b; Maslov, 1988, 1992). Stationary observations are of particular interest. Therefore, in 1991, a
hydrobotanical station was established in Gurzuf, a popular center of seasonal tourism in the SCC, to
monitor the macrophytobenthos of the pseudolittoral zone.

The purpose of this work is to characterize long-term changes and the current state of the composition
and structure of pseudolittoral macrophytobenthos under conditions of local chronic eutrophication
based on hydrobotanical studies in the coastal marine waters of Gurzuf.

Objects and methods of research

The monitoring hydrobotanical station (coordinates N 44°31'41.7" E 34°16'23.8") is located within
the boundaries of Gurzuf on a stretch of the coastal zone, including the postponed construction of a
recreational complex and the Vodokanal Wastewater Treatment Plant. Concrete walls holding back
a relatively gentle landslide bank, are bordered by a narrow boulder beach. In the benthal from the
waterline and down to a depth of 5—6 m, the bottom soil is a block and block-boulder heap — a product
of the destruction of the original bank with an admixture of concrete structures and their fragments
(Fig. 1). The STP plant, commissioned in 1973, has a short and shallow underwater outlet ending
approximately one kilometer from the shore at a depth of less than 40 m. The volume of wastewater
entering the treatment facility is 3.5-7.0 thous. m®/day and is predominantly of domestic origin (housing,
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Fig. 1. Location of the hydrobotanical station (N 44°31'41.7" E 34°16'23.8") and general view of the surveyed area of the coastal
zone (Gurzuf, Southern Coast of Crimea).

catering, accommodation and recreational services), and therefore, in accordance with the seasonal
recreational and tourist load, is at its maximum in the summer. Having been designed according to the
1960s threshold limit values, the STP does not comply with modern standards and is 98% worn out,
and the damaged collector regularly produces large-scale emergency emissions along its entire length
(Gruzinov et al., 2018; Pupyrev, 2015).

The studies were conducted in the pseudolittoral (PSL) part of the benthic zone, the existence of
which in the non-tidal Black Sea, unlike the true tidal littoral, is due to non-periodic (wind and baric)
fluctuations in the level (Arnoldi, 1948), reaching 0.40-0.60 m (+ 0.20—0.30 m above and below the
mean water level) on the South Coast of Crimea (Belich et al., 2018; 2019, etc.).

The object of the study is benthic macrophytes. In 1991-1992, in order to more fully identify the
species composition and structure of communities, the material was collected seasonally, and in the
following years of 1997, 1998, 2010, 2020 and 2022 — in the summer. Summer was chosen as the
optimal season for long-term observations, since at this time there are no strong storms that can damage
or even destroy the vegetation of the PSL, which could make the comparison of the obtained data be
incorrect or even impossible. Quantitative samples were collected using a 0.10x0.10 m frame with ten
replicates, according to the generally accepted method (Kalugina-Gutnik, 1975), modified in accordance
with the specifics of the PSL (Belich, 1993). The nomenclature within the phyla Chlorophyta, Ochrophyta,
Rhodophyta follows "AlgaeBase™ the names of the authors of taxa are in standard abbreviations in
accordance with the recommendations of IPNI2. Where necessary, additional combinations are given
(in brackets) according to the identifier (Zinova, 1967), which is used as a basic guide for identifying
species. Ecological and floristic characteristics of algae follow Kalugina-Gutnik (1975), saprobiological
and halobic characteristics follow the unpublished data of A.A. Kalugina-Gutnik and T.l. Eremenko. For
each species separately, the wet weight was determined, the results were recalculated per m?, then
the average biomass value was calculated x £ S (BM). Dominant species were identified taking into
account BM. The projective cover (PC) was determined visually. The Jaccard similarity index (JSI) was
calculated according to Schmidt (1984). Using the same methods facilitates reliable comparison of the
results obtained over the entire observation period (1991-2022).

" AlgaeBase, World-wide electronic publication, National University of Ireland, Ireland. Web page. URL: http://www.algaebase.org
(accessed: 22.05.2023).

2 The International Plant Names Index (IPNI), 2019. Web page. URL: http://www.ipni.org (accessed: 22.05.2023).
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Results and discussion

At the monitoring station, the PSL vegetation on a hard substrate forms a belt up to 0.50 m (+ 0.25
m) wide, not divided into tiers and subzones. At the initial stage of the study (1991-1992), the seasonal
dynamics of the composition and structure of the microphytobenthos of PSL were examined (Belich,
2002). During this period, 42 species?®, were recorded, with their number (NS) varying from 14 in summer
to 24 in winter. There was a seasonal change of dominants, leading to a series of communities that
cyclically replaced each other, usually characterized by mosaicism and polydominance. BM in them
fluctuated from 0.5-0.7 kg/m? at PC 50% in the autumn-winter period to more than 2 kg/m? at PC
up to 90-100% in the spring. In spring, Ulva intestinalis*, dominated on coastal boulders, resulting
in Chlorophyta accounting for over 90% of total BM of macrophytes. In summer and autumn, along
with U. intestinalis, the dominant species included Ceramium ciliatum, Dictyota fasciola, Lophosiphonia
obscura, and some species of the genus Cladophora Kitz. By the end of summer — in the first half of
autumn, under the influence of insolation, most of the thalli of U. intestinalis and C. ciliatum became
discolored and inviable. In winter, Scytosiphon lomentaria, Ceramium virgatum and Cladophora albida
became dominant. Due to the low height of the vegetation cover, rarely exceeding 5—7 cm, the tiering
in PSL communities was not expressed. During wind or baric drops in water level, the thalli of relatively
large-sized species (U. intestinalis, Scytosiphon lomentaria, etc.) were exposed and lay on the substrate.
It is noteworthy that strong storms observed from autumn to spring often damaged, and in winter in
some places completely removed, the vegetation in PSL.

During long-term observations (1991-2022), 39 species of macroalgae were recorded in seasonal
summer PSL communities (Table 1), which in different years, with a stable PC value of 75-80%, formed
plant communities that differed in species composition, CB, BM, and the ratio of ecological-floristic
groups.

In 1991, the community Cladophora sericea + Ceramium ciliatum + Ulva intestinalis was registered,
and in 1992, the community Cladophora vadorum + Cladophora sericea + Cladophora albida + Ulva
intestinalis. With the same NS of 15 units, the species composition changed, but the JSI between
communities was quite high — 0.76 (Table 2). In addition, the species (including dominants) were similar
in aspect and in terms of a set of ecological and floristic indicators, which determined the structural
similarity of these two communities. In them, short-vegetation (annual and seasonal) marine (60%)
warm-water (60%) representatives of Rhodophyta, mainly related to oligosaprobes (53-60%), prevailed
in NS (Table 3). Although the total BM of the community in 1992 was significantly higher, the ratios of
ecological-floristic groups by BM in both years were similar. Brackish-marine cold-water (50% each)
annual Chlorophyta (70% each), mainly related to mesosaprobes (> 50%), dominated (Table 4).

In 1997, the community Ceramium ciliatum + Lophosiphonia obscura + Dictyota fasciola + Ulva
intestinalis was recorded, and in 1998, the community Ceramium ciliatum + Dictyota fasciola +
Cladophora albida. At NS 14 and 18, respectively, the JSI between them was only 0.39 (Table 2), but
the ratio of eco-floristic groups was similar. According to N, short-vegetating oligosaprobic (64—50%)
warm-water (57-61%) marine (57-56%) representatives of Rhodophyta (43-50%) prevailed (Table 3).
The total BM of the communities in 1997 and 1998 were identical; the ratios of eco-floristic groups were
also close. The BM of the communities was mainly (> 50%) formed by oligosaprobic seasonal summer
warm-water Rhodophyta belonging to the marine group (Table 4).

In 2010 and 2020, a monodominant community of Ulva intestinalis was recorded, and in 2022, an
oligodominant community of Ulva intestinalis + Cladophora albida. At NS 14 and 20, respectively, the
JSI with communities of previous years varied from 0.26 to 0.45 (Table 2). In terms of N, the ratio of
ecological-floristic groups differed little from that in previous years: with some variations, short-growing
(70-100%) marine and brackish-water-marine (up to 55 and 57%), predominantly warm-water (up
to 45%) representatives of Rhodophyta and Chlorophyta (up to 50 and 40%), related to oligo- and
mesosaprobes (up to 50 and 43%) predominated (Table 3). Compared to 2010 and 2020, by 2022
the BM community has significantly decreased. However, the ratio of ecological-floristic groups by BM
remains stable in these years and at the same time differs sharply from what was recorded in the
previous period. Short-vegetation (up to 91%) brackish-water (up to 82%) cosmopolitan (up to 82%)

3 Previously, 45 species of macrophytes were indicated (Belich, 2002), now the number of species has been adjusted in accordance
with modern nomenclature and taxonomic changes (AlgaeBase).

4 Complete nomenclature combinations are given below (Table 1).



Belich, T.V. et al., 2025. Ecosystem Transformation 8 (1), 123—-144

128

[sior @7 (y10y) sepronisjuoa sndiesojo]

- - w w - - - 6181 qbuA (uAm|iq) snsojnaijis sndieoojog
. _ . . . . [emoH " (yroy) ejorase; snydojiq]
n 00'¢ 09'€he 0S'¥.2 0025 0205 6081 “INOWET A( (U10N) EJ0ISE) BI0A0IT
VLAHdOYHOO
- _ w - _ _ _ [axjuIey sipLIA BlpejoojUT] €10T I0SAM
"d % KlI9),0 ‘USSIaIN " (8)uIay) SIpLIA EjjaAIN
- 09'9% - 0z’ - 00°'S - €281 ‘upJeby O epibu eajn
[Buipng nunAy eydiowossjus]
G0l 0202 - - - - - €002 ‘puejeep) g adoyuels ‘eAllS "O'd ‘sbbepy
Jayswolg ‘uapAeH ‘SH (Bulplg) nuiAy eain
06'GEZ B0'BOSFGGZLO ECLIOFSE69 09FLL  OL'BLLF098ZL 9L OLIPFGLOEL ool weu un (1) speusend
G'G - - - - - - 6781 “ZINy (‘ZIny) exsjdwi x1yjoin
. w w _ _ _ _ ['ziny (uAmIQ) wnxapdwi winiuopoziyy]
05'6 6v8) “AeH (UoY) wnuedu wniuoj0zZIyy
- - - - - 08'69% - 6781 “ZIny ("yosaly) wniopea eioydopeld
eel ov'ee o'l - w 18°0¥C 0S'zZy £¥81 “ZInY ('spnH) esaues eioydope|d
. . . . . . . ['ziny ('spnH) epiqre esoydoped]
0zZ'6El 0202 8'6 0L'S.L 00¢ €e'681 L0'v6 epal ‘-z (Se3N) EpIgE BI1oydopED
¥'8 059 - 052 05’2 €6'GLL el 6781 “ZIny (uAm||IQ) easee eydiowojeey)
. _ _ _ _ _ _ G061 ‘uasabiag (ypJeby
599 ‘0 xo bueg) eeoeueiquew sisdoioydope|d
VLAHJOYOTHO
(80°€0) (£0°G2) (2021) (£0°22) (80°22) (80°10) (80°82)
220z 0202 0L0Z 8661 1661 Z661 1661 sepadg

(e1ep uonO9||00 ajdwes) Apnjs jo polad

%001} > A JUSIDIYS0D UOIBLIBA USYM SSED 10} USAID SI (S F) uesw jo Joud ‘sidwes ul b ,0°Q uey} ssa| — w ‘sajdwes uj sa10ads Jo aouasge
sajeolpul yseq (220Z—1661) INzINS ul uone)s |eSIUBJ0JOIPAY JO SIS)EM SULIEW [E}JSEOD S d JO SAIIUNWWOD Jawwns [euosess u| aebje ajAydoloeuw jo (;w/B) ssewolq pue sai0ads Jo isi °} ajgeL



129

Belich, T.V. et al., 2025. Ecosystem Transformation 8 (1), 123—-144

6Ll

9l

9y

8l

90

- oviL

0G°S oect

G0 gL

gl -

09°€s

0665

0s'6vl

0S'Ly

00¢

00°¢

0€'9€G

00'8

02’6

€CeEVL

L9'8V1

V1AHdJOAdOHH
120

eVl

86'8¢C1

9¢€'0

€G've

[¢, B3l "wou ypieby "D (‘'spnH) wniqni wnjiweia?)
‘¢, Bayn "wou ypieby r (AQnq) wnjejeaipad
wniweliad] 16/ 1 ‘Yoy wnjebiin wniweia)

['lonq suebsjo wniweian] 6661 ‘euIn ‘9
(yjoy) suebsje uea wnsonbijis wWniweis)

9081 ‘yioy ("pubI) wnueydelp wnjweisad
9081} “znna (N3 'r) wnpelo wnjwers)

[¢ 6oyl "wou “zny
(uAmiiiQ) erepnusep eluoydisAjod] 610z ‘siepunes
‘MO 18 a10AeS (UAM||IQ) BlepnUBp EjjaLIOpELIR)

6181 “gbuk] (‘ws) wnsoquwiAioo uoluweyjljeD

168 ‘IeH eJsjiwiey eluosiewauLUOg

7281 ‘ypleby 'O (Yjoy) esouro euejpoeyds

[upseby 't ("qbuh) euejuswor uoydisojfas] ecgl
*SU09 "wou “NuIq (‘qbuA) euejuswoj uoydisoifas

[¢63]1! "wou “|iie9 ()
ejuoned euiped] 0961 ‘Anyl () eoruoned euiped

[1oN 2@ 19 "b14 snaiqese sndieoojo7]
661 ‘1oweH ('ziny) sueinba. ejuuewplo

['Aneg eouoydsoq eliesojsA9] 1zoz
‘lleulnd ‘o 18 ouas ' (‘Anes) eauioydsoq eLeoLg

(80°c0)
2202

(£0°52) (£0°21)
0202 0102

(£022)
8661

(80°22)
1661

(80°10)
z661

(e1Ep UOND9||00 odwes) Apnis Jo polad

(80°82)
1661

sol0adg




Belich, T.V. et al., 2025. Ecosystem Transformation 8 (1), 123—-144

130

1’9

9'¢

- - - 0G°/G1

- - 0G9¢l -

- - 00'L -

0c'8l - - -

- - GGl -

- c'lc 00°€ 00°€8¢

gc - - ov'ee

- - 09'L -

€ee

099

JASRY

00'}b

00°¢

Ev'le

0G°¢

051

['anteH (ypseby -Q) eusyiingns eiuoydisAjod]
1681 ‘@zZIuny (ypieby "O) esayngns ejeiqapoA

0061 “Auasoy (‘jybi1) wnaindind uopioyoopoyy

[InyL (sn3 "r) enwnyd uoluweypuy]
GG8l ‘l1ebeN (si13 1) enwnjd uojuweyjoisld
[e11s04 eiminuiw erseqop] €861
“queyn ‘WA (-zany) ejoainiejuoa wnjiAydosud

[upleby ' ejeinoiued

erouaineT] 600z ‘N4 LN 3@ Zenblpoy-|19

‘sajjuag ‘ouesse) (ziny|) sepioAny} epesijed
[¢,-Ba|1 "wiou "AsIS) (*ysio4) esojjided erousine]

1002 ‘weN ‘MM (Alog) ejesopied epesijed
[¢ By "wou

InoweT A (‘]owo ‘©°SQ) epyieuurd ejpusaineT]

6081 “"WioelS ('spnH) epypeuurd espunwsQ

2061 ‘sioneg (Aajiop) sepioyjuiwie uolewsn

['puejos 1o sI||3 T esopueIb
euljjes0d] 9¥g1 “JUO (luipieuez) ejebuia ejuer

1681
“quayed (ypseby ‘9) esnasqo eiuoydisoydo]

‘lypseby
xa Alog ejepiwelAd "1ea esnjqo eiousine]
67381 “ZINY x8 Alog siepiwelAd eouaine]

2681 ‘ypteby ‘r sndouoioo erouaine]

[1ebeN (uAmiq) #iseinep wnijoeyo0ioy]
G861 ‘ebuabarg (uAmiQ) IIseinep ewsuooejo)

[upseby
0 ("MPOOAA 18 "UBPO0Y)) BWISSINUB] BLIPUOY))]

1661 ‘@UUAM "W ('SPNH) suejjides eLpuoyd

(80°c0)
2202

(£0°52) (£0°21) (£0°22) (80°22)
0202 0102 8661 1661

(e1Ep UOND9||00 odwes) Apnis Jo polad

(80°10)
z661

(80°82)
1661

sol0adg




Belich, T.V. et al., 2025. Ecosystem Transformation 8 (1), 123—-144 131

Table 2. Jaccard similarity index (Ki) between seasonal summer communities of macrophyte algae PSL of the coastal marine
waters of the hydrobotanical station in Gurzuf (1991-2022).

Year X

1991 1992 1997 1998 2010 2020 2022
1991 1 0.76 0.53 0.57 0.38 0.30 0.45
1992 1 0.53 0.38 0.26 0.30 0.35
1997 1 0.39 0.33 0.31 0.36
1998 1 0.33 0.31 0.31
2010 1 0.21 0.36
2020 1 0.43
2022 1

representatives of Chlorophyta (up to 96%), mainly related to polysaprobes (up to 82%), dominate by a
large margin (Table 4). This situation is due to the massive (up to 70—-80% of the total BM) development
of U. intestinalis. This is one of the most eurybiontic representatives of the macroalgal flora, widespread
in the seas across the globe and withstanding strong freshening and an extremely high level of
eutrophication of the ocean.

The analysis of the distribution of NS in ecological-floristic groups in the PSL of the hydrobotanical
station produced the following results. Throughout the observation period 1991-2022, Rhodophyta were
most important in terms of NS in summer, but since 2010, a slight increase in the role of Chlorophyta has
been observed in absolute and proportional terms (Table 3, Fig. 2A). The saprobiological groups by N,
are dominated by oligosaprobes (49%), but in total, exactly the same amount is accounted for by meso-
and polysaprobes (Table 3). Describing the impact of eutrophication on the algal flora of Novorossiysk
Bay, A.A. Kalugina-Gutnik considered such a ratio to be evidence of significant pollution of the water
area (Kalugina-Gutnik, 1975). In the PSL station, the ratio of saprobiological groups by NS does not
show a clear trend during the observation period, but in 2022, a sharp increase in the proportion of
polysaprobes is observed, which reached a quarter of the total NS (Fig. 2C). Such a distribution by
saprobiological groups suggests that the level of seawater eutrophication in the water area was initially
elevated (i.e., in 1991-1992), and by now it has become even higher.

In total, about half of the total NS is accounted for by the warm-water assemblage, although in recent
years its proportion has shown a significant decrease: from 60% to 40-45%. Importantly, this occurred
mainly due to those representatives of the cosmopolitan and cold-water phytogeographic groups that
simultaneously belong to the poly- and mesosaprobes (Table 3).

In terms of halobity more than half of the total NS is attributed to the marine group, although there
has been a steady increase in the number of brackish-water marine species since 1998. By 2022, this
had doubled to account for half of the total NS (Table 3).

Long-term observations show that BM of different systematic and ecological groups demonstrate
the trends in environmental transformation much more informatively than NS (Belich et al., 2019;
Sadogursky, 2014, 2017). In the long-term observation series, there were periods of increase and
decrease in BM of seasonal summer communities. The maximum BM values were recorded in
polydominant communities in 1992 and in the late 1990s (Table 4). At the beginning of the decade, BM
was mainly formed by short-vegetation mesosaprobic cold-water brackish-water-marine representatives
of Chlorophyta. By the end of this decade, a turning point was observed: during a twofold increase in
the proportion of perennials, the leading positions (with a share of at least 60%) were taken over by
oligosaprobic warm-water marine representatives of Rhodophyta. During this period, oligosaprobic
C. ciliatum and D. fasciola became dominant in the community, which is typical for summer vegetation
of PSL in coastal waters near the SCC, not subject to intense eutrophication (Belich et al., 2018;
Sadogursky, 2009, 2014). Since 2010, a decrease in the total BM of vegetation has been noted; by
2022, its values had decreased to a third of the former maximum values. Although Rhodophyta remain
the most widely represented group in N, their BM in communities has decreased to less than a tenth
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Fig. 2. The ratio of systematic and saprobiological groups of macrophytobenthos in seasonal summer communities of the
pseudolittoral of the coastal-marine waters of the hydrobotanical station in Gurzuf (1991-2022): systematic — by the number of
species (A) and by biomass (B); saprobiological — by the number of species (C) and by biomass (D).

of its former value. Dominance again passes to short-vegetation Chlorophyta, which form mono- and
oligodominant communities, but from now on they are dominated by polysaprobic brackish-water
cosmopolitans (70-80% BM) (Table 4, Fig. 2B, D).

The nature of the structural and functional organization of the macrophytobenthos of the PSL at the
hydrobotanical station indicates that in the early 1990s the water area adjacent to the STP at Gurzuf was
characterized by an increased level of eutrophication in the summer season. By the end of the decade,
the level of eutrophication had obviously decreased, as a result of which the composition of the flora and
the nature of the vegetation cover during this period corresponded as much as possible to those in the
natural and slightly transformed water areas of the South Coast of Crimea. Unfortunately, how long it
will last and when the next changes will begin, cannot at present be judged with certainty. However, it is
obvious that by the end of the 2010s the level of eutrophication had increased so much that the situation
had worsened even compared to the early 1990s. From that time until now, the structural and functional
organization of the communities of the PSL at the hydrobotanical station indicates a consistently high
eutrophication and, probably, local desalination of coastal waters in the summer season.

If the change in the ratio of ecological-floristic groups by NS allowed only some assumptions to
be made, then the dynamics of the ratio of ecological-floristic groups by BM gives confidence in the
correctness of determining the nature and direction of transformation of the conditions of the aquatic
environment.



Belich, T.V. et al., 2025. Ecosystem Transformation 8 (1), 123—-144 137

The source of eutrophication is easy to determine. Considering the location of the station directly
in the area of the short shallow emergency collector of the STP, it is logical to assume that the STP
discharges are the cause of local intensive eutrophication and desalination. A more difficult task is to
assess the dynamics of their influx and, accordingly, changes in the intensity of eutrophication of the
coastal marine waters in 1991-2022, as well as to establish a connection with the scale of changes
in the vegetation cover of the PSL station. There is no dynamic information, especially for a single
collector, in the public domain. On the South Coast of Crimea, the main volume of wastewater is formed
by the household activities of the population and tourist facilities, i.e. it is directly linked to the number of
holidaymakers. The main influx of tourists also occurs in the summer season (we will consider the number
of local population and the intensity of economic activity during the research period and in other seasons
of the year to be relatively constant). Statistics show that by 1995 the tourist flow to Crimea (a significant
part of which is always concentrated on the Southern Coast of Crimea, including Gurzuf) had decreased
to less than a third of its levels at the beginning of the decade (Tourism in Crimea®; Federal Service
Administration®). The load on the infrastructure and the volume of wastewater decreased accordingly,
which undoubtedly reduced the trophic level of coastal sea waters near the South Coast of Crimea.
The most noticeable reduction should have occurred near the local sources of intense eutrophication,
one of which is the Gurzuf STP collector. Obviously, this is what happened. By 1997-1998, the PSL
communities of the hydrobotanical station adapted to the decrease in water trophicity, as a result of
which their structural and functional organization became the same as in most natural water areas of the
region (Belich et al., 2018; Sadogursky, 2009, 2014). A number of researchers note that this period was
marked by a period of general recovery of ecosystems off the coast of Crimea and in the Black Sea as
a whole (Milchakova, 2003; Minicheva et al., 2008; Zaika et al., 2004). In the 2000s, reverse processes
began. By 2009, compared to 1995, the tourist influx had doubled, and therefore so had the volume of
wastewater (Tourism in Crimea; Federal Service Administration). It is noteworthy that during the thirty
years under discussion, the degree of damage to the Gurzuf STP steadily increased, reaching 98%
(Pupyrev, 2015). At the same time, such strong structural and functional changes have occurred in the
PSL macrophytobenthos communities that, if the current level of eutrophication is maintained (and even
more so if it increases), their degradation is possible. The first signs of this should be considered the
development of mono- and oligodominant communities of polysaprobic brackish-water cosmopolitans
with low BM in the summer season. As the dynamics of the structural and functional organization of
macrophytobenthos observed in the 1990s shows, the situation is reversible. But restoration (probably
within 2-3 years) is possible only if the volumes of untreated wastewater entering the coastal waters
are reduced.

It would be wrong to assume that mono- and oligopdominant communities of meso- and polysaprobic
Chlorophyta are not at all typical for the southern coastal PSL. However, they most often develop and
are recorded for a relatively short time in the spring (which was noted above in the brief description of
seasonal changes), much less often in the autumn, i.e. during transitional periods when some seasonal
species (and communities) complete their vegetation, while others have not yet fully developed. Their
continuous existence from spring to autumn is clearly associated with excessive eutrophication, since
at the same time polydominant communities (unpublished data of the authors), typical of the southern
coastal PSL, developed in the adjacent waters (Belich, 2001; Belich et al., 2018; Pogrebnyak and
Maslov, 1976). This conclusion is supported by the results of a number of similar studies carried out in
other eutrophic coastal areas (Fort et al., 2020; Korpinen et al., 2007, etc.).

In total, 55 species of macrophytes were recorded in the PSL station for the period 1991-2022
(including all seasons of 1991 and 1992): Chlorophyta — 14 (25.45%), Ochrophyta — 10 (18.18%),
Rhodophyta — 31 (56.36%) (Table 1). The phylum Rhodophyta is the most widely represented: 3 classes,
10 orders, 11 families, 23 genera. Chlorophyta and Ochrophyta are represented less and equally: one
class each, four orders, six families and eight genera. The most numerous genera are Cladophora Kiitz.,
Ulva L., and Ceramium Roth. It should be noted that in the flora of the South Coast of Crimea, and the
Black Sea as a whole, there are no species that are found exclusively in the PSL, but there are the most

5 Tourism in Crimea. Wikipedia, 2023. Web page. URL: https://ru.wikipedia.org/
wiki/%D0%A2%D1%83%D1%80%D0%B8%D0%B7%D0%BC_%D0%B2_%D0%9A%D1%80%D1%8B%D0%BC%D1%83
(accessed: 22.05.2023).

8 Office of the Federal State Statistics Service for the Republic of Crimea and the City of Sevastopol (Krymstat). Web page. URL:
https://82.rosstat.gov.ru/ (accessed: 22.05.2023).
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characteristic ones that are consistently present in it and form the core of the macroflora. In the case
under discussion, these are: U. intestinalis, C. albida, C. sericea, Ch. aerea, L. obscura, C. ciliatum,
D. fasciola, Sphacelaria cirrosa, and Pneophyllum confervicola. Due to seasonal fluctuations of BM,
some of them periodically enter or are temporarily excluded from the number of dominants, which
determines the cyclic change of seasonal PSL communities. At the same time, there are rare species
or, to some extent, unusual for the biotope and the region as a whole. In 2000, Ulva kylinii was noted for
the first time on the South Coast of Crimea and specifically in PSL. Nowadays, the species is recorded
more and more often and is already one of the dominants of communities (Table 1) (Belich et al., 2020;
Sadogursky et al., 2019a). In 2022, Laurencia pyramidalis” was recorded in the PSL of the station. This
species was known from the adjacent water area to the west (now within the boundaries of the Mys
Martyan Nature Reserve) based on collections from the early 20th century (Chernov, 1929), after which
it disappeared from collections for many years, and most recently it was again recorded in the PSL
and the shallowest areas of the sublittoral of the South Coast of Crimea, where it is rare and occurs in
small numbers (Sadogursky et al., 2019b). This is probably one of the classic examples of "pulsating"
elements of the regional flora (Golubev, 2004), while some Black Sea macroalgae have pulsation periods
(the reasons for which are not clear) that last for decades (Sadogurskaya et al., 2017). Unlike others,
Bonnemaisonia hamifera is an alien element of Asian-Pacific origin for the local flora. It is an invasive
species that colonized the South Coast of Crimea in 2017 (Sadogursky et al., 2023). In the sublittoral,
its mass development changes the structure and appearance of plant communities, which allowed it to
be classified as a transformer (Richardson et al., 2000). In PSL, the species occurs only in the form of
individual threads, but they are very numerous and in are present all samples without exception.

Further research within the boundaries of the station and in adjacent waters will allow us to clarify
information about the dynamics and current state of macrophytobenthos near the Southern Coast of
Crimea.

Conclusions

As a result of stationary hydrobotanical observations in the water area subject to local eutrophication,
55 species of macrophyte algae were recorded in the PSL flora for the period 1991-2022 in different
seasons: Chlorophyta — 14 (25.45%), Ochrophyta — 10 (18.18%), Rhodophyta — 31 (56.36%). Nine
species, constantly present in the PSL flora, form its core. During the monitoring it was established
that the summer flora of the PSL hydrobotanical station includes 39 species of macroalgae, which
in different years formed plant communities of different composition and structure. It was shown that
their structural and functional organization is determined by the level of eutrophication, which depends
on the volume and quality of wastewater entering the coastal-marine waters of the surveyed area. By
now, due to the increase in recreational load against a background of extreme wear of STP, mono- and
oligodominant plant communities formed by polysaprobic brackish-water cosmopolitan representatives
of Chlorophyta have developed, which is typical for highly trophic waters. If the level of eutrophication
is maintained, and especially if it increases, degradation of macroscopic vegetation of PSL is possible.
At the same time, reduction in volumes and high-quality purification of wastewater can contribute to
the restoration of communities that correspond in composition and structure to natural and slightly
transformed water areas. In this regard, for the surveyed area and for the South Coast of Crimea as a
whole, key interventions, in the complex of measures aimed at improving the state of coastal-marine
ecosystems, are reconstruction of existing and creation of new modern STP facilities.
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