
A.Fiodorov

THE BLACK SEA ENVIRONMENT

There are three pictures of the Black Sea — that great body
of water of Greek legend, Cold War strategizing, and modern-day
crisis. The first picture is of the uncontrolled dumping, carried by
sewage pipes and feeder rivers, choking the sea’s thin remaining
layer of life. Another is the economic decline of the former Soviet
bloc states, which crippled scientific research but also idled some
pollution-spewing industries. The third, and least noticed, is re-
flected in the smile of a delta fisherman displaying his catch of pike
free of lesions or disease.

Brian Murphy, 1997

According to Russian linguist Trubachiov the Indian tribes (Maeo-
tians, Sindi, and Taurians) who lived on the northern and eastern
shores of the Black Sea before the Scythians (ca. 850–800 B.C.) called
it Temarun. The Scythians translated this name into their language as
Black or Dark-Blue Sea. In ancient Greek myths, the sea — then on
the fringe of the Mediterranean world — was named Pontus Axenos,
meaning «Inhospitable Sea.» Later explorations made the region more
familiar and, as colonies were founded along the shores of the sea, the
Greeks changed its name to Pontus Euxeinos, the opposite of the earlier
label as now it became more hospitable and friendly. Greek geographer
and historian Strabo (64/63 BC — AD 23?) in his great work Geogra-
phy wrote: «At this [Homeric] time, the Sea was not navigable and was
called «Axenos» [inhospitable] because of its wintry storms and the fe-
rocity of the tribes that lived around it, and particularly the Scythians
in that they sacrificed strangers. . . but later it was called «Euxeinos»
[friendly to strangers] when the Ionians founded cities on the seaboard.»
According to Greek legend, it was across its waters that Jason and the
Argonauts set out to find the Golden Fleece in the land of Colchis, a
kingdom at the sea’s eastern tip, now Georgia. The Turks, when they
came to control the lands beyond the sea’s southern shores, encoun-
tered only the sudden storms whipped up on its waters and reverted
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to a designation reflecting the inhospitable aspect of what they now
termed the Karadeniz, or Black Sea.

To scientists the Black Sea is a remarkable feature because its lower
levels are, to all intents and purposes, almost biologically dead — not
so much because of modern pollution but because of continued weak
ventilation of the deep layers. To the nations of the region, the Black
Sea has been of immense strategic importance over the centuries; the
advent of more settled conditions has brought its economic importance
to the fore.

The Black Sea appears on a globe as a roughly oval-shaped inland
arm of the Atlantic Ocean between Europe and Asia, situated between
latitudes 40◦55? and 46◦32? N and longitudes 27◦27? and 41◦42? E. It
is the world’s largest land-locked inland sea, connected with the Aegean
Sea, part of the Mediterranean, through the thread-like Bosporus Strait
(which emerges from the sea’s southwestern corner), the Sea of Mar-
mara, and the Dardanelles. The renowned Crimean Peninsula thrusts
into the Black Sea from the north, and just to its east the narrow Kerch
Strait links the sea to the smaller subsidiary Sea of Azov, resembling a
miniature version of the Black Sea itself. The Black Sea is bounded by
Ukraine and Russia on the north, Georgia on the east, Romania and
Bulgaria on the west, and Turkey on the south. Although only these
six countries surround it, the total watershed draining into the Black
Sea is over five times the size of the actual sea and includes parts of 21
countries with a population of more than 171 million.

The surface area, excluding the Sea of Marmara but including the
Sea of Azov, is about 461,000 km2; the Black Sea proper (without the
Sea of Azov) occupies about 422,000 km2 (or about one-third the size
of the Gulf of Mexico, and twice as large as the Great Lakes taken
together or the Persian Gulf). It is up to about 1,180 km across from
east to west and about 625 km from north to south — except at its
«waist» where the projecting peninsula of Crimea reduces the north-
south distance between the tip of the Crimean shore and the Kerempe
Burnu (or Cape Kerempe in English) in Turkey to only 262 km. The
Bosporus (Karadeniz Bogazi in Turkish), which is the world’s narrowest
strait, has an average width of 1.6 km (it varies from 0.7 to 3.8 km),
an average depth of 36 m (minimum depth –– 20 m), and a total length
of about 31 km. The Kerch Strait, which connects the Sea of Azov, has
a depth of less than 20 m, a total length of about 41 km, and a width
varying from 4 to 45 km.
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Except in the northern and northwestern parts, the Black Sea coast-
line is fairly regular. With its length of 4,090 km, the average coefficient
of indentity is 1.8 (meaning it is 1.8 times longer than if it were a cir-
cumference of a circle with the area of 461,000 km2). Northwestern
(Romanian) and northern (Ukrainian and Russian) shores are low and
are furrowed by numerous ravines and river valleys, the mouths of
which are often impeded by sandy spits. Along these shores the coast-
line is much more indented. In sharp contrast is the southern Crimea
where mountains form abrupt cliff areas. The eastern and southern
coasts (Georgian and Turkish) are mostly mountainous (the Caucasus
and the Pontus Mountains), sometimes fringed with narrow coastal
lowlands and sometimes, as in northeastern Turkey, plunging steeply
down to the Black Sea in forested ridges and gorges. At the sea’s east-
ern tip the Kolkheti structural depression, now filled with river-born
sediments, faces the Black Sea. Farther west, near the Bosporus out-
let, the shoreline relief, although still steep, moderates somewhat. The
smooth contours marking spurs of the southwestern Istranca in Turkey
(Strandzha in Bulgaria) ranges become more jagged to the north. Far-
ther north, in the Burgaz Bay area of Bulgaria, low mountains emerge
where the Balkan Mountains extend eastward. Continuing northward,
a flatter plateau region in Romania gives way to the great Danube
delta, which extends into the Black Sea.

Except for the islands of Zmiyinyy (Fidonisi) off the Danube delta
and Berezan’ at the mouth of the Dnipro River estuary near Ochakiv
in Ukraine, and Kefken Adasi in Turkey, the Black Sea is virtually
devoid of islands. The submarine relief represents a series of concentric
and occasionally asymmetrical rings. Beyond the shoreline a shallow
shelf zone, with a depth of less than 200 m, occupies about 27% of
the total area. Most of the shelf zone, however, lies up to the depth
of 100–110 m where the distinct edge drop of 10–12 m in height can
be easily distinguished. The shelf zone is broadest in the northwestern
corner from the Danube delta in Romania to the western shores of the
Crimean Peninsula, reaching up to 200 km in width, but elsewhere
forms a rim about 10–11 km wide. Up to the depth of 70 m on the
Odesa Shelf the paleo-rivers of Danube, Nistru, and Dnipro left their
ancient valleys represented by a linearly elongated depressions. This
shelf has been the breeding ground for many of the Black Sea’s fish
species. The shelf zone does not contain big forms of submarine relief.
The narrowest shelf zones are located to the east from Yalta on Crimea
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(6–7 km wide), along the Georgian shoreline (in Leselidze-Gagra region
in Abkhazia less than 1 km), and along the Turkish shoreline (near
Sinop and between Inebolu and Eregli 5–7 km).

The shelf zone turns to a continental slope that is very steep in
its upper part and broken by submarine valleys. The upper part of
the continental slope up to the depth of 1,500 m occupies about 16%
of the total area, while the lower part of the slope and continental
rise occupy about 21%. Most parts of the slope in the northern and
western Black Sea are not steep, averaging 3–6◦. The continental slope
along the Western Caucasus and Anatolia is steeper, averaging 10–
15◦. However, some parts are inclined more than 30◦, with numerous
submarine canyons all the way down to the bottom.

The hollow (abyssal plain) forming the basin’s bottom covers about
one-third of the total area (36%) and is a completely featureless smooth
plain, with depths more than 2,000 m, sometimes 2,100–2,150 m (near
Central Anatolia), increasing evenly towards the center to a little over
2,195 m. The axis of maximum depth extends toward the Anatolian
Turkish coast, where a depth of about 2,245 m was recorded as early
as 1890. However, at present this figure is estimated at 2,212 m. The
average depth of the Black Sea is 1,271 m.

As a rule, the northern and the western parts of the Black Sea are
characterized by a wider shelf zone and a less steep continental slope
because they cover more stable parts of the earth crust (except the
region adjacent to the Mountainous Crimea). The southern and the
eastern parts of the sea border the younger folded structures and have
a narrow shelf and steep continental slope with complicated submarine
relief.

Underlying rocks reflect the regional diversity of both type and age.
The ancient Precambrian rocks of the southern tip of the structural
block known as the East-European Platform, dating from at least 570
million years ago, appear in the northwest. The associated Scythian
Platform has a deep cover of sedimentary rocks that were laid later. The
deepwater depression, considered by some geologists as a geosyncline
(or vast downwarp), has unique significance in the structure of the
Earth’s crust. The center of the depression is made up of sedimentary
and basaltic crustal layers, respectively, with a granite layer thrust
between them at the periphery. The sedimentary layer covering the
core makes up about 8–15 km. Earth crust here does not have the
granite layer. Thus the central part of the core has the oceanic type of
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the earth crust which is about 25 km thick. Seafloor deposits generally
change from coarse pebbles and gravel at the periphery to fine silts
at the center of the basin, although the progression is by no means
regular.

The geologic history of the Black Sea is not fully known, but it
clearly seems to be a residual basin of the ancient Tethys Sea, dating
from about 250 to between 60 and 40 million years ago. The present
form of the sea probably emerged at the end of the Paleocene Epoch
(about 57.8 million years ago), when structural upheavals in Anatolia
split off the Caspian basin from the Mediterranean. The newly created
Black Sea basin became gradually isolated from the ocean, and its salin-
ity was reduced; at that time the Crimea and the Caucasus probably
were islands.

Early in the Miocene Epoch (about 23.7 million years ago), the
Black Sea flowed into a chain of sea lakes but gradually became sep-
arated from the Caspian region. As mountains — the Pontic, Cauca-
sus, Crimean, and Carpathians — rose around it, outwashed sediments
filled the basin. Further earth movements and changes in sea level
associated with Pleistocene glaciers then occurred and led to intermit-
tent connections with the Mediterranean. During the last of the great
glaciations, the freshwater Lake Novoevksinsky was formed; and 6,000
to 8,000 years ago the present connection with the Mediterranean Sea
was made. Strong earthquakes — such as the Crimean earthquake of
1927 — remain associated with the area.

On the whole, the Black Sea climate is mild, with cool summers,
warm autumns, short winters, and prolonged springs, although climatic
conditions in some parts of the basin are controlled to a great extent
by the shoreline relief. A steppe climate, with cold winters and hot,
dry summers, is found in the northwestern part of the basin exposed
to the influence of air masses from the north. The southern Crimea
and southeastern portion of the sea, sheltered by high mountains, en-
joy the best conditions of a humid subtropical climate, with abundant
precipitation, warm winters, and humid summers. In winter, spurs of
the Siberian anticyclone (a clear, dry, high-pressure air mass) create a
strong current of cold air, and the northwestern Black Sea cools down
considerably, with regular ice formation. The winter invasion of polar
continental air (which prevails for an average of 185 days annually) is
accompanied by strong northeasterly winds, a rapid temperature drop,
and frequent precipitation, with the air becoming warm and moist after
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passing over the milder eastern portions of the sea, sheltered from cold
air by the Caucasus Mountains. Tropical air from the Mediterranean
region, always warm and moist, sweeps across the Black Sea an average
of 87 days each year. Occasionally, winds from the Atlantic that have
traveled across Eastern Europe bring rain and sharp squalls.

There are significant seasonal changes in air temperatures over the
Black Sea. The average January air temperature in the central por-
tion of the sea is about 8◦C and decreases to between 2◦ and 3◦C to
the west. Below-zero temperatures are frequently encountered in the
northern sector, particularly in the region between the Danube delta
and the Crimean Peninsula. Spring air temperature everywhere ap-
proaches 16◦C, rising to about 24◦C in the summer. Absolute mini-
mums approach –30◦C during the winter frosts in the northwest, while
the Crimea may experience 37◦C in summer.

Winds are strongest everywhere in the winter, with the cruel north-
easterly winds frequently reaching storm force (28.3 m to 32.5 m per
second) and sometimes hurricane force (32.5 m per second and above)
in the coastal region of Novorossiysk, just to the east of the Kerch
Strait, and gale force (13.9 m to 28.3 m per second) on the sea itself. A
noteworthy feature of the southern Crimean area is the occurrence of
foehn winds — currents of hot, dry air dropping down from the moun-
tains. In general, the dominant wind direction is north-northwest in
the western half of the Black Sea, whereas southerlies dominate in the
eastern half. The highest average wind speed, observed in January and
February, is about 16 knots (8.2 m per second). In summer the average
wind speed does not exceed 10 knots (5.1 m per second) in the central
Black Sea and is less than 6 knots (3.1 m per second) in the south-
ern parts. These conditions persist from April to early October, after
which there is a rapid change back to winter conditions. The gales,
which average frequency amount to nearly 5% of wind observations,
occur during winter and are predominantly from the northeast.

The temperature of the Black Sea’s upper layer has a marked yearly
periodicity. The mean annual surface temperature varies from 16◦C in
the southern, to 13◦C in the northeastern, and 11◦C in the northwest-
ern parts. It decreases greatly from December to February, becoming
7◦ to 8◦C in the central and southern basins (9◦ to 10◦C in the south-
east), and 3◦ to 4◦C in the northern parts of the Black Sea. The coldest
surface temperature occurs in the northwestern coastal and shelf areas
(–0.5◦C) where temperature increases toward spring and reaches ap-
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proximately 15◦C, with somewhat lower values in the southern basin.
In summer, the upper levels warm up to an August peak of 26◦C and
even higher near the western shores. At the same time, in the north-
western sector the surface temperature can be as low as 10◦C. The
eastern basin presents slightly lower values as compared with those
found in the western part. In autumn, the temperature falls to 10◦C
near the northern shores, while the southern and eastern portions of
the sea are still warm with temperatures above 15◦C.

While in the upper 70–80 m water layer the temperature has sea-
sonal fluctuations and considerable vertical variations, the temperature
of deeper waters remains constant through the year. Typically, the tem-
perature at a depth of 1,000 m is about 9◦C and reaches 9.1◦C at the
very bottom, which is due to the geothermal heat flux from the sea
floor. Water masses with temperatures of 8◦ to 9◦C make up about
94.4% of the total volume of water. The average temperature of the
Black Sea water is 8.8◦C.

A distinguishing peculiarity of the Black Sea is the presence of a
permanent halocline (i.e. vertical gradient in salinity) located between
100 m to 200 m deep. In fact, the Black Sea is the world’s largest
water basin with this characteristic. The stratification is generated by
the freshwater input and the Mediterranean inflow of water of a high
salinity. Salinity of the Black Sea is almost half that of the oceans and
is on average about 21.8 parts per thousand (ppt). It means that about
12,126,175 million metric tons of salts are present in the water. Salinity
varies from 17 ppt to 18 ppt on the surface, and is greatly reduced by
up to 5-10 ppt near the major river mouths. The maximum salinity
on the surface (18.3 ppt) is recorded in the central parts of the sea.
The deeper water masses with salinity of 22.2 ppt to 22.4 ppt make
up about 41.8% of the total volume of water. The sea’s deepest parts
(below 400 m) are distinguished by high salinities of 28 ppt to 30 ppt.
Salinity increases to 38 ppt in the Bosporus, where waters from the
Sea of Marmara intrude. Although the degree of salinity is less, the
composition of salts of the Black Sea is almost the same as that of the
oceans.

Currents in the Black Sea are wind generated, with the main current
running counterclockwise, its branches forming two cyclonic gyres that
nearly split the basin area into two parts, and a series of cyclonic and
anticyclonic smaller eddies that appear to be the take-offs of the larger-
scale features.
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The surface current in the interior parts of the sea is relatively slow,
except where shallow submarine relief may cause local speed-ups. The
speed of the boundary surface current increases up to 40–60 cm per
second in certain regions, particularly along the entire east coast; its
speed is a few centimeters or so per second in the depths. In general,
the intensity of the boundary current decreases within 30–40 km of
the coast. In the south and the north the boundary current bifurcates
near 34◦E and 35◦E, respectively, to form two cyclonic eddies in the
interior of the Black Sea, one located in the eastern and the other in
the western basin. The motion within the central parts of these gyres
is relatively small.

Water flow in the Bosporus is complex. There is an upper flow of
Black Sea water going out and deeper saltier counterflow (Marsigli’s
Corrente Sottano) running below it from the Mediterranean into the
Black Sea. This pattern explains why the Black Sea shore level does not
fall in spite of its outflow through the Bosporus. This phenomenon was
discovered in 1680 by a young Italian named Luigi Ferdinando Marsigli,
and was explained in 1885 by a Russian naval commander, Stepan
Osipovich Makarov (1849–1904), in his book «About Water Exchange
between the Black Sea and the Mediterranean». Both currents have the
same speed of 80 cm per second. The upper current discharges about
365 km3 of the Black Sea water into the Sea of Marmara each year,
while the counterflow pumps out about 165 km3 of the Mediterranean
water into the Black Sea. Thus, each year the Black Sea looses about
200 km3 of water through the Bosporus. This exchange flow pattern
is an important aspect of the annual water balance of the Black Sea.
Surface winds are an important complicating factor, especially in the
shallow sill, or threshold, between the two basins. This situation also
holds for flows to and from the Sea of Azov through the Kerch Strait.
The current from the Azov Sea pumps into the Black Sea about 38 km3

of water annually, while the current of opposite direction carries away
only 29 km3. Water exchange through the Bosporus is relatively slow,
and a complete recycling of Black Sea waters takes about 2,500 years.

Tides are virtually nonexistent, their range being exceeded by 30 cm
or so variation induced by seiches, the rhythmic oscillations of water
resulting from rapid atmospheric pressure movements. The height of
the solar tide is only about 4 cm, while the tides resulted from the lunar
and solar attraction can reach 9 cm on the average.

Ground waters play an important role in the water balance of the
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Black Sea. The abyssal plain of the sea is the main area of ground water
discharge. However, the total volume of the ground waters entering the
Black Sea basin is difficult to determine at present because of the little
information available. Some springs with the maximum discharge of
10–20 liters per second were recorded on the shelf zone near Gagra
in Georgia. The source of these springs is the thick limestone-dolomite
aquifer descending towards the sea on the southern slope of the Greater
Caucasus formed in the Jurassic and Cretaceous Periods.

Vertical intermixing of water, except at or near the wind-whipped
surface, is limited because of the compact and hence stratified nature of
the sea. It has been estimated that hundreds of years might be required
(at least 100 years) to bring water in a cycle from the depth to the
surface, although there is some limited sea-bottom turbulence caused
by the warmth of the Earth’s crust, and by chemical reactions in the
seabed.

While only three major rivers — Rhône, Nile and Po — run into
the far bigger Mediterranean, the Black Sea receives five: the Kuban’,
Don, Dnipro, Nistru, and Danube whose drainage basins extend across
the whole of eastern and central Europe and almost to the borders of
France. Altogether they carry about 395 km3 of fresh water into the
Black Sea every year. Half of this volume (198 km3) is discharged by
the Danube alone. The Moldovan Nistru brings about 10 km3 every
year, the Ukrainian Dnipro –– 52 km3, the Russian Don — 28 km3, the
Georgian Rioni — 12.8 km3. Besides, there are about 700 smaller rivers
discharging into the sea. During the second half of the 20th century
the water discharge into the Black Sea has been decreasing because of
the water use by agriculture, industry, public and other sectors of the
economy.

It is the rivers, source of so much life, which over tens of thousands
of years along with continued weak ventilation of the deep layers ex-
tinguished life in the Black Sea depths. The inrush of organic matter
from the rivers was too much for the bacteria that would normally
decompose it aerobically. When the organic input is so great that the
supply of dissolved oxygen is depleted, anaerobic bacteria become dom-
inate. These organisms strip oxygen from the sulfate ions, which are
a component of marine water, creating in the process a residual gas,
hydrogen sulfide (H2S). This is one of the deadliest substances in the
natural world. A full breath of it is usually enough to ill a human being.
Oil workers know and dread it; they watch for its rotten-eggs reek and
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at the first whiff they run. They are right to do so. Hydrogen sulfide
almost instantly destroys the sense of smell, so that after the first sniff
it is impossible to tell whether one is inhaling more.

And yet, until the last hundred years, the poisonous darkness lay
below, unknown to anyone. The H2S horizon was first discovered in the
Black Sea by the members of the Russian Geographical Society during
the Black Sea deep-water expedition in 1890–1891. In 1905, Nikolai
Ivanovich Andrusov (1861–1924), a participant of the expedition, was
one of the first scientists who proposed an explanation of the H2S origin.
He thought that the H2S was the result of the biological degradation of
the proteins containing sulfur. Most of the scientists at present think
that the permanent halocline (change in salinity) located between 100
and 200 m and the absence of well-defined vertical currents are the
main factors preventing the penetration of oxygen from the surface
to the bottom. Over the years organic matter has been sinking and
decomposing in the deep waters of the Black Sea. Under the anoxic
conditions below halocline, degradation of organic matter takes place
using oxygen bound in nitrates and especially in sulfates. The latter
chemical reduction results in the formation of hydrogen sulfide.

The Black Sea is the world’s biggest single reservoir of hydrogen
sulfide, smelling of rotten eggs when the gas bubbles to the surface.
Within its total volume of 547,015 km3 of water, about 475,000 km3

are anoxic, without dissolved oxygen, and impregnated with hydrogen
sulfide. It means that some 87% of the Black Sea’s volume are almost
sterile with the exception of a few anaerobic bacteria. This saturated,
gloomy, dead zone lies below a depth of only about 150–200 m!

It is not the only place in the oceans where H2S has accumu-
lated. There are anoxic areas on the floor of the Baltic Sea, and under
some Norwegian fjords where water circulation is slight. Off the Peru-
vian coast, Hydrogen sulfide is sometimes brought welling up from the
depths to the surface in the periodic catastrophes known as «el Niño»,
where it kills the entire ecosystem, destroying the coastal fisheries and
reacting with paint on ships’ bottoms to turn them black. But the Black
Sea deeps remain the largest mass of lifeless water in the world.

Some scientists studying the hydrogen sulfide balance in the Black
Sea assume that about 25,730,000 metric tons of H2S are formed an-
nually in deep water sediments and in the water column of the Black
Sea. Additional 7,890,000 metric tons of H2S are produced every year
in shelf sediments. The presently existing H2S reservoir in the Black
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Sea is estimated to be 5,270,000,000 metric tons.
Further pollution of the sea by anthropogenic organic compounds

and nutrients may trigger massive development of plankton. This may
cause an increase of the H2S production in the water column which, in
turn, may result in the ascent of the deadly waters towards the surface.
Input of anthropogenic substances may already have increased the H2S
production in the northwestern shelf. Summer outbursts of H2S have
already resulted in mass mortality of benthos organisms. There is no
doubt that further pollution of the Black Sea may lead to the anoxic
death of this unique water body.

Above the halocline, which marks the upper limit of anoxia, the
sea boils with life. In terms of biological productivity the Sea of Azov,
the Black Sea’s offshoot, is the richest in the world. More than 2,000
marine species are found in the Black Sea. All major groups of mi-
croorganisms occur in the sea. Although the variety of species is less
than in the Mediterranean, there are still about 350 species of phy-
toplankton and 80 species of zooplankton in the Black Sea, including
jellyfish. In coastal areas, there are eggs and larvae of invertebrates and
fish. There are about 300 species of macrophytic algae (84 greens, 74
browns, and 134 reds). Phillophora (red alga), Cistozira (brown alga),
and Zoostera (flowering plant) are commercially important. In the shal-
low northwest section, there is a significant field of Phillophora, whose
some 10,000,000-ton accumulation rivals that of the Sargasso Sea. This
field is situated at a depth of 20–60 m and has an area of 11,000 km2.
Crustaceans (500 species) and mollusks (200 species) are present in
the Black Sea, some of them are of commercial importance. However,
some mollusks are important because of the destruction they cause in
wooden ship hulls, wharves, and other submerged wooden structures.
Thus, the common shipworm (Teredo navalis), 20 to 45 cm long, has
a worldwide distribution but is especially destructive on the Black Sea
coast.

There are about 180 species of fish, 57% of them Mediterranean
immigrants, e.g. mackerels (Trachurus mediterraneus and T. trachu-
rus), bonito (Sarda sarda), and mullets (Mugil capito, M. saliens, M
cephalus, and M. auratus). The freshwater species make up 22% of the
total. Some of the species live in freshwater and low-salinity regions,
which form in the sea during floods. Another group of species are the
relics of the Pontic fauna: beluga (Acipenser huso), sturgeon (Acipenser
sturio), and some species of herring. A small number of Arctic immi-
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grants, including sprat (Sprattus sprattus) and sardelle (Clupeonella
cultriventris), also are present. Of the 180 species of fish, less than 5%
are commercially important. Among them are herring (Alosa pontica),
khamsa or European anchovy (Engraulis encrasicolus), sprat (Sprattus
sprattus), sardelle (Clupeonella cultriventris), mullets (Mugil capito,
M. saliens, M cephalus, and M. auratus), and mackerels (Trachurus
mediterraneus and T. trachurus). Total fish biomass in the Black Sea
is estimated at about 2 million tons. There are 7 species of reptiles and 4
species of mammals, including the Mediterranean monk seal (Monachus
monachus), common dolphin (Delphinus delphis), bottle-nosed dolphin
(Tursiops truncatus), and common porpoise (Phocoena phocoena).

The Black Sea is an important year-round transportation artery,
linking eastern European and the western Asian countries with world
markets. The main ports are Odesa, Illichivs’k, Mykolayiv, and Sev-
astopol’ in Ukraine; Novorossiysk, Tuapse, and Sochi in the Northern
Caucasus Region of Russia; Sukhumi and Batumi in Georgia; Trab-
zon, Samsun, Sinop, Zonguldak, and Istanbul in Turkey; Burgas and
Varna in Bulgaria; and Constanta in Romania. Fish constitute the
most widely used biological resource of the Black Sea. The total Black
Sea catch peaked at 850,000 metric tons in 1985, then plummeted to
300,000 metric tons over the next five years due to increased water
pollution, unregulated overexploitation, recruitment failure, and other
factors. A slow recovery is under way. Countries of the Black Sea re-
gion caught a total of about 500,000 tons of fish in 1995. Most of the
fish catch is represented by anchovy and sprat.

The magnificent climate and mineral springs of regions around the
Black Sea have made it a recreational and recuperative center. The
most important recreational regions of Ukraine are the Crimean Penin-
sula and the Odesa region. Russia is famous for its health resorts in
the Sochi region. The Zlatni Pyassutsi («Golden Sands») region near
Varna in Bulgaria and the Mamaia region near Constanta in Romania
also attract an increasing number of tourists. In recent years, after the
collapse of the communistic regime in the Soviet Union, Romania, and
Bulgaria, many foreigners come to visit the Black Sea resorts in these
countries.

In spite of the fact that the subhalocline waters of the Black Sea are
anoxic, the sea has served mankind well in the past through its pro-
ductivity in terms of food resources, as a natural setting for recreation
and transportation, and even as a disposal site for waste, including per-
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haps nuclear wastes. In return, it has been exploited and degraded in
many ways. A few examples are the unregulated freshwater withdrawal
for irrigation purposes, hydro- and thermal-power generation, the use
of coastal areas for permanent human settlements, and the numerous
untreated industrial and agricultural wastes discharged into the rivers
that drain into the sea. This variety of activities has had detrimental
effects on the health of the Black Sea.

The nutrient load to the Black Sea has increased markedly in recent
decades, probably as a consequence of the widespread use of phosphate
detergents and intensification of agriculture. This has been reflected
in an increase in the concentrations of nitrogen and phosphorus com-
pounds. Between 1970 and 1991 a two- to three-fold increase in the
nitrate maximum, just above the halocline, has been reported. During
the same period a seven- fold increase in phosphate concentration was
observed along the Romanian shelf. A recent study commissioned by
United Nations Environment Program (UNEP) suggests that 65% of
the nitrogen input to the Black Sea is via rivers (40% alone from the
Danube). This study also estimates the inputs of nitrogen from different
sources of which agriculture and domestic wastewater contributed the
largest share (31% and 26%, respectively). The same study estimates
that the Danube River is the most important source of phosphorus,
contributing some 60,000 metric tons of total phosphorus input to the
Black Sea. The most significant sources of phosphorus input are do-
mestic wastewater and agriculture (46% and 15%, respectively).

There is limited information available on the loads of heavy metals
being discharged into the Black Sea. It is, however, reported that the
Danube alone (based on the Bucharest Declaration’s 1989 figures) is
responsible for discharging annually up to 280 metric tons of cadmium,
60 metric tons of mercury, 900 metric tons of copper, 4,500 metric tons
of lead, 6,000 metric tons of zinc and 1,000 metric tons of chromium.

The annual oil load of the Danube River in the period 1988 to
1989 has been estimated at 50,000 metric tons. Few data exist about
sea-based sources, which are expected to account for the oil pollution
along shipping lanes and in ports. Oil drilling along the Romanian
coastline may be another potential source of oil pollution. Areas of
the Black Sea are severely polluted with oil, particularly those areas
subject to river discharge and ports. Sevastopol’ Bay, which serves as
the major port for the Black Sea navy, is the most polluted, with an
average annual concentration of 5 mg per liter, over 100 times higher
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than the maximum permissible concentration (MPC) allowed by the
Russian Federation water standards. Even the average open sea oil
concentration of 0.1 mg per liter exceeds the MPC by a factor of two.
Oil pollution along shipping lanes is especially heavy (typically around
0.3 mg per liter) and is suggested to be caused by deballasting and bilge
discharges.

A number of exotic species, brought into the Black Sea in the ballast
water of ships, have found ecological niches in which they thrive. Some
of these species have had important ecological consequences for the
Black Sea and Sea of Azov. One of the first introduced species was the
black-eyed hydromedusa (Blackfordia virginica), first observed in 1925.
It was followed by polychaeta (Mercierella enigmatica) in 1929, white
fingered mud crab (Rhithropanopeus harrisi tridentata) in 1937, preda-
tory Japanese snail (Rapana thomasiana) in 1946, soft shelled clam
(Mya arenaria) in 1966, blue crab (Callinectes sapidus) in 1967, nudi-
branch mollusk (Doridella obscura) in 1980, bivalve (Cunearca cornea)
in 1982, and the carnivorous rainbow comb jelly (Mnemiopsis leidyi)
in 1982 (Sensitivity, 1997). The most recent settler, the brown alga
(Desmarestia viridis) was revealed in 1990.

The combination of 20% reduction of river discharge during the
last 30 years, increased water pollution, recruitment failure, and over-
exploitation has adversely affected fish stocks in the Black Sea and Sea
of Azov. Commercial fishing in the Dnipro and Nistru estuaries has
been much reduced and some valuable species such as pike (Esox lu-
cius), perch (Perca fluviatilis), roach (Rutilus rutilus), bream (Abramis
brama), and vimba (Vimba vimba) have almost disappeared. Hatcheries
now preserve the Black Sea sturgeon, once so common that local lore
says «caviar was for the poor». According to Professor Peter Schreiner
of Cologne, an expert on Byzantine diet, an agricultural laborer on
average wages needed to work for only fifteen days to earn the price
of a 45-kg barrel of caviar. Strabo wrote that in the Golden Horn, the
creek of the Bosporus which runs up under the walls of Istanbul, bonito
could be pulled from the water with bare hands. Bonito was so impor-
tant to food and trade that its image appears on some Byzantine coins.
In fact, of the 26 commercial fish species abundant in 1970, only five
are left in commercial quantities today: the anchovy (Engraulis encra-
sicolus), sprat (Sprattus sprattus), sardelle (Clupeonella cultriventris),
and mackerels (Trachurus mediterraneus and T. trachurus). However,
despite fewer catches, the number of fishing vessels has risen since 1985
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from about 3,000 to 3,250 in 1990 and 4,000 in 1997. In spite of the
banning of dolphin fishing, which was done by Soviet authorities in
1966, an estimated 250,000 dolphins and porpoises are left compared
to 1,000,000 in the late 1970s.

The United Nations declared 1998 the «Year of the Ocean», but not
much was done during that year for one of the greatest inland seas, the
Black Sea, which, if trends continue, may someday have little worth.
At present, most scientists consider the once-teeming sea one of the
world’s most threatened ecosystems.

Д.В.Шацкий

PRECISION AGRICULTURE:
«FORWARD — LOOKING» MODE

OF AGROECOLOGICAL INVESTIGATIONS

Concept of PRECISION AGRICULTURE recently defined by NA-
TIONAL RESEARCH COUNCIL (National Research Council. 1997.
Presision agriculture in 21st Century. National Academy Press. Wash-
ington, DC.): «PRECISION AGRICULTURE IS A MANAGEMENT
STRATEGY THAT USES INFORMATION TECHNOLOGY TO
BRING DATA FROM MULTIPLE SOURCES TO BEAR ON DECI-
SION ASSOCIATEDWITH CROP PRODUCTION». Soil information
is important here, but current soil survey data do not satisfy PRECI-
SION AGRICULTURE requirements.

In this paper the need for soil data in PRECISION AGRICUL-
TURE is discussed on the basis of RUSSIAN RESEARCH. Not only
OPERATIONAL, but also TACTICAL and STRATEGIC aspects are
considered.

At the STRATEGIC and TACTICAL LEVEL, assembled data
on the performance of various farm management systems should be
grouped by soil series to build a systematic database, allowing «quick
and preliminary» evaluations of the effects of farm management strate-
gies based on experiences obtained elsewhere on similar soils.

Шацкий Дмитрий Владимирович –– магистрант биолого-почвенного фа-
культета СПбГУ
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