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The Zernov’s Phyllophora Field (ZPF) is a water area in the northwestern Black Sea (NWBS) that occupied
about 11 000 km? in the early 20™ century. Since 2008, a water area of 4025 km? has been given the status of a
botanical sanctuary of national importance «Zernov’s Phyllophora Field». The goal of the present study is to
assess the species richness and quantitative development of macrozoobenthos of the ZPF and their long-term
variations under the current conditions of de-eutrophication of the Black Sea basin. The work is based on the
material of 43 benthos stations performed in 2010-2013 within an area of 8400 km? in the ZPF. In 2010-2013,
a total of 162 macrozoobenthos species were identified: Polychaeta (49 species), Mollusca (39), Crustacea (43),
Ascidiacea (6); the other taxa comprised 25 species. The current level of species richness of macrozoobenthos
is the highest for the entire historical period of the ZPF studies. The mean abundance and wet biomass of mac-
rozoobenthos were estimated at 2417 + 175 individuals/m? and 283 + 32 g/m? (without mantle cavity fluid of
bivalves). Values for Polychaeta amounted to 1017 individuals/m? and 6 g/m?, Mollusca — 887 individuals/m?
and 256 g/m?, Crustacea — 165 individuals/m? and 1.3 g/m?, Ascidiacea — 42 individuals/m? and 17 g/m?. The
biomass of the dominant species, the filter-feeders Mytilus galloprovincialis, reaches 73% of the total macro-
zoobrnthos biomass. Our research of the long-term alterations in benthic macrofauna covers the period 1957 to
2013, including the pre-crisis time of the Black Sea ecosystem (1957—1960), its crises of the second half of the
20" century (1979, 1984, 1991) and the modern (post-crisis) stage (2010-2013). Based on the maps of biomass
spatial distribution for all periods mentioned above, the mean values and the total stocks of macrozoobenthos
within the area 8400 km? of the ZPF were evaluated. The long-term changes of the macrozoobenthos biomass
were analysed in relation to the main factors adversely affected the bottom biocoenoses in NWBS — i.e. anthro-
pogenic eutrophication, oxygen depletion and near-bottom hypoxia in summer, as well as the secondary siltation
of the seabed due to intensive near-bottom trawling. The most critical period for the ZPF ecosystem state oc-
curred in the late 1970s, when the mean biomass and the total stock of macrozoobenthos decreased by 7 times in
comparison with the pre-crisis period. The data collected in the first decades of the 21* century indicate the actual
recovery of the mean macrozoobenthos biomass and of its total stock in the ZPF area to the level of 1957-1960,
which is related to the improving of the general ecological situation in the region.
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Introduction

The Zernov’s Phyllophora Field (ZPF) is the area
in the northwestern Black Sea (NWBS) shelf occupy-
ing about 11 000 km? (Zaitsev, 2006) on the sloping
accumulative plain with depths of 2060 m (Fig. 1).
Its bottom is covered with fields of shell debris in-
cluding various pelitic components (Emelianov et al.,
2004). The academician Zernov (1909, 1913) discov-
ered it in the early 20" century and its name is related
to the previously huge aggregation of agariferous red
algae of the genus Phyllophora. According to various
estimates, the total stocks of phyllophora in that pe-
riod amounted from 5 to 10 million tons (Zenkevich,
1956; Zaitsev & Mamaev, 1997). Due to the tremen-
dous stocks of alga Phyllophora, located here until
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the 1980s, it was called the «lungs» of the basin, and
harvesting of Phyllophora was of great importance
for the economy of the former USSR.

Since 2008, the ZPF has been included as a
botanical reserve in the marine protected areas
(MPAs) of the Black Sea (Nature reserves fund
of Ukraine, 2009). For today, the ZPF is the larg-
est MPA, occupying an area of 4025 km?, 51% of
the area of all 54 MPAs legally established in the
Black Sea basin (Milchakova, 2011, 2016). Ac-
cording to the European Red List of Habitats, the
central part of the NWBS in the area of the ZPF lo-
cation is presently classified as «Pontic circalittoral
biogenic detritic bottoms with dead or alive mus-
sel beds, shell deposits, with encrusting corallines
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(Phymatolithon, Lithothamnion) and attached foli-
ose sciaphilic macroalgae» and is referred to Criti-
cally Endangered habitats (Gubbay et al., 2016).

The studies on zoobenthos in the ZPF started in
the early 20" century as a description of the taxo-
nomic composition of the fauna inhabiting the Phyl-
lophora bed (Zernov, 1913). The first quantitative
data on the benthic fauna in the Phyllophora field
were collected in 1957-1960 during an extensive
benthic survey: the grid of 228 stations covered an
area of 40 000 km? in almost the entire NWBS shelf.
The various aspects of the biology and ecology of
the communities in NWBS as well as the results of
analysis of the species composition and quantitative
indices of zoobenthos in the ZPF in that time were
generalised in a special monograph (Vinogradov &
Zakutsky, 1967). The subsequent similar data on
quantitative representation and taxonomical diver-
sity of macrozoobenthos in the ZPF, obtained dur-
ing 1970-2002, were summarised by Losovskaya
(2006) and Sinegub (2006). In that period, in addi-
tion to traditional sampling gears such as grab, the
observations of the bottom surface were conducted
from submersible remote sensing vehicles of the
TINRO-2 and BENTOS-300 types (Samyshev et
al., 1986; Zolotarev, 1994). The data of recent de-
cades are represented by the results of three main
benthic surveys performed in the area of the ZPF
in 1991 (Mikhailova, 2002), 2012 (Kovalishina &
Kachalov, 2015), and 2010-2013 (own data).

The goal of this study is to clarify the species
richness and quantitative representations of macro-
zoobenthos at the Zernov’s Phyllophora Field in the
present period under conditions of de-eutrophication
of the Black Sea basin. An important component of
the work was a retrospective analysis of mapped
material in order to evaluate the long-term changes

of macrozoobenthos throughout the sea bottom area
of 8400 km? located within the zone of the ZPF.

Material and Methods

The work was based on the results of benthic
surveys conducted in the waters of the ZPF during
the cruises #68 (2010), #70 (2011) and #72 (2013)
aboard research vessel «Professor Vodyanitsky».
All quantitative material was collected by an
«Ocean-50» grab sampler (with area of 0.25 m?) at
43 stations within a depth range of 19—-60 m (Fig.
1). At each station, 1-2 samples were taken. They
were washed through a system of sieves with mesh
size of 3 mm and 1 mm. At one station material
was also collected by a Sigsbee-Agassiz trawl and
by a scuba-diver at two other stations.

Prior to washing, a sample with sediment was
divided into portions and placed in plastic baths,
where «fragile» benthic organisms (polychaetes,
crustaceans, ascidians, etc.) were collected using
a gentle technique of stirring (flotation method)
and pouring the sample out on a sieve, thus, avoid-
ing the stage of their direct washing together with
coarse sediment fractions (sand and shell debris).
Animals from the upper sieve of 3 mm mesh size,
were fixed immediately after washing in 4% neu-
tralised formaldegide (for polychaetes) or for other
taxa — in 76% alcohol. A portion of the washed
sample (with a volume of up to 300 ml) from both
the upper and lower sieves was fixed in a 4% neu-
tralised formalin solution for the subsequent mi-
croscopy at a shore-based laboratory. The volume
of sediment that remained on the washing sieves
was measured with a measuring glass (V =300 ml)
in order to determine the aliquot taken for analysis
and to express the results of quantitative assess-
ment of benthic fauna per 1 m? of the bottom area.

Grab samples:
O - 2010

A - 2011

0O - 2013
Diver:

46° - © - 2010
Trawl:

A -2011

45° W(\;%

Black Sea

30° 31° 32° 33°
Fig. 1. A: Arrangement of benthic stations performed during the expeditions aboard research vessel «Professor Vodyanitsky»
in the area of Zernov’s Phyllophora Field. B: Boundaries of Zernov’s Phyllophora Field, depicted in the work of Vinogradov
& Zakutsky (1967) according to the data of different authors: (1) Zernov (1909, 1913); (2) Berenbeim (1953); (3) Shchapova
(1954); (4) Skolka (1956); (5) Vinogradov (1957).
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Species synonymy was checked using the
WoRMS (WoRMS Editorial Board, 2018) data-
base. Such taxa as Oligochaeta, Nemertea, Platy-
helminthes, Gromia, Porifera, and Hydrozoa were
not identified to the species level. Biomass of bi-
valves was estimated after cutting the adductor
muscles and removing the mantle cavity fluid by
drying on filter paper for a short time. All animals
were weighed on a SARTORIUS digital scale bal-
ance with an accuracy of 0.001 g.

The zone of the ZPF including our sampling sta-
tions in 20102013 (Fig. 1A) covers an area of 8400
km?. The data collected from this area were used for
analysis of long-term changes in macrozoobenthos
biomass. For these purposes, the maps of spatial dis-
tribution of macrozoobenthos biomass in 1957-1960
(Nikitin, 1964), in 1979, 1984 (Samyshev et al.,
1986) and 1991 (Mikhailova, 2002) within the se-
lected area were considered. The data for 1991 pro-
vided by Mikhailova (2002), as well as our own data
were plotted on maps using SURFER 13 mapping
software. The areas occupied by a certain biomass
of zoobenthos were estimated for all maps using this
software, too. The total stocks of macrozoobenthos

and average values of the taxa biomass within the
8400 km? area of the ZPF have been calculated with
the STATISTICA 6 software package.

As known from the early studies, the total bio-
mass of bivalves, which form a major part of zoo-
benthos biomass, was assessed without removing
their mantle cavity fluid. In order to compare cor-
rectly the results obtained from the long-term data
series, in the material of 2010-2013 we assessed
the wet biomass of bivalve mollusks with mantle
cavity fluid and without mantle cavity fluid; the co-
efficients of relationship were determined. Accord-
ing to our data, mantle cavity fluid of Bivalvia in
alcohol-fixed samples accounts from 19% to 52%
of the mollusks weight. The greatest variations in
weight due to the loss of mantle cavity fluid might
be in the thin-shelled mollusks Abra nitida (O.F.
Miiller, 1776), Gibbomodiola adriatica (Lamarck,
1819), Modiolula phaseolina (Philippi, 1844),
Abra alba (W. Wood, 1802), and Acanthocardia
paucicostata (G.B. Sowerby II, 1834) (Table 1). In
the large-sized Mytilus galloprovincialis Lamarck,
1819 such losses may constitute up to 40% of their
initial «alive» weight.

Table 1. Table of coefficients of relationship (K) between the wet biomass of mollusks without mantle cavity fluid and that

of mollusks with mantle cavity fluid

Taxon Number of measurements Range of lengths, K
mm
Abra alba (W. Wood, 1802) 13 2.2-8.4 1.75
Abra nitida (O.F. Miiller, 1776) 3.1-45 2.15
Acanthocardia paucicostata (G.B. Sowerby 11, 1834) 2 2.7;5.8 1.74
Anadara kagoshimensis (Tokunaga, 1906) 30 1.5-44.0 1.36
Chamelea gallina (Linnaeus, 1758) 65 8.5-21.3 1.29
Gastrana fragilis (Linnaeus, 1758) 9.3 1.74
Gibbomodiola adriatica (Lamarck, 1819) 4 18-30.6 2.01
Gouldia minima (Montagu, 1803) 67 3.5-10.4 1.22
Lucinella divaricata (Linnaeus, 1758) 3 24428 1.31
Modiolula phaseolina (Philippi, 1844) 77 2.6-12.4 1.86
Mytilaster lineatus (Gmelin, 1791) 149 3.3-16.5 1.41
Mytilus galloprovincialis Lamarck, 1819 137 11.5-72.0 1.67
Papillicardium papillosum (Poli, 1791) 57 4.4-11.4 1.37
Parvicardium exiguum (Gmelin, 1791) 56 6.5-11.8 1.33
Pitar rudis (Poli, 1795) 131 2.5-17.3 1.44
Polititapes aureus (Gmelin, 1791) 10 15.6-29.7 1.44
Spisula subtruncata (da Costa, 1778) 15 7.4-17.0 1.38
e :
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Results

Species richness. A total of 162 species of
benthic macrofauna were found in the study area.
The total species list is available in the article of
Revkov etal. (2016). Polychaetes were represented
by 49 species; mollusks, by 39 species, including
19 species of Bivalvia, 19 Gastropoda and 1 spe-
cies of Polyplacophora, crustaceans — by 43 spe-
cies, ascidians — by 6 species, and other taxa were
represented by 25 species. The most frequently
occurring species (found at 25% of the stations or
more) in the area of the ZPF were represented by 8
polychaetes, 2 crustaceans, 4 bivalves, and by one
species of bryozoans and ascidians each (Table 2).

The polychaete Polycirrus jubatus BobretzKy,
1868 and two crustacean Gammarellus carina-
tus (Rathke, 1843) and Apseudopsis ostroumovi
Bacescu & Carausu, 1947, are endemic species of
the Black Sea. Five species are known as invasive
that have appeared in the Black Sea recently. These
are the mollusks Mya arenaria Linnaeus, 1758,
Anadara kagoshimensis (Tokunaga, 1906), Rap-
ana venosa (Valenciennes, 1846), and the poly-
chaetes Dipolydora quadrilobata (Jacobi, 1883)
and Polydora cornuta Bosc, 1802.

Among the benthic high-level taxa, the richest
were the order Phyllodocida, phylum Annelida (28
species), the order Amphipoda, phylum Arthropo-
da (23 species) and the order Heterodonta, phylum
Mollusca (15 species).

Ten high-level taxa are represented only
by single species: order Eunicida (phylum An-
nelida) by Protodorvillea kefersteini (Mcln-
tosh, 1869)); orders Tanaidacea and Sessilia
(Arthropoda) by Apseudopsis ostroumovi and
Amphibalanus improvisus (Darwin, 1854) ac-
cordingly; the families Phasianellidae, Littorin-
imorpha and Caenogastropoda (Mollusca: Gas-
tropoda) by Tricolia pullus (Linnaeus, 1758),
Vitreolina incurva (Bucquoy, Dautzenberg &
Dollfus, 1883) and Epitonium clathrus (Lin-
naeus, 1758) accordingly; the family Chitonida
(Mollusca: Polyplacophora) by Lepidochitona
cinerea (Linnaeus, 1767); the family Phoroni-
dae (Phoronida) by Phoronis psammophila Cori,
1889; the family Aplousobranchia (Chordata:
Ascidiacea) by Diplosoma listerianum (Milne
Edwards, 1841) and the family Ophiurida (Echi-
nodermata) by Amphiura stepanovi Djakonov,
1954. All mentioned species above have to be
considered as species with a high rank of taxo-
nomic exclusiveness, on the taxonomic tree of
benthic community they form separate (mono-
specific) branches closing up on a high hierar-
chical level (Warwick & Clarke, 2001; Nevrova
et al., 2015). Elimination of each of them leads
to extinction of the entire family or even order
arms from the taxonomic structure, which can
substantially decrease the total taxonomic di-
versity of macrozoobenthos.

Table 2. Quantitative characteristics of the most frequent species at the Zernov’s Phyllophora Field area

Average values of
Taxon Frequency, % abundance, .
- individuals/m? biomass, g/m’

\Mytilus galloprovincialis Lamarck, 1819 43 427 £ 57 (1352) 205.466 + 28.189 (983.63)
Prionospio cirrifera Wirén, 1883 41 444 + 84 (2204) 0.422 +0.095 (3.300)
[Heteromastus filiformis (Claparéde, 1864) 40 77+ 17 (558) 0.141 £0.030 (0.981)
Nemertea 40 33+ 5(152) 0.137 +£0.019 (0.518)
Cryptosula pallasiana (Moll, 1803) 36 52 +£20 (808) 0.543 £0.214 (8.570)
Nephtys hombergii Savigny in Lamarck, 1818 34 22 £5(178) 1.215 +0.240 (7.088)
Phtisica marina Slabber, 1769 32 30+ 6 (164) 0.017 +0.004 (0.097)
Ascidiella aspersa (Miiller, 1776) 32 17 +4 (96) 10.042 +2.225 (77.520)
Parvicardium exiguum (Gmelin, 1791 30 23 +6(212) 1.142 + 0.325 (10.260)
Dipolydora quadrilobata (Jacobi, 1883) 29 147 + 44 (1197) 0.288 = 0.085 (2.232)
Papillicardium papillosum (Poli, 1791) 29 17 +4 (164) 1.090 + 0.282 (9.483)
Pholoe inornata Johnston, 1839 28 41 + 12 (460) 0.031 £ 0.009 (0.360)
‘Modiolula phaseolina (Philippi, 1844) 28 278 + 80 (2048) 13.970 + 3.725 (85.736)
Spirobranchus triqueter (Linnaeus, 1758) 27 12+ 3 (76) 0.059 £ 0.016 (0.600)
Harmothoe reticulata (Claparéde, 1870) 26 14 £4(126) 0.077 £ 0.019 (0.480)
Terebellides stroemii Sars, 1835 25 18 +4 (126) 1.388 +0.420 (14.324)
Amphibalanus improvisus (Darwin, 1854) 25 17+ 5 (150) 0.515+0.141 (3.677)

Note: Average values and their standard errors are given, maximum values are given in brackets. The abundance of Crypto-
sula pallasiana was calculated for colonies per 1 m?, 1 colony = 100 zooids.
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Another group of 45 species are rare and were
recorded only from one of the 43 stations. Among
them the gastropods Tricolia pullus, Vitreolina in-
curva, Epitonium clathrus, and the colonial ascidian
Diplosoma listerianum.

A total of five species present within the ZPF
have a protected status in various water areas of the
Black Sea basin. Among crustaceans, these are Ap-
seudopsis ostroumovi, Diogenes pugilator (Roux,
1829), Upogebia pusilla (Petagna, 1792), and Lio-
carcinus navigator (Herbst, 1794); among mollusks,
Gastrana fragilis (Linnaeus, 1758) (Dumont et al.,
1999; Akimov, 2009; Ivanov & Fateryga, 2015).

Quantitative characteristics. The average (+
SE) abundance of macrozoobenthos is 2417 + 175
individuals/m?, with the highest density of poly-
chaetes (1017 = 128) and mollusks (887 + 102).
Crustaceans show a value of 165 + 20; ascidians,
42 + 9; the combined group of the other taxa, 301 +
51 individuals/m?. The polychaetes Prionospio cir-
rifera Wirén, 1883, Dipolydora quadrilobata, and
the mollusks Mytilus galloprovincialis and Modio-
lula phaseolina, are the most abundant and refer
also to the group of the most frequently occurring
species in the ZPF area (Table 2).

The lowest values of the total macrozooben-
thos abundance were recorded in the northern part
of the ZPF, at depths exceeding 30 m. The areas

with a low abundance of mussels, polychaetes, and
crustaceans were larger at the same isobaths and
expanded from north to south in the form of a nar-
row belt (Fig. 2). The recent invasive species Di-
polydora quadrilobata was the most abundant in
the southwestern part.

The average biomass of macrozoobenthos
reaches 283.4 + 32.3 g/m?, with the highest values of
mollusks (256.3 £ 30.0 g/m?), followed by ascidians
(17.1 £ 3.5 g/m?), polychaetes (6.4 + 0.8 g/m?) and
crustaceans (1.3 £ 0.3 g/m?). The filter-feeders were
the dominant group of benthos in terms of biomass.

Along with the above-mentioned bivalves
from the group of the most common species, such
as Mytilus galloprovincialis, Modiolula phaseo-
lina and the ascidians Ascidiella aspersa (Miiller,
1776) (Table 2), the highest biomass in the ZPF area
also reach the bivalves Mytilaster lineatus (Gmelin,
1791) (15.2 7.9 g/m?), Chamelea gallina (Linnae-
us, 1758) (8.7 = 7.7 g/m?) and the ascidians Ciona
intestinalis (Linnaeus, 1767) (6.5 £ 2.1 g/m?).

The spatial pattern of biomass values is de-
termined mainly by the distribution of mollusks,
among which the biomass of mussels constitutes an
average of 73% of the total biomass of macrozoob-
enthos over the area (Fig. 3). The highest biomass of
Modiolula phaseolina was recorded from the south-
ern and southeastern parts of the area.
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Fig. 2. Pattern of the abundance values (individuals/m?) of various macrozoobenthos taxa in the area of Zernov’s Phyllophora
Field: (1) total abundance of macrozoobenthos; (2) Mytilus galloprovincialis; (3) Polychaeta; (4) Ascidiacea; (5) Crustacea;
(6) Myscellaneous; (7) Dipolydora quadrilobata; (8) Prionospio cirrifera.
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Fig. 3. Pattern of the biomass values (g/m?) of various macrozoobenthos taxa in the area of Zernov’s Phyllophora Field: to-
tal biomass of macrozoobenthos (1), Mollusca (2), Mytilus galloprovincialis (3), Modiolula phaseolina (4), Polychaeta (5),

Crustacea (6), Ascidiacea (7).

Discussion

Species richness and its long-term variations.
The list of macrozoobenthos species recorded in the
ZPF area in the early 20™ century includes 28 taxa
(Zermov, 1913). These are crustaceans, Liocarcinus
navigator, Idotea sp. and Crangon sp.; amphiurans
Amphiura stepanovi, Synapta sp.; various sponges;
ascidians Ciona sp.; polychaetes Polynoe g. sp., Ter-
ebellidae g. sp., Nereididae g. sp.; mollusks Parvicar-
dium simile (Milaschewitsch, 1909), P. exiguum,
Mytilus - galloprovincialis, Modiolula phaseolina,
Mptilaster lineatus, Abra alba, Kurtiella bidentata
(Montagu, 1803)), Calyptraea chinensis (Linnaeus,
1758), Rissoa splendida Eichwald, 1830, R. euxinica
Milaschevich, 1909, Bittium reticulatum (da Costa,
1778), B. submammillatum (de Rayneval & Ponzi,
1854), Cerithiopsis tubercularis (Montagu, 1803),
Monophorus perversus (Linnaeus, 1758)), Tropho-
nopsis breviata (Jeffreys, 1882), Retusa variabilis
(Milaschewitsch, 1912), and R. truncatula (Bru-
guicre, 1792). Obviously, this relatively scarce fauna
composition can be a result of the sporadic (or not de-
tailed) studies in the area, as well as the inconsistency
of the taxonomic system in those days.

The species richness of the benthic macrofauna
of the ZPF estimated in 2010-2013, increases sig-
nificantly in comparison to previously published
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data (Table 3). Such disagreement cannot be ex-
plained by the difference in number of performed
benthic stations: 43 (2010-2013) versus 27 (1991),
50 (2012), ~57 (1957-1960), but, probably, by a
discrepancy in sampling and treatment of samples
procedures (for instance, in 1991 the samples were
washed only through the 2 mm mesh (Mikhailova,
2002)) and incomplete taxonomic identifications.
The species richness of the benthic macrofauna
of the ZPF area is comparable to that in other wa-
ter areas of the NWBS (Table 4). The total number
of species in the Danube — Dniester coastal region,
Karkinitskiy Gulf and Central (ZPF) area of the
NWRBS shelf displayed similar values. A compari-
son of species number of the main macrozooben-
thos groups has shown a similarity between the ZPF
and the Karkinitskiy Gulf area. The most freshened
waters of the Danube — Dniester and Dnieper — Bug
coastal areas are characterised by predominance of
crustaceans due to the development of amphipods.
Long-term dynamics of biomass and stocks
of macrozoobenthos. According to the map repre-
senting the results of the first quantitative studies of
NWBS shelf in 1957-1960 (Zakutsky, 1962a), the
zoobenthos biomass in a major part of the ZPF area
varies from 500-600 g/m? to 10002000 g/m?* (Fig.
4). Besides, in the same paper is mentioned that the
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mean zoobenthos biomass in the ZPF is 458 g/m’.
The discrepancy in the presented graphical and table
data is evident. Our calculations using the map data
show that the value of mean biomass within the area
of the ZPF (Fig. 4) exceeded 700 g/m?, which is 1.5
times higher than reported by the author. Subsequent-

ly the author of the material confirmed the validity of
the table data and used them in his later works (Za-
kutsky, 1962b; Vinogradov & Zakutsky, 1967). Nev-
ertheless, only the graphical material presented in Za-
kutsky (1962a) was used in later publications of some
other authors (Nikitin, 1964; Samyshev et al., 1986).

Table 3. Species richness of benthic macrofauna in the Zernov’s Phyllophora Field area in different years

Years Total number of species| Mollusca | Polychaeta | Crustacea| Other Reference
1957-1960 84 28 14 21 21 Vinogradov & Zakutsky (1967)

1991 41 18 12 2 9 Mikhailova (2002)
1984-2003 79 21 25% 21 12 Sinegub (2006)

2012 52 15 14 16 7 Kovalishina & Kachalov (2015)
2010-2013 162 39 49 43 31 Our data

Note: * including Oligochaeta and Nemertea.

Table 4. Species richness of benthic macrofauna in different areas of the northwestern Black Sea

Relative portion of most diverse taxa

Area Period of studies | Number of stations | Number of species Mollusca| Polychacta | Crustacea | Other
*Karkinitskiy Gulf 1973-2003 115 166 26 30 31 13
*Dnieper — Bug 1973-2003 2061 209 24 22 39 15
*Danube — Dniester 1973-2003 674 161 22 24 40 14
ZPF 20102013 43 162 24 30 27 19

Note: * — according to Sinegub (2006).

1957-1960 )
\,\

Fig. 4. Spatial distribution maps of the macrozoobenthos biomass (g/m?) in the Zernov’s Phyllophora Field area in differ-
ent years: 1957-1960 (Nikitin, 1964); 1979 and 1984 (Samyshev et al., 1986); 1991, composed according to Mikhailova
(2002); 2010-2013 (own data).
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An ecological crisis happened in the Black
Sea basin in the second half of the 20™ century
(its peak occurred at the turn of the 1980s — 1990s
(Yunev, 2012), which was mainly associated with
the anthropogenic eutrophication and reducing
the water column transparency (Zaitsev & Ma-
maev, 1997). As a result of these processes a pro-
nounced degradation of the Phyllophora field and
a mass mortality of the benthic fauna due to the
near-bottom hypoxia appeared (Zaitsev, 2006).
The onset of the mass mortality over the exten-
sive near-estuary bottom areas of the NWBS is
believed to occur in 1973 (Salsky, 1977). By
1979, the area with a relatively high level of mac-
rozoobenthos biomass substantially reduced, the
mean biomass in the NWBS generally decreased
by more than 6 times and amounted to only 135
g/m? (Samyshev et al., 1986). Considering to the
ZPF area, our calculation (according to data from
(Samyshev et al., 1986) shows a 7-fold decrease
in the mean macrozoobenthos biomass in 1979
(to 62 g/m?) compared to 1957—-1960.

During the period from 1979 to 1989, a fluctu-
ating in the mean macrozoobenthos biomass with
two maxima, in 1981 (323 g/m?) and 1986 (537 g/
m?), was observed in the NWBS (Zolotarev, 1994).
In 1984, when there were large zones with a bio-
mass lower than 50 g/m? on the NWBS shelf, an in-
tensive development of macrozoobenthos was re-
corded in the ZPF, where an area with a biomass of
200-500 g/m? and more was registered (Samyshev
et al., 1986) (Fig. 4). Our prognostic estimates of
data reported by Samyshev et al. (1986) show that
the mean zoobenthos biomass in the ZPF for that
period was 257 g/m?.

On the map of 1984 (Fig. 4), the central part of
the NWBS shelf, including the ZPF, is surrounded
by a zone of decreased biomass of macrozooben-
thos. The cause of its formation, along with the
hypoxia in near-bottom water layers, was the sec-
ondary siltation of the bottom substrate as a result
of dredge fishing for mussels and bottom trawling
(for mainly sprat), which had been conducted in-

creasingly in the waters adjacent to the ZPF since
the middle of the 1970s. The greatest number of
trawl hauls was performed in 1980, and they be-
came regular in the southern sector of the ZPF in
the period from 1984 to 1988 (Zolotarev, 1994).
According to Samyshev et al. (1986), the total
amount of silty fractions of sediments raised to the
water column as a result of bottom trawling from
1976 to 1984 reached 60 million tons. Pelitic sedi-
ment material was transported over long distances
by currents and, according to the scheme presented
in the work (Zaitsev & Mamaev, 1997), embraced
the ZPF along the perimeter, coinciding with the
ring-shaped zone of decreased macrozoobenthos
biomass noted above (Fig. 4). The results of visual
surveys of the ZPF using the manned submers-
ible vehicles «Argus» in 1984 (Zaitsev, 2006) and
«Benthos» in 1989 (Stroganov & Gordeeva, 2000)
confirmed the intensive process of siltation of the
bottom substrate and depletion of the benthic mac-
rofauna due to the anoxia phenomena.

Subsequently, the surge of macrozoobenthos
development in the ZPF area was followed by
another decline; by 1991, its mean biomass re-
duced to 158 g/m? (Table 5). In 1984, the zone of
depressed biomass around the ZPF exactly coin-
cided with the cyclonic trajectory of turbidity cur-
rents described by Zaitsev & Mamaev (1997) and
then, from our point of view, by 1991 the centrip-
etal re-sedimentation of suspended matter caused
the zone of decreased macrozoobenthos biomass
to form already in its central part (Fig. 4). As a
result, if earlier (initially) the currents determined
formation of the field of unattached Phyllophora
in the central part of the NWBS shelf (Zaitsev,
2006), now these same currents, transferring both
the secondary fine-fraction suspended matter,
stirred up from the bottom by fishing operations,
and the excessive detrital component (as the re-
sult of eutrophication), jointly determined the
zones of minimal development of macrozooben-
thos (lower than 100 g/m?) already in the central
part of the ZPF (Fig. 4).

Table 5. Estimated quantitative parameters of macrozoobenthos development over the area of 8400 km? in the Zernov’s

Phyllophora Field
Year
Parameter
1957-1960 1979 1984 1991 20102013
Total stock of macrozoobenthos, million tons 3.8 0.5 2.2 1.3 3.7(2.4)
Average biomass of macrozoobenthos, g/m? 458.25% 62 257 158 442(283)

Note: * based on the data in Vinogradov & Zakutsky (1967); wet biomass of macrozoobenthos without the mantle cavity

fluid of mollusks is indicated in parentheses.
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The excess of organic matter itself is not a
cause of macrozoobenthos degradation. Organic
matter suspended in the water column is a source
of food that determines the level of development of
filter-feeders (and particularly mussels) in benthos
(Revkov et al., 1999; Petrov, 2000). For example,
the increase in values of quantitative parameters
of benthos development off the Crimean coast —
in the Chamelea gallina biocoenosis (Mazlumyan
et al., 2004; Revkov et al., 2008; Revkov, 2009,
2011) and in the Mytilus galloprovincialis bio-
coenosis in Kalamitskiy Gulf (Boltacheva et al.,
1999) — occurred due to the increased abundance
of filter-feeding mollusks and was recorded imme-
diately at the peak of eutrophication of the Black
Sea basin (at the turn of the 1980s — 1990s). The
mass expansion of the other bivalve Anadara ka-
goshimensis, a recent Black Sea invader, is associ-
ated with near-estuary waters enriched in organic
matter (Revkov, 2016). Thus, the zoobenthos bio-
mass increased in response to water eutrophica-
tion off the coast of Crimea. In contrast, the excess
of organic matter over the period of summer ver-
tical stratification of waters on the northwestern
and western sections of the Black Sea shelf deter-
mined the formation of anoxia/hypoxia conditions
in the near-bottom horizons. It caused a mass mor-
tality of benthos on large areas while this organ-
ics is decomposed (Cociasu et al., 1996; Zaitsev,
2007). Thus, the degradation of benthos with oxy-
gen deficiency and an increase in the parameters
of development of filter-feeders can be considered
as principal responses of bottom communities re-
garding to the organic enrichment phenomena of
the Black Sea waters. The overall pattern of the
observed elimination of macrozoobenthos in the
ZPF area in 1979, 1984, and 1991 (Fig. 4) was
formed by the combined effect of near-bottom ox-
ygen deficiency and anthropogenic silting of the
bottom substrate. In general for the NWBS, the
total loss of benthic fauna from 1973 to 1990 is es-
timated at 55 million tons (Zaitsev, 1992) mainly
due to the silting and near-bottom hypoxia/anoxia.

The de-eutrophication of the whole Black Sea
basin which started in the middle of the 1990s
(Zaika, 2011; Yunev, 2012), the prohibition of
bottom trawling for sprats and dredging for mus-
sels introduced in the Ukraine in the late 1980s,
and the subsequent strengthening of control of
the use of near-bottom fishing gears eventually
resulted in the improved general state and pa-
rameters of macrozoobenthos development in the
ZPF. Undoubtedly, the subsequent recovery and
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improvement of the ecological state of macrozoo-
benthos was facilitated by prohibition of brown
algae phyllophora production in 1996 and due to
establishment in November 2008 the botanical
sanctuary of national importance «Zernov’s Phyl-
lophora Field» with an area of 4025 km? (Nature
reserves fund of Ukraine, 2009).

According to estimates inferred from maps, in
2010-2013 the average wet biomass of macrozoob-
enthos in the ZPF amounted 277 g/m? (without man-
tle cavity fluid of bivalve mollusks). This value has
actually matched the similar mean values obtained
for this period by traditional averaging the biomass
values over stations (283.4 + 32.3 g/m?). This fact
testifies in favour of the approach that we used in the
retrospective analysis of the mapped material.

By results the calculations for 2010-2013
based on biomass of bivalves with mantle cavity
fluid, the average macrozoobenthos biomass val-
ues increased to 442 g/m?. The latter value actu-
ally agrees with those of the analogous parameters
for the pre-crisis period of 1957-1960 (Table 5).
Kovalishina & Kachalov (2015) provided a value
of the mean macrozoobenthos biomass in the ZPF
for 2012 (545 g/m?) that is similar to our own re-
sults. This confirms our conclusion about the re-
covery of the quantitative parameters of macro-
zoobenthos in the ZPF in 2010-2013 to the level
of 1957-1960. A similar conclusion can be drawn
about the total stock of macrozoobenthos (Table
5). The results on long-term dynamics of macro-
zoobenthos biomass in the area of the ZPF coin-
cide with the data obtained for the neighbour areas
of the Black sea shelf as Romanian (Cociasu et al.,
1996; Begun et al., 2010) and Bulgarian (Todorova
& Konsulova, 2000; Petrova & Stoykov, 2013)
where there is an improvement of the ecological
state compared to the recession in the Black Sea
ecosystem in the 1980s — 1990s caused by eutro-
phication and hypoxia phenomena.

Conclusions

The data obtained in 2010-2013 characterise
values of the benthic macrofauna development in
the ZPF area in the post-crisis period due to the
de-eutrophication of the Black sea basin. The high-
est level of macrozoobenthos species richness over
the entire investigation period of the ZPF has been
recorded in these years. Such results can be ex-
plained by the more detailed research and, in part,
by the wider distribution of invasive species at re-
cent times. As a result of the long-term series of
observations, the most critical period for macro-
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zoobenthos of the ZPF was the late 1970s, when
its mean biomass and the total stock reduced seven
times compared to 1957-1960. The results based
on the data collected in the first decades of the 21st
century indicate the actual recovery of the mac-
rozoobenthos biomass in the ZPF to the level ob-
served in the pre-crisis period which can be related
to the improving ecological situation in the region.
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(CEBEPO-3AITATHAA YACTDb YEPHOI'O MOPA): BUTOBOE BOTI'ATCTBO,
KO/IMYECTBEHHOE PASBUTHUE U MHOI'OJIETHUE U3MEHEHUWSA
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dunnogopuoe none 3eprosa (PI13) — yuacTok akBaTopum ceBepo-3anagHoi yactu Yeproro mops (C3UM) B
niepBoii monoBuHe XX B. 3aHMMaBIIHi miomiaas okoio 11 000 kM2, C 2008 r. yyacTKy aKBaTOpPUU HA IUIOMIAAN
4025 kM? IPHCBOCH CTATyC OOTaHMYECKOro 3aKa3HHUKa OOLIEroCyI1apCTBEHHOT0 3HaueHUs «PriiodopHoe nosne
3epHoBay. Llenpio paboThI ABIISETCS OIIEHKA, B COBPEMEHHBIX YCIIOBUSX JIe-9BTpoduKauny Oacceitna YepHoro
MOpsi, BUI0BOTO OOTaTcTBa M KOJIMYECTBEHHOTO pa3BUTHSI Makpo3oobeHToca PII3 1 uX MHOTOJIETHUX U3MEHe-
Huit. Pabora ocHoBaHa Ha Marepuanax 43-x OCHTOCHBIX cTaHIWH, BBITOMHEHHBIX B 2010-2013 1. Ha y4acTke
®I13 mromaaeio 8400 km?. B 2010-2013 rr. B coctaBe Makpo3oobeHToca obHapyxeHo 162 Buna: Polychaeta
— 49 Bunos, Mollusca — 39, Crustacea — 43, Ascidiacea — 6; ocranbHble rpynmbl — 25 BUI0B. COBpEeMEHHBIH
YPOBEHb BHJIOBOTO OOTaTCcTBa MAaKpO3000CHTOCA SIBJISICTCS HAMBBICIIMM 32 BECh HCTOPUYECKUIT IIEPHO HCcIle-
nosanust GI13. CpenHye YNCICHHOCTH U chIpast OnoMacca Makpo3oo0eHToca coctaBisui 2417 + 175 sx3./M? n
283.4 + 32.3 v/m? (6e3 MaHTHIHOHN KHKOCTH JBYCTBOPYATBHIX MOJUTIOCKOB); u3 HUX Polychaeta — 1017 + 128
9K3./M> 1 6.4 £+ 0.8 r/M?, Mollusca — 887 & 102 sx3./M? u 256.3 + 30.0 r/m?, Crustacea — 165 + 20 5x3./M> u 1.3 £
0.3 r/m?, Ascidiacea — 42 + 9 ax3./M* u 17.1 £ 3.5 r/M? cooTrBeTcTBeHHO. Hamboee BBICOKYIO OHOMacCy UMenn
¢unsTpaTopeI-cecToHO(hAru, cpey KOTopsIX Ha nepBoM mecte Mytilus galloprovincialis (73% obmieii ceipoit
6nomaccsl). Harre ncciieioBaHre MHOTOJICTHUX M3MEHEHHMH JIOHHOH MakpodayHbl oxBaTbiBaeT nepuos 1957—
2012 rr., BKIIIOYAIONMH MPEAKPU3UCHBIH 3Tarn pa3BUTHs dKocucTteMbl Yeproro mops (1957-1960), ero kpusuc
BTOpO# TosoBHHBI XX B. (1979, 1984, 1991) u coBpemennslii (moctkpusncusiif) atan (2010-2013). Ha ocnose
KapT MPOCTPAHCTBEHHOTO paclpeiesieHHst OMOMacChl MAKpO3000EHTOCA JUISl BCEX YIIOMSHYTHIX BBIIIE TIEPHOIOB
paccunTaHbl CPeIHUE 3HAUCHNUS U OOIIKE 3amackl Makpo30o6eHToca Ha roraan 8400 km* OI13. MHoroseTHsist
JMHAMHMKa OMOMAacChl MaKp0O3000EHTOCA aHATIM3UPYETCS B CBSI3M C M3BECTHBIMH OCHOBHBIMHU (PAKTOpPAMH BO3-
JeicTBUS Ha TOHHBIC OnoreHo36I NWBS — nmpumoHHO# rHnoKcHel i 3aMopaMu OeHTOCa U3-3a IBTPO(OUKAIIH
OacceliHa, 1 BTOPUYHBIM 3aWJICHHEM JJOHHOTO CyOCTpara B pe3yJbTare JOHHOTO IPOMBICIA MOPETIPOIYKTOB.
Pesynprarer aHanmm3a yka3slBatoT, 4T0 Hanbomnee Kpu3ucHbM s OI13 spisuics koren 1970-X TT., Koraa cpeaHsist
O6rnomacca M 00IIMe 3amackl MaKpO3000eHTOCa COKpaTminch B 7 pas. JlanHele nmepBoro necsrumietus XXI B.
CBUJICTEIBCTBYIOT O (DAKTHYECKOM BOCCTAHOBIICHUH CpeiHEeH Onomacchl Makpo3oodeHnToca B paiione PI13 no
ypoBHs 1957—-1960 rr., 4TO CBA3aHO C YIIyUIIEHUEM YKOIOTUUECKOM CUTyallul B PETHOHE.

Kurouessie cinoBa: Phyllophora, buomacca, 3anmacsl Makpo30o0eHToca, MakpogayHa 6EHTOCca, MHOTOJICTHSIS
JMHAMHUKa, MOpCKasi 0c000 oxpaHsiemMas MpUpOIHas TEPPUTOPHSI, YUCICHHOCTh
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