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1. Introduction

1.1. General description of the Tyligulskyi Liman lagoon

The Tyligulskyi Lagoon (see Fig. 1.1) is located thve Ukrainian coast in the North-
Western part of the Black Sea, 60 kilometers awagnfthe city of Odessa at the border of
Odessa and Mykolaiv provinces (46°3947°05.3N, 30°57.3-31°12.7E). The lagoon used
to be a valley of the Tyligul River that has bedoofled by sea waters; it stretches
submeridionally from north-northwest to south-seaist. It is 45 to 52.1 km long and 1 to 4.5
km wide. When the watermark in the lagoon is —0.B8 (meters in the Baltic system of
heights and depths), the estimated volume and #tersurface area are 693%19° and
129x16 m? respectively. The southern and central partsheflagoon are hollows with
prevailing depths in the range of 10 to 16 m dididey a shallow bridge (Fig. 1.2). The
maximum depth in the southern part of the lago@thies 22 m. The northern part of the
lagoon, where the Tyligul River flows into, is doal, with the depths of less than 4 m. The
average depth of the lagoon comprises approximéataty

The lagoon is separated from the sea by a natsttahus which is about 4 km wide and 7 km
long. An artificial canal, 25-30 m wide and 0.2%-in deep, has been built through the isthmus to
connect the lagoon with the sea (Fig. 1.3). Purst@afishery purposes, the canal has to be open in
spring to let young fishes into the lagoon fordathg. However, the canal is only occasionallytput
use since it is intensively sanded up from thesséa Lately, the canal is open in late April thgbu
early May by means of forced withdrawal of the sambich is deposited at its marine area, and closed
in the natural way in July through August. In adfitto the fishery function, the canal is of great
importance for stabilization of the lagoon watesele It is through intensive water management & th
drainage basin of the Tyligulskyi Liman lagoon ahe climate change that the volume of surface
runoff of fresh waters into the lagoon (the TyligRiver runoff in the first place) decreased
considerably and at presently is already unableotopensate the water the losses through
evaporation, being in the summer period 3 timesash as the atmospheric precipitation.
Under the lack of salt water inflow into the lagamough the canal, the lagoon water level
may decline almost 1 m in a few years (as it o@jras an example, in 2006-2008).

The lagoon is separated from the sea by a nasthahus which is about 4 km wide and
7 km long. An artificial canal, 25-30 m wide an@®-1.5 m deep, has been built through the

isthmus to connect the lagoon with the sea (FR®). Pursuant to fishery purposes, the canal
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Figure 1.1 Location of Tyligulskyi Liman lagoon

has to be open in spring to let young fishes iheolagoon for fattening. However, the canal is
only occasionally put to use since it is intengivednded up from the sea side. Lately, the
canal is open in late April through early May byane of forced withdrawal of the sand,
which is deposited at its marine area, and clogeda natural way in July through August. In
addition to the fishery function, the canal is of&@t importance for stabilization of the lagoon
water level. It is through intensive water manageiie the drainage basin of the Tyligulskyi
Liman lagoon and the climate change that the volomsurface runoff of fresh waters into




the lagoon (the Tyligul River runoff in the firskage) decreased considerably and at presently
is already unable to compensate the water the do#s®ugh evaporation, being in the
summer period 3 times as much as the atmospheragpgation. Under the lack of salt water
inflow into the lagoon through the canal, the lagewter level may decline almost 1 m in a

few years (as it occurred, as an example, in 2QIBP
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Figure 1.2  Bathymetric map of the Tyligulskygteon in isobaths (in meters) under the
watermark of -0.4 m BS. The horizontal coorténsystem is WGS-84




However, functioning of the connecting canal hagatigse consequences for the lagoonal
ecosystem in the long run. Unregulated water exghamth the sea through the connecting
canal contributes to accumulation of salts in #gobn and maintains a long-term tendency
towards an increase in its water salinity. It magult in the gradual transformation of the
lagoon into a hyperhaline water body with consiibrdess biodiversity of water flora and

fauna, as compared to its current state.

Tyligulsky
Liman [Lagoon)

Figure 1.3 Location of the artificial canal

1.2. The Tyligulskyi Liman lagoon natural values

The Tyligulskyi Lagoon ecological system has unigoaditions for the life of fauna
and flora, and the aquatorium of the lagoon is refag value for maintenance of biological
equilibrium in the region.

An important role in functioning of the ecosystemthe Tyligulskyi Liman lagoon
and its water quality is played by the benthic camites, the macrophytobenthos and the
macrozoobenthos in particular. Although macrophyaes widely distributed only in the




coastal shallow zone of the lagoon with the depthgp to 2-4 m, they form considerable part
of organic matter in the autotrophic link of thgdanal ecosystem. Thus, if the maximum
phytoplankton biomass is observed during summertinsan waters of the Tyligulskyi Liman
lagoon and makes up 40-60 @nthe macrophyte biomass reaches 2-2.5 KgMacrophytes
play an important role in self-purification of tlegoonal water through extraction of biogenic
substances from the water column and the bedirsditision of these substances into their
tissues and withdrawal of them from a cycle of erafior a long period of time. The
macrophytes thereby regulate trophic levels of ldgoonal water, prevent outbreaks of
phytoplankton (algal blooms), and raise the watendparency. Activity of the macrophytes
has considerable influence on the pattern for diusariability of oxygen content in the
coastal zone of the lagoon (Fig. 1.4). Apart frdvatt macrophyte thickets serve as spawning

and feeding grounds for most of the fish speciesthair young.
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Figure 1.4 Diurnal variation of dissolved oxygasntent in the coastal shallow zone in the

southern part of the lagoon in August 2012

The macroinvertebrate communities perform an ingmrtfunction of organic
substance transformation in the ‘water column — béd system that determines their
significant role in self-purification of the Tyliggkyi Liman lagoon. They play an important
role in the biogeochemical turnover of biogenicneats in the lagoon and, specifically,
removal of nitrogen and phosphorus from the bedasilwell as return of biogenic elements
from the water environment to a surface throughgionaf amphibiotic insects. The benthic

macroinvertebrates regulate gas regime and texfutiee lagoonal soils, and are ones of the




main links for information storage and transfer thre water ecosystem. Therefore the
macrozoobenthos as well as the macrophytes arelgowdlicators for the state of ecosystem
in the Tyligulskyi Liman lagoon and its water quli

Peculiarities in spatial distribution of the madngbenthos and the
macrozoobenthos of the Tyligulskyi Liman lagoon eoaditioned by distribution of depths

and types of benthic soils, variability in salinggd oxygen regime of the lagoonal waters.

1.3. Recent environmental changes in the Tyligulskyi Liman lagoon

The main hydrological factor which conditions adeterm tendency in variability of
species composition of the bottom flora and fawara] fishes in the lagoon, is its water
salinity. Upon launching of the connecting canathe sea in 1959 salinity of the lagoonal
waters has been rising gradually due to the accatoul of salts inflowing with the sea
waters. In the 1960s, when the volume of the TYIRwrer runoff constituted a considerable
part of the lagoonal water balance and water exghamith the sea was maintained, the
average values of water salinity in the northernt p& the lagoon made up 8.7%o, in the
central part - 11.4%0, and in the southern part —1430. (Rozengurt, 1974). Under the
present-day conditions water salinity in both thateern and the northern parts of the lagoon
may increase up to 19-23 %y the late summer — early autumn (Fig. 1.Bhe average
annual salinity of the lagoonal waters is above 18%dihe years with intensive spring flood
water salinity in the northern part of the lagooayndecrease to 3-5 %o.

Within the latest 50 years, under the influenceirmreased water salinity in the
lagoon, the distribution of macrophytobenthos imnvironmental groups has changed
towards an increase in salt water species, frorh tB845.6 %, saltish - salt water species —
from 22.3 to 37.7 % and a decrease in saltish vaecies — from 21.4 to 11.7 %. Currently
the freshwater species have almost completelythest value and persist only in the mouth of
the intermittent Tyligul river.

Presently salt water and saltish-salt water spafiegse macrophytobenthos (100 and 82.8%
respectively) prevail in the southern and the @rareas of the lagoon, and the role of freshstalti
water species rises in the northern area. In thesyevhen the surface runoff of fresh waters ihto t

lagoon increases (for example, under an intengivmg flood), the share of saltish and salt water

species, as well as the total species diversitredses.




Relative isolation of the lagoon from the sea ftatid persistence of the isolated population
of Cystoseira barbatawhich had become extinct in the North-Western pérthe Black Sea in the
1980s, in the Tyligulskyi Liman lagoon. Among theagrophytes inhabiting the lagoon, 1 species
(Chara canescenss in the Red Book of Ukraine and 2 species afadig flowering plants4ostera
noltii, Z. maring are in the Red Book of the Black Sea. The rea agRhodochorton purpureum
(Lighth.) Rosenv., which was found d@ystoseira barbatais rare in UkraineVaucheria litorea
Hofm. et Ag. in C. Ag., still being a mass spedieshe lagoon, is among the ones with decreasing

number of specimens in Ukraine.
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Figure 1.5 Within-year variability of water salini{%o) in the central part of the lagoon

(Pshenianovo village) in the period of 2007-2012

As a result of increased water salinity, the faimahe Tyligulskyi Liman lagoon has also
become more salt water. By the 1980s, as comparetb47-1952, the number Mereididaes,
Oligochaetas, Amrhipoddsad increased. The species compositioMofluscshad changed. Once
having been widespread throughout the lagdtypanis coloratahad disappeared. The number of
Cerastoderma clodiense, Mytilaster lineatus, Abwata, Gastropodaand Rhithropanopeus harrisi
fridentana specimens increased. The total biomass of the amacbenthos had grown due to
increased number ofolluscs A difference in the faunal composition of the mmeoobenthos
between the northern and southern parts of thetagad become less drastitonodacna colorata +
Cardiumbiocoenosis had become extinct and were replagedply by Cerastodermdiocaenosis in

various versions.




As a result of the increased salinity and tropteieel of lagoonal waters, replacement of
saltish-water fauna by salt-water one, deterioratagden regime of the lagoonal waters (development
of hypoxia and anoxia in the summer period), uristaind uncontrolled operation of the connecting
canal, species composition of fish in the lagoocreesed from 48 species in 1964 to 23 in the early
XXI century. The volume and value of commerciakbats of fish have significantly reduced.

Distribution and variability of quantitative chatagdstics of the benthic bottom flora
and fauna in the water area of the Tyligulskyi Limlagoon are also determined by the
oxygen regime of its waters. In the summer periwal dissolved oxygen deficit (hypoxia)
occurs in the bottom water layer within the deepewareas of the lagoon as well as in the
shallow ones under calm conditions and intenserigeaf water during nighttime. It is in the
waters of deep central part of the lagoon that caxfeextreme oxygen deficiency and
occurrence of hydrogen sulphide at the depths belmvupper quasihomogeneous mixed
layer were reported (Fig. 1.6). Under certain wilickctions hypoxic waters inflow into the
shallow coastal zone which results in the deathefthic hydrobionts and fish. Owing to
occurrence of hypoxic and anaerobic conditionhedeeper parts of the lagoon, this zone is

not a permanent habitat for the benthic flora anmé.
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Figure 1.6 Vertical distribution of water temperatfC), salinity (%.), and dissolved oxygen content

(mgl") over the deep hollow in the central part of tiyigulskyi Liman lagoon in August 2010




2. Main lagoonal habitats and their ecological imgance

2.1. The importance of lagoonal benthic habitats

Macrophytobenthos and macrozoobenthos communiteéetha components of the lagoon
biocoenosis and play an important role in consewmabf specific diversity in the aquatic
ecosystem of the Tyligulskyi Liman lagoon, as vealin the turnover of mineral and organic
substances, biological self-purification processasintenance of the nutritive base,
especially for fish, in the water bodies. Aquatiaarophytes are the first link in the cycle of
matter and energy as the primary producers of drgamatter. They influence the
hydrochemical regime, and serve as a powerful Qio# filter in the course of natural self-
purification of the water bodies. The macrobentplays an important role in functioning of
the aquatic ecosystems, provision of trophic irdenection of the species; therefore changes
in the structure of the benthic communities magetfhigher trophic levels. Being sensitive
to the changes in environmental conditions, buistast and well-adapted on occasions of
extreme influences, the zoobenthos serves as allexcindicator for the technogenous or
natural factor-driven processes occurring in théewaody. Since zoobenthic response to
external changes comes not instantly but afterilewthe benthic community reflects not the
short-term changes in the characteristics of thir@mment, but their systematic effect over a
long period of time.

2.2. The Tyligulskyi Liman lagoon benthic habitats

a) Classification of major bottom types

Unfortunately, there exists no detailed map of bitdtypes in the lagoon through its large
spatial scales and significant mosaicity of the sitd However, as follows from (Kovtun, 2012) st
possible to make a general scheme for distributibhottom soils in the lagoon, depending on the
depths (Fig. 2.1).

b) Presence of benthic macrophytes

The results of research into the macrophytobenitndise Tyligulskyi Liman lagoon,

implemented before 1965, are summarizedharpaper (Pogrebniak, 1965). During this
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Types of bottom soils:
= muddy bottom
I silty-sandy bottom
sandy-silty bottom
[ sand with shell, stones

Figure 2.1 The scheme for layout of bottom soilthm Tyligulskyi Liman lagoon

period 213 taxa of algae were found in the lag@omong which cyanobacteria comprised 42,
green algae - 22, diatoms - 128, brown algae n8,rad algae - 8. There were 5 species of
blooming algae registered. 7 algal association®wedespread in the 1850s and 1860s. The
coastal area with a stony bottom was occupied 8Yadophora vagabundassociation. The
silted and sandy coastal soils in the southern pérthe lagoon were covered by a
Potamogeton pectinatusssociation (jointly witiZanichellia majorand Ruppia spirali3. In

the southern and the central parts of the lagadosséera minorassociations prevalent on the
sandy soil andostera marina near the nehrung. The silted soils, which acated off the

coast, have poor macrophyte diversity. They areabited by the cyanobacteria of
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Oscillatoria genus: O.brevis, O.amphibia, O. tenuis, O. nigroviridignd Spirulina
tenuissima

Detailed studies of the phytobenthos in the Tybgyi Liman lagoon during 1990-
2005 and their comparison with historical data wesaducted by O.A. Kovtun (Kovtun,
2012). During the research period he discoveredsp8cific and intraspecific taxa of
macrophyte algae and 10 species of higher aquédittsy represented by 5 divisions, 8
classes, 16 orders and 35 genera.

The species diversity of macrophytobenthos in thgod of 1990 through 2005 was
based on the species @hlorophyta and Rhodophytadivisions (30 and 24 species,
respectively). The role of brown and yellow-gredgaa (12 and 2 species, respectively) is
less significant. Higher aquatic flowering plantghich dominate in the biomass almost
throughout the entire lagoon, are represented bysddries. Taxonomic composition of
macrophytobenthos is presented in Table. 2.1

As compared to the data (Pogrebniak, 1965), 10 species of green algae are
distinguished in the paper (Kovtun, 201Enteromorpha maeotica, Percursaria percursa,
Ulothrix limnetica, Cladophora glomerata, C.siwasclsis, C.vadorum, Rhizoclonium
tortuosum, Bryopsis plumosa, Spirogyra deciminbassallii 4 speciesEntocladia viridis
Reinke, Gomontia polyrrhiza(Lagerh.) Born. Et Flah.Ulothrix tenuissima Kutzand
Chaetomorpha chlorotic@Mont.) Kutz.), specified by I.I. Pogrebniak (196&ere not found
among the representatives@iflorophyta

The species composition &thodophytabrown algae was supplemented by 9 new
species in 1990-200%Pylaiella littoralis, Corynophlaea umbellate, Leasia difformis,
Scytosiphon lomentaria, Stictyosiphon adriaticusesiotrichum undulatum, Punctaria
latifolia, Striaria attenuate, Cystoseira barbatdowever,Cladosiphon contortysvhich had
previously been reported, were not found.

Cyclosporophyceaelass is represented by only one speci&gstoseira barbata
which was found in the lagoon in the late 1990dlovieegreen algae were not indicative of
the lagoon previously. The specific compositionXaihthophytadivision is represented by 3
speciesVaucheria dichotoma f. submarina, V. geminatejtvtda.

In the 1940-1950s, when water salinity in the laga@s more than 2 times lower as

compared to the present level, five species of @gtlawering plants were identified. As a
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result of the lagoon salinization, the species amsitpn was supplemented by 5 more salt-

tolerant species, and halophobous species wererdoff into the upper part of the lagoon.

Table 2.1 Taxonomic composition of the macrophgtabos in the Tyligulskyi Liman
lagoon (Kovtun, 2012)

o)

Taxon Number of Taxa
Genera Species Intraspecific tax
1 2 3 4
CHLOROPHYTA
ULVOPHYCEAE
ULOTRICYHALES Bohl. 7/6* 14/14 -/-
CLADOPHORALES Fritsch 3/3 7/10 -/-
SIPHONALES 1/1 1/2 -/-
(Endl.)Blackm.et Tansl.
ZYGNEMATOPHYCEAE
ZIGNEMATALES Krieq 1/1 1/3 -/-
CHAROPHYCEAE
CHARALES Dumor. 1/1 1/1 -/-
RHODOPHYTA
BANGIOPHYCEAE
CONIOTRYCHALES Skuja 2/2 2/2 -/-
BANGIALES Schmitz -13 -13 -/-
FLORIDEOPHYCEAE
ACROCHAETIALES Garb. 1/3 1/4 -/-
CORALLINALES Silva et 1/- 1/- -/-
Johansen
CERAMIALES Oltm. 3/4 7116 1/2
PHAEOPHYTA
PHAEOSPOROPHYCEAE
ECTOCARPALES Oltm. 1/2 2/3 -/-
CHORDARIALES Setch. gt 1/2 1/2 -/-
Gardn
SCYTOSIPHONALES Feldm. -/1 -/1 -/-
PUNCTARIALES Kylin -4 -4 -/-
CYCLOSPOROPHYCEAE
FUCALES Kylin | -/1 \ -/1 -/-
XANTHOPHYTA
XANTHOPHYCEAE
VAUCHERIALES Bohl. -/1 -/3 -/1
MAGNOLIOPHYTA
NYMPHAEALES
CERATOPHYLLACEAE 1/1 1/1
HIPPURIDALES
HALORAGACEAE -/1 -/1 -/-
NAJADALES

13



1 2 3 4
POTAMOGETONACEAE 1/1 1/1 -/-
ZOSTERACEAE 11 2/2 -/-
RUPPIACEAE 1/1 1/2 -/-
ZANNICHELLIACEAE 11 1/1 -/-
POALES
POACEAE 1/1 1/1 -/-
TYPHALES
TYPHACEAE -1 -11 -/-

Note: The numerator is a number of known specEyraing to the reference data, and the
denominator is a number of known species, accortiriige original data.

Among the macrophytes, which inhabit the lagoospécies Chara canescenss in
the Red Book of Ukraine and 2 species of aquatiwdting plantsZostera noltii, Z. maring
are in the Red Book of the Black S&hodochorton purpureurflLighth.) Rosenv., red alga,
which was found ol€ystoseira barbatas rare in Ukraine.

A decrease in species diversity, from farther atveeysea canal in the southern part
towards the upper reaches of the Tyligulskyi Limaagoon, is distinctly observed in the
distribution of various taxonomic groups of benthiggetation in the lagoon. At the same
time, the total share of green algae rises andshiae of red ones declines. The upper
(northern) part of the lagoon is presently the nsesterely affected by changing hydrological
conditions. During the spring flood this part wagstantially desalinated in certain years.
Abrupt but short-term decline in salinity, 18-23%» 2-10%o, resulted in a decrease in the
number of the brackish and the salt water specidsan the whole, a nearly twofold decrease
in the species diversity in the northern part, amgared to the one of the southern part
(Table 2.2).

Table 2.2 Area distribution of macrophytes ia ffinytocenoses of the Tyligulskyi Liman
lagoon (Kovtun, 2012)

Area
o Southern Central Northern Total number
Division (Lyubopol (Petrovka (Volkovo ~ of species
village) village) village) in the lagoon
CHLOROPHYTA 32 26 24 34 (39.1 %)
RHODOPHYTA 27 15 6 28 (32.2 %)
PHAEOPHYTA 10 6 3 12 (13.8 %)
XANTHOPHYTA 2 1 2 3 (3.5 %)
MAGNOLIOPHYTA 8 5 4 10 (11.5 %)
Total 79 53 39 87 (100 %)

14



In the southern and the central areas of the lagommedominant position is occupied
by the salt water and the brackish — salt wateciepg100% and 82.8%, respectively), while
in the northern area the role of the fresh-brackistter species increases. At present, the
freshwater species, in contrast to the 1940-196®% almost completely lost their value and

persist only in the mouth of the intermittent TuldRiver (Fig. 2.2).

E== Freshwater

The number of species, in % Salinity , %.
50 1 Fresh - brackish
49 [ Brackish
30
E= Brackish - marine

20 -
10 - Marine

0 - —&— Salinity

up to 1965 1990-2004

Figure 2.2 The dependence of the number of sp¢ici€®) related to macrophyte ecology
groups on the salinity under various periods ofeaesh: 1 — the data prior to 1965
(Pogrebniak, 1965), 2 — the data for 1990-2004 {Kioy2012).

The distribution of macrophyte ecology groups foe whole of the lagoon prior to
1965 (Pogrebniak, 1965) and within the period @A ¢hrough 2004 (Kovtun, 2012) is given
in Table 2.3.

In the period of 2001 through 2011, the macrophitebe Tyligulskyi Liman lagoon
were studied by the Odessa Branch of the InstwéitBiology of the Southern Seas of the
National Academy of Sciences of Ukraine. Samplesewmllected from the shore (at the
depths of 0-0.7 m) and with the use of lightweidiving equipment (at the depths of 0.7 - 4.0
m) in the three botany profiles, located in thetimem shallow part of the lagoon (Kalinovka
Profile), in the central part, on the border of stsallow and deeper zones, (Maryanovka
Profile) and in the southern part (Koshary Profdé}he Tyligulskyi Liman lagoon (Fig. 2.3).
Standard methods of Water Geobotany were usedafopling the vegetation. The profiles
for the outwash to the deep part of the lagoon wexeeloped at the monitoring stations. At
the botany horizons, which were singled out by tegture of dominant population
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distribution, the quantitative samples of benthiegetation were taken by means of a
periphyton frame (10x10 cm) or (20x20 cm). Projexticoverage of the bottom with
macrophytes was assessed visually. An identifinagiaide for green, brown and red algae of
the Southern Seas (Zinoviev, 1967) was used totifglethe specific composition of
macroalgae in the Tyligulskyi Liman lagoon. Theadbtink for the period of 2000 through
2011 includes 21 botanical surveys and 576 quangtaamples of macrophytobenthos.

Table 2.3  Ecology groups of macrophytobenthosrious areas of the Tyligulskyi Liman
lagoon (salinity factor)
Reference Area Total
Ecological data Southern Central Northern for the
Group before 1965, (Lyubopol (Petrovka (Volkovo lagoon
% village) village) village)
Salt water 18.1 35 30 15 35
(100) (85.7) (42.9) (45.6)
Brackish — salt 22.3 24 25 18 29
water (82.3) (86.2) (62.1) (37.7)
Brackish water 24.5 4 2 - 4
(100) (50.0) (5.2)
Fresh — brackish 21.4 5 3 3 9
water (55.6) (33.3) (33.3) (11.7)
Freshwater 8.6 - - - -

Note: parenthesized is the share of the total nuwbi@xa expressed as a percentage

Differences in thermohaline conditions (especiadiglinity), water transparency,
predominant bottom soils, oxygen regime, nutriemmoentrations in various parts of the
lagoon condition the differences in floristic comsimn of the macrophytobenthos in the
lower (Koshary), the middle (Maryanovka) and theperp(Kalinovka) parts of the lagoon
(Table 2.4)

The lower (southern) part of the lagoon (Koshargfif®) is distinguished for the
widest floristic diversity. The maximum number ofaanoalga and flowering macrophyte
species, as compared to the middle and the upper gdfahe lagoon, namely 46, grows there
(see Table 2.4). This area is the most exposedltonater inflow through the connecting
canal. As a result of this, there observed the mawmi number of representative
macrophytobenthos species which are characteaktite seacoast zone area adjacent to the
Tyligulskyi Liman lagoon. Another distinctive ped@uity of the lower part of the Tyligulskyi

Liman lagoon is growth of th®haeophyta - Cystoseira barbatacal population. In the
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1980s, this species completely disappeared fromlitteral within the Danube-Dnieper
coastal area in the North-Western Black Sea regwing to intense eutrophication. The only
place in the region whei@ystoseira barbat@ontinued to develop over the latest 30 years is

the southern part of the Tyligulskyi Liman lagoaogystem.
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Figure 2.3 Location of the botany stations fomplng macrophytes in the Tyligulskyi
Liman lagoon and the registered macrophyte biomasability, depending on the depth and
the season, according to the observational datidéoperiod of 2001 through 2011
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Table 2.4 Spatial distribution of the macrophyte@es diversity in the Tyligulskyi Liman

lagoon
Spatial distribution
Kalinovka | Mariya- | Koshary
N Species composition novka
Chlorophyta
1 2 3 4 5
1. Bryopsis hypnoides Lamour. +
2. B. plumosa (Huds.) Ag. +
3. | Chaetomorpha aerea (Dilw) Kutz. + +
4. | Ch. chlorotica (Mont.) Kutz. + + +
5. | Ch. linum (Mont.) Kutz. + +
6. | Cladophora albida (Huds.) Kutz. + +
7. | C. laetevirens (Dillw.) Kutz. + +
8. | C. liniformis Kutz. + + +
9. | C. sericea (Huds.) Kutz. +
10. | C. vadorum (Aresch.) Kutz. +
11. | C. vagabunda (L.) Hoek. + + +
12. | Enteromorpha ahlneriana (Bliding) +
13. | E. clathrata (Roth.) Grev. + + +
14. | E. flexuosa (Wulf.) J. Ag. +
15. | E. intestinalis (L.) Link. + + +
16. | E. linza (L.) J. Ag. +
17. | E. prolifera (O. Mull) J. Ag. +
18. | Rhizoclonium implexum (Dillw.) Kutz. +
19. | Rh. riparium (Roth) Harv. +
20. | Ulotrix flacca (Dillw.) Thur. +
21. | U. implexa (Kutz.) Kutz. +
22. | U. tenerrima (Kutz.) Kutz. +
23. | U. zonata (Web., Mohr) Kutz. +
24. | Ulvarigida Ag. +
25. | Vaucheria litorea Horm.-Bang. Ag. +
Phaeophyta
26. | Cystoseira barbata (Good., Wood.) Ag.
27. | Ectocarpus confervoides (Roth.) Le Jolis
28. | E. siliculosis (Dillwyn) Lyngb.
Rhodophyta
Callithamnion corymbosum (J.E. Smith.) + + +
29. | Lyngb.
30. | Ceramium arborescens
31. | Ceramium diaphanum + +
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1 2 3 4
32. | Ceramium elegans + +
33. | Ceramium rubrum +
34. | Ceramium strictum +
35. | Ceramium tenuissimum + +
36. | Chondria capillaris (Huds.) M.J. Wynne + + +
37. | Goniotrichum elegans (Chauv.) Zanard. + +
38. | Kylinia virgatula (Harv.) Papenf. +
39. | Polysiphonia denudata (Dillw.) Kutz. + + +
40. | P. elongata (Huds.) Harv. +
41. | P. opaca (C. Ag.) Zanardini + +
42. | P. sunguinea (Ag.) Zanard. +
43. | P. subulifera (Ag.) Zanard. + +

Cyanophyta
44. | Lyngbia confervoides C. Agardh +
45. | L. lutea (Ag.) Gomont +
Thallassiophyta
46. | Potamogeton pectinatus L. +
47. | Zostera marina L. +
48. | Zostera noltii Hornem. +
Total number of species 25 12 46

Proceeding from the peculiarities of distributidnttte macrophyte dominant species,
4 depth ranges for bottom vegetation developmentb&identified in the Koshary profile
(Table 2.5). The specified peculiarity of horizdrdgstribution in the macrophytobenthos is
conditioned by the coastal profile characteristmsnsiderably greater difference of depths
within the coastal zone and water transparencli@rsbuthern part of the lagoon, as compared
to the ones of Kalinovka and Maryanovka.

A horizontal distribution peculiarity of macrophgten the Koshary profile is the
growth of short-cycle, small-scale species of gr@gdnorophytg and red Rhodophytaalgae
in the upper level (0-0.3 m), near the shore lDgstoseira barbatas widely-distributed up
to the depth of 2 meters and reaches its maximuweloement at the depths of 0.3-1.2 m.
The area for development @bstera noltiiflowering macrophyte stretches from the depth of
0.3 - 0.5 m on in the soft soil. In the deeper siiess replaced by largetostera marinaand
Potamogeton pectinatuowering macrophytes. It is among the leaves l#d flowering
macrophytesChaetomorpha chlorotica, C. Linum, Rhizocloniumaripm and Cladophora

liniformis that green filamentous algae develop in an untathstate. They can form ‘scum’
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aggregates with substantial biomass in the depitperaf 0.5 through 2.5 m, which are carried
by the currents into shallow corner zones of tigeden.

The area of the Maryanovka botany profile is dgished by small depths of up to 2
meters. The dominant macrophyte in the are@astera marinawhich forms underwater
meadows at the depths of 0.3-0.5 m. It is only rtkarshore in the shallow water that a
Zostera marinathicket includes multicellular green and red alg@kere is noCystoseira
barbatapopulation in the area. In connection with sucbutiarities of the bottom vegetation

distribution, only two horizons can be distinguighie the area (Table 2.6).

Table 2 .5 Horizontal distribution of the macrofhgominant species at Koshary botany

station
Horizons (levels), m
0-0,3 0,3-1,2 12-25 25-4,0
Enteromorpha Chaetomorpha Chaetomorpha Chaetomorpha linum
intestinalis chlorotica linum Polysiphonia
E. ahlneriana Rhizoclonium Cladophora subulifera
Chaetomorpha riparium liniformis Zostera marina
chlorotica Enteromorpha linza | Cystoseira barbata | Potamogeton
Cladophora albida Cladophora Ceramium rubrum | pectinatus
C. liniformis laetevirens Chondria capillaris
Cystoseira barbata | Cystoseira barbata | Polysiphonia
Ectocarpus Ceramium rubrum | subulifera
confervoides Chondria capillaries | Zostera marina
Ceramium diaphanum Polysiphonia Potamogeton
C. elegans subulifera pectinatus
Polysiphonia Zostera noltii
denudata
Callithamnion
corymbosum
Zostera noltii

Due to the extensive development DHbstera marinain the middle part of the
Tyligulskyi Liman lagoon, the microscopkilinia virgatulla red alga is a widespread species
in the same area. It develops in epiphytic waylenleéavef Zostera marinand under its
massive growth forms crimson-and-pink ‘velvet’ cs/en them.

The depths within the Kalinovka botany profile atso less than 2 meters, however,
more botanic belts are observed in horizontal iistion of the macrophytes. For the given
area it can be distinguished a level of up to 0,®mthe Pontian limestone coastal rocks near

the water edge, and two deeper levels (Table Z@3tera noltiiis the dominant species
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among the flowering macrophytes in the area. Tloavtjr of Zostera noltiiis observed from
0.3 m depth on and stretches up to 2-meter depttheAdepths of 1.0-1.5 mZostera noltii
thicket included?otamogeton pectinatygants. Red and green algae are widely distribated
the rocks near the shore (Table 2.7). Filamentae®rg algae, which can form ‘scum’
aggregates, grow among the leaves of flowering opdytes, in the same way they do in the
southern part of the Tyligulskyi Liman lagoon. Magswth ofZostera marinan the upper

(northern) part of the Tyligulskyi Liman lagoonrst observed.

Table 2.6 Horizontal distribution of the macrofghgominant species at Maryanovka botany

station
Horizons, m
0-0,5 0,5-2,0
Enteromorpha intestinalis Chaetomorpha chlorotica

E. clathrata
Chaetomorpha chlorotica
Cladophora liniformis
Ceramium elegans

C. diaphanum
Polysiphonia opaca
Chondria capillaries
Zostera marina

Chondria capillaries
Kilinia virgatulla
Zostera marina

Table 2.7 Horizontal distribution of the madngte dominant species at Kalinovka botany
station

Horizons, m

0-0,3 0,3-1,0 1,0-2,0

Enteromorpha clathrata
E. ahlneriana
Cladophora albida

C. vagabunda

Chaetomorpha aerea
Rhizoclonium riparium
Chondria capillaries
Zostera noltii

Chaetomorpha linum
Polysiphonia subulifera
Zostera noltii
Potamogeton pectinatus

Ceramium diaphanum
Polysiphonia denudata
Callithamnion corymbosum
Zostera noltii

Peculiarities in seasonal dynamics of the macraptybmass within the botany
profiles are shown in Fig. 2.3 shows that the maxmmacrophyte biomasses in the lower
(Koshary) part of the Tyligulskyi Liman lagoon ihet summer season can exceed 2 Kg-m

near the water edge. The middle part of the lagdtaryanovka), as well as the lower one,
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are characterized by development of maximum biormakses, higher than 2 kg“min the
summer period. However, the maximum biomassesisnpidrt of the lagoon are generated at
the deeper levels of 0.5-2.0 m, mainly due to thewth of Zostera marinaflowering
macrophyte instead of the algae. In summer, witheélevel of 0 - 0.5 m the production is
higher on account of more active, as comparedastera marinashort-cycle multicellular
species of green and red algae.

Somewhat smaller absolute values of macrophyte d&wsmare observed in the
Kalinovka botany profile in the northern part okethkagoon during the summer period, as
compared to the ones of the middle and the lowds §&ig. 2.3). As well as in the middle
part, the maximum macrophyte biomasses in the Keka botany profile are generated
within the second shoreline level off the watered@.3-1.0 m). However, it is n@ostera
marina but Zostera noltiithat is the dominant species here. This may addourthe lower
values of the absolute biomass, siZaestera noltiiplants are of smaller dimensions than
Zostera marinaln this case, the absolute production of the Hientegetation in the upper
reaches of the lagoon is higher due to wider reprtasion of more environmentally active
species. In particular, the productivity &dstera noltiiis almost two times higher than that of
Zostera marina

In view of the lack of a detailed map for distrilaut of benthic macrophytes in the
water area of the Tyligulskyi Liman lagoon, Figd22.6 shows the schemes for spatial
distribution of benthic macrophyte biomass in thdigulskyi Liman lagoon during various
seasons. The schemes were built by means of spatralpolation of the observational data
from Koshary, Maryanovka and Kalinovka botany stasgi performed on the basis of data on

depth distribution.
¢) Main benthic habitats in the Tyligulskyi Liman lagoon

Quialitative and quantitative analysis of the macadzenthos in the Tyligulskyi Liman
lagoon in the period of 1980-1983, as well as campa of the obtained results with the data
of research (Grinbart, 1953) in the period of 194B2, is presented in the paper (Polischuk,
Zambriborsch, Timchenko et al., 1990).
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In 1980-1983, according to (Polischuk, Zambribbrs€imchenko et al., 1990), 64
species of bottom-dwelling invertebrates were olesrin the Tyligulskyi Liman lagoon,
76.2 % of which were marine species, and 16 % h boackish water and freshwater ones.
Molluscs (especiallyHydrobiidag were the richest in respect of the species diyeBy the
number of specimens and biomass they were alsonéndat group, which in various years
comprised 21.9 to 83.2 % of the total number an@-93.6 % of the total biomass. Seasonal
dynamics of the benthos number and biomass wasdeazed by a maximum in the spring-
summer period and a minimum - in the autumn-wiotes.

It is by the benthos species diversity and quantéadevelopment that authors divide
the lagoon into two parts, the northern and thetheyn. The southern part is larger and
deeper. Grey silt and coquina cover more than {Beobottom area in both parts. The rest of
the area is covered by sand and silted coquina.

95.5 % of all of the species observed in the lageere registered in the southern
part. Polychaetas,Oligochaetas, Molluscand Anphipodes are presented in the fullest
measure. In the northern part only 60.2 % of speeiere found. The most diverse fauna was
observed on the sand, which is silted to varioggeks, and the silted coquina in the southern
part, and the least diverse — on the grey colosikdn the northern part. The quantitative
indices for macrozoobenthos distribution in bothtpaf the lagoon depend on development
of Molluscs,the number of which is determined by the repregemts ofHydrobiidae,and
the biomass — by erastoderma clodiense, Mytilaster lineatus, Abxeta et al. Average
indices for the number of specimens and the bioraabsttom invertebrates in various parts
of the Tyligulskyi Liman lagoon in 1980-1983 aregn in Table 2.8

The paper (Polischuk, Zambriborsch, Timchenko .et1&90) provides information on
the bottom soil preferability for various faunalogps. In the lagoorPolychaetaswere
presented by 8 salt water species. The most diRobehaetagaxonomic composition was
observed on the pure and the silted sands whicladjezent to the nehrung. It is only there
that Fabricia sabella, Capitella capitata, Crubia limlzatvere found. There werblereis
succinea, N.diversicolor, Polydora limicola, Capitastus minimuandSpio filicornison the
silt and the silt with coquina of the southern pamt the northern part only 3 species of
PolychaetasN.succinea, N.diversicol@ndPolydora limicolawere observed on the silts and
the silted sandsN.succineaand N.diversicolor were the most widespread and dominant

species amongolychaetas At the same timeN.succineawas dominant in the southern,
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more brackish part, ard.diversicolor prevailedn the northern, less brackish part which can

be explained by various degrees of their halotaleza

Table 2.8 Average indices for the number of Bpens (numerator, specimand the

biomass (denominator, gfnof bottom invertebrates in various parts of thgigulskyi
Liman lagoon in 1980-1983

Groups 1980 1981 1983
North South North South North South
Polychaeta 530 295 987 715 423 983
4,99 9,26 8,23 5,51 2,41 3,15
Oligochaeta 420 410 520 324 1449 889
0,06 0,10 0,12 0,08 0,28 0,3
Mollusc 670 1102 16242 11244 10092 7363
142,35 612,79 519,22 538,34 67,1 385,87
Anphipoda 80 789 1738 220 2619 1660
0,07 0,29 3,32 0,21 1,81 1,23
Cumacea - 25 108 5 568 489
0,01 0,26 0,003 0,21 0,18
Balanus 30 822 79 423 - 399
0,05 19,03 1,35 8,82 9,54
Decapoda 40 82 41 191 6 31
1,01 15,75 7,41 11,21 0,28 7,0
Isopoda 100 10 1 6 9 34
0,80 0,07 0,01 0,02 0,08 0,44
Chironomidag 120 1624 44 260 81 556
0,07 3,12 0,06 0,77 0,10 2,42
Other 280 61 4 5 3 9
0,41 0,08 0,03 0,023 0,001 0,02
Total 2570 5220 19764 13393 15260 12413
149,81 660,5 539,8 565,0 72,28 410,1

In the lagoonOligochaetaswere represented by 8 speci®aranais litoralis, P.
Simplex, Tubifex costatasd Tubificidae sp. N bccured most frequently. The highest values
of Oligochaetasspecimen number and the biomass were observedaedmetwvily silted sand,
the silted coquina and the grey coloured silt. @& pure and slightly silted sand they were
reported in smaller quantities.

Amrhipodesin the Tyligulskyi Liman lagoon were representeyd bl species:
C.orientales, C.bonelli, Microdeutopus gryllotalp&icroprotopus minutus, Dexaminae

spinosa, Ampelisca diadensic Amrhipodesare the moshumerous in the northern part,
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where they prefer the silted sand with coqui@arientalesand C.bonelli are the dominant
species.Cumaceaswere represented by one widespread spefpésnoe maeoticawhich
occurred most often on the pure and the silted satite southern part of the lagoon.

Among Isopodestwo widespread species were fouldbtea baltica basteriwhich
was observed in all parts of the lagoon on allhef $oils, but preferred the silted sand with
coquina, andBalanus improviseswhich preferred the sand with coquina in the Beut part
of the lagoon.

3 species oDecapodesvere observed in the lagodPalaemon elegans, P.adspersus,
Rhithropanopeus hatrrisi fridentand’he latter was widely distributed in both parftstize
lagoon and found on all of the soils.

Chironomidaelarvae were represented by 11 species, among v@hahniiomus f. I.
salinarius, Ch. F. L. halophlluandl'tocladiuswere widespread. They were observed on all
of the soils in all parts of the lagoon, though emeknt particular development on the grey
silt mixed with coquina in the southern part.

Molluscsare found on various soils in the lagoon, but thaye preference to the
silted sand with coquina. Among larlywlluscsthe most widespreaare Mytilaster lineatus,
Abra ovataand Cerastoderma clodiens#&lytilaster lineatuswas concentrated mainly in the
southern part and was occasionally observed imdinthern part. Its maximum biomass and
number of specimens were reported on the silted sath coquina.Abra ovateis almost
evenly distributed throughout the lagoon, but #rgést number of specimens was reported in
the northern part. This species was found on athefsoils with a slight prevalence on the
silted ones.Cerastoderma clodiensss more euryhaline species thafytilaster lineatus
Being observed on all of the soils in both partsh@ lagoon, it preferred the silted ones
mixed with coquina at the depth of 0.6 - 14 Molluscs Hydrobiidaereached the highest
species diversity. Being widespread on variousssailboth parts of the lagoon, they prefer
the grey silt and the silted sand.

As a result of comparison of the macrozoobentha®ldpment in the early 1980s
with findings (Grinbart, 1953) in the period of 184952 (Polischuk, Zambriborsch,
Timchenko et al., 1990) it was established thatdifference in faunal composition between
the northern and the southern parts of the lagaoinblecome less pronounced. The number of
Nereididaes, Oligochaetas, Amrhipodess increased. The species compositioMolluscs

had changeddypanis coloratawidely distributed in the lagoon earlier, had dr@e extinct.
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The number ofCerastoderma clodiense, Mytilaster lineatus, Abvata andGastropoda as
well as Rhithropanopeus hatrrisi fridentan&iad increased. The species composition of
Chironomidaelarvae had changed, and the specimen number decredhese changes
indicate that, compared to 1947-1952, the faun&hefTyligulskyi Liman lagoon in 1980-
1983 became more salt-water, Ponto-Caspian spe®es almost lost and the number of
freshwater species decreased. The total of theanagbenthos biomass increased owing to a
rise in the number d¥lolluscs

In 1980 Mytilaster lineatusbiocaenosis dominated in the southern part otageon,
and Cerastoderma clodiense in the central and the northern parts. The datias
concentrated mainly on the grey silt with coquinathe central part. As compared to the
biocenoses of 1947 — 199vionodacna coloratat Cardiumbiocenosis had gone extinct and
was replaced b¥erastodermabiocaenosis, which underwent predominant developrimen
various versions. The biocoenosis of the grey mdtnained almost the same, with
Hydrobiidae, Abra ovatandMytilaster lineatusas the dominant forms.

The present-day characteristics of macrozoobenthdise Tyliguskyi Liman lagoon
are based on the observational data from 59 sgatbtained by 12 expeditions which were
organized in 2001 — 2011 by the Odessa Brancheofristitute of Biology of Southern Seas
of the National Academy of Sciences of Ukraine. Blas were predominantly taken in the
eastern part of the lagoon. The bottom macrofaditiaeoshallow coastal zone with the depths
of <1 m was studied in the most comprehensive avad/comprises the data from 45 stations
(76.3 % of the total amount), 7 of them - in spr{dgril-May), and 38 - in summer (June-
September). It is only at 14 stations that sampie® collected within the depth range of 1.3
— 13.0 m. Only 1 station represents the springopenwith the rest of 13 observation sets
related to summer. The layout chart for all of skegtions is presented in Fig. 2.7

One of the major factors to form the compositiond aspatial distribution of
quantitative indices of the benthic macrofaunahi water body, is the characteristics of the
bottom sediments. In the coastal zone of the lageahm) the bottom sediments are diverse
and are distributed quite in a mosaic-like managpictorial view of which is given in Table
2.9. At the depths of 1.3 — 13.0 m only three typiesediments are distinguished. At most of
the stations (71.4 %) it is silt with coquina.

The generalized information on the specific comjmsiand quantitative indices of

different species of macrozoobenthos in the Tykgusiman lagoon within the period of
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2001 through 2011 is given in Table 2.10. For eafcthe species the following indices are
evaluated: average number - N, speé, average biomass - B,-ng% occurrence in
percentage P, %. The species which were registered at no ka&s 50 % of stations are
ascribed to the basic ones, the species observed ab0 % of stations - to the secondary

ones, and the species registered at less thandtations - to the incidental ones.
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Figure 2.7 Layout of the stations for maczenthos sampling in the Tyligulskyi Liman
lagoon for the period of 2001 through 2011
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Table 2.9 Parameters of the bottom sediment atbd#wthos stations obtained in the
Tyligulskyi Liman lagoon at different depths withtime period of 2001 through 2011

Parameters of the Bottom Sediment Number of Stations
depth of < 1.0 m depth of 1.3 -13.0m
clay (in some areas with sand and
coquina) 5 -
silt 1 2
silt with sand 6 -
silt with coquina 3 10
silt with sand and coquina 9 2
stones with sand and pebble 2 -
washed sand 1 -
muddy sand 6 -
muddy sand wittZostera 3 -
sand with coquina 4 -
coquina with sand 3 -
coquina with detritus 2 -
Total 45 14

Tables 2.11- 2.13 represent the information on romobenthos specific
composition, average number and average biomaghkddhree different parts of the lagoon
are shown in Fig. 2.7.

A comparative analysis of quantitative parametersldgoonal macrozoobenthos is
presented in Table 2.14. There are 35 taxa inviter body in total: Worms - 10, Mollusca -
6, Crustacea - 14, other (insect larvae) - 5. éendbastal shallow zone with the depths <1 m
there are 34 taxa, and in the deeper zones (1.3.6-rth) - only 16 taxa. The quantitative
macrozoobenthos indices at the stations variedmwiélwide range which is conditioned by a
number of influences, the characteristics of botsediments and their mosaic distribution
among them. In the lagoon as a whole the numbtaxaf at one station varied from 3 to 20,
with the average of 9.4; the number of specimeromf350 to 77150 spem™ (average
number — 18561.2 spem’®), the biomass - from 4.80 to 3274.3th§ (Table 2.14).
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In the coastal zone of the lagoon the number ofroz@obenthos taxa was 2.1 times and the
average number - 1.8 times greater than the sinmtiices in the deeper zones, while the average

biomass, on the opposite, was 3.6 times less (Tabtg.

29 taxa (82.9 %) of the euryhaline marine complesmf the basis for the bottom
macrofauna number (95.5 %) and biomass (99.6 %hanlagoon. The saltish water fauna
was represented by 6 taxa — a Ponto-Caspian raligghipodPontogammarus maeoticgus
and the insect larva€hironomus salinaris, Chironomus sp., Clunio masnCricitopus
vitripennis, Eristalis sp.

The bottom macrofauna number (90.3 %) and biom&@&S8 @6) in the coastal zone of
the lagoon was based on 10 taxa (Table 2.16), wdrehaattributed to the basic taxa by their
occurrence K > 50.0 %). They includedHediste diversicolorand Polydora cornuta
polychaetesHydrobia acuta Mytilaster lineatus Cerastoderma glaucurand Abra ovata
mollusks, Sphaeroma pulchellumldotea baltica basteriand Gammarus aequicauda
crustaceas, andhironomus salinari€hironomid larvae.

Within the depth range of 1.3 — 13.0 m the basimatrozoobenthos number (95.4 %)
as well as the biomass (98.5 %) was formed by éimesbasic taxa as in the coastal zone,
their quantity, however, decreased from 10 to 6bl@& 2.16), mainly on the account of
crustaceas. The reason for this is the influencexg§en deficit in the benthic waters which
emerges in the summer period when the surveys pegfermed.

Molluscs prevail among the basic taxonomical grodje contribution of them in the
coastal zone at the depth of < 1.0 m comprised @/ of the total number and 79.7 % of the
total biomass, and in the deeper areas — 79.4 989&dd0, respectively (Table 2.17).

It is both in the coastal and the deeper parth®fdgoon that most of the mass are the
same species of Mollusca. Thus, in the coastal ,ztme total number of two species,
Hydrobia acutaand Mytilaster lineatus comprised 59.4%, and the total biomass of three
speciesMytilaster lineatusCerastoderma glaucumbra ovate made up 71.1%. Outside the
coastal zone the total number of three spedisirobia acuta Mytilaster lineatus Abra
ovate comprised 78.6%, and the total biomass of twaisgeMytilaster lineatusand Abra
ovate 96.8%.

By qualitative and measure-and-mass compositionostl all of the macrozoobenthos
within the research area, with the exceptioifCefastoderma glaucumsingle specimens with
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the shell length of < 20 mm, belong to the (fisbiider benthos. The fodder component
biomass comprises 99.1% of the average in theaaaste, and 100.0% in the deeper areas.

In the coastal shallow zone of the lagoon, among Issic trophic groups,
detritophages prevailed in the number of taxa @%® the number of specimens (59.5%),
while sestonophages dominated as regards the Bo(6a9%) (Table 2.18). Outside the
shallow zone the number of trophic groups decliftesn 6 to 4 (with phytophages and
polyphages missed out), but by the number of taga &nd the number of specimens (56.5%)
the detritophages still prevail, as well as thet@esphages, if the biomass (73.5%) is
considered. The index of food structure uniforniitythe coastal zone was 0.37, with 0.48 at
the depth of 1.3 — 13.0 m and 0.45 in the lagooaabkole.

Three invasion species were registered, which ¥eerthe first time discovered in the
Black Sea quite recentlfRhithropanopeus harrisi tridentat@Maitland) crab - in the Dnipro-
Buzkyi Liman lagoon in 1937 (Makarov, 193®plydora cornutapolychaete - in the Sukhyi
Liman lagoon in 1962 (Losovskaya, Nesterova, 1984)a arenariabivalved mollusk - in
the Odessa bay in 1966 (Table 2.19). These exoticiass are considered to have got into the
Black Sea in a traditional way - with ballast watef ships at the stage of pelagian larva, or
with biofouling of ship hulls at the stage of eglc

All three invasion species were observed in thell@vacoastal zone and only
Polydora cornuta— in the deeper zones. The latter is the most ir@ssnong the invasive
species which by the frequency of occurrence aséhected depth® (= 50.0 — 55.6 %) and
in the whole of the lagoorP(= 54.2%) can be regarded as the basic speciesititiae
indices of invasion species in the lagoon were léw.the depth of < 1 m their total
percentage comprised 4.4% of the number of spearaed 0.4 % of the biomass, and in the
deeper parts of the lagoon — 6.9 and 0.1%, resjedgijsee Table 2.19).
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Table 2.10 Macrozoobenthos composition and quaingtindices (N is an average number, spet; B is an average biomassnif; P is a frequency

of occurrence, %) at various depths in the Tyligyldiman lagoon within the period of 2001 througb11

The Whole of the Lagoon Depth<1.0 m Depth of118.0 m
Species N. | B, gm? P, % N. | B, gm? P, % N. | B, gm? P, %
specm specm spec:m
1 2 3 4 5 6 7 8 9 10
Turbellaria g. sp. 195 0.012 3.4 25.6 0.016 4.4 - - -
Harmothoe imbricatdL.) 11.6 0.102 10.2 7.2 0.038 6.7 25.7 0.309 21.4
Harmothoe reticulateClaparede 0.¢ 0.006 1.7 1.1 0.008 2.2 - - -
Neanthes succing#rey et Leuch) 60.2 1.650 20.3 47.8 1.192 24.4 100.0 3.120 7.1
Hediste diversicoloO.F. Muller 582.3 12.179 69.5 681.7| 14.006 71.1 262.9 6.305 64.3
Spio filicornis(Muller) 86.0 0.108 32.2 112.8 0.142 42.2 - - -
Polydora cornutaBosc 872.0 0.659 54.2 894.4 0.697 55.6 800.0 0.537 50.0
Capitella capitata(Fabricius) 41.1 0.017 16.9 53.9 0.022 22.2 - - -
Capitomastus minimus.anderhans) 6.8 0.003 3.4 8.9 0.004 4.4 - - -
Oligochaeta g. sp. 435 0.422 39.0 547.2 0.543 46.7 77.1 0.034 14.3
Hydrobia acuta(Draparnaud) 6863.9| 15.289 86.4 8218.9| 18.519 84.4| 2508.6 4.909 92.9
Setia valvatoide@Milachevitch 566.1 0.326 10.2 742.2 0.427 13.3 - - -
Mytilaster lineatugGmelin) 4254.2| 203.114 66.1| 4108.3] 89.482 68.9| 4722.9] 568.360 57.1
Cerastoderma glaucuroiret 256.4| 38.100 54.2 307.8| 47.564 60.0 91.4 7.677 35.7
Abra ovata(Philippi) 923.7| 59.025 84.7 633.3| 18.147 82.2| 1857.1] 190.417 92.9
Mya arenarial. 14.7 0.053 1.7 19.3 0.069 2.2 - - -
Palaemon eleganRkathke 0.8 0.458 1.7 1.1 0.600 2.2 - - -
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1 2 3 4 5 6 I 8 9 10

Rhithropanopeus harrisi tridentata

(Maitland) 1.7 0.088 3.4 2.2 0.116 4.4 - - -
Paramysis kroyer{Czerniavsky) 1.4 0.003 1.7 - - - 5.7 0.011 7.1
Iphinoe maeoticgSowinskyi) 47.5 0.044 28.8 62.2 0.058 37.8 - - -
Sphaeroma pulchellufColosi) 685.2 5.285 47.5 898.3 6.929 62.2 - - -
Idotea baltica basterAudouin 572.5 3.281 64.4 737.2 4.262 75.6 42.9 0.129 28.6
Ampelisca diademA.Costa 16.5 0.042 8.5 21.7 0.056 11.1 - - -
Gammarus aequicauddartynov 1191.3| 10.267 61.0 1513.9| 13.323 73.3 154.3 0.446 21.4
Marinogammarus oliviM.-Edwards 7.6 0.022 5.1 10.0 0.029 6.7 - - -
Dexamine spinos@Montagu) 20.8 0.026 16.9 27.2 0.034 22.2 - - -
Pontogammarus maeotic(Sowinskyi) 0.8 0.001 1.7 1.1 0.001 2.2 - - -
Microdeutopus gryllotalpa. Costa 76.3 0.104 23.7 95.6 0.131 26.7 14.3 0.017 14.3
Corophium bonell{M.-Edwards) 38.8 0.030 23.7 45.6 0.031 22.2 17.1 0.026 28.6
Corophium volutato(Pallas) 78.8 0.077 11.9 103.3 0.101 15.6 - - -
Chironomus salinarigKieffer) 772.2 1.491 61.0 737.8 1.562 51.1 882.9 1.261 92.9
Chironomus sp. 37.3 0.044 10.2 48.9 0.058 13.3 - - -
Clunio marinugHaliday) 0.8 0.002 1.7 1.1 0.002 2.2 - - -
Cricitopus vitripennigMeigen) 15.8 0.009 11.9 18.9 0.010 11.1 5.7 0.006 14.3
Eristalis sp. 0.4 0.007 1.7 0.6 0.009 2.2 - - -
Total 18561.2| 352.346 -| 20736.7| 218.189 - | 11568.6] 783.564 -
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Table 2.11 Macrozoobenthos composition and duadine indices (N is an average number,

specm’ B is an average biomasstnif in part A (fig. 2.7) of the Tyligulskyi Liman lapn
within the period of 2001 through 2011

Depth, m
Taxon < 1.0 (zone Al) > 1.0 (zone A2)
N, specm® | B, gm~ | N, specm® | B, gm®
Harmothoe imbricatdL.) - - 4.4 0.044
Neanthes succindgrey et Leuch) 145.8 5.233 155.6 4.853
Hediste diversicolo©.F. Muller 616.7 4.192 151.1 2.733
Spio filicornis(Muller) 316.7 0.408 - -
Polydora cornutaBosc 4212.5 2.417 400.0 0.222
Capitella capitata(Fabricius) 54.2 0.029 - -
Capitomastus minimug.anderhans) 58.3 0.025 - -
Oligochaeta g. sp. 166.7 0.063 120.0 0.053
Hydrobia acuta(Draparnaud) 5162.5 13.946 3151.1 6.342
Mytilaster lineatugGmelin) 1708.3 25.942 1448.9 251.884
Cerastoderma glaucuioiret 266.7 39.892 111.1 10.960
Abra ovata(Philippi) 645.8 7.667 1995.6 224.738
Iphinoe maeoticgSowinskyi) 125.0 0.100 - -
Sphaeroma pulchellugColosi) 270.8 3.071 - -
|dotea baltica basterAudouin 208.3 2.092 48.9 0.182
Gammarus aequicauddartynov 416.7 4.042 120.0 0.582
Dexamine spinos@Montagu) 8.3 0.017 - -
Microdeutopus gryllotalpa. Costa 216.7 0.525 13.3 0.009
Corophium bonell(M.-Edwards) 4.2 0.008 26.7 0.040
Corophium volutatofPallas) 8.3 0.042 0.0 0.000
Chironomus salinarig¢Kieffer) 58.3 0.100 324.4 0.400
Chironomus sp. 191.7 0.092 - -
Cricitopus vitripennigMeigen) 29.2 0.003 8.9 0.009
Eristalis sp. 4.2 0.067 - -
Total 14895.8 109.96¢ 8080.0 503.063
Predominant type of bottom sediment sand, silt, shells grey silt with shells
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Table 2.12 Macrozoobenthos composition and aadéine indices (N is an average number,
specm’ B is an average biomassntf in part B (fig. 2.7) of the Tyligulskyi Liman lagn
within the period of 2001 through 2011

Depth, m
Taxon < 1.0 (zone B1) > 1.0 (zone B2)
N, specm® | B, gm” | N, specm® | B, gm®

Harmothoe imbricata (L.) - - 40.0 0.760
Harmothoe reticulata Claparede 16.7 0.117 - -
Neanthes succinea (Frey et Leuch) 16.7 0.133 - -
Hediste diversicolor O.F. Muller 1150.0 40.667 510.0 13.218
Polydora cornuta Bosc 250.0 0.667 1730.0 1.300
Capitella capitata (Fabricius) 100.0 0.067 - -
Oligochaeta g. sp. 666.7 0.767 - -
Hydrobia acuta (Draparnaud) 716.7 1.233 1620.0 2.710
Mytilaster lineatus (Gmelin) 12783.3 79.417 8580.0 677.520
Cerastoderma glaucum Poiret 50.0 1.333 70.0 2.210
Abra ovata (Philippi) 133.3 8.767 1410.0 90.800
Iphinoe maeotica (Sowinskyi) 16.7 0.017 - -
Sphaeroma pulchellum (Colosi) 400.0 0.833 - -
|dotea baltica basteri Audouin 1200.0 3.467 40.0 0.040
Ampelisca diadema A.Costa 33.3 0.067 - -
Gammarus aequicauda Martynov 616.7 4.167 270.0 0.250
Microdeutopus gryllotalpa A. Costa - - 20.0 0.040
Chironomus salinaris (Kieffer) 1983.3 3.433 2130.0 3.135
Total 20133.3 145.15(0 16440.0 792.023
Predominant type of bottom sediment sand, silt, stones grey silt with shellg
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Table 2.13 Macrozoobenthos composition and aadéine indices (N is an average number,

specm’ B is an average biomassy in part C (fig. 2.6) of the Tyligulskyi Liman laga
within the period of 2001 through 2011

)0

Depth, m
Taxon < 1.0 (zone C1) > 1.0 (zone C2)
N, specm?| B, gm? | N, specm? | B, gm?®

1 2 3 4 5
Turbellaria g. sp. 31,9 0,019 - -
Harmothoe imbricata (L.) 9,0 0,047 160,0 0,880
Neanthes succinea (Frey et Leuch) 34,0 0,607 - -
Hediste diversicolor O.F. Muller 653,5 13,420 280,0 10,800
Spio filicornis (Muller) 88,2 0,110 - -
Polydora cornuta Bosc 395,1 0,413 680,0 0,320
Capitella capitata (Fabricius) 50,0 0,017 - -
Capitomastus minimus (Landerhans 1,4 0,001 - -
Oligochaeta g. sp. 600,7 0,604 - -
Hydrobia acuta (Draparnaud) 9353,5 20,722 280,0 0,800
Setia valvatoides (Milachevitch) 927,8 0,534 - -
Mytilaster lineatus (Gmelin) 3785,4 100,911 18760,0 2980,0(
Cerastoderma glaucum Poiret 336,1 52,696 - -
Abra ovata (Philippi) 672,9 20,676 2400,0 280,00(
Mya arenaria L. 23,6 0,087 - -
Palaemon elegans Rathke 1,4 0,750 - -
Rhithropanopeus harrisi tridentata
(Maitland) 2,8 0,144 - -
Iphinoe maeotica (Sowinskyi) 55,6 0,054 - -
Sphaeroma pulchellum (Colosi) 1044,4 8,081 - -
Idotea baltica basteri Audouin 786,8 4,690 - -
Ampelisca diadema A.Costa 24,3 0,064 - -
Gammarus aequicauda Martynov 1771,5 15,633 - -
Marinogammarus olivii M.-Edwards 12,5 0,036 - -
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1 2 3 4 5
Dexamine spinosa (Montagu) 32,6 0,040 - -
Pontogammarus maeoticus
(Sowinskyi) 1,4 0,001 - -
Microdeutopus gryllotalpa A. Costa 83,3 0,076 - -
Corophium bonelli (M.-Edwards) 56,3 0,038 - -
Corophium volutator (Pallas) 127,8 0,119 - -
Chironomus salinaris (Kieffer) 747,2 1,650 920,0 1,520
Chironomus sp. 29,2 0,057 - -
Clunio marinus (Haliday) 1,4 0,003 - -
Cricitopus vitripennis (Meigen) 18,8 0,013 - -
Total 21760,4| 242,312 23480,0] 3274,320
Predominant type of bottom sediment sand, shells, silt gray sit with shells
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Table 2.14

Quantitative description of the maidicators for the Macrozoobenthos at

various depths in the Tyligulskyi Liman lagoon wiitlithe period of 2001 through 2011

index The Whole of Depth, m
the Lagoon <1.0 1.3-13.0

Number of Stations 59 45 14
The total number of taxa: 35 34 16
including:

worms 10 10 5
mollusks 6 6 4
crustaceans 14 14 5
others 5 4 2

The number of taxa at one station 3-20 3-20 3-14
The average number of taxa at one station 9.4 10.3 6.4
The benthos number at one station, 350 - 77150 350 — 77150 1200 — 33480
spec:m™

The average benthos number, spe€. 18561.2 20736.7 11568.6
worms 11.4 115 7.7
mollusks 69.4 67.7 79.8
crustaceans 14.8 20.5 12.5
others 4.4 0.3 -

The benthos biomass at one statiomg | 4.80 — 3274.32| 4.80 —1304.10 5.24 — 327432
The average benthos biomassy§ 352.346 218.189 783.564
including (%) :

worms 4.3 10.9 1.3
mollusks 89.7 79.4 98.4
crustaceans 5.6 2.0 0.1
others 0.4 7.7 0.2
The average biomass of pabular benthos,
gm? 350.854 216.278 783.564
Proportion of pabular benthos, % 99.6 99.1 100.0
Invasive species:
the number of taxa 3 3 1
Number, speem™ 888.1 915.6 800.0
Proportion in the total number, % 4.8 4.4 6.9
Biomass, gn” 0.800 0.882 0.537
Proportion in the total of the biomass, % 0.2 0.4 10
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Table

2.15 Comparative characteristics of gtatite indices for macrozoobenthos at

various depths in the Tyligulskyi Liman lagoon wiitlithe period of 2001 through 2011

Taxa The number Number Biomass
of taxa specm™® % gm® %
The whole of the lagoon
major 9 16288.5 87.8 343.405 97.5
minor 4 1254.4 6.8 5.859 1.7
incidental 22 1018.6 5.4 3.082 0.8
Total 35 18561.2 100.0 352.346 100.0
depth<1.0m
major 10 18731.6 90.3 214.491 98.3
minor 4 817.8 3.9 0.874 0.4
incidental 20 1187.7 5.8 2.823 1.3
Total 34 20736.7 100.0 218.189 100.0
1.3 -13.0 m depth
major 11034.4 954 771.789 98.5
minor 3 151.4 1.3 7.832 1.0
incidental 7 382.8 3.3 3.943 0.5
Total 16 11568.6 100.0 783.564 100.0
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Table 2.16 Comparative characteristics of the amitipn and quantitative indices (N is an
average number, speu?; B is an average biomassnif) for the major macrozoobenthos

taxa (P > 50.0 %) at various depths in the Tyligulskyi Limlagoon within the period of 2001
through 2011

Depth<1.0m 1,3 - 13,0 m Depth
Major taxa N, B, P, N, B, P,
spec:m™ gm? % | specm? gm? %
Hediste diversicoloO.F. Muller 681.7 14.006 71.1 262.9 6.305 64.3
Polydora cornutaBosc 894.4 0.697 55.6 800.0 0.537 50.(
Hydrobia acutaDraparnaud) 8218.9 18.519 84.4 2508.6 4.909 92.
Mytilaster lineatugGmelin) 4108.3 89.482 68.9 47229 568.360 57.
Cerastoderma glaucuroiret 307.8 47.564 60.0 - - -
Abra ovata(Philippi) 633.3 18.147 82.2 1857.1 190.417 64.
Sphaeroma pulchellufColosi) 898.3 6.929 62.2 - - -
Idotea baltica basterAudouin 737.2 4.262 75.6 - - -
Gammarus aequicauda
Martynov 1513.9 13.323 73.8 - - -
Chironomus salinarigKieffer) 737.8 1.562 51.1 882.9 1.261 92.9
Total 18731.6 214.491 - 11034.4 771.78|9
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Table 2.17 Comparative characteristics of the majaxonomical groups of the
macrozoobenthos at various depths in the Tyligulskgan lagoon within the period of 2001
through 2011

Major taxonomical| Number of Number Biomass
groups taxa specm™® % gm® %
The whole lagoon
worms 10 2116.0 114 15.158 4.3
mollusks 6 12879.0 69.4| 315.907 89.7
crustaceans 14 27400 14.8 19.728 5.6
others 5 826.% 4.4 1.553 0.4
Total 35 18561.2 100.0| 352.346 100.0
depth<1.0 m
worms 10 2380.6 115 16.668 7.7
mollusks 6 14029.8 67.7 174.208 79.8
crustaceans 14 4257\2 20.5 27.233 12.5
others 4 69.5 0.3 0.079 -
Total 34 20736.7 100.0| 218.189 100.0
1.3 -13.0 m depth

worms 5 1265.7 10.9 10.305 1.3
mollusks 4 9180.0 79.4 771.363 98.4
crustaceans 5 234{3 2.0 0.629 0.1
others 2 888.6 7.7 1.267 0.2
Total 16 11568.6 100.0| 783.564 100.0
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Table 2.18 Comparative characteristicsnajor trophic groupsof the macrozoobenthos at

various depths in the Tyligulskyi Liman lagoon wiitlithe period of 2001 through 2011

Major trophic groups Number of Number Biomass
taxa specm® | % specm” | %
The whole lagoon
Sestonophages 3 45253.3 24.4 241.267 68.5
Detritophages 20 10957|5 59.0 91.205 25.9
Carnivorous 4 33.6 0.2 0.208 0.1
Vegetable - detritophagous 5 2457.4 13.2 18.856 5.3
Phytophagous 2 5869 3.2 0.352 0.1
Polyphagous 1 0.8 0 0.458 0.1
Total 35 18561.2 100.0 352.346 100.0
depth< 1.0 m
Sestonophages 3 4433.4 21.4 137.115 62.9
Detritophages 19 123346 59.5 55.290 25.3
Carnivorous 4 36.1 0.2 0.178 0.1
Vegetable - detritophagous 5 3160.5 15.2 24.544 11.2
Phytophagous 2 7694 3.7 0.461 0.2
Polyphagous 1 1.1 - 0.600 0.3
Total 34 20736.7 100.0 218.189 100.0
1.3 -13.0 m depth
Sestonophages 2 4814.3 41.6 576.037 73.5
Detritophages 11 65314 56.5 206.643 26.4
Carnivorous 1 25.7 0.2 0.309 -
Vegetable - detritophagous 2 197.2 1.7 0.575 0.1
Total 16 11568.6 100.0 783.564 100.0
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Table 2.19 Characteristics imivasive species of the macrozoobenthoghe Tyligulskyi

Liman lagoon according to the data of 2001 thro2@h6

Taxonomical , Natural Feeding :
Species : Life form
group habitat manner
Polydora cornuteBosc = ' '
o Western Detrito- Free-ranging type
Polychaeta Polydora limicola N )
Pacific phage of the infauna
Annenkova
. . . North Sestono- | Free-ranging type
Bivalvia Mya arenariaL. . )
Atlantic phage of the infauna
Rhithropanopeus harrisi North Free-ranging type
Decapoda . _ . Predator .
tridentata(Maitland) Atlantic of the epifauna
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3. Benthic biological diversity and its distribution

3.1. Field sampling and processing

To map a spatial distribution of benthic biologidalersity indicators, the Tyligulskyi
Lagoon was divided onto the three parts: A, B, @nfkee Fig. 2.7). Each part contains the
shallow water zone (depthl m) marked by the index 1: Al, B1, and C1, ad e®khe zone
with depth > 1 m indexed by A2, B2, and C2. Thessitf macrozoobenthos sampling in the
Tyligulskyi Lagoon for the period of 2001 to 201Eme groupped by the above zones. The
species composition of macrozoobenthos and averagder and biomass of species were

determined for the zones (see Tables 2.11-2.13).
3.2. Benthic diversity indices

The two main factors taken into account when meagutiversity are richness and
evenness. Richness is a measure of the numbeffefedit kinds of organisms present in a
particular area. For example, species richneshi@asnumber of different species present.
However, diversity depends not only on richness,diso on evenness. Evenness compares
the similarity of the population size of each of gpecies present.

1) Richness: The number of species per sample is asureaf richness. Species
richness as a measure on its own takes no accouheé emumber of individuals of
each species present. It gives as much weightogetbpecies which have very few
individuals as to those which have many individuals

2) Evenness: Evenness is a measure of the relativedaboe of the different species
making up the richness of an area.. A communityidated by one or two species is
considered to be less diverse than one in whiclkeraéwdifferent species have a
similar abundance.

Simpson’'s Dominance index (D) is a measure of dityewhich takes into account the
number of species present, as well as the relaledance of each species. As species

richness and evenness increase, so diversity sgsea
D =1 -Z( ni(ni-1)/N(N-1))

Where nis the total number of organisms of a particglaecies, and N, the total number of

organisms of all species.
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The Shannon diversity index (H) is another indexattis commonly used to
characterize species diversity in a community. LBenpson's index, Shannon's index
accounts for both abundance and evenness of tloeespg@esent. The proportion of species i
relative to the total number of species £pn/N) is calculated, and then multiplied by the

natural logarithm of this proportion (Injp

H =-X prlog.(p)

where, H is Shannon's diversity index, S totamhar of species in the community
(richness), and;proportion of S made up of the ith species.

The values of Simpson's Dominance index, Shanneersity index (H) etc., calculated
for the selected parts of the Tyligulskyi Liman dag by the observational data on the
population of the macrozoobenthos species foptreod of 2001-2011 (Tables 2.11 -2.13,
Fig. 3.1), are provided in Table 3.1 and in Fig.3

Table 3.1 The results obtained from the unitarraethods applied to the available data on

the macrozoobenthos in the Tyligulskyi Liman lagg¢a001 - 2011)

Zones of part A | Zones of part B | Zones of part C
Index Al A2 Bl B2 Ci C2
Total number of
species S 23 15 16 11 32 7
Total individuals N 14895,9) 8080| 20133,4| 16420| 21760,4) 23480
Species richness
(Margalef) d 2,289 1,556 1,514 1,030, 3,104| 0,596
Pielou’s evenness J 0,628 0,630 0,513| 0,632 0,584 0,402
Diversity Index of
Shannon H'(log2) 2,841 2,460, 2,051| 2,188 2,922| 1,128
Simpson’s 1-
evenness Lambda'’ 0,780 0,749 0,576| 0,681 0,768 0,348
AMBI AMBI 3,006 2,525 1,04/ 1,533| 2,152/ 0,636
Biological

Bl index 2 2 2 2 2 2
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3.3. Benthic diversity distribution in the Tyligulskyi L iman lagoon

TOTAL NUMBER OF BENTHIC
MACROINVERTEBRATE SPECIES

B Very high (-30)
[0 High 20-30)
[Javerage (15-20) (b
[ Low (9-14) s i
B Very ow (=9) i -

Figure 3.1 Number of benthic macroinvertebsgtecies for the selected parts of the

Tyligulskyi Liman lagoon
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SHANNON DIVERSITY INDEX

Bl Very high (>3.0)
[l High (2.5-3.0)
Javerage (2.0-2.5)
Erow (1.0-2.0)

I very low (<0.5)

Figure 3.2 Shannon diversity index (H) for theestgd parts of the Tyligulskyi Liman lagoon
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4. Benthic ecological quality and its distribution

4.1. The AMBI index

Benthic ecology quality for the Tyligulskyi Limaradgoon was assessed by means of
AZTI Marine Biotic Index (Muxika et al. 2005). ThH&MBI is based upon the proportions of
five ecology groups (EG) to which the benthic speare allocated:

AMBI = [(0 X %EGI) + (1,5 X %EGII) + (3 X %EGIII) 44,5 X %EGIV) + (6 X %EGV)] /100

with EG | being the disturbance-sensitive speds, |l the disturbance-indifferent species,
EG Il the disturbance-tolerant species, EG IV ffsgond-order opportunistic species and
EGV the first-order opportunistic species (Borjaale 2000).

Calculation of the index was made with the use MBA v5.0 2012 (AZTI - Tecnalia,
www.azti.es) software. Generalized information ostrbution of the macrozoobenthos
specific composition in the Tyligulskyi Liman lagnq2001 - 2011) into environmental
groups for calculation of the AMBI index is preseshtin Table. 4.1. The values of AMBI
index, calculated for the selected parts of thagygkyi Liman lagoon, are given in Table.
4.1 and in Fig. 4.1.
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Table 4.1 The components and the results oAMBI index calculation for different parts (Fig.7) of theTyligulskyi Liman lagoon

Part of the Bl from Not
lagoon Zone [(%) |[11(%) | 1 (%) | IV (%) |V (%) Mean | mean Standard | Disturbance assigned
AMBI | AMBI | AMBI deviation | Clasification (%)
A Al 15,138] 1,401| 53,238 28,343| 1,878| 3,006 2 Slightly disturbed | 0,2
A2 19,438/ 0,66| 73,458| 4,955| 1,486| 2,525| 2,766 2 0,339] Slightly disturbed | 0,1
B Bl 66,639 6,208| 22,102] 1,241| 3,808 1,04 2 Undisturbed 0
B2 53,897| 0,487| 35,079 10,535 0| 1,533| 1,287 2 0,348 Slightly disturbed | 0
C C1 30,154 4,04| 60,988 1,817 2,999| 2,152 2 Undisturbed 0
c2 79,897 0,681| 16,524| 2,896 0| 0,636] 1,394 2 1,071] Slightly disturbed | O
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4.2. Benthic quality distribution in the Tyligulskyi Lim an lagoon

Eco(} (based on ANMBI)

I High
[ Good
[ Moderate
= Poor

I Bad

Figure 4.1 EcoQ classification of tigligulskyi Liman lagoorbottoms according to AMBI
index
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5. Fish community based indices

Since the Tyliguskyi Liman lagoon is characterizby instability of hydrological
parameters and hydrochemical regime, the conditiongsh life (reproduction, feeding and
wintering) in its various ecological complexes haeastantly been changing and there were
changes in the composition of fish fauna and, cpusetly, in the structure of commercial
catches. Provision of artificially regulated waéxchange of the lagoon with the sea through
the canal which operates periodically contributesririchment of the fish fauna. Functioning
of the canal makes it possible to use the loweutfson) part of the lagoon as a feeding
aquatorium for migratory fishe®therina mochon ponticaBlack SeaMugilidae and Mugil
so-iuy Basilewskyn the first instance).

There have been observed a general tendency towagdswth of water salinity in the
lagoon and a substantial decline in the numbereshivater fish species in the recent years.
Three zones can be distinguished in the Tyligugkyian lagoon in terms of conditions for
fish habitation (Fig. 5.1).

1. An oligohaline zone (0.5-5%o0) at the top of the lagpwhich is adjacent to the Tyligul
River mouth. Its area is small and averages apprataly 5 km2. The freshwater fish
species inhabit only this zone, though many saéwhes also enter here from the more
saline part of the lagoon. In dry seasons, underedsed water levels in the lagoon, the
flooded areas of the Tyligul River become isolat@in the lagoon and the oligohaline
zone ceases to exist. It is in these periods tteflboded areas turn a refugium for the
freshwater fish species.

2. A polyhaline zone in the central part of the lag¢d8-25%0) has the largest area of 140-
150 kmz.

3. A mesohaline zone (12-18%o) in the lower part of ldgoon, which is connected to the
sea through the artificial canal, has the areasf@ kmz2. It is in this zone that the
species which regularly or occasionally penetrageléagoon from the sea account for the
widest diversity of fish species observed and fighe predominantly (more than 95%)
done here. Fixed gill nets are exclusively usedtiercatch ofAtherina mochon pontica
in this zone.

Literary data of the latest 50 years (ZambriborsH®65; Polischuk, Zambriborsch,

Timchenko et al., 1990; Shekk, 2004; Sherman, Kahsv, 2007), as well as the materials

from the researches carried out by the Odessarcehtthe South Research Institute for



Marine Fisheries and Oceanography (PivdenNIRO) 99512012 have been used for

conducting analysis of fish fauna composition ie ldgoon.
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Figure 5.1 - Ichthyological zoning of the Tylidays Liman Lagoon

The data of PivdenNIRO on specific compositionish ffauna were obtained during
the analysis of catches and by-catches througffighimg instruments used in the lower and
the middle parts of the lagoon (fixed gill netstwihe mesh size of 6.5 mm, nets with the
mesh size of 20-70 mm, fyke nets with the mesh @iZ88 mm, seine nets with the mesh size
of 16-18 mm).
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The following instruments were used to obtain théadon the density of fish distribution /

number of fish:

1)

2)

A seine net with 10 m opening and with the mesk siz6 mm. The standard length
of transport is 100 fmand the area of fishing - 1000.n7 catches were conducted in
the middle and the lower parts of the lagoon, 1828&c. of fish were caught, and the
average density of distribution made up 26.1 sp@6.hf, In(number-100A) = 3.26;

A beam trawl, 1 m wide, 0.7 m high, with the mesteof 6 mm. The length of
transport is 100 m, and the area of fishing is 18016 catches were conducted in the
middle and the lower parts of the lagoon, 370 spédish were caught, and the
average density of distribution made up 23.1 sp@6.hnf, In(number-100/) = 3.14.

Catches by beam trawl and seine net were conduictéie coastal zone without use of a

watercraft in the period of May through October.

A change in the composition of fish fauna in thdiguskyi Liman lagoon within the

latest 50 years is presented in Table 5.1.

Table 5.1 Fish Fauna Dynamics in the Tyligyidkman Lagoon

YY
The family and species of fish 1964 1980 2001- | 2004 | 1995-
2002 2012
1 2 3 4 5 6
Acipenseridae
Acipenser stellatus Pall. + - - - -
Clupeidae
Alosz kessleri pontika Eichw. + + - - -
Alosa caspia nordmanni Antipa. + + + - +
Clupeonella cultriventris Nordm. + + + + +

Sprattus sprattus phalericus Risso

+
1
1
+
1

Engraulidae

Engraulis encrasicolus ponticus Aleks. + - + + +
Esocidae

Esox lucius L. + + - - -
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Cyprinidae

Rutilus rutilus L.

Rutilus frisii Norton.

Leuciscus leuciscus (L)
Skardinius erithrophthalmus L.
Aspius aspius L.

Leucaspius delineatus (Heckel)
Tinca tinca L.

Gobio gobio L

Alburnus alburnus L.

Blicka bjorcna (L).

Abramis brama L.

Vimba vimba L.

Pelecus cultratus L.

Rodeus sericeus amarus (Bloch)
Carassius auratus gibelio Bloch.
Cyprinus caprio L.

Leuciscus idus

Coditidae

Misgurnus fossilis L.

Siluridae
Silurus glanis glanis L.

Belongidae

Belone belone euxini Gunther.

Anguillidae

Anguila anguila L.

Gasterosteidae
Pungitius platigaster platigaster.
Kessler

Gasterosteus aculeatus L.
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Syngnathidae

Nerophis ophidionteres, Risso. + + + -
Singnathu styphle argentatus P. + + + -
Syngnathus abaster Risso + + - +
Mugilidae
Mugil cephalus L. + + + +
M. so-iuy Basilewsky - - + +
Liza aurata Risso + + + +
L.saliensRisso + + + +
Atherinidae
Atherina mochon pontica Eichw + + + +
Percidae
Stizostedion leioperka L. + + - +
Perka fluviatilis L. + + + -
Percarina demidoffi Nordm + + - +
Gobiidae
Pomatoschistus microps leopardinug
Nordman. + + + +
P. caucasicus Kawrajsky + + + -
Zosterisessor ophiocephalus Pall. + + + +
Mesogobius batrachocephalus Pall. + + + +
Neogobius melanostomusPall. + + + +
N. cephalarges Pall. + + - -
N. fluviatilis Pall. + + + +
Proterorhinus marmoratus (Pallas) + + - +
Benthophilus stellatus + + - -
Knipowitschia longicaudata. Kessler - + - -
Neogobius ratan Nordmann - + - -
Gobius niger L. - + + -
N. syrman (Norman) + + + -
N. gymnotrachelus Kessler + + - +
1 2 3 4 5
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Scophthalmidae

Psetta maeotica Pall. - - + - +
Pleuronectidae

Platichtys flesus luscus Pall + + + + +
Solea nasuta Pallas - - + - +
Blenniidae

Blennius sanguinolentis Pall. - - - - +
B. sphinxValenc. - - + - -
Labridae

Crenilabrus ocellatus (Forskal) - + - + +
Mullidae

Mullus barbatus ponticusEssipov - - - - +
Centracanthidae

Spicara smaris (Linne) - - - - +
Centrarchidae

Lepomis gibbosus (Linne) - - - - +
Carangidae

Trachurus mediterraneus ponticus - - - - +
Aleev

Gobiesocidae

Lepadogaster candollei Risso - - - - +
Total 48 38 30 26 41

References' (Zambriborshch, 1965Y: (Polischuk, Zambriborsch, Timchenko et al., 199@8hekk,

2004); “(Sherman, Kutishchev, 20075, Observational data of the Odessa Center of Sauther

Scientific Research Institute of Marine Fisheried &ceanography .

Distribution of fish species into environmental anabhic groups is presented in Table 5.2.

Notations of types and trophic groups are givenagtordance with Practitioners Guide to the

Transitional Fish Classification Index (TFCI) Watgamework Directive: Transitional Waters.
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Table 5.2 Fish species encountered in the Tyligullskgoon and their guilds

Species Type Trophic| Estuarine| Estuarine| Nursery| Habitat
guild resident | spawnerg species | preference

1 2 3 4 5 6 7

Clupeidae

Alosa caspia nordmanni CA Z P

Antipa

Clupeonella cultriventris CA Z P

Nordm.

Engraulidae

Engraulis encrasicholus MS Z P

ponticus Aleksandrov

Cyprinidae

Rutilus rutilus (L) FW Z

Blicka bjorkna (L) FW BL

Rodeus sericeusamarus FW Z P

(Bloch)

Carassius gibelio Bloch. FW BL P

Belonidae

Belone belone euxini MA P P

Gunther

Anguillidae

Anguila anguila L. CA P P

Gasterosteidae

Pungitius platigaster ER BL Y Y P

platigaster Kessler.

Gasterosteus aculeatus L} CA BL P

Syngnathidae

Nerophis ophidionteres ER BL Y Y D

Risso.
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1 2 3 4 6 7
Singnathus typhle ER BL Y D
argentatus P.

Syngnathus nigrolineatus| ER BL Y D

Eichw.

Mugilidae

Mugil cephalus L. MJ,MS D Y P

M. so-iuy Basilewsky MJ, ER D Y Y P
Liza aurata Risso MJ,MS D Y P
L.saliensRisso MJ,MS D Y P
Atherinidae

Atherina mochon pontica | MS,ER Z Y Y P

Eichw. (A. boyeri)

Percidae

Perca fluviatilis L. FW P P

Gobiidae

Pomatoschistus microps ER BL Y B

leopardinus Nordmann

P. caucasicus Kawrajsky | MA BL B

Zosterisessor ER BL Y B

ophiocephalus Pall.

Neogobius melanostomus ER BL Y B

Pall.

1 2 3 4 6 7
N. fluviatilis Pall. ER BL Y

Proterorhinus marmoratus ER BL Y

(Pallas)

Neogobius ratan MA BL B

Nordmann

Gobius niger L. ER BL Y

N. syrman Nordmann MA BL

N. gymnotrachelus Kessler MA BL
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1

Mesogobius

batrachocephalus Pall.

T w

<l

Scophthalmidae

Psetta maeotica Pall.

MA

Pleuronectidae
Platichtys flesus luscus
Pall.

ER

BL

Soleidae

Solea lascaris nasuta Pall.

MA

BL

Blenniidae
Blennius sanguinolentis
Pall.

MA

BL

Labridae
Crenilabrus ocellatus
(Forskal)

ER

BL

Mullidae
Mullus barbatus ponticus
Essipov

MA

BL

Centracanthidae

Spicara smaris (Linne)

MA

BL

Centrarchidae
Lepomis gibbosus (Linne)

FW

BL/P

Carangidae
Trachurus mediterraneus

ponticus Aleev

MA

BL

Gobiesocidae
Lepadogaster candollei

Risso

MA

BL

Habitat preference: B: benthic fishes; D: demdlishes; P: pelagic fishes
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Numerical correlation of fish species in the cagchath a close-meshed seine net and
a beam trawl is given in tables 5.3 and 5.4. Tk 18 fish species in the seine net catches,
with 6 of them being the dominant species, whiatoaat for 90 % of the total number of the
specimens, and 14 species - in the beam trawl esitehith 7 of them being the dominant

ones. The average number of the dominant spec&eS.i&\bnormal fishes were not observed.

Table 5.3 Total fish species and relative (%) nucaérabundance of fishes captured in the

Tyligulskyi Liman lagoon over 7 surveys by seiné. ne

Scientific Name % abundance
Nerophis ophidionteres, Risso. 1.7
Singnathus typhle argentatus P. 1.6
Syngnathus abaster Risso 3.1
Pomatoschistus microps leopardinus Nordman. 1.3
Zosterisessor ophiocephalus Pall. 14.7
Mesogobius batrachocephalus Pall. 3.5
Neogobius melanostomus Pall. 20.0
N. fluviatilis Pall. 3.7
N. gymnotrachelus Kessler 0.1
Proterorhinus marmoratus (Pallas) 1.0
Gobius niger L. 0.2
Gobius sp. 0.1
Atherina mochon pontica Eichw 47.8
Crenilabrus ocellatus (Forskal) 1.3
Platichtys flesus luscus Pall 0.2
Blennius sanguinolentis Pall. 0.1
Lepadogaster candollei Risso 0.1
Liza aurata Risso 0.1
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Table 5.4 Total fish species and relative (%) nucakrabundance of fishes captured in the
Tyligulskyi Liman lagoon over 16 surveys by beaawt

Scientific Name % abundance
Nerophis ophidionteres, Risso. 0.8
Singnathus typhle argentatus P. 8.4
Syngnathus abaster Risso 9.7
Pomatoschistus microps leopardinus NordmpaR7.6
Zosterisessor ophiocephalus Pall. 8.6
Mesogobius batrachocephalus Pall. 1.1
Neogobius melanostomus Pall. 20.8
N. fluviatilis Pall. 0.8
N. gymnotrachelus Kessler 0.5
Proterorhinus marmoratus (Pallas) 114
Gobius niger L. 5.9
Atherina mochon pontica Eichw 0.3
Crenilabrus ocellatus (Forskal) 3.8
Platichtys flesus luscus Pall 0.3

The data for calculation of Estuarine Biotic Iniggrindex (EBI) are presented in
Table 5.5. According to the two-point scale appligi@édium (EBI> 25), Low (EBI < 25), the
environmental quality status of the Tyligulskyi Lamlagoon can be assessed as ‘'medium'.

The data for calculation of Transitional Fish Ciisation Index (TFCl)are given in

Table 5.6. Currently only 7 of 10 metrics of thigléx for the Tyligulskyi Liman lagoon can
be evaluated. Owing to the fact that the Referapeeies list has not been elaborated and the
indicator species are not defined for the watelnidmdf the Black Sea basin, the metrics of 1-
3 have not been assessed. Nevertheless, the $oothe metrics of 4-10 make it possible to
estimate the ecological class of the Tyligulskyman lagoon as ‘good/medium’. It is
obvious, that in case of evaluation by all of tienetrics the ecological class of the lagoon
will be higher.
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Table 5.5 Metric values and scores for the EsteaBiotic Integrity Index (EBI), calculated
for the Tyligulskyi Liman lagoon

No. Metric Value | Score

1 Number of species (N) 41 5

2 Dominance 6.5 5

3 Fish abundance 3.26 0

4 Nursery species (N) 6 5

5 Estuarine spawners (N) 13 5

6 Resident species (N) 13 5

7 Proportion benthic fishes (%) 0.56 0

8 Proportion abnormal (%) <0.01 5
EBI(sum of metric scores) 30

This results in an Ecological Quality Status (EQSYledium (EBI >25)” (Deegan et al.,
1997).

Table 5.6 Metric values and scores for the Trareal Fish Classification Index (TFCI),

calculated for the Tyligulskyi Liman Lagoon

No. | Metric Value | Score

1 Species composition N/A -

2 Presence of indicator species N/A -

3 Species relative abundance N/A -

4 Number of taxa that make up 90% of the abundance | 6.5 5

5 Number of estuarine resident taxa 13 5

6 Number of estuarine-dependent marine taxa 6 3

7 Functional guild composition 6 5

8 Number of benthic invertebrate feeding taxa 15 5

9 Number of piscivorous taxa 7 5

10 Feeding guild composition 4 5
TFCI (sum of metric scores) 33

64



The TFCI value can be converted into an EQR:

EQR = (33 — 10)/(50 — 10) .58

This results in an ecological class of ‘Good/Modeta’ (Practitioners Guide to the
Transitional Fish Classification Index (TFCI) Watéramework Directive: Transitional
Waters, Table 10).

6. Fisheries

Fish productivity (as well as fish fauna diversity) the Tyligulskyi Lagoon has
always depended on its hydrological and hydrochalhneégime and, first and foremost, on the
salinity of its waters. In the 1930s—-1950s, when ldgoon was desalinated due to abundant
atmospheric precipitation and strong spring floodsthe rivers flowing into the lagoon, the
catches increased over several years followingpfing, due to a water level rise, breaches of
isthmus often occurred and the water exchange thithsea restored. Sea species of fish
(Mugilidae, Gobiidae, Pleuronectidae, Clupeidae, ékthidae etc.) were brought into the
lagoon through occasional inrushes at the same asneeshwater fish species were taken
away with the floods from the Dniprovsko-Buzkyi ety Abramis brama L., Rutilus rutilus
L., Cyprinus carpio L., Stizostedion lutioperka Carassius auratus gibelio Bloch., Blicka
bjorcna (L), Skardinius erithrophthalmus étc.) (Shekk, 2004).

Thirty-four species of saltwater and freshwateh figere registered in the lagoon in
1953. In 1959 a connecting canal to the sea wastieated in the isthmus of the Tyligulskyi
Lagoon in order to increase the fishing capacityir@ to this, 45 species of fish were
registered in the lagoon in 1960 and 48 specid964 (Table 5.1). Among them 16 (33 %)
are brackish water, 14 (27 %) salt water and 19%J0reshwater species. In 1953-1960 an
average of 1091.8 tons of fish was caught in tgeda annually (Fig. 5.2). The largest catch
for the lagoon, 2,349.6 tons (146.9 kg/ha), wassteged in 1956 (Zambriborshch, 1956,
1965). However, against all expectations, the estdhegan to decline in the subsequent
years. This was due to a decrease in the carryuh@foreshwater fish from the Dniprovsko-
Buzkyi estuary to the mouth zone of the Tyligulskyagoon. This was a result of the
overregulation of the Dnipro River flow by a cageaf hydroelectric power stations causing
a decrease in spring flood intensity, as well asoaset of reservoir salinisation. There
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occurred a gradual replacement of freshwater fighmarine species, among which the
species of little value prevailed (Shekk, 2004).

In 1968 the canal sanded up and in 1970s-1990mdtibned only intermittently,
often with long-term interruptions, which conditemha gradual growth in water salinity. As a
result, in the 1980s 16 fresh water species (Agpenser stellatus Pall., Anguila anguila L.
etc., according to the Table 5.1) and previouslgsrealt water§prattus sprattus phalericus
Rissoand Engraulis encrasicolus ponticus AgKksshes, which had been getting into the
lagoon from the sea (Polishchuk et al., 1990), wetfound in the lagoon.

In 1961 through 1971, catches decreased from 8/.876.1 tonnes (54.9-17.3
kg/ha), and the fishery was based@ubiidaeandAtherina mochon pontica Eichwnd since
1974 — onAtherina mochon pontica Eichand Clupeonella cultriventris Nordmn 1976—
1979 the average catch in the lagoon went dowlm852onnes (14.6 kg/ha). In the 1980s the
predominant catches wedgherina mochon pontica Eichand Stizostedion lutioperka L.
The catches ranged from 105.1 to 616.0 tonnes/gemending on the canal function, (6.5—
38.5 kg/ha) Gobiidae, MugilidaeandPlatichtys flescus Palbst their commercial value, and
since 1992Atherina mochon pontica Eichbbecame the principal commercial object in the
Tyligulskyi Lagoon; with catches at the end of irevious century ranging between 107 and
178 tonnes per year (Zaitsev et al., 2006).

At the beginning of the 2%century the connecting canal to the sea was est@nd
was intermittently opened in spring in a numberyefirs to provide an influx of young
saltwater fish from the sea into the lagoon. Howewe 2007—2009 the canal ceased to
function again and didn’t operate for a long peraddip to 2010, when it was open in April
through September. The catches of fish, thougheasad to 309-370 tonnes in 2009-2012,
consisted mainly, as before, of low-value speéitserina mochon pontica Eichwhe data
on commercial catches within the latest decadeesented in Table 5.7 and Figure 5.2. The
percentage ofAtherina mochon ponticen commercial catches comprises 87.2%, and the
percentage oGobiidae (mainly Neogobius melanostomus 9.8%. The rest of the species
account for barely 3.0%.

In the summer of 2010, owing to hazardous weathenditions, strong
thundershowers in June through July and anomaldugly water temperatures in July and
August, there occurred mass mortality of fidobiidae, Mugilidag In some coastal areas 20

kg of dead fish per square meter were reported.
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In view of the deterioration of water quality ind& and the lack of necessary
conditions for a sufficient influx of young fish,ammly Mugilidag, from the sea to the lagoon
for fattening, a mere 20-30 % of the lagoon fishpotential is currently made use of.

Under the present-day conditions a workable waint¢oease the fishing capacity of
the lagoon is through establishment of a populadiovaluable saltwater fishesiugil so-iuy
Basilewsky, Acipenseridae, Platichtys flescus ,Pafld Gobiidae could prove prospective
species for the introductioArtificial reproduction and stocking as well asrfation of self-
reproducing populations are considered the mofleviways to maintain a large population
size for these species. In case of aquacultureintigenousMugilidae (Mugil cephalus L.,
Liza aurata Risso, L. saliens Rismuld result in substantial increase of the bion{&ekk,
2004).
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Figure 5.2 Dynamics of the commercial catchigif fn the Tyligulskyi Liman lagoon.
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Table 5.7 Dynamics of fish catch (tons/year) ia Ttyligulskyi Lagoon

Species YY

2002 2003 2004 2005 2006 2007 2008 2009 2010 2011012 2
Platichtys flesus - - 0,138 0,08 0,01 0,02 0,14 0,1 0,2 0,04 -
Atherina mochon | 102,8 1427 256,3 147,15 301,44 252,19 163,2 280,815,5 371,3 380,6
pontica
Gobiidae 36,5 48,39 37,74 37,05 22,84 24,69 25,4 26,5 258 0,02 0,8
Mugilidae 0,01 0,30 7,92 18,53 15,03 0,04 0,4 - 4,1 20,6 0
Engraulis 2,0 1,69 - - - - 0 1,0 - - 10,7
encrasicholus
Mugil so-iuy 0,9 - - 1,34 0,4 0,13 0,8 1,0 2,7 3,34 -
Shrimp - - - 0,02 - - 0,06 0,2 0,4 - -
Total 142,2 193,1 302,2 204,2 339,7 277,01 190,0 ,4309 348,7 415,3 392,5
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