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Preface

Does man have an ecological memory? If yes, can we hope that it may weigh on political
decision-making to the point of overriding short-term economic interests? These are enormous
questions, and there is probably no simple answer to them.

Whether through the specialised scientific literature or through the modern mass media,
we are continuously showered with nightmarish tales, describing what man's greed and
ruthlessness has done to nature, the source and sink of all products - and byproducts- of human
creativity.

The good news is so much rarer that it seems that our whole environment is sliding down
the one-way street of the second law of thermodynamics: in order to create local organisation
and welfare, we destroy, pillage and increase entropy worldwide.

Unless, of course, we begin to change our attitude and begin to pay slightly more than
just lip-service to the concept of SD, Sustainable Development. This is not the place to
elaborate on the concept itself, but is fair to say that the number of instruments that we have to
tackle it on an international scale is limited. There is, in fact, only one major fund that caters
for it: the United Nations' Global Environmental Facility, or GEF. But even this fund's
resources are far from sufficient to meet demand; which makes it critical that they are spent on
the most pressing issues.

The Black Seaqualifies as a GEF-subject. In fact, there are few sites in the world that are
better qualified. The current Black Sea basin is part of the physical remains of the ancient
Tethys Sea, that ocean which once encircled our planet and only became closed when Arabia
hit the Eurasian bloc, raising mountain chains like the Caucasus and Elbruz. Surviving
fragments of the Tethys include the southern part of the Caspian basin, and the Black Sea. It is
interesting to note that, since its sequestration, the Caspian has never regained contact with the
World Ocean. It effectively became a lake; at times saline, at times fresh, but never again with
a marine living world. The Pontic basin, however, has had a more eventful history. It may
seem strange to some, but the Black "Sea" too was actually a lake for most of its existence.
Like the Caspian, its salinity and size fluctuated, and the two sisters were at times separated, at
times united, so that their biota was able to flow freely in both directions, creating what is
known in biogeography as the Ponto-Caspian flora and fauna. That endemic element still
accounts for a significant proportion of their current biodiversity.

The acquisition of a marine facies was a recent event, of Holocene age, which happened
as the Mediterranean waters broke through the Bosphorus. It drastically changed the Black
Sea's biota, introducing true marine groups, and destroying the entire deep benthos, as
meromictic conditions developed.

The authors of this volume, which admirably describes the processes leading to the
genesis of the complex biota of the Black Sea, were deeply involved in and made a
considerable contribution to the success of the Black Sea Environmental Programme. They
deserve to be congratulated for making their great knowledge of the biodiversity of the sea
available to a broader audience. The way they describe the microcosm of life forms that



develops around a limited number of key species is so incisive and vivid that their case-studies
may well be used as school-class examples of the very concept of keystone species.

In addition, their analysis of the multiplicity of causes that have led to the destruction,
collapse, or expansion of certain species and communities is lucid and instructive. But the
book goes beyond mere analysis. It also proposes a cure for this wounded ecosystem, and the
remedies suggested are numerous. But will they also be successful? Much will depend on the
consciences of the decision makers in the region. Perhaps the most fundamental lesson to be
learnt from the wisdom of this book is that, if the regional political |eadership does indeed
have an ecological memory, if it remembers the past, with its giant fields of eelgrass, of bottom
algae, of oyster banks, of dolphins and tuna, and decides to brush aside pressure from those
who want to take even more from the sea without giving anything back, there is still hope and
room for recovery. The Strategic Action Plan has been formulated and signed by all the
littoral states. We will now wait and see to what extent it can become areality.

Henri J. Dumont
Professor of Ecology
University of Gent
Belgium.



Introduction

Recent widespread changes in the diversity of life (biodiversity) of the seas are largely due
to the effects of human activities. Yet at the same time such biological resources are vital
for humanity and its further social development. As a result, there is today a growing
recognition that biodiversity is a global asset of tremendous value to current and future
generations.

In November 1988 the United Nations Environmental Programme (UNEP) convened
the Ad Hoc Working Group of Experts on Biological Diversity, to explore the need for an
international convention on biological diversity. The resultant Convention was inspired by
the world community's growing commitment to sustainable development. It represents a
dramatic step forward in the conservation of biological diversity and the sustainable use of
its components.

The Convention was opened for signature on 5 June 1992 at the United Nations
Conference on Environment and Development (the Rio "Earth Summit"). It remained open
for signature until 4 June 1993, by which time the number of signatories had reached 168.
The Biodiversity Convention entered into force on 29 December 1993. All the Black Sea
countries have signed and ratified it.

Recently biological diversity has changed from being a purely theoretical concept to
become one of the most accurate yardsticks of the health of the environment. This has been
emphasised by the resolutions of the United Nations Conference on Environment and
Development.

According to Article 2 of the Convention, biological diversity is defined as the
variability among living organisms from all sources including, inter alia, terrestrial, marine
and other aquatic ecosystems and the ecological complexes of which they are part. This
includes diversity within species, between species and between ecosystems.

Article 6 requires each Contracting Party to develop national strategies, plans or
programmes for the conservation and sustainable use of biological diversity.

Article 18 requires the Contracting Parties to promote international technical and
scientific co-operation in the field of conservation and the sustainable use of biological
diversity through, where necessary, the appropriate international and national institutions.
Subject to mutual agreement, the Contracting Parties are also required to promote the
establishment of joint programmes and joint ventures for the development of technologies
relevant to the objectives of the Convention.

The ecological situation in different regions of the world depends on the state of
nature in each location and the influence of anthropogenic activities. Over the past few
years the Black Sea has increasingly attracted the attention of scientists, governments and
the public at large as a region suffering ecological deterioration. Articles on the subject
have appeared in scientific publications, newspapers and magazines al over the world. In
assessing the situation, many have expressed apprehension, sometimes panic or even
hopelessness. The latter does not reflect the real state of the sea and does not facilitate
attempts to find a way out of the present situation.

xi



After several years of negotiation, the Convention for the Protection of the Black Sea
from Pollution (Bucharest Convention) was signed in Bucharest in April 1992 by al six
coastal countries. By April 1994 the Black Sea Convention had come into force throughout
the region.

Under Article 13 of the BucharestConvention, when taking measures in accordance
with the Convention for the prevention, reduction and control of the pollution of the marine
environment of the Black Sea, the Contracting Parties are required to pay particular
attention to avoiding harm to marine life and living resources, in particular by changes to
their habitats through fishing and other legitimate uses of the sea, and they are required to
give due regard to the recommendations of competent international organisations.

In April 1993 in Odessa a common policy declaration (the Odessa Declaration) was
signed by the Environment Ministers from all six Black Sea countries. The Declaration
provides a bold calendar of actions aimed at linking all sectors in ajoint effort to save and
protect the Black Sea environment. The Contracting Parties agreed:

e to encourage the development of comprehensive and coordinated plans for the
restoration and conservation of biodiversity in the Black Sea in the spirit of the 1992
Biodiversity Convention;

e to take appropriate measures for the restoration and conservation of biodiversity in the
Black Sea in the spirit of the 1992 Biodiversity Convention;

e to establish and improve nature conservation areas in the coastal zone of each of the
littoral states before 1996.

In order to give environmental action an early start and to develop a long-term Action
Plan, the Black Sea countries requested support from the Global Environment Facility
(GEF), a fund established in 1991 under the management of the World Bank, the UN
Development Programme and the UN Environmental Programme. In June 1993, a three-
year Black Sea Environmental Programme (BSEP) was established with US$ 9.3 million
funding from GEF and over US$ 5 million collateral funding from the European Union
(Phare and Tacis), the Netherlands, France, Austria, Canada and Japan.

The human population of six coastal countries (Bulgaria, Georgia, Romania, the
Russian Federation, Turkey and Ukraine) to satisfy some of its needs for food, transport
and recreation uses the Black Sea ecosystem. Unfortunately, it is also used by these and
another 11 countries for the disposal of waste from agriculture, industry and domestic
activities. The protection of the Black Sea cannot be achieved on a unilateral basis. Almost
every use of the sea and its coastal areas has the potential to affect the well-being of
neighbouring countries. Even point-source pollution restricted to the vicinity of an
industrial plant may affect the economic development of another country by Kkilling
juvenile fish which would have otherwise migrated to its coasts. On the other hand,
countries may deliberately overexploit their portion of a migrating resource in order to
deny access (and advantage) to their neighbours. If such conflicts are to be avoided, the
Black Sea countries need to cooperate to ensure the joint management and protection of
shared marine living resources. This will create a better sense of ownership of the Sea's
resources; and it is well known that "owners" tend to protect their property better than
those enjoying a free service. There is a strong need for harmonising legal and policy
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objectives and for developing common strategies for investment in the control of pollution.
Use of the "commons" must be carefully regulated so that one "user" does not deprive
another of his/her rights. Only through concerted international action can the biological
diversity of the Black Sea be protected.

The purpose of this book is to describe the actual state of the Black Sea ecosystem in
general and, using the criterion of biological diversity, to discuss measures that have been
planned or are already being implemented in order to improve the ecological situation in
the region. This task has been facilitated by the preparation in 1995 by the Black Sea states,
under the guidance of the BSEP Programme Coordination Unit based in Istanbul and with
the financial support of the World Bank, of national reports on the state of the coastal
marine ecosystems in different regions of the sea. The authors of this book have
summarised the data contained in these national reports which, together with other
published and yet unpublished data, constitute the factual basis of the book.

As for the reliability of biodiversity as the main standard for evaluating the state of
the marine environment, this follows from the tenets of classical ecology first formulated
by August Thienemann (1950) and which still remain relevant today. One of these tenets
says that the more living conditions within a biotope depart from the norm, the poorer the
location in terms of the number of species, and the larger the populations of the remaining
species. With regard to the Black Sea this sounds fully up-to-date.
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Green, brown, red macro-algae and mussels forming a typical seascape in shallow-water stony bottom
areas. They serve as food and offer refuge for many animals, as well as providing a source of oxygen.
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Peculiarities of the
Black Sea as One of the
Most Isolated Seas in the World

l. Geological Evolution

Some 50-60 million years ago, before the beginning of the Tertiary Period, a vast oceanic
basin extended from west to east across Southern Europe and Central Asia, linking the
Atlantic Ocean and the Pacific Ocean. It was the salty Tethys Sea. By the middle of the
Tertiary Period, as a result of crust upheavals, the Tethys Sea had become separated first
from the Pacific Ocean and later from the Atlantic.

Major crust movements led to mountain-building in the Miocene (from 5 to 7 million
years ago) and the formation of the Alps, the Carpathians, the Balkan Mountains and the
Caucasus Mountains. As a result the Tethys Sea shrunk in size and became divided into a
number of brackish basins. One of them, the Sarmatic Sea (Fig. 1.a), stretched from the
present location of Vienna to the foothills of the Tien Shan Mountains and included the
modern Black Sea, the Azov Sea, the Caspian Sea and the Aral Sea. The Sarmatic Sea was
separated from the ocean, and gradually its salinity fell as a result of the inflow from rivers.
It is assumed that the salinity in the sea was even lower than in the modern Caspian Sea.
Much of the marine fauna endemic to the Tethys Sea became extinct. However, it is
interesting to note that typically oceanic animals, such as whales, manatees and seals,
continued to inhabit the Sarmatic Sea for a long time, before they too disappeared.



Fig 1. Geological Evolution of the Black Sea (from Zaitsev, 1978)
a) Sarmatic Sea; b) Maeotic Sea; ¢) Pontian Sea-lake; d) Chaudian Sea-lake;
e) Paleoeuxinian Basin; f) Karangat Sea; g) Neoeuxinian Lake-sea ; h) Modern Black Sea
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By the late Miocene and early Pliocene (3-5 million years ago) the Sarmatic Sea had
shrunk to the size of the Maeotic Sea (Fig. |.b). During that period a link to the ocean was
again established, salinity increased and marine species of plants and animals settled in the
sea. In the Pliocene (1.5-3 million years ago) the connection to the ocean was again
severed, and the salty Maeotic Sea was replaced by the almost freshwater Pontian Sea-
Lake (Fig. l.c ). Within it the future Black and Caspian Seas were connected through the
present-day northern Caucasus. Marine fauna disappeared from the Pontian Sea-Lake and
were replaced by brackish-water fauna. To this day its representatives can still be found in
the Caspian Sea, the Azov Sea and the regions of the Black Sea with reduced salinities.
These species are today referred to Pontian relics or Caspian fauna, since they have been
best preserved in the reduced salinities of the Caspian Sea. In the late Pontian stage the
Earth's crust began to rise in the northern Caucasus, gradually isolating the Caspian Sea
from the basin. From that period onwards the Caspian Sea, on the one hand, and the Black
Sea and the Azov Sea, on the other, went their separate ways, although temporary links
between them were formed from time to time .

With the onset of the Quaternary Period and the Ice Age the salinity and species
composition of the developing Black Sea continued to change, as did the outline of the sea.
By the late Pliocene (less than one million years ago) the Pontian Sea-Lake had shrunk to
the size of the Chaudian Sea-Lake (Fig. I.d ). It had a reduced salinity, was isolated from
the ocean and inhabited by fauna of the Pontian type. Evidently, the Azov Sea had not yet
come into existence.

When the ice began to melt in the late Mindel (Elsterian) Glaciation (some 400,000-
500,000 year ago), the Chaudian Sea-Lake became filled with melt waters and turned into
the Paleoeuxinian basin (Fig. |.e ). Its outline resembled the modern Black Sea and the
Azov Sea. In the north-east it was connected to the Caspian Sea through the Kumo-
Manych depression, and in the south-west to the Sea of Marmara through the Bosphorus.
At the time, the Sea of Marmara was isolated from the Mediterranean and was also greatly
affected by reduced salinity. The fauna of the Paleoeuxinian basin was of a Pontian type.

The Riss-Wurm Interglacial Period (100,000-150,000 years ago) heralded a new
phase in the history of the Black Sea. Following the opening of the Dardanelles for the first
time since the formation of the Tethys Sea, the future Black Sea became connected to the
Mediterranean and the world ocean. The so-called Karangat Basin or Karangat Sea was
formed (Fig. I.f ), with a salinity higher than that of the modern Black Sea. Various
representatives of marine flora and fauna were introduced into it together with ocean
waters. They occupied a larger part of the basin, forcing the brackish water and Pontian
species into bays, limans and river estuaries with reduced salinities. However, that basin
too was to undergo changes.

Some 18,000-20,000 years ago the Karangat Sea was replaced by the Neoeuxinian
Lake-Sea (Fig.l.g ). This coincided with the end of the last Wiirm Glaciation. The sea was
filled with melting waters. Once again it lost its connection to the ocean and its salinity was
greatly reduced. The halophilic oceanic flora and fauna also disappeared, while the Pontian
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Fig 2. Black Sea Drainage Basin

species that had survived the difficult Karangat period in limans and river estuaries came
out of hiding and yet again occupied the entire sea.

After approximately 10,000 years the basin entered its current phase and the modern
Black Sea was formed (Fig. |.h). In fact, the word "modern" in this case does not mean
that the sea was identical to what it is today. In the beginning, about 7,000 years ago,
(although some experts believe that it was even later, about 5,000 years ago) a connection
to the Mediterranean and the World Ocean was established through the Bosphorus and the
Dardanelles. A gradual salinisation of the Black Sea followed and it is believed that within
1,000-1,500 years the salinity of the sea became sufficient to support a large number of
Mediterranean species. Today about 80 percent of the Black Sea fauna are Mediterranean
settlers ("Mediterranean immigrants"). The Pontian relics have again moved to the bays
and limans with low salinities, as happened during the time of the Karangat basin.
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[1. Morphometry

Of al the inland seas, such as the White Sea, the Baltic Sea, and the Mediterranean Sea,
the Black Sea is the most isolated from the world ocean. Its only tenuous link with other
seas is with the Mediterranean through the Bosphorus Strait, the Sea of Marmara and the
Dardanelles. The Bosphorus is essentially a narrow, elongated, shallow channel, nearly 31
km long. Its width varies between 0.7 and 3.5 km with an average of 13 km at the surface.
The width gradually narrows towards the bottom of the channel to an average of 500 m at a
depth of 50 m. The depth varies from 30 to 100 m with an average of 50 m along the
central section of the channel. In the north, the Kerch Strait connects the Black Sea to the
shallow Azov Sea. The Azov Sea has an area of 39,000 km* and an average depth of 8 m.
The Kerch Strait is a shallow channel (10 m deep in the north, 18 m deep in the south and
5 m deep in the central section) about 45 km long. Its width varies between 3.7 km and 42
km. Such a significant degree of isolation, together with low salinity and low winter water
temperatures, has been a decisive factor in shaping the Black Sea flora and fauna.

The catchment area of the Black Sea is over 2 million km?, entirely or partially
covering 22 countries in Europe and Asia Minor. These include the six littoral states
(Bulgaria, Georgia, Romania, the Russian Federation, Turkey and Ukraine) and 16 Eastern
and Central European states. According to the political map of Europe (1996), these are, in
alphabetical order: Albania, Austria, Belarus, Bosnia - Herzegovina, Croatia, the Czech
Republic, Germany, Hungary, Italy, Macedonia, Moldova, Poland, Slovakia, Slovenia,
Switzerland and Yugoslavia (Fig. 2.). The catchment area contributing water to the Black
Sea varies from country to country. In Albania, Poland and Italy it is only 100-300 km®; in
Switzerland 1,700 km* in Moldova 33,700 km* in Germany 58,000 km®, in Romania
226,000 km*; in Turkey 249,000 km?; and in Ukraine 600,000 km®.

The surface area of the Black Sea is 423,000 km’. It contains a total volume of
547,000 km' of water and has a maximum depth of 2,212 m. The sea is located in an east-
west intermontane depression (Degens and Ross et al.,, 1974). To the south of the Black
Sea depression are the Pontic Mountains, with a maximum elevation of 3,937 m (Mount
Kachkar), and, to the East, the Caucasus Mountains, with a maximum elevation of 5,642 m
(Mount Elbrus). The western and northern coastal regions are relatively low (the Black Sea
Lowlands). The greatest relief in the north of the Black Sea depression is on the Crimean
Peninsula, with a maximum elevation of 1,545 m (Mount Roman-Kosh).

The Black Sea shoreline is about 4,340 km long (the Bulgarian coastline is 300 km
long; the Georgian coastline 310 km; the Romanian coastline 225 km; the Russian
coastline 475 km; the Turkish coastline 1,400 km and the Ukrainian coastline 1,628 km).

The Black Sea shoreline is not ragged. The only large peninsula is the Crimea, with
the Kerch Peninsula linked to it. Several small peninsulas (Capes Ince, Chum, Baba, etc.)
are located on the Anatolian coast. The largest bays in the north are Odessa Gulf,
Yagorliksky Bay, Tendrovsky Bay, Karkinitsky Bay and Kalamitsky Bay; Novorossisk
Bay is in the east; Sinop Bay and Samsun Bay are in the south; while the bays of Igneada,
Burgas, and Varna are in the west.
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The Black Sea shoreline is characterised by a wide diversity of landscapes. There are
high mountains, vast lowlands, and valleys with low hills. Some parts of the shoreline are
covered by rich subtropical plants, while other sections are poorly vegetated.

The north-western shoreline, from the Danube delta to Sevastopol Bay, is not high.
Here the Palaeozoic East-European Platform rises to 10 m above sea level in the south and
up to 40-50 m above sea level in the north. It consists of a cover of predominantly
sedimentary platform rock from the Neogene Quaternary period. The valley is cut by
narrow gorges which end at the coast in a precipitous edge or low spits that cut the sea off
from vast salt lakes and limans, which are former river mouths, now covered by sea water.
There is avery large number of limans near Odessa. Some limans are completely separated
from the sea, others have sporadic access. The limans in the estuaries of large rivers (such
as the Dniester , the Southern Bug and the Dnieper) have a permanent connection to the
sea. Almost al the large limans (e.g. Dneprovsko-Bugsky, Dnestrovsky, Khadzhibeisky,
Kuyalnitsky, Tiligulsky and Berezansky) are shallow, although only a few hundred years
ago they still were bays with a depth of 20-30 m.

The shoreline becomes noticeably steeper beyond Sevastopol Bay. Along the
southern coast of the Crimean Peninsula, from Cape Feolent to Feodosia there are three
parallel ridges of folded Mesozoic Crimean Mountains that thrust precipitous cliffs out into
the sea. In some places between Cape Sarych and Yalta the mountains recede from the
shore, sloping moderately. Further to the east, the main ridge of the Crimean Mountains
retreats from the shoreline, gradually becoming lower; although the mountain slopes near
to the sea are precipitous. The shoreline of the Kerch Peninsula is precipitous along almost
its entire length.

The north-eastern Black Sea shore from Anapa to Sukhumi is predominantly steep.
Here Meso-Cenozoic folded offshoots of the main ridge of the Caucasus Mountains come
close to the sea. In some places they form vertical cliff faces; in others well defined
terraces. The highest peak is near Sochi (3,000 m), after which the mountains gradually
become lower (down to 1,000 m) and retreat from the shoreline (in the vicinity of the
Kodori river).

The vast, aggraded Kolkhida Lowland, which forms part of the Meso-Cenozoic
depression, is adjacent to the sea between the estuaries of the Kodori river and the Kobuleti
river. The large Lake Paleostomi, which was once a sea bay, is located close to the shore to
the south of the Rioni river estuary. To the south of the Kobuleti river the shoreline once
again becomes mountainous, with ridges in the vicinity of Batumi exceeding 1,500 m.

The southern shore is also mountainous. Meso-Cenozoic folded offshoots of the
Pontic Mountains come close to the sea, reaching their highest elevation south and south-
west of Batumi. Further to the west they become lower and as they near the Bosphorus
decline to less than 450 m. The southern shoreline is precipitous along its entire length. In
some places the shoreline slopes towards the sea in terraces and there are low sandy areas
with cliffs protruding from the shore.

The shoreline to the west of the Bosphorus is relatively low. To the west of Cape
Kaliakra, Mesozoic folded formations of the Balkan Mountains come close to the sea and
the capes here are precipitous. The shoreline gradually becomes lower from Cape Kaliakra
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to the Danube delta. Here, we find a Palaeozoic aggraded platform plain with hills
inclining towards the sea.

From the geomorphologic standpoint, the entire Black Sea shore can be regarded as
graded and complex. Alternating accumulative areas - sand spits and bars with abrasion
sections - are characteristic of this type of shoreline. Lagoon-like and abrasion-landslide
types of shore are most widespread in the north-western part of the Black Sea. The
abrasion phenomenon is quite characteristic of the whole shoreline and in places takes
complex forms.

Landslides and slumps occur periodically on loess and clay shores, which are
subsequently washed away by the sea. In such places the cliffs, which have been formed
by the surf through abrasion, are almost vertical and relatively high. Extensive landslides
develop in locations where Pontic limestone and Meotian clays (abrasion terraces) form the
foundation of cliffs.

The higher the shore and the harder the rock, the slower the rate of abrasion. Capes
and small peninsulas are formed in such places. The most noteworthy are Tarkhankut,
Khersones, Sarych, Meganom, Doob, Pitsunda, Chum, Ince, Baba, Emine, and Kaliakra.

There are no large islands in the Black Sea. The biggest one is Zmeiny (1.5 km?),
located in front of the Danube delta, 37 km off shore. Berezan Island is situated at the
mouth of Berezansky Liman; while Kefken Island is just off the southern Black Sea coast,
92 km east of the Bosphorus. All are smaller than Zmeiny. There are several other small
islands in Burgas Bay.

The seafloor is divided into the shelf, the continental slope and the deep-sea
depression.

The shelf, or continental shoal, is the direct continuation of dry land which has been
covered by the sea. It now occupies a large area in the north-western part of the Black Sea,
where the shelf is over 200 km wide with as depth ranging from 0 to 100 m, and even
reaching 160 m in some places. In other parts of the sea it has a depth of less than 100 m
and a width of 2.2 to 15 km. Near the Caucasian and Anatolian coasts the shelf is only a
narrow intermittent strip (Fig. 3).

The north-western shelf zone comprises the southern part of the East-European
Palaeozoic and Epipalaeozoic Scythian platform. It has a very slight incline and a flat plain
abrasion accumulative relief.

The shelf along the Crimean, the Caucasian and Anatolian coasts predominantly
consists of an abrasion type of relief, with Meso-Cenozoic folded formations that have
been heavily eroded in places.

Underwater valleys and canyons make the even, flat relief of the shelf more complex.
Most are winding with well defined slopes, especially on the periphery of the shelf on the
edge of the continental slope. The mgjority are sea extensions of the adjacent river valleys.

The underwater extensions of the Danube, the Dniester, the Dnieper river valleys of
and the Southern Bug are on the north-western shelf, a long distance out to sea,
approximately 100-120 km from the coast. There are also submarine canyons belonging to
rivers such as the Bzyb, the Mzymta, the Rioni and the Coruh near the Caucasian coast.
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Well-defined underwater canyons belonging to rivers such as the Yesilirmak, the
Kizilirmak and the Karasu can be found near the Anatolian shore.

Submarine terraces, submarine swells in different directions separated by depressions,
can be found in different parts of the Black Sea shelf zone. These are the result of changes
in the sea level that have occurred at different geological times following tectonic
movements in the Earth's crust.

The shelf becomes a rather steep continental slope, descending at an average angle of
5-8¢ in the north-western part and 1-3° near the Kerch Strait. In some sections the gradient
reaches 20-30°.

A network of submarine ridges over 150 km long runs almost parallel to the coast
between Sinop and Samsun. The largest submarine ridge lies 60-75 km off shore and is
separated from the coast by a series of submarine depressions. The continental slope is
also crossed by submarine valleys and canyons. Earthquake epicentres tend to be located
on continental slopes and landslides are quite common in these areas.

The centre of the Blacl”Sea depression consists of a deep water basin with a depth of
2,000-2,200 M. The maximum depth is 2,212 m. The bottom of the basin is an aggraded
plain formed by diverse formations, which vary both in terms of their age and their
geological structure. Most of the Black Sea depressions are located within the boundaries
of the Alpine geosynclinal area.

Many scientists believe that the formation of the Black Sea depression is linked to the
process of oceanisation of both the continental crust and a relict natural depression, which
is represented by a residual basin of the ancient Tethys Sea. The general outlines of the
modern depression were already formed in the Oligocene, which was when the folded
structures, which gradually separated the depression from the Tethys Sea first appeared in
Asia. In the Miocene the Black Sea was part of a system of seas - the lakes of the Sarmatic
basin. After a short period during which it was connected to the Mediterranean Sea, the
low-salinity Pontian Lake came into existence in the Meotian Age.

Twice during the mid-Pleistocene, the Black Sea was connected to the Mediterranean
Sea, and its waters became highly saline. The low-salinity Neoeuxinic Sea was formed
during the last Quaternary glaciation. Some 6,000-7,000 years ago it gained access to the
Mediterranean Sea and its water acquired a higher salinity.

Coarse detrital deposits, including pebbles, gravel and sand, dominate the coastal
zone. Further from the shore they are quickly replaced by fine silt. Shell limestone is
widespread in the north-western part of the sea.

Pelitic muds are characteristic of the slope and the seafloor. Their carbonate content
increases away from the shoreline, in some places exceeding 50 percent. At depths of up to
2,000 m in the south-east of the sea there are sediments composed of aleurolite and sands
carried by turbidity currents.

River run-off means that water levels in the Black Sea are higher than in the Sea of
Marmara. The average salinity of the open Black Sea is 17-18 %o at the surface and 22-24
%o at a depth of 2,000 m.
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IIl. Water Balance

The high degree of isolation from the world ocean, the extensive drainage basin and the
large number of incoming rivers al contribute to the unique water balance of the Black
Sea. The water balance is an important factor in the Black Sea marine ecosystem. Changes
in the water regime have a significant impact on sat and water balances, which are the
most vulnerable to any anthropogenic changes, particularly in the shallow, biologically
highly productive north-western region. Fresh water input and exchange of Mediterranean
water via the Bosphorus are critical elements in the hydrography and ecosystem of the
Black Sea. The water balance of the sea has been studied for many years, and there is still
considerable controversy over the magnitude of its terms (Table 1.1).

Its major components can be summarised as follows:

* river discharge:
e precipitation;
e evaporation;

* exchange viathe Bosphorus, and the Kerch Straits.

River Discharge

The largest volume of river flow entering the Black Sea comes from the north-western part
of its basin and from the Caucasus, Turkey and the Bulgarian and Romanian coasts. The
total catchment area of al the rivers discharging into the sea is 1,874,904 km*, including
215,625 km* of small river flow. The average total discharge for the period from 1921 to
1988 was 353 km’ per year (Reshetnikov, 1992).

Drainage from the North-western Coast

The catchment area of the rivers on the north-western coast is about 1,500,000 km?,
including 20,000 km* of small river flow. Most of the inflow comes from four principal
rivers, namely the Danube, the Dniester, the Dnieper and the Southern Bug (Table 1.2).
The average total annual discharge into the north-west of the sea for the period 1921 -1988
was 261 km’ per year, rising from an average of 153 km’ in 1921 to 389 km® in 1970.
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Fig 3. Black Sea Bathymetry
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Drainage from the Crimea

The rivers of the Crimea do not play an important role in the water balance of the Black
Sea. The largest rivers are the Chernaya, the Belbec, the Al'ma and the Kacha. The total
catchment area of rivers running from the Crimean mountains into the Black Sea is only
2,729 km’. Their average annual flow over the period 1921-1988 was 0.32 km®, ranging
from a minimum of 0.07 km® in 1930 to a maximum of 0.67 km® in 1968.

Drainage from the Caucasus

The total catchment area of the rivers in the Caucasus is about 75,000 km’. The major
rivers are the Rioni, the Coruh, the Inguri, the Kodori, the Bzyh, the Supsa and the
Mzymta (Simonov, and Altman, 1991). The average annual flow during the period under
review was 43 km’, ranging from 31 km® in 1969 to 57 km’ in 1922 (Reshetnikov, 1992).

Drainage from Turkey

Many rivers debouch into the Black Sea along the Turkish coast. Their total catchment
area is 259,550 km® (Reshetnikov, 1984). The major rivers include the Yesilirmak, the
Kizilirmak and the Sakarya. Average annual flow during the period 1930-1986 was 36
km?, ranging from a minimum of 25 km* in 1949 to a maximum of 51 km® in 1940.

Table 1.2.  Mgjor rivers of the Black Sea

Name Catchment Length, km Total Runoff Sediment
Area, km’ kmVyear Discharge 10° t/year

Danube 817 000 2860 208 51,7
Dniester 71 990 1328 10,2 2,50
Dnieper 505 810 2285 51,2 2,12
Southern Bug 68 000 857 3,0 0,53
Rioni 13 300 228 12,8 7,08
Coruh 22 000 500 8,69 15,13
Inguri 4060 221 4,63 2,78
Kodori 2030 84 4,08 1,01
Bzyb 1410 - 3,07 0,60
Y esilirmak 36100 416 4,93 18,0
Kizilirmak 78200 1151 5,02 16,0

Sakarya 65000 790 6,38 -



Table 1.1 Estimates of the Black Sea Water Balance (km3/yr)
Rain | Run Evaporation Net Fresh | Bosp. Inflow Total Bosp. Outfllow Total
Fall Oft Water [nflow From Azov | Inflow | Outflow 0 Azov Outflow
Input Q2

Shpindler (1896. 1899) 220 474 | 232 462 - - 462 416 - 416
Merz (1928) 231 28 34 203 193 - 98 308 - 398
Sverdrup (1942) 240 328 363 203 192 - 397 397 - 397
Zenkevich (1947) 145 320 319 146 202 - 348 348 - 348
Vodyanitski (1948) 280 480 240 520 - - 520 - - -
Rojdestvenskiy (1933) 280 340 240 380 195 - 375 373 - 373
Neuwmann &Roseman (1954) 240 428 398 270 193 - 463 462 - 462
Caspers (1337) 234 320 354 200 - - 200 - - -
Leonov{1960} 2340 309 365 174 193 93 462 392 70 462
Bruevich(1960) 225 350 330 225 175 - 400 400 - 400
Berenbeim(1960) 120 340 280 180 193 39 432 398 34 T 4327
Sobyankin (1963) 119 346 332 133 176 33 362 340 |32 372
Okeanograt Entsikl. {1966) - 400 - - 202 - - 398 59 437
Tixeront (1970) 141 400 392 189 - — - 400 400 - 400
Ozturgut (1971) 300 352 333 299 1249 - 348 548 - ME
Rojdestvenskiy (1971) 254 294 m 247 229 38 514 485 29 S14
Sitnikov (1972) 148 423 381 190 - - 190 190 - 190
Serpoianu (1973} 120 336 340 114 123 33 292 260 32 292
Rozengurt & Sitnikov (1973) | 212 406 381 237 - - 237 241 - 24|
Pora and Oros (1974) 254 294 301 247 229 - 38 514 485 29 514;1
Fonselius (1974) 230 320 350 200 200 - 400 400 - 400
Entsikl. okean/atm( |983) 234 320 334 200 E 188 - 388 388 - 388
Altman (1984) 2306 138 402 172 ] 181 50 403 366 33 369
Bondar (1986) 119 364 332 131 203 30 404 37 3 402
Altman (1986) 235 3381 402 171 - {7 - - -
Unluata et al. (1990) 300 332 353 299 v3i2 - all 612 - 612
Altman (1991) 238 338 395 181 176 30 407 371 33 402
Reshemikov (1992) 225 353 370 208 - 22 230 227 - 227
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Drainage from the Bulgarian and Romanian Coasts

The major rivers in Bulgaria are the Duda, Kamchia, Provodiyska, Rezovska, Veleka,
Ropotamo and Fakiyska. The total catchment area is 6,292.10 km’. The total discharge
into the sea averages 1.83 kmVyear

The total catchment area of al the rivers debouching along the Romanian coast
(excluding the Danube) is 4,589 knr Their total annual discharge is 0.12 km® (Simonov,
and Altman, 1991).

Precipitation

Precipitation in the Black Sea area is generally caused by cyclonic activity. Cyclones pass
mainly from west to east through the southern part of the sea. The eastern and south-
eastern regions receive the largest amount of precipitation. The lowest precipitation occurs
in the central region, particularly the west. Monthly precipitation over the sea reaches a
peak in winter (about 40 percent) and falls to its lowest level in spring and early summer
(nearly 15 percent). Along the coast, particularly in the north-west, there is sometimes
some summer precipitation caused by thermal convection. In the period under review the
average precipitation over the entire surface of the Black Sea was 225 km® per year
(Reshetnikov, 1992).

The total volume of precipitation is nearly 15 times lower than the total volume of
river inflow, but its impact on the overall water balance of the sea can vary considerably
according to the year and the season. For example, in autumn and winter the volume of
precipitation on the surface of the sea exceeds the volume of continental inflow.

Evaporation

A general trend can be observed in the seasonal distribution of evaporation over the
surface of the Black Sea. The greatest rate of evaporation occurs in the western and eastern
zones between latitudes 44° N and 45° N. These regions usualy aso have the highest
wind velocities as a result of cyclonic circulation due to Black Sea morphometry. The
depth of the evaporated water layer in the area bordering the coast of the Caucasus is
1,300 mm per year.

Average evaporation in the Black Sea area during the period under review was 370
km® per year, ranging from 484 km® in 1951 to 289 km’ in 1985. The long-term trend of
evaporation is negative, particularly over the last 30-40 years, during which time wind
velocities have decreased by an average of 0.8-1.3 m/sec per month (Kabatchenko, 1985);
and this has been a major factor in the decline in evaporation levels over the surface of the
Black Sea. More than 50 percent of annual evaporation occurs during the summer-autumn
period. The highest levels of evaporation take place in August, while evaporation are
lowest in April. Total evaporation above the surface of the Black Sea in March-June
accounts for only 14 percent of the annual total.
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Water Exchange through the Bosphorus and the Kerch Straits

The volume of water flowing into the Black Sea through the Bosphorus has been estimated
as between 123 kmVyear (Serpoianu, 1973) and 312 kmVyear (Unluata et ai, 1990).
Estimates for the Bosphorus outflow range from 227 kmVyear (Reshetnikov, 1992) to 612
kmVyear (Unluata. U. et ai, 1990). But all authorities agree that the outflow through the
Bosphorus is twice as large as the inflow.

There have been attempts to estimate fluctuations in the Bosphorus outflow during
the year. Reshetnikov (1992) found that the seasonal flows are irregular, with levels
peaking (50-60 km®) in April-June and falling to their lowest level in September-December
(-7/-16 km).

The inflow through the Kerch Strait ranges between 22 kmVyear (Reshetnikov, 1992)
and 95 kmVyear (Leonov, 1960), while the outflow ranges between 29 kmVyear (Pora and
Oros, 1974) and 70 kmVyear (Leonov, 1960).

Fresh Water Balance

For many years the average annual fresh water balance has been positive at 180 knv’,
ranging from 441 km’ in 1980 to -3.7 km® in 1950. The values of the components of the
fresh water balance have risen during the period under review. There are also seasonal
fluctuations, with values peaking in spring and recording their lowest levels during
summer. The balance of fresh water in the Black Sea is usually negative in the period from
July to October. In some years the balance was also negative in January, June, November,
and December. A positive balance of fresh water occurs in the February-May period
(Simonov and Altman, 1991). The considerable annual and seasonal fluctuations in the
Black Sea fresh water balance are mainly caused by variations in river discharges.
Evaporation is a mgjor influence only in the summer.

IV. Hydrogen Sulphidein the Black Sea

s1

As the result of past geological events, its morphometry and specific water balance, nearly
87 percent of the Black Sea water volume is anoxic and contains high levels of hydrogen

sulphide (Fig. 4.). The 13 percent of the volume that contains oxygen consists of the
shallow surface water and the waters from the shelves. The recent eutrophication of the sea
has placed even this 13 percent under severe stress. The introduction of excess nutrient
loads has been accompanied by massive phytoplankton blooms (especially flagellates),
whose death in turn depletes even the shallow shelf waters of oxygen as the oxidation of
organic material consumes valuable oxygen resources. Up to 40,000 km® of the north-west
shelf of the Black Sea is now subject to hypoxia and the occasional formation of hydrogen

sulphide rich bottom waters. The high levels of hydrogen sulphide, both naturally
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occurring and exacerbated by anthropogenic factors, have considerable socio-economic as
well as ecological implications.

Most hydrogen sulphide production is due to redox processes that occur in the water
column. There is little evidence of hydrogen sulphide production by geothermal or other
crustal processes; although Zaitsev reported that a single source of hydrogen sulphide was
observed during bottom sampling on the north-western shelf, analogous to a "black
smoker". But the volumes produced by such geothermal sources are negligible compared
with the main redox process.

Despite the relatively stable hydrogen sulphide distribution over the last 7,500 years,
the level of the interface separating the oxygenated water from the oxygen-deprived lower
waters has fluctuated according to the physical oceanography of the region. The hydrogen
sulphide layer lies some 100 to 200 m below the surface. There are also seasonal and
annual fluctuations in the level at which hydrogen sulphide is first encountered. Seasonal
atmospheric variations produce considerable variations in circulation (Oguz et al., 1995).
The hydrogen sulphide boundary is usually deepest in summer and shallowest in spring.

Human use of the Black Sea drainage basin has also had a profound impact on the
ecology and oceanography of the Black Sea (Aubrey et al., 1996a).

Eutrophication has risen as the nutrient load has increased, leading to hypoxia and
occasional anoxia, particularly on the north-west shelf. This anoxia also leads to the
formation of hydrogen sulphide in the shelf zones. Garkavaya (unpublished data) recently
recorded hydrogen sulphide concentrations of 15 to 2.25 ml/1 in the lower water column
on the north-western shelf at depths of 10-30 m. This hydrogen sulphide only became
apparent in the 1970's as a consequence of increased levels of eutrophication. Yet
hydrogen sulphide on the shelf is still transitory, occurring primarily in summer and
autumn, as intense water column mixing during winter and spring reoxygenates the bottom
waters.

But the zones of hypoxia have definitely expanded in recent years. From 1973 to
1990 the bottom area affected by hypoxia increased from 3,500 km® to 40,000 km®
(Zaitsev, 1993). This undoubtedly led to increases in hydrogen sulphide in the bottom
waters, although measurements of hydrogen sulphide are much less abundant than
measurements of oxygen levels. Since the north-western shelf is only 64,000 km* (limited
by the 100 m isobath), the hypoxia has now extended to a significant proportion of the
shelf area.

What will happen to the hydrogen sulphide levels in the Black Sea in the future? On
the north-western shelf hydrogen sulphide concentrations may decline as measures are
implemented to reduce the nutrient loading. But the improvement in the ecosystem will not
be immediate. The sequestering of nutrients in bottom sediments on the north-west shelf
will continue to provide a source of nutrients through benthic fluxes. No reliable data is
currently available on nutrient levels in the sediments or the rates of nitrification and
denitrication. Additional research on nutrient sequestering on the shelf and on benthic
regeneration, is required in order to make an accurate assessment of future levels of
eutrophication on the shelf once nutrient input from the rivers has been reduced to
acceptable levels (Aubrey et al., 1996 b).
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But what about the deep hydrogen sulphide in the Black Sea? Will the hydrogen
sulphide boundary rise? Fortunately, existing data indicate that this boundary is relatively
constant. There is no evidence that the average hydrogen sulphide boundary is shoaling
over the basin or that it will do so at a later date.

It is clear that the aggressive reduction of nutrient inputs from river and atmospheric
sources will have a positive effect on the ecosystem of the north-western shelf and reduce
the spread of the hydrogen sulphide across the shelf. But the sequestering of nutrients in
bottom sediments means that it is still not possible to predict the response time of the
system. In the deep Black Sea the hydrogen sulphide layer appears relatively stable, but
large changes in fresh water inflow or physical mixing processes may produce changes in
the hydrogen sulphide boundary, which may have a negative impact on the ecosystem as a
whole (Aubrey etal., 1996 b).

V. Population in the Coastal Zone

The Black Sea coastal zone is densely populated, containing a permanent population of
approximately 16 million and another 4 million visitors during the summer tourist season.

The longest and most densely population Black Sea coastal zones are in Turkey and
Ukraine. The total population of the Turkish Black Sea coast is estimated at 6,700 000
(BSEP, ICZM National Report from Turkey). The largest towns in the Turkish coastal
zone are: Kocaeli with a population of 1,339,000; Sakarya (815,000); Bolu (576,000);
Zonguldak (647,000); Kastamonu (321,000); Sinop (206,000); Samsun (1,199,000); Ordu
(925,000); Giresun (457,000); Trabzon (757,000); Rize (256,000); and Artvin (161,000).

The total population of the Ukrainian coastal zone is about 6,800,000, almost half of
whom live in large towns such as: Odessa (1,115,000), Nikolaev (503,000), Kherson
(355,000), Kerch (174,000), Evpatoria (108,000) and Y alta (89,600).

A total of 1,159,000 people live in the Russian Black Sea coastal zone, many of them in
large cities such as Sochi (142,000), Anapa (58,000), Novorossisk (244,000), Gelendgik
(52,000) and Tuapse (66,000).

The Bulgarian Black Sea coastal zone is characterised by a large number of resorts,
the population of which can more than double during the tourist season. The total
permanent population is estimated at 714,000 people. There are only two sizeable towns:
Varna (313,000) and Burgas (210,490).

The Romanian coastal zone has atotal population of 573,000. The largest town in the
coastal zone is Constantza, with a population of 350,000, followed by Mangalia, which has
atotal population of only 48,000.

The total population of the Georgian coastal zone is estimated at 650,000. The largest
towns are Batumi (137,100), Poti (50,900) and Kobuleti (33,700).



A Study of Change and Decline

Bosphorus Strait

4 0,

Fig 4. Profile of hydrogen sulphide zone in the Black Sea

Kerch Strait

——=2000m

17

7m



The Past State of
Black Sea Biodiversity
(late 1960s)

I History of the Black Sea Biodiversity Research

Ever since ancient times, Man has known of the existence of different representatives of
Black Sea fauna and made clear distinctions between them, especially when commercial
species of fish were concerned. The proof of this can be found in both the archaeological
evidence and the names of many of the fish species themselves. Some of the names have
ancient Greek and Latin roots, for example: kefal, lufar (liifer); stavrid (istavrid); scrumbie
(uskumru); and barbun. Others take their names from ancient Icelandic (e.g. seld), ancient
Slavic (e.g.. osetr(nisetru)), Italian (e.g. sardel) and the Turkic languages (e.g. sevriuga).
Such etymological diversity also testifies to the fact that there were long-standing
commercial ties between the Black Sea region and the rest of the world. It should be noted
that the period of empirical cognition lasted for thousands of years.

But the period of what, by modern criteria, could be termed "scientific research" only
dates back to the late 18th century, already after Carolus Linnaeus had formulated his
concept of biological species and laid the foundations for the modern systematics of plants
and animals in his work "Systema Naturae".

The first systematic studies of Black Sea organisms were undertaken by Russian
scientists, members of the St. Petersburg Academy of Sciences, who went on field missions
to the Black Sea or spent many years living by the sea. They included the botanists S.G.
Gmelin and C.l. Gablits, and the zoologist and naturalist P.S. Pallas. These pioneering
scientists were the first to describe Black Sea plant and animal species according to modern
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classifications. They also began work on the first ever inventory of Black Sea flora and
fauna, an undertaking which is still in progress today.

Initially, these systematicians and taxonomists concentrated on trying to classify fish,
algae, molluscs and, crabs. Then they shifted their attention to smaller organisms, such as
plankton and benthos, including unicellular organisms and bacteria. At various stages
during the research, the results were summarised, lists of plant and animal species
compiled and identification guides published. The following gives a brief, simplified
history of the main stages of biological research on the Black Sea biodiversity in tabular
form (Table 2.1).

There has been an imbalance in the study of Black Sea biodiversity, with
considerably more attention being paid to some groups of organisms than to others. For
some groups of flora and fauna, al of the representative species have been studied; for
others only a few species have been studied; while for a few groups what little research has
been done is still only in a preliminary stage.

The list of species that have been more or less fully studied includes: macrophytic
algae, sea weeds, mammals, fish, shrimps and crabs (decapods). Additions to the species
composition of the Black Sea may follow the completion of research conducted on the
Anatolian shelf, the area least studied by systematic biologists. This is particularly true of
the Bosphorus region, since it receives high-salinity waters - and its inhabitants - via
bottom currents from the Mediterranean.

The species composition of protozoans and many small multicellular organisms (e.g.
the turbellarian worms, kinorhynchs, tardigrades, etc.) has also been inadequately studied.
It is unfortunate that the biologists currently working in the Black Sea include virtually no
experts for a whole range of taxa. Norse was undoubtedly right when he said that the
taxonomists who are describing and classifying species should be called an endangered
species (1993). According to Norse, there are only 1,500 experts left in the world today,
many of them elderly with very few young scientists emerging to take their place.
Taxonomists (systematic biologists) are the only experts able to distinguish al the finer
points of the biological diversity of living organisms. Their current scarcity represents a
major problem for modern biology.

The situation of the biological sciences today is paradoxical. Even though it is now
generally agreed that biodiversity is the primary and most reliable method of assessing the
health of the environment, that plant and animal species are the planet's irreplaceable
genetic fund and that their number (diversity) is dwindling at a faster rate than ever before,
the number of taxonomists is appallingly low. As aresult, whole regions of the planet have
no inventory lists of wild nature. In some cases people are not even aware that part of their
biological surroundings has been lost forever.

The reasons for such a situation are well-known, and it is appropriate to mention them
in a book such as this, which is dedicated to the biodiversity of the sea. One reason is that
scientists have come to realise the advantages of the ecosystematic approach to studying
nature; i.e. the study of different parts of the biosphere, such as the seas, the freshwater
reserves and their ecological divisions not as an infinite quantity of different living
organisms, many of which are yet to be described and classified, but as a certain "higher
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organism". This higher organism creates organic matter from mineral elements (all plants),
consumes these elements as food (all animals), decomposes the organic debris into mineral
elements again (all micro-organisms), and thus the cycle is complete. The fact that this
really takes place, and in this manner, has been confirmed by measurements of factors such
as total photosynthesis, total respiration and decay within the ecosystem.

The crab Eriphia verrucosa inhabits stony coastal zones. It is the largest Black Sea crab and can reach
up to 9 cm in width.



22 Biological Diversity in the Black Sea

The sea anemone Actinia equina is a sedentary soft-bodied invertebrate with tentacles circling the

mouth. It feeds on organisms, ranging from plankton to small fish. The prey is immobilised by
numerous nematocysts, or stinging capsules, on the tentacles. It is common in marine shallow-water
areas, salt limans and lagoons.



Table 2.1. Some Major Events and Contributions to the Study of Black Sea Biological Diversity

JL

1768-1785 Gmelin SG. and Gablits C.I. (St. Petersburg Academy of Sciences) describe several species of algae.

1793-1810 Pdlas P.S. (St. Petersburg Academy of Sciences) describes 94 fish species in the Black Seaand the Azov Sea

1837 Nordman A. (Richlieu Lycee, Odessa) describes 24 fish species in the Black Sea and its lagoons not included in the list of
Pallas P.S.

1857-1858 Kesder C.T. (Kiev University) studies the fish and invertebrates of the lagoons and river estuaries of the north-western Black
Sea coadt.

1865 Markuzen 1.A. (Novorossisk University, Odessa) describes 47 new species of Black Sea invertebrates.

1868 Mechnikov 11 (Novorossisk University, Odessa) publishes the first paper on pelagic fauna (plankton) of the Black Sea

1868 Chernyavsky V.l. (Kiev University) begins the study of sponges.

1868 Bobretsky N.B. (Kiev University) starts studying polychaetes.

1870 Kovalevsky A.O. (Kiev University) discovers the lancelet, Amphioxus.

1873 Krichagin N.A. (Kiev University) embarks on a study of the copepods.

1873 Grebnitsky N.A. (Novorossisk University, Odessa) studies the oligochaetes.

1880 Repyakhov V.M. (Novorossisk University, Odessa) studies the bryozoans.

1880 Sovinsky V K. (Kiev University) starts studying the Amphipoda.

1884 Chernyavsky V.I. (Kiev University) studies the decapods.

1886-1891 Pereyadavtseva SM. (the Sevastopol biostation) identifies 16 species of Peridiniaes and studies foraminiferans and
turbellarian worms.

1890 Andrusov N.I. (Novorossisk University, Odessa) discovers the degp-water Modiola mud.

1896 Ostroumov A. A. (the Sevastopol biostation) compiles a key to the identification of the fish of the Black Sea and Azov Sea

1907 Shishkov G. (Sofia University, Bulgaria) begins a study of the saltwater mites Halacarida.

1908 Zernov SA. (Sevastopol biostation) establishes the existence of congregations of Phyllophora on the north-western sea shelf
(later named Zernov's Phyllophora field).

1908 Voronikhin N.N. (St. Petersburg University) reports on brown, green and red algae.

1910 Kudelin N.V. (Novorossisk University, Odessa) delivers the first report on hydroids.

to
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Zernov SA. (Sevastopol biostation) is the first to describe Black Sea biocenoses.

1918-1921 Filipjev N.N. (Sevastopol biostation) starts studying the Nematods.

1927 Vodyanitsky V.A. (Novorossisk biostation) starts studying the ichthyoplankton.

1929 Morozova-VodyanitskayaN.V. (Novorosiisk biostation) attempts a quantitative assessment of macrophytes.

1930 Lipsky V.I. (Odessa University) studies the Phyllophora field.

1936 Pusanow I.I (Gorky University) publishes the first book on the anchovy.

1936 Borcea |. (Yassy University. Romania) studies the fish fauna of the western part of the Black Sea.

1939 CSrausu A. (Yassy University, Romania) is the first to classify the insects of the Black Sea.

1941 Antipa Gr. (Natural History Museum, Bucharest) publishes a book on the Black Sea, including its biology.

1957 Valkanov A. (Bulgarian Academy of Sciences) compiles a catalogue of Bulgarian Black Sea fauna

1958 Zaitsev Y u.P. (Odessa biostation) discovers the marine neuston.

1963 Zenkevich L.A. (Moscow State University) writes a mgior monograph entitled: "The Biology of the Seas of the USSR".

1964 Svetovidov A.N. (Zoological Institute, Leningrad) writes a monograph on Black Sea fish.

1965 Vinogradov K.A. (Odessa branch, Institute of the Biology of the Southern Seas) formulates the concept of the contact zones of
the sea.

1965 Pogrebnyak 1.1. (Odessa University) writes a report on the bottom-living vegetation of the limans of the north-western coast.

1965 Zambriborshch F.C (Odessa University) reports on the fish of the limans and river estuaries.

1967 Pusanow 1.1 (Odessa University) formulates the concept of the mediterranisation of the Black Sea fauna.

1967 Zinova A.D. (the Botanical Institute, Leningrad) compiles a key to the identification of the green, brown and red algae of the
southern seas of the USSR.

1967 Grinbart SB. (Odessa University) reports on the zoobenthos of the limans.

1968-1972 Mordukhay-Boltovskoy F.D. (Ingtitute of Inland Water Biology, Borok) edits a guide to the fauna of the Black Sea and the
Azov Sea

1970 Zaitsev Yu.P. (Odessa branch of the Institute of the Biology of the Southern Seas) writes a monograph entitled: "Marine
neustonology".

1971 Bacescu M., Muller G.,, Gomoiu M.-T. (Romanian Academy of Sciences) describe the benthic fauna of the north-western
Black Sea and the main biocenoses.

1976 Konsoulov A. (Institute of Oceanology, Varna) monographs the zooplankton of the Bulgarian Black Sea waters.

1976 Petranu A. (Romanian Institute of Marine Research) reviews the infusorian fauna of sandy bottoms.

1978 Konsoulova Ts. (Ingtitute of Oceanology, Varna) reviews the Turbellaria found along the Bulgarian coast.

1979 | Pitsk GK. (Institute of the Biology of the Southern Seas, Sevastopol) establishes that the Biack Sea nhvtnnlanktnn rnrwictc r>f




1979 Pitsk G.K. (Institute of the Biology of the Southern Seas, Sevastopol) establishes that the Black Sea phytoplankton consists of
up to 746 species of microalgae.

1979 Kalugina-Gutnik A.A. (Ingtitute of the Biology of the Southern Seas, Sevastopol) lists 304 species of microphyte bottom algae
in the Black Sea.

1979 Bodeanu N. (Romanian Ingtitute of Marine Research, Constantza) describes 388 species of macrophyte benthos from the
western Black Sea.

1980 Publication of the Red Data Book of the Ukrainian SSR.

1982 Sorokin Yu.l. (Institute of Oceanology, Moscow) publishes a monograph entitled: "The Black Sed'.

1985 Publication of the Red Data Book of the Socialist Republic of Bulgaria.

1985 Publication of the Red Data Book of the Russian Federation

1988 Bodeanu N. (Romanian Institute of Marine Research) publishes "L'algoflore unicellulaire dans les eaux du littora roumain de
la Mer Noire". ("Unicellular agoflora of the Romanian coastal waters of the Black Sea.")

1992 Guslyakov N.E. et a. (Odessa University) publishes an atlas of 316 species of benthic diatoms in the north-western Black Sea.

1993 Minicheva G.G., Yeryomenko T.I (Odessa branch of the Ingtitute of the Biology of the Southern Seas) describes the first
registered case of the invasion of Black Sea by an exotic species, a macrophyte alga.

1994 First International Symposium on the Marine Mammals of the Black Sea is held in Istanbul.

1994 Publication of the Red Data Book of Ukraine (Second edition).

1995 Preparation of National Biodiversity reports by al Black Sea countries within the BSEP.

1996 Preparation of the Transboundary Diagnostic Analysis, including chapter on Living resources management.

1996 Adoption of the Black Sea Strategic Action Plan
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For example, by knowing the quantity of oxygen produced during photosynthesis over a
certain time period, or absorbed through respiration, it is possible to calculate the total
biomass of plants and animals inhabiting a given body of water or to obtain a fairly
accurate picture of the prevalent processes taking place within it.

The second reason is that modern equipment allows us to obtain reliable information
from large surfaces of land and water while using only a limited number of personnel.
Such personnel do not even have to be very knowledgeable about all the details of the
process. The accumulated figures are easy to evaluate quantitatively and formulae can be
produced which can be stored into mathematical models, thus facilitating further ecological
research'.

The third reason follows from the second: who of the younger generation of
biologists and ecologists would voluntarily perform the time-consuming and tediousjob of
studying the particulars of the fifth pair of copepod's legs under a microscope, or
investigate the pharyngeal section of polychaetes or the spiculae of sponges, only to
discover the specimen's affinity to a certain other species? Former generations of the
scientists' predecessors, who were spared the temptations of automated instruments,
computers and models, were expert at this sort of research work. The prospects for
somehow making the work of the systematic biologists and taxonomists simpler and easier
are not encouraging. At this point we should mention the benefits provided to systematics
by electronic microscopy, molecular biology and a number of other achievements of
modern science, thanks to which it was possible, in the middle of the 20th century, to
initiate a fundamental restructuring of the system of the higher taxa of the organic world.
This is why young researchers usually join the ranks of scientists who support the very
progressive and effective ecosystematic approach to studying nature.

It is disappointing, however, that many do not fully understand that this ecosystematic
approach is a supplement to, not a replacement for, "outdated" morphology, anatomy,
systematics, taxonomy and other classic sciences. In the final analysis, the process of
photosynthesis in an ecosystem is not the result of some abstract "phytomass”, and it is not
the "zoomass" or the "ichthyomass" that is breathing, but real plant and animal species,
each with their own biological and ecological features.

Take, for example, the fact that there are many species of plants which synthesize
organic matter but only one or two that cause water blooms. The process of photosynthesis
may be identical for both groups in terms of its aggregate intensity, but in the first group
the system will continue to function as usual, whereas it is doomed to hypoxia and
starvation in the second. The same is true of respiration and other energy-related
parameters. Several different species in a balanced community may consume the same
quantity of oxygen per unit of time as, for instance, the ctenophore Mnemiopsis leidyi after
it has decimated other zooplankton.

That is why, even if it is comparatively easy to make quick and accurate calculations
of the integral values of photosynthesis and respiration, there is no avoiding the question of
what is directly responsible for that photosynthesis and respiration.

The identification of organisms and the accurate classification of species is, naturally,
the final stage of the work of systematic biologists alone. For scientists working in other
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branches of biology, and in ecology in particular, it is the necessary foundation for their
assessments and further research.

The elegant shrimp Palaemon elegans, one of 12 species of Black Sea shrimp, is a mass bottom
crustacean living in shallow waters. It is one of the main food resources for gobies and other benthic
fishes.

As regards the process of the scientific cognition of Black Sea biodiversity, it should
be noted that the inventory work on many higher taxa of Black sea flora and fauna is
virtually complete. In some cases this has taken centuries to accomplish; in others a shorter
period of time. It depends on many different factors, including the problems of collecting
organisms, determining their affinity to a given species, and, naturaly, on the
qualifications and diligence of systematic biologists and taxonomists.Table 2.2 contains a
general illustration of such a process .

As is evident from Table 2.2, description and inventory work only remains to be
performed for flagellates, sarcodines, infusoria, oligochaetes and nemertines; incomplete
information is available on turbellarian worms, gastrotrichs, kinorhynchs and tardigrades.
Parasitic organisms have been poorly studied.
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Nevertheless, the table demonstrates that the Black Sea is an excellently researched
sea in terms of the biological diversity of its plants and animals, and may even rank first
among the planet's seas in this respect. As for the gaps in our knowledge that still exist, they
show us the priorities for the immediate future.

The wrasse Crenilahrus ocellatus is one of eight species of the Labridae in the Black Sea. It inhabits
shallow-water areas and its strongly adhesive eggs are deposited in a nest of filamentous algae. After
giving birth the female is chased away from the vicinity and the nest is protected by the male against
prédation by small fish.



Table 2.2 Study of the Species Composition of Some Groups of Black Sea Organisms

Taxa. Groups of
Organisms. Biocoenoscs

Year and Name of Author of
First Specialised Research

Year. Name of Author, and Published Results 1

Bottom-living algae

1768 Gmelin 8.G

1967 Zinova A.D) - a guide to the identification of green. brown and red
algae of the southern seas of the USSR with a description of 277
species of Black Sca macrophyte algae

1979 Kalugina-Gutnik A.A - a chapter in a book: a total of 304 species
of macrophyte algae found in the Black Sea.

Dinophyceae

1886 Pereyaslavtseva S.M

1965 Ivanov A.l. - a guide to the identification of 175 Peridiniales
given in the survey "Characteristics of the Qualitative Composition of
the Black Sea Phytoplankton".

1979 Pitsik G.K - a chapter in a hook: 205 species of Black Sea
Peridiniales described.

Diatomeac

1903 Merezhkovsky K.S.

1955 Proshkina-Lavrenko A.l. - a guide to identification entitied
"Diatom Algae of the Black Sea Plankton” of 174 species and types of
diatoms

Foraminiferida

1886 Pereyaslaviseva S.M

1987 Yanko V.V.. Troitskaya T.S. - a description of 94 species of
foraminiferans

Spongia

1868 Chernyavsky V.1

1968 Kaminskaya L.D. - a guide to the identification of 26 species of
Black Sea sponges
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Hydrozoa 1609 Kudelin N.V 1968 Naumov D.V. - a guide to the identification of 26 species of
hydrozoans of the Black Sea and Azov Sea.

Nematoda 1918 Filipjev N.N 1968 Platonova T.A. - a guide to the identification of 142 species of
roundworms of the Black Sea and Azov Sca.

Polychaeta 1968 Bobretsky N.B 1968 Vinogradov K.A, Losovskaya G.V. - a guide to the identification
of 192 species of polychaetes of the Black Sea and Azov Sea

Oligochaeta 1873 Grebnitsky N.A. 1968 Finogenova N.F. - a guide to the identification of 29 species of |
oligochaetes of the Black Sea and Azov Sea

Bryozoa 1880 Repyakhov V.M 1968 Braiko V.D).- a guide to ihe identification of 16 species of
bryozoans of the Black Sca and Azov Sca

Copepoda 1873 Krichagin N.A. 1969 Dolgopoiskaya M.A. - a guide to the identification of 17 specics
of Calanoida of the Black Sea and Azov Sea.
1969 Dukina V.V, - a guide to the identification of 17 species of
Cyclopoida of the Black Sea and the Azov Sea.
1969 Griga R.E, - a guide to the identification of 147 species of
Harpacticoida of the Black Sea and Azov Sea,
1988 Apostolov A., Marinov T. - a paper containing a classification of
204 species of Black Sea Harpacticoida
1978-1989 Monchenko V1. - a classification of 19 specics of Black
Sea Cyclopoida

Ostracoda 1939 Dubovsky N.V. 1969 Shornikov E.L - a guide to the wdentification of 111 spevies of

(Ostracoda.
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Decapoda

1884 Chernyavsky V. I

1967 Bacescu M. - a paper classifying 37 species of Black Sea
decapods

1969 Kobvakova Z.[. Dolgopolskaya M.A. - a guide to the
identification of 37 specics of decapods of the Black Sea and the Azov
Sea

Mysidacea 1882 Chernyavsky V.1 1969 Bacescu M. -~ a guide to the identification of 19 species of
Mysidacea of the Black Sea and Azov Sea

Cumacea 1868 Chernyavsky V.1 1969 Bacescu M. - a guide to the identification of 24 species of
Cumacea of the Black Sea and Azov Sca

Isopoda 1868 Chernyavsky V.1 1969 Kusakin 0.G. - a guide to the identification of 29 species of
Isopoda of the Black Sea and Azov Sca

Amphipoda 1880 Sovinsky V.K 1969 Mordukhay-Boltovskoy F.D. Greze 1.1.. Vasilenko SV, - a guide
to the identification of 108 species of Amphipoda of the Black Sca and
Arzov Sea

tialacarida 1907 Shishkov G 1972 Sokolov LI, Yankovskaya A.L - a guide to the identification of
27 species of saltwater mites of the Black Sea and Azov Sea

Mollusca 1845 Nordman A 1972 Golikov AN., Skarlato O.AStarobogatov Ya.l. - a guide to the
identification of 203 species of gastropods and bivalves of the Black
Sea and Azov Sea

Echinedermata 1892 Ostroumov A A 1972 Baranova Z.1.. Savelyeva T.5- a goide to the identification of” 12

species of Black Sea echinoderms

Ichthyoplankton

1927 Vodyanitsky V.A

1934 Vodyanitsky V.A_Kazanova LI - a guide to the identification of
64 species of Black Sea fish cggs and larvae

1973 Dekhnik T)V. - a moenograph entitled "Black Sea
Ichthyoplankton" with a description of 103 species of fish eggs and
larvae
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Pisces

1795 Pallas P.S

1964 Svetovidov AN. - a paper entitled "Black Sea Fish" with a

.descniption of 150 fish species and subspccies.

1987 Rass T.5. - a review entitled "Modern concepts of the
composition of Black Sea ichthyofauna and its changes”. including a
list of 168 lish species.

Phyilophora biocenosis

1908 Zermnov S.A- registration

1954 Shchapova T.F. - determined the boundaries and total biomass.
19607 Vinogradov K.A. Zakutsky V.P. - described the biocenosis
1968 Kalugina A.A.. Lachko O.A. - dctermined the stocks.

1983 Katukov A.V. - established a sicep drop in stocks.

1993 Zaitsev Yu.P. - established a degrading of the community

Interstitial meietauna

1879 Ulvanin V.N.

1992 Vorobyova 1.V.et af. - a monograph of 66 species pertaining 10
12 taxa of the higher inveriebrates

Neusion

1937 Zaitsev Yu.P.
discovered the biocenosis of
ncuston in the sea

1970 Zaisev Yu.P. - a monograph entitled “"Marine Neustonology"”
with a description of the species composition of the community. the
methods of adaptation of various species 10 the ecological conditions of
the pelagic surface microlayer
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[I. The Origin of Black Sea Inhabitants

In the past the region now occupied by the Black Sea was the site of major geological
upheavals, many of which have played a mgjor role in the development of the sea's modern
character. The Black Sea biota - the historically established combination of flora and fauna
- reflects the general processes that have influenced the ecosystem of the sea, particularly
those that have taken place over the last 20,000 years.

Research has shown that there are different elements in the Black Sea fauna,
comprising groups of biologically distinct species sharing a common origin in a past
ecological event. (There has been less research into the extent to which the same can be
said of the origins of the Black Sea flora.)) These organisms react in a specific way, which
varies according to their origin and the marine environmental conditions prevailing in the
Black Sea, and consequently occupy different habitats within the sea.

The Black Sea species which had once lived in the Neoeuxinian Lake, the
predecessor of the modern Black Sea, should clearly be considered its most ancient
inhabitants. The lake-sea came into existence some 18,000 - 20,000 years ago after the end
of the VVtirm glaciation during which the whole northern part of Europe had been covered
by glaciers. Melting water filled the lake-sea and substantially reduced its salinity. This
"sea' was also completely isolated from the Mediterranean. It is believed that its salinity
was approximately 5-7 %o and that it was inhabited by plants and animals adapted to
brackish waters. Its fauna included: bivalves such as Dreissena, Adacna, Monodacna; the
polychaetes Hypania and Hypaniola; the crustaceans Pontogammarus and Paramysis, and
fish such as the kilka, Clupeonella, many species of goby (Gobiidae), sturgeons
(Acipenseridaej and herrings (Clupeidae). These organisms are generally referred to as the
"Pontian relics" and occupied dominant positions in the water bodies that existed before
the formation of the present Black Sea, Caspian Seas and the Azov Sea Today they can
only be found in waters with low salinity. The largest number of such surviving species
inhabit the Caspian Sea, which is why they are also sometimes referred to as "Caspian
relics".

A second group consists of marine thermophobic species originating from cold seas.
They are referred to by a number of different names, including the "cold-water complex”,
the "Boreal-Atlantic relics", "Arctic relics" or "Celtic relics'. In this book they are called
"cold-water relics'. Among others they include: the ctenophore Pleurohrachia; the
copepods Calanus and Pseudocalanus, the spiny dogfish Squalm acanthias: the sprat
Sorattus sprattus phalericus; the flounder Platichthys flesus luscus, the whiting Merlangius
merlangus euximts, and the Black Sea trout Salmo trutta labrax.

It is difficult to be certain when and how these cold-water species were introduced
into the Black Sea. They may have entered through the river systems during the time of
Neoeuxinian Lake, or at a later date during the early stages of the formation of the
Bosphorus, when the Mediterranean Sea was colder than it is today. Whenever they
entered the Black Sea, they definitely constitute the second oldest element in the Black Sea
fauna.
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The Bosphorus is generally believed to have been formed approximately 7,000 years
ago, but there are indications that it may have been formed even later, some 5,000 years
ago. The Bosphorus established a connection with the Mediterranean, and via the
Mediterranean, with the Atlantic Ocean. Gradually, the salinity of the Black Sea began to
rise, and it soon reached a sufficiently high level to support many Mediterranean species.
These Mediterranean settlers constitute the third, and most populous, element in the Black
Sea fauna, comprising up to 80 percent of the total fauna in the Black Sea by species
number. Most of them prefer warm, saline waters, and for this reason are predominantly
found in the upper layers of the sea, which are not directly affected by the rivers.

- The introduction of saline waters and Mediterranean settlers into the Black Sea put
pressure on the autochthonous Pontian relics. They retreated to the brackish regions of the
sea and took refuge in limans such as the Dnestrovsky and the Dneprovsko-Bugsky and in
estuaries and deltas. But the euryhaline species (which are able to adapt to water with wide
ranging salinities), such as the sturgeons and the herrings, can also be found in Black Sea
waters with very high salinities. Many species of Pontian relics can also still be found in
the Azov Sea.

In the period November-March the cold-water relics can be found near the surface of
the pelagic zone, living below the thermocline where the temperature does not exceed 8-
10° C. They spawn either during winter and spring near the surface (Platichthys) or during
the warm season in deeper layers (Sprattus, Merlangius).

In summer almost al the Mediterranean immigrants can be found throughout the sea
The only possible exceptions are those species which are unable to live in fresh water. Fish
and other animal species spend the winter either in a state of anabiosis, with a much
reduced metabolic rate, or in the form of dormant eggs or spores, either on the seabed or in
the warmest areas of the Black Sea along the shores of southern Crimea, the Caucasus and
Anatolia. After completing their winter migration to these areas they form dense swarms in
which they spend the winter. The most thermophilic species (mackerel, bonito, bluefish
and tuna) migrate to the Sea of Marmara for the winter. In spring, the overwintering
species migrate back to their spawning and feeding grounds.

Mediterranean settlers can be found in al major taxa of the Black Sea biota. They
include: most sponges, scyphozoan jellyfish, polychaetes, molluscs, crustaceans, all
echinoderms, and over 80 fish species. Some of the Mediterranean settlers have proved so
good at adapting to Black Sea conditions that they have formed local subspecies (anchovy,
garfish, silverside, red mullet) and even distinct species (turbot). The same phenomenon
can also be observed in some cold-water relics (sprat, whiting, flounder).

However, not all species inhabiting the Mediterranean have been able to adapt and
become naturalised. Some have been prevented from doing so by low water salinity, some
by low water temperatures during winter, and others by the lack of suitable deep water
habitats. Some widespread Mediterranean taxa, such as the radiolarians, pelagic
foraminiferans, corals, siphonophores, pteropods and cephalopods still do not have a single
species in the Black Sea. A comparison between the Mediterranean settlers' complex in the
Black Sea and the number of species of different taxa found in Greek coastal waters can be
seen in Table 2.3.
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Table 2.3. The number of thermophilic marine species of some major taxa
in the Mediterranean Sea (the Aegean Sea and lonian Sea) and
the Black Sea. The figures for the Mediterranean are after
Bogdanos and Zenetos (1988) and Papaconstantinou, (1988).

Taxa Mediterranean  Black Sea % in the Black Sea
Sea as compared with
the Mediterranean Sea

Spongia 120 26 22
Polychaeta 400 192 48
Mollusca 500 190 38
Bryozoa 200 16 8
Echinodermata 90 12 13
Pisces 447 114 25

The mackerel Scomber scombrus, which is widespread in the Atlantic Ocean and the
Mediterranean, spawns in the Sea of Marmara but*eeds in the Black Sea, mostly in the
north-west where feeding conditions are much better than in the Sea of Marmara. In
autumn the mackerel returns to winter and spawn in the Sea of Marmara. It cannot spawn
in the Black Sea because the salinity levels prevailing in the oxygenated layers of the Black
Sea are insufficient to enable its pelagic eggs to float.

After the 1970s the migration of mackerel from the Sea of Marmara to the Black Sea
ceased because of the pollution of its spawning grounds in the vicinity of the Princes
Islands by local sources. A sharp decline in its population followed (Kocatas et ai, 1993).
There was also an almost complete halt to the migrations of bonito, bluefish, and a number
of other species.

The Mediterranean sardine is very close to becoming fully naturalised in the Black
Sea. It has often been found in fishermen's nets and there have been isolated instances of
its eggs being found in the Black Sea plankton. Reports of the occurrence of
Centracanthus cirrus fish eggs (Tsokur, 1988) in the west of the sea are another indication
of the continuing mediterranisation of Black Sea fauna (Pusanow, 1967).

As a result of the increasingly extensive use of river discharges for irrigation, the
inflow of Mediterranean water into the Black Sea will probably increase in the future, with
a resultant impact on the salinity of the water and an inevitable shrinkage of the habitats of
Pontian relics.
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The horse mackerel Trachurus mediterraneus ponticus, one of four species in

the Carangidae family,
is a widespread warm-water Black Sea fish.

The great strugeon Huso huso ponticus, one of six species of the Acipenseridae family, is the largest
Black Sea fish. It can grow to a size of up to 4 m and a weight of 1,300 kg. However, the maximum
length of the great sturgeons caught today does not exceed 2 m. It lives at depths of 100-130 m,
feeding on bottom shrimps Crangon, crabs, mollucs and fish. It spawns in rivers, especially in the
Danube, but dams are an insurmountable barrier to its anandromous migrations.
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Fresh-water species are the fourth element in the Black Sea fauna. They have been
introduced into the sea in river discharges and are usually found in greatly diluted sea
waters during periods when the sea receives maximum river run-off. Their life in saline
waters is usually quite limited, often not lasting more than a few days. Many inhabitants of
the Dnieper and the Southern Bug can be found in the Odessa Gulf, which is 54 kilometres
from Dneprovsko-Bugsky Liman, the main source of fresh water. The phenomenon is most
common in spring. Fresh-water species include: large numbers of blue and green algae
(e.g. Microcystis); many cladocerans (e.g. Daphnia, Bosmina, Leptodora); copepods
(Diaptomus); rotifers and other invertebrates; and many fish species, such as carp, crucian
carp, perch, sabrefish, silver carp and grass carp. Occasionally scientists even come across
river crayfish with barnacles attached to them, which indicates that they have long been
living in the sea.

It has been estimated that the Danube carries from 100,000 to 200,000 tons of
freshwater plankton into the sea each year. Some of species have found in the sea at a
distance of 100-130 kilometres from the delta, but most of the freshwater plankton dies in
the immediate proximity of the delta and sediments to the bottom.

Different freshwater species have been introduced into the Black Sea fauna at
different periods in its history. Species such as the carp, crucian carp and perch are clearly
as old as the relics; whereas the silver carp and the grass carp could only have entered the
sea after adaptation from littoral freshwater areas, which first happened in the 1950s.

The fifth and final element in the Black Sea flora and fauna consists of exotic species.
Exotics are plants or animals which are not historically endemic but which have been
introduced in one way or another and become resident. A special section (3.3) has been
devoted to these species.

It should be noted that exotics are the youngest element in the fauna. The number of
exotic species is not large, but some of them have played an extremely important role in
the Black Sea ecosystem; for example, the gastropod Rapcma thomasiana and the
ctenophore Mnemiopsis leidyi. Exotic species live in different habitats in the Black Sea,
where the salinity, temperature and other ecological factors are similar to those in their
place of origin.

A knowledge of the origin of Black Sea inhabitants is a necessary prerequisite for
correctly assessing the present state of the ecosystem, formulating ecosystem management
practices and forecasting possible changes in biodiversity and other important biotic
parameters as the result of anthropogenic and global climatic influences.
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The hermit crab Clihanarius erythropus, lives in snail shells of Nassarius and Gibhula on stony
bottoms along rocky coasts. It is thermophilous and halophilous, which means that it has almost no
representatives in the north-west of the sea. But it is quite common along the coasts of the Crimea, the
Caucasus and northern Anatolia.

The goby Gobius cephalarges is common on stony bottoms. It is one of 27 species of the Gobiidae family,
most of which are Pontian relics.
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[, The Main Living Forms and Their Distribution

Living forms, or ecomorphs, are groups of species of plants and animals with similar
morphologic features, ecological and physiological distinctions, and biological rhythms
reflecting their adaptability to specific environmental conditions.

The water column is inhabited by representatives of two living communities, the
plankton and the nekton. The term plankton is a collective name for organisms more or
less passively floating in the column of water and being carried by currents. But the
passivity is only relative to active swimmers, such as fish. In relation to the size of their
bodies, some plankton are quite active. There are many species that perform diurnal
vertical migrations of dozens, even hundreds, of metres, upwards from the bottom layers to
the surface in the evening and in the opposite direction in the morning. A defining feature
of plankton is thus not that it is immobile, but that it cannot swim against currents and is
carried by them.

Plankton is divided into three main categories: plant plankton, or phytoplankton;
animal plankton, or zooplankton; and bacteria plankton, or bacterioplankton. There may
also be subdivisions within these categories; e.g. crustacean plankton or ichthyoplankton
(pelagic fish eggs and larvae).

The distinction between euplankton and meroplankton is the amount of time that they
spend in the plankton. Euplankton consists of organisms which spend their entire life cycle
within the plankton. Meroplankton comprises temporary planktonic organisms, such as the
larvae of bottom-living animals that undergo a transformation at the end of the planktonic
stage of their life cycle.

Plankton can also be divided into several groups according to the size of the
organisms: macroplankton consists of forms larger than 5 mm; mesoplankton comprises
forms 1-5 mm in size; microplankton consists of forms smaller than 1 mm.

Nekton is composed of pelagic inhabitants that are active swimmers able to move
against currents. The Black Sea nekton consists of by fish and marine mammals.

Neuston is a special pelagic association consisting of plant and animal organisms, as
well as of bacteria living near the surface and adapted to the specific conditions of this
biotope.

There are distinctions according to distribution within the water column. The
hyponeuston comprises the inhabitants of the 5 cm deep microlayer of surface water; while
the epineuston consists of the inhabitants of the upper side of the surface film of water. The
hyponeuston is predominantly composed of bacteria, some unicellular algae and the eggs
and larvae of many invertebrates and fish. The epineuston includes springtails and insects
such as water striders.

The bottom-living organisms on the seafloor form the benthos, which is divided into
three components: the plant benthos (phytobenthos); the animal benthos (zoobenthos); and
the bacterial benthos (bacteriobenthos). Using the interface between the water and the
seafloor as a reference, it is possible to distinguish between the epibenthos, which is
composed of organisms living on the seafloor, and the inbenthos, the burrowing forms.



40 Biological Diversity in the Black Sea

Phytobenthic organisms can be classified according to the size of their body, or
thallus. Macrophytes are large algae and higher water plants, which form the
macrophytobenthos); while the microphytobenthos consist of unicellular algae that live on
the seafloor, covering sand, silt, rocks and any other structure, even concrete piles. The
phytobenthos is able to reproduce only within the limits of the photic zone (i.e. the sector
that receives sunlight in quantities sufficient for the process of photosynthesis). The photic
zone is usually several dozen metres deep and extends across the pelagic surface waters.
However, in the conditions of eutrophication and declining water transparency currently
prevailing in the Black Sea, the lower boundary of the phytobenthos rises to as close as 10
m from the surface, sometimes even closer.

Zoobenthic animals can also be classified according to size. The macrobenthos
consists of organisms larger than 2 mm; the meiobenthos comprises organisms 0.1-2 mm;
and the microbenthos organisms of less than 0.1 mm. The zoobenthos includes
representatives of a wide variety of taxa, ranging from unicellular protozoans to chordates
(e.g. sea squirts).

It is often difficult to draw an exact demarcation line between different marine
associations, thus supporting the classic thesis of Carolus Linnaeus that nature never makes
a leap (Natura nonfacit saltus). For example, it is difficult to determine the exact moment
when fish larvae become fully developed and make the transition from plankton to nekton;
or to which of the communities the bottom-living goby or the flounder, both of which are
strong swimmers, belong. In such instances, scientists utilise conventional divisions (for
example, those relating to the speed of movement through water) or resort to terms such as
benthonekton or planktonekton.

Organisms form biocenoses, or communities of different species of plants, animals
and microorganisms, that are adapted to coexist in their biotope. A biotope is thus a
relatively uniform living zone inhabited by a certain biocenosis. The most thoroughly
studied benthic biocenoses in the Black Sea are the mussel biocenosis, the Phaseolina
biocenosis, the Phyllophora biocenosis and the eelgrass (Zostera) biocenosis.

The biocenosis and the biotope are interrelated and interdependent, forming an
ecological system, or ecosystem. Ecosystems vary in dimension and extent and can range
from the ecosystem of a small section of the seafloor inhabited, for example, by eelgrass,
to the ecosystem of the entire shelf, the pelagic zone ecosystem or the entire Black Sea
ecosystem.

Uneven Distribution of Life Forms in the Sea

Living communities are not distributed evenly through al the sections of the oxygenated
layers of the Black Sea. There are biologically rich regions and regions where the species
diversity is poor and the number of individuals is small. Prominent among the biologically
rich regions are shelf zones with depths of up to 50 m and shallow-water areas with depths
of up to 5-10 m. Biologically poor regions include the deep water areas of the shelf,
bordering the hydrogen sulphide zone at depths of 100-150 m, and corresponding areas in
the open sea.
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The Black Sea shelf is not homogeneous. The north-western shelf, which is the
largest in the Black Sea accounting for over half the surface area of the entire shelf, is of
particular interest (Fig. 2). It is the largest low-salinity body of water in the Black Sea and
has the most complete representation of Pontian relics. The run-off from the major rivers
(e.g. the Danube, the Dniester and the Dnieper) that discharge into this part of the Black
Sea supports a salinity of less than 15 %0 across vast areas. In the open limans (e.g.
Dneprovsko-Bugsky and Dnestrovsky) the salinity is as low as 2-3 %o0.

Different environmental conditions on other parts of the shelf mean that they are
populated by other sets of organisms. Salinities near the coasts of the south of the Crimea
and the Caucasus do not drop below 17-18 %0, while even in winter water temperatures do
not fall below 7-10° C; whereas in the north-west the water temperature frequently
approaches freezing near the shoreline and an ice cover forms during winter.
Representatives of warm-water flora and fauna can thus be found along the southern coast
of the Crimea and the Caucasus and many fish species winter there.

Certain areas of the southern shelf along the northern Anatolian coast provide
important overwintering sites for fish such as anchovies, mackerel and mullets. The main
migration routes and overwintering areas of pelagic Black Sea fish and dolphins are shown
inFig. 5.

A small section of the southern Black Sea shelf close to the Bosphorus stands out as
being unique in terms of its biodiversity. It is through this section that bottom currents
import salty Mediterranean water (over 30 %0) into the Black Sea. This creates a zone of
high salinity and provides living conditions for many Mediterranean species that are not
found anywhere else in the Black Sea, such as the sea star, the sea urchin, the sea-plume
Virgularia mirabilis and other representatives of seas with standard salinity (normal ocean
salinity is35%0).

Critical Biotopes

One of the most important issues in biodiversity is the concept of "critical biotopes", i.e.
areas which are critical to the survival of certain species. If critical biotopes are subjected
to pollution or other negative impacts, the result may be the diminution or even
disappearance of entire populations of plants and animals. The neuston layer near the
surface of the sea, which is a critical biotope for many invertebrates and fish, is particularly
sensitive to surface active pollutants, such as crude oil, fat-like elements and different
pesticides. High concentrations of these elements kill fish eggs and larvae resident in the
neuston.

Sections of the coast from which pollutants are dumped into the sea, or which have
been changed in the interests of Man, are critical biotopes for contourobiont species
inhabiting the shoreline areas.

If straits are polluted they may become critical biotopes for migratory fish. It is quite
significant that fish migrations from the Sea of Marmara to the Black Sea fell sharply
between the 1960s and the 1970s, when, according to Turkish scientists (Kocatas et al..
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1993), there was a considerable increase in the pollution of the Sea of Marmara by
untreated local industrial waste and municipal sewage This undermined the stocks of many
fish, including the mackerel, which migrated to the Black Sea to feed in spring and
returned to its spawning grounds in the Sea of Marmara in winter. By the end of the 1970s
the mackerel population in the Black Sea had become too small to support commercial
fishing.

According to Oztiirk and Oztiirk (1996), air pollution caused by funnel gases of
vessels and by land-based sources of pollution resulted in the Bosphorus almost closing as
a biological corridor.

The blenny Blennius sanguinolentus, one of nine species of the family Blenniidae, is a small shallow-
water fish living among algae.



Fig 5. The main migration routes and overwintering areas of pelagic Black Sea fish, such as anchovy, splm.horsemwkuelnndm
mullets, and dolphins (migration throughout the Bosphorus represents the situation prior to 1980).

au2a(q pup a8uvy) Jo Spmig v

34



A colony of mussels Mytilus galloprovincialis in coastal waters. They are the most common bivalve molluscs on the Black Sea shelf.
The mussel reaches a length of up to 14 cm and a biomass of over 20 kg per m*. Like other bivalves, the mussel feeds by filtering
suspended organic particles and planktonic organisms from the water. The shells are covered by barnacles, sponges, algae and different
small attached animals that together form the Mytilus biocenosis. Mussels closely packed together on a hard bottom with an area 1 m’
are able to filter over 200 m*' of sea water per day. The population of mussels living at depths below 8 m on the north-western Black Sea
shelf is rapidly declining as the result of hypoxia.
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IV. Black Sea Biodiversity in Figures

There are several reasons why it is difficult to provide an extensive list of the species of
plants and animals inhabiting the Black Sea. Firstly, not al the organisms that have been
found and identified by science can be correctly classified on a species level beyond the
shadow of a doubt; e.g. the ctenophore Mnemiopsis leidyi and the bivalve Cunearca.
Secondly, scientists have yet to determine standards for classifying freshwater invaders
either as residents of the sea or temporary, accidental intruders which should not included
when making an inventory of Black Sea flora and fauna. Thirdly, the mediterranisation of
Black Sea bhiota is continuing, although some species do not yet extend beyond the
Bosphorus region. Can they be treated as Black Sea species? Fourthly, the systematics of
most species of microorganisms have not yet been determined.

The limitations listed above are a substantial obstacle to an accurate assessment of the
number of species resident in the Black Sea. In preparing this summary of Black Sea
biodiversity the authors have used the national reports prepared by the Black Sea states
under the auspices of the BSEP, together with publications by a number of different
authors (Table 2.4). The result is the most comprehensive list of Black Sea flora and fauna
yet compiled.

A total of 3,774 species have been identified, including: 1,619 fungi, algae and higher
plants; 1,983 species of invertebrates; 168 species of fishes, and 4 species of mammals.
But it is impossible to say how far the figures for smaller organisms in particular accurately
reflect actual conditions in the Black Sea. The Black Sea is believed to contain a great
variety of bacteria, protozoans and other groups of organisms that have yet to be studied by
systematists. Nevertheless, the available data makes it possible to assert that, in terms of
species diversity, the Black Sea has abundant representatives of all major taxa of plants and
animals.

Table 2.4. Black Sea Biodiversity in Figures

Taxons or Groups Number Authors

of species

reported
Fungi 175 Ukrainian National Report, 1995
Bottom macroalgae 304 Kalugina-Gutnik A.A., 1979
Bottom microalgae 388 Romanian National Report, 1995
Dinophyceae 175 Ivanov A.l., 1965
Diatomeae 174 Proshkina-Lavrenko A.l., 1995
Other phytoplankton 396 PitsikG.K., 1979
species




46

Biological Diversity in the Black Sea

Higher marine plants 7 Ukrainian National Report, 1995
Foraminifera 94 Yanko V.V., Troitskaya T.S., 1987
Radiolaria 1 Mordukhay-Boltovskoy F.D., 1972
Other Sarcodina 40 Mordukhay-Boltovskoy F.D., 1972
Tintinnoinea 27 Mordukhay-Boltovskoy F.D., 1972
Other Infusoria 200 Mordukhay-Boltovskoy F.D., 1972
Spongia 28 Kiseleva M.l., 1968

Hydrozoa 26 Naumov D.V., 1968

Scyphozoa 3 Naumov D.V., 1968

Anthozoa 4 Naumov D.V, 1968

Ctenophora 2+L Ukrainian National Report, 1995
Turbellaria 103 Kiseleva M.l, 1979

Nemertini 37 Kiseleva M., 1979

Nematoda 142 Pfatonova T.A, 1968

Rotatoria 102 KharinN.N, 1968

Gastrotricha 23 Kiseleva M.N, 1979

Kinorhyncha 10 Romanian National Report, 1995
Sipunculida 1 Mordukhay-Boltovskoy F.D, 1972
Polychaeta 192 Vinogradov K.A, Losovskaya G.V., 1968
Oligochaeta 39 Kiseleva M.N, 1979

Bryozoa 18 Kiseleva M.N, 1979

Kamptozoa 2 Kiseleva M.N, 1979

Phoronidea 1 Kiseleva M.l, 1979

Loricata 3 Starobogatov Y a.l, 1972

Bivalvia 88 Skarlato O.A., Starobogatov Ya.l, 1972
Scaphopoda 1 Starobogatov Ya.l, 1972

Gastropoda 118 Golikov A.N, Starobogatov Ya.l, 1972
Acarina 43 Sokolov |.A, Yankovskaya A.l, 1972
Insecta 11 Kiseleva M.l, 1979

Tardigrada 5 Rudescu L, 1972

Cirripedia 5 Zevina G.B, Dolgopolskaya M.A, 1969
Tanaidacea 6 Makkaveeva E.B, 1969

Branchiopoda 17 Mordukhay-Boltovskoy F.D, 1972
Pantopoda 8 Bacescu M, 1972

Calanoida 17 Dolgopolskaya M. A, 1969
Cyclopoida 19 Monchenko V.1, 1989

Harpacticoida 204 Apostolov A.M., Marinov T.M, 1988
Ostracoda 111 Shornikov E.l, 1969

Decapoda 37 Bacescu M, 1967

Mysidacea 19 Bacescu M, 1967
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Cumacea 24 Bacescu M, 1967
Isopoda 29 Kusakin O.G, 1969
Amphipoda 103 Mordukhay-Boltovskoy

F.D, Dolgopolskaya M.A, 1969
Chaetognatha 1 Mordukhay-Boltovskoy F.D, 1972
Echinodermata 14 Kiseleva M.I, 1979
Ascidiae 8 Kiseleva M.I, 1979
Acrania 1 Ukrainian National Report, 1995
Pisces 168 Rass T.S, 1987
Mammalia 4 Biodiversity National Reports, 1995

The head of the pipefish Syngnathus tuphle argentatus, one of seven species of the Syngnathidae
family to be found in the Black Sea. This pipefish is common in the coastal zone and is abundant
during the summer season.



