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Foreword 

It is hardly an overstatement that today ecology is the most popular of all 
natural sciences among the general public. It comes as no surprise because this 
area of knowledge deals with the interactions between the living creatures (man 
included) and the natural environment, their dependence on nature, their 
influence on nature and the consequences of such influence. 

Although the term «ecology» was first proposed almost one and a half cen­
turies ago (it has been first proposed by the German biologist Ernst Haeckel in 
1866 in his "Generelle Morphologie der Organismen"), ecology as a science still 
continues to develop and improve as the subject of its study has not stilled. The 
relationship between living cretures and their habitat, humans and their natural 
environment continue to develop and become increasingly complicated. Its 
consequences become more significant for plants, animals and humans. At the 
beginning of the XXth century, the prominent Ukrainian scientist V.I. Vernadsky 
warned that a time would come when the man's influence on the environment, 
by its force and consequences, will be commensurable with geological factors. 

The discussion about whether ecology is one of the biological sciences, as 
it was considered initially, or not still goes on. Some authors consider ecology 
as a part of biology, others are of the opinion that it is the interdisciplinary field 
of knowledge wherein the important and deciding role is taken by biology, but 
no less important are also physics, chemistry, geography, geology and other sci­
ences, whose objects of study make the basis for the varied complex of process­
es and phenomena that shape this or that state of the environment. Therefore, 
when speaking about the ecology of aquatic organisms and their communities, 
the term «hydroecology» (Romanenko, 2001), which is by its content wider 
than the term «hydrobiology», recently started being applied more and more 
frequent. 

It is not surprising that today ecology is being taught at schools and univer­
sities not only to biologists, but also to physicists and chemists, geographers and 
geologists, historians and lawyers, physicians and literati. Solid knowledge on 
ecology is required not only to broaden a specialist's range of interests, though 
it is also important, but also because many ecological problems cannot be 
resolved without the participation of specialists in different areas of fundamen­
tal and applied science. 

For all these reasons, this book, devoted to the ecology of the Black Sea, 
is offered to attention of the readers. Studies on this sea have started when the 
ecological problems were not so actual and vital as they are in our days. The 
book is entitled »An Introduction to the Black Sea Ecology» because it contains 
the basic initial knowledge on ecology and is aimed, first of all, at young peo-
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pie interested in the study of environment. First and foremost, this book is a 
manual on ecological education and training of the ecological beliefs, though 
not only. The author is convinced that the more young people are involved in 
the issues of marine ecology, the more assistants this science will gain. 
Hundreds, thousand pairs of young eyes and trained minds can become a seri­
ous help in the research of different ecological processes, especially of those 
requiring envelopment of vast coastal and water spaces. 

This translation is actually the second revised and enlarged edition of the 
first Russian version. 



As it frequently happens, in the birth of this 
book were involved, besides the author, many 
other people (teachers, colleagues, students, and 
friends) whose publications, ideas, personal 
communications and advice have influenced the 
formation of the concept of this scientific work. 
Many of them are cited in the references. I am 
deeply grateful to all these «invisible co-authors». 
It is impossible to acknowledge by name all of 
those who have given of their time and talent, but 
my appreciation is none the less. Therefore, I will 
limit myself to a few names. 

Professor Ivan I. Puzanov, «the last encyclo­
pedist of the XXth century», as he was called by 
his contemporaries; a personality of vast knowl­
edge and strong convictions who was the sci­
entific supervisor of my PhD thesis. At the 
department of Zoology of vertebrates of the I.I. 
Mechnikov Odessa State University, I worked, in 
1950—1956 under his supervision as a laboratory 
assistant at the marine hydrobiological station. 
In the 1950s, because of ideological pressure 
of «Lysenkoism» (neo-Lamarckism), the doc­
trine that reject the gene theory of inheritance in 
favour of the inheritance of acquired characters, 
many biologists, including I.I. Puzanov, were 
subjected to political persecutions. Under these 
circumstances my prospects to engage in science, 
as a disciple of Puzanov, were more than vague. 
After the successful defense of my PhD thesis in 
1956, Professor I.I. Puzanov undertook efforts to 
leave me at the department of Zoology as his 
assistant, but administration of the biological 
faculty disagreed. Thus, I became a junior scien­
tist at the Ukrainian Academy of Sciences. 

Professor Constantin A. Vinogradov, 
famous marine biologist, has willingly employed 
me at the end of 1956 in a position of a junior sci­
entist at the recently created Odessa Biological 
Station (OBS) of the Academy of Sciences of 



Ukraine. C.A. Vinogradov has encouraged in every way the scientific research 
of young scientists, welcomed new methods, non-ordinary decisions and bold 
conclusions. He was the scientific adviser of my doctoral thesis, which I 
defended in 1964. In this scientific establishment, which has been reorganized 
later into the Odessa division and then into Odessa Branch of the Institute of 
Biology of Southern Seas of the National Academy of Sciences of Ukraine, I 
have worked till present. I.I. Puzanov maintained close communications with 
the OBS and quite often participated in our marine expeditions. 

Professor Alexander A. Strelkov, famous zoologist of the well-known St. 
Petersburg scientific school. With him I worked in 1965 at the Institute of 
Oceanology in Havana, Cuba and more than once used his vast scientific 
knowledge which he generously communicated. A.A. Strelkov has positively 
perceived my ideas on marine neuston and its role in marine ecosystem and 
insistently recommended to accelerate publication of my monograph «Marine 
Neustonology». This book has been published in Russian in 1970 in Kiev and 
in 1971 was translated into English and published in the USA and Israel. A.A. 
Strelkov was glad of this fact not less than the author. 

A Corresponding Member of the Academy of Sciences of USSR, 
Professor Veniamin G. Bogorov from the PP. Shirshov Moscow Institute of 
Oceanology of the Academy of Sciences of USSR, a prominent specialist on 
marine plankton and marine ecology, heartily supported my attempts to con­
firm the ideas of marine neustonology in science. It was very important for me, 
as not all of the leading domestic scientists had perceived them. 

Professor Sigeru Motoda of Japan, a prominent marine biologist, author 
of many original scientific methods, connoisseur of new scientific ideas, and an 
artist. In 1980 the government agency «Japan Science Society for the 
Promotion of Science» has invited me to read a course of lectures «Marine 
Neustonology» at the international Tokay University in Skhimyzu and to give 
selected lectures on that topic at Tokyo, Hakodate, Tsukuba, Sendai and 
Nagoya universities. Professor Motoda was my main guide to Japan and intro­
duced to me many leading scientists and sights of the country. During the stay 
in Japan, on a request of S. Motoda, I have headed and conducted the first sci­
entific expedition on the study of marine neuston in the Suruga Bay not far 
from the foot of the famous Fujiyama Mountain. 

Professor John McNeil Sieburth from the Rhode Island University, USA, 
a well-known marine microbiologist, author of many publications on 
microneuston. Remarkable microphotographies, published by J. Sieburth and, 
later on, personal conversations with him have opened for me a «microscopic 
marine landscapes» as he was calling them, proving that in nature all multicel­
lular marine organisms, are covered by unicellular algae, fungi and bacteria. It 
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is important to consider this during the realization of in situ and laboratory 
experimental ecological studies. 

An Academician of the Romanian Academy of Sciences, Professor Mihai 
Bacescu, a prominent marine biologist and ecologist, expert in Black Sea biol­
ogy, and author of many important scientific publications including co-author­
ships with foreign scientists. I had many useful conversations with M. Bacescu 
and was repeatedly turning to his publications during my scientific activity. 

A famous French marine explorer Jacques-Yves Cousteau, well known for 
his discoveries in the submarine world, books and films. In 1950, under the 
influence of his publications, I made my first underwater mask and saw for the 
first time the fabulous world that opens beyond its glass. Later on, interesting 
conversations with this remarkable personality have strengthened my persua­
sion in the paramount importance of visual submarine observations for scien­
tific research. No matter what sophistication has achieved the equipment for 
instrumental observation and measurements from board of a scientific vessel, 
the researcher's eye is able to add additional important information. 

An Academician of the National Academy of Sciences of Ukraine, 
Professor Gennady G. Polikarpov from the Institute of Biology of Southern 
Seas in Sevastopol, a prominent scientist, founder of radioecology and 
chemoecology of marine organisms, leader of the world acknowledged school 
of marine radioecologists. In the beginning, both of us were interested in the 
fact that in the surface microfilm of the sea is registered not only a large accu­
mulation of marine organisms forming marine neuston, but also the highest 
concentrations of radionuclides in the pelagic zone. Accumulation in one habi­
tat of living organisms and life-threatening radioisotopes has united our 
research interests for years to come. We have conducted many joint expeditions 
in seas and oceans and have published quite a lot in domestic and foreign press. 
Creative and personal friendship with G. Polykarpov has significantly influ­
enced the formation of my views and scientific persuasions. 

And, of course, Elena Dmitrievna Kutsyry, my wife, a hydrobiologist by 
education, who selflessly, for over half a century, carries the difficulties and joys 
of the everyday life of a restless scientist. She constantly creates for me at home 
that atmosphere without which I would not have succeeded as a researcher. To 
her, above all, I dedicate this book. 

With a huge warmth and gratitude I remember students and colleagues at 
Odessa Branch of the Institute of Biology of Southern Seas, their good attitude 
and help in everyday, not always easy and pleasant work. To them I owe my 
deepest gratitude. Especially, I would like to thank my colleague, a talented 
researcher, Dr Boris G. Alexandrov for his help in creating the electronic ver­
sion of the text and pictures of this book. 
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I express my sincere thanks to my old friend, the an A.M. Karpushkin for 
creating the cover, title, miniatures and book's layout, and biologist Sergey V. 
Lagutin for the pictures in the text. 

I also appreciate the efforts of those who have permited my to use their 
photographs. 

This book would have remained a manuscript without the support of the 
Black Sea Ecosystem Recovery Project (BSERP). In this regard, I express my 
gratitude to the project's coordinators Dr. P. Reinolds, Dr. Oksana Tarasova, 
Dr. V. Pysotskiy and especially Dr. E. Volovik. 

I thank my friend and colleague Dr Vladimir Mamaev from UNDP for 
continuous friendly support and Julian Richmond from the European 
Research Office of the US Army for the essential help in translation of this 
book. 

My special thanks to M.O. Gelmboldt for careful translation of this book 
and N. A. Borodavkin for the proof-reading of the text. 

And finally I wish to express my thanks for the cooperation of the staff of 
the Printing house «Moryak» and personally Mr Z.Z. Soloninka for the 
transformation of the manuscript into this book with astounding speed, and 
accuracy. 

Yuvenaly Zaitsev 



1.1. Among other seas 

I n the whole World Ocean there are not less than 
fifty seas. According to the degree of isolation 
from the ocean, the seas may be classified as 
enclosed or partly enclosed. Those which are 
enclosed are also referred to as intercontinental 
seas, or mediterranean seas. In the geographical 
and other specialized literature, «seas» are also 
called the more or less conditional parts of the 
World Ocean, such as the Sargasso Sea in the At­
lantic Ocean and the Philippine Sea in the 
Pacific Ocean. It is impossible to name the exact 
number of seas on Earth since there is no unique 
criterion for their definition. For example, the 
Great Soviet Encyclopedia (1974) names 32 ma­
jor world seas; the Mediterranean Sea being 
listed among them. However, in the book «Medi­
terranean Sea. Navigating-Hydrographic Re­
view», published by the USSR Hydrographical 
department in 1955, 16 seas are listed as parts of 
the Mediterranean basin. Among them there are 
(from west to east): Alboran Sea, Balearic (Ibe­
rian) Sea, Ligurian Sea, Tyrrhenian Sea, Adriatic 
Sea, Ionic Sea, Aegean Sea, Sea of Marmara, 
and Levantine Sea. In its turn, in some special 
publications (and that is also enough grounded), 
the Aegean Sea, is subdivided into the Thracian 
Sea in the north, the proper Aegean Sea in the 
center, and the Cretan Sea in the south. 

The Black Sea is well isolated geographical­
ly, ecologically and biologically, and there were 
no attempts to subdivide it into smaller marine 
water bodies. It is a typical example of a semi-
enclosed, intercontinental sea. It is a Eurasian 
sea, whose waters, from the west and the north, 
are washing the coasts of the European countries 
(Bulgaria, Romania, Ukraine and Russia) and, 
from the south and the east, the countries of Asia 
(Turkey and Georgia). 



1.2. Geological background of the modern Black Sea ecology 

The territory of Europe and Asia, where the Black Sea is presently locat­
ed, has had a complex geological history. Therefore, in its biology and ecology, 
we see the legacy of the distant epochs and events that took place on our plan­
et. A simplified geological history of the Black Sea could be presented as fol­
lows (Zaitsev, 1998). 

In the late Jurassic period of the Mesozoic era (more than 150 million 
years B.P.*), the Atlantic and the Pacific Oceans have been united by the huge 
and salty Tethys Sea. It extended from the modern Strait of Gibraltar on the 
West, through the regions of the present day Mediterranean, Black and Caspian 
Seas, the mountains of Caucasus, Copetdag, Tian Shan, Pamir, Himalayas and 
the South-East Asia on the East. The marine geologist and paleoecologist E.V. 
Krasnov (2003) called it «the Sea of the Jurassic period». It was inhabited by 
marine halophilic and thermophilic organisms, in particular by corals. 
Together with the corals, writes E.V. Krasnov, in this sea were common large 
Gastropods of the Nerineidae family and bivalves of the Rudistae family that 
have disappeared later. They were forming the major feature of the Jurassic 
fauna of the Tethys Sea. It is likely that dinosaurs inhabited the shores of 
Tethys, but they already belong to terrestrial fauna. The sea, however, was pop­
ulated by such marine reptiles as Ichthyosauria and Plesiosauria, the last prob­
ably moving also on land. By the mid Tertiary Period, due to the crust raise and 
mountain formation, the Tethys Sea became separated, first from the Pacific 
Ocean, and later from the Atlantic. 

In the Miocene (about 7—5 million years ago), the Earth's crust move­
ments continued and resulted in the formation of the Alps, the Carpathians, 
Balkans and the Caucasian Mountains. As a result, the salty Tethys Sea shrank 
in size and divided into a number of brackish water basins (with the salinity 
lower than that in the ocean). One of them, named the Sarmatian Sea (fig. 1A), 
stretched from the place where today there is the capital of Austria, Vienna, on 
the west, to the foothills of the Tian Shan Mountains in the Middle and Central 
Asia on the east. The Sarmatian Sea included the modern regions of the Black 
Sea, Sea of Azov, Caspian Sea and the Aral Sea. The Sarmatian Sea, isolated 
from the ocean, was gradually desalinated because of the inflow from large 
rivers. It is assumed that the salinity in the sea was even lower than in the mod­
ern Caspian and Azov Seas. Part of the remaining marine fauna from the Tethys 
died out. However, typically oceanic animals such as whales, manatees and 
seals, continued to inhabit the Sarmatian Sea for a rather long period before 
they disappeared at the end of Miocene. 

*) B.P. — years before the present. B.P. is taken conventionally to be 1950 AD. 
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By the late Miocene and the early Pliocene epochs (3—2 million years 
ago) the Sarmatian Sea has shrunk in and established a communication with 
the ocean. The water salinity increased and marine species of animals and 
plants started to appear. This basin was named the Meotian Sea (fig. 1B). In the 
Pliocene (2—1.5 million years ago), the connection to the ocean was again fully 
halted and the salty Meotian Sea was replaced by the almost freshwater Pontian 
Sea-Lake (fig. 1С). In this period, the future Black, Azov and Caspian Seas 
were connected through the present-day territories of the Northern Caucasus. BLACK 

In the Pontian Sea-Lake, marine fauna and flora died out and a brackish water SEA 

AS A 

fauna and flora were formed. Its representatives can still be found to this day in HABITAT 

the Caspian and Azov seas as well as in the areas of the Black Sea with the 
reduced salinity and in some limans. This part of the modern fauna (flora is less 
studied in this regard) has received the joint name «Pontian relics», or «Caspian 
relics» because in the northern part of the Caspian Sea, with the reduced salin­
ity, they are represented by greater number of species. 

Figure 1. Geological past of the Black Sea (from Zaitsev and Mamaev, 1997): 
A — Sarmatian Sea, В — Meotian Sea, С — Pontian Sea-Lake, D — Chaudian Sea, 

E — Paleoeuxinian Basin, F — Karangat Sea, G — Neoeuxinian Sea, 
H — modern Black Sea and their hypothetical salinity (%o) 

By the end of Pontian period, due to the rising of the Earth's crust 
in the region of the North Caucasus, the basin separated from the Caspian Sea. 
From that period, the Caspian Sea on the one hand and the Black Sea and the 
Sea of Azov on the other went their separate ways; although temporary links 
between them were formed from time to time. At last, the shipping Volga-Don 
channel built in 1952 set the permanent transport communication between 
these seas. 

In the Quaternary Period, or the Ice Age, the outline of the future Black 
Sea, its salinity and the species composition of its inhabitants continued to 
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evolve. By the late Pliocene, less than one million years ago, the Pontian Sea-
Lake had shrunk in size and got the name of the Chaudian Lake-Sea (Fig. ID). 
It was very desalinated, isolated from the ocean and populated by Pontian type 
fauna. The Sea of Azov did not yet exist at that time. 

As a result of ice melting at the late Mindel Glaciation (some 500,000— 
400,000 years ago), the Chaudian Lake-Sea was filled with melt water and its 
outlines started to resemble the modern Black and Azov Seas. It got the name 
of the Paleoeuxinian Basin (Fig. IE). On the north-east of this basin, through 
the Kumo-Manych depression, it was connected with the Caspian Sea which at 
that time was affected by reduced salinity. The fauna of the Paleoeuxinian Basin 
was of a Pontian type. 

A new stage in geological history of the Black Sea came with the beginning 
of the Riss-Wurm Interglacial Period (150,000—100,000 years ago). Following 
the formation of the Dardanelles, the connection of the future Black Sea with 
the Mediterranean was formed and the World Ocean and the Karangat Basin 
(Fig. IF), or Karangat Sea, appeared. According to the experts' opinion, salin­
ity of its waters could reach 25—30%c. From the Mediterranean and the 
Atlantic Ocean, many species of typical marine organisms entered the 
Karangat Sea. Salt water occupied the larger part of the basin, driving back the 
Pontian species into the bays, river deltas and limans with low salinity. At that 
time, the halophilic species dominated in the sea. However this marine water 
body also disappeared. 

Some 20,000—18,000 years ago, the Karangat Sea was replaced by the 
Neoeuxinian Sea-Lake (fig. IG). This coincided with the end of the last Wurm 
Glaciation in Europe. The sea was again isolated from the ocean, filled with 
melting waters and desalinated, possibly to the level of 5-7%o. Once again, the 
halophilic fauna and flora died out and Pontian species outliving the difficult 
Karangat period in limans and deltas left their refuges and again populated the 
whole sea. In approximately 10,000 years started the last phase of the compli­
cated geological history of the Black Sea (Fig. 13). It did not happen at once. 
In the beginning, about 7,000 or, according to some authors, 5,000 years ago, 
the straits of Bosporus and Dardanelles appeared and the water exchange with 
the Mediterranean and the Atlantic Ocean began. As it took place already in 
historical time, this event was reflected in some legends and works of ancient 
authors. 

Thus, the ancient Greek geographer and historian Strabo (Leonov, 1960), 
referring to other ancient authors, writes that in the past the Ponteuxinus, con­
nected with the Caspian Sea, did not have an outlet to the ocean through 
Byzantium. However, when rivers inflowing in it heaved up its level highly and 
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broke the Byzantine land, its waters entered Propontyde and Hellespontus (Sea 
of Marmara and Dardanelles). There are records of Diodorus that, breaking 
through the Bosporus, the Pontian waters gushed southward and flooded the 
Samothraky Island located in the northern part of the Aegean Sea. Apropos of 
this, nowadays the water level in the Black Sea remains higher than in the Sea 
of Marmara. Therefore, in the Bosporus, there is a constant surface current 
flowing from the north to the south, i.e. from the Black Sea into the Sea of 
Marmara. The reverse flow goes in the bottom layer — from the Sea of BLACK 

Marmara into the Black Sea. J
hS A 

After some time, the water levels of the two connected seas achive a HABITAT 

dynamic equilibrium and a slow salinization of the Black Sea began. At the 
same time, a gradual lowering of the Earth's crust proceeded in the northern 
part of the Sea and, as a result, the mouths of rivers were flooded by marine 
waters and transition freshwater-marine basins which got the name of limans 
were formed. Ancient navigators considered these basins convenient for the 
harbours. From here comes their name: in ancient Greek, «liman» stands for 
«harbor». 

It is believed that within 1,500—2,000 years the salinity of the Black Sea 
became sufficient to support a large number of Mediterranean species. They 
started to populate the Black Sea and are forming the basic component of its 
biota nowadays. 

1.3. Dependence on the land 

The terms «drainage basin» or «catchment area» are used in physical geog­
raphy. They designate that part of the land surface wherefrom water enters in 
rivers, lakes and seas. The ratio of the catchment basin surface to the surface of 
the recipient water body is called specific catchment (SC). The higher is the SC 
the more the water body depends on the surrounding territory. 

The drainage basin of the Black Sea (Fig. 2) exceeds 2 million 300 thou­
sand km2 and, entirely or partly, covers the territories of 22 countries in Europe 
and Asia (Zaitsev, 1998; Zaitsev and Mamaev, 1997). Their number includes 6 
already named the Black Sea riparian countries and 16 countries of the Central 
and Eastern Europe. In accordance with the political map of 2000, these are (in 
alphabetical order): Albania, Austria, Belarus, Bosnia-Herzegovina, Croatia, 
the Czech Republic, Germany, Hungary, Italy, Macedonia, Moldova, Poland, 
Serbia, Slovakia, Slovenia and Switzerland. The contribution of each of these 
countries to the catchment area of the Black Sea is quite different. Thus, the 
input of Albania, Poland and Italy is no more than 100—300 km2, Switzerland 
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- 1700 km2, Moldova - 33700 km2, Germany - 58000 km2, Romania -
226000 km2, Turkey - 249000 km2, Ukraine - 600000 km2. This is a purely 
statistical layout, but it reflects to a full degree the level of influence of different 
territories on the Black Sea. As a general rule, the large plain territories locat­
ed along the lower reaches of rivers have the greater influence on seas. 

Figure 2. Catchment area of the Black Sea in Europe and Asia 

More than 300 large and small rivers flow directly into the sea from the 
catchment basin of the Black Sea. In this territory are located huge agricultur­
al areas, large industrial centers, and dozens of large cities including many state 
capitals. 

1.4. Morphometry of the Black Sea and its coasts 

The Black Sea covers an area of 423,000 km2, occupies a volume of 
547,000 km3 and has a maximum depth of 2,212 m. 

According to modern estimations the length of the Black Sea coasline 
is 4,838.1 km (Fig. 3). It is distributed as follows among the Black Sea countries 
as follows: Romania — 245 km, Bulgaria — 378 km, Georgia — 312 km, Russia 
— 379 km, Turkey — 1,695 km and Ukraine — 1,829.1 km. 

In aquatic ecology the parameter called «Development of the coastline 
(DCL)» is used for estimation of the biological productivity of natural water 
bodies. This value is determined according to formula: 
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