Department of
Environmental Sciences
and Policy

MARINE
SYSTEMS
Black Sea
2008

Dan Cogalniceanu

Lecture content
• Characteristics of enclosed seas
• Black Sea – general presentation
• Human impact: eutrophication,
pollution, introduction of alien
species, overfishing
• Management of the Black Sea

ENCLOSED SEAS
“Enclosed or semi-enclosed sea" means a gulf,
basin or sea surrounded by two or more States and
connected to another sea or the ocean by a narrow
outlet” (cf. UNCLOS).

Important characteristics of enclosed seas:
1. Water budget
2. Retention or turnover time
3. Load of contaminants
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WATER BUDGET
The general nature of the enclosed seas is
essentially dependent on whether or not the
freshwater lost through evaporation is more or
less than the amount of freshwater input from
precipitation and direct runoff from land.
Rain

Rivers

WATER BUDGET
a. In the case where evaporation is higher then the input, the
surface waters become denser and sink, resulting in
considerable vertical mixing of the waters. The oxygen
acquired from the atmosphere thus becomes available in
deeper waters. An example of this type of sea is the
Mediterranean.
b. In the reverse situation where freshwater inflow exceeds
evaporation, the lighter freshwater remains on the surface.
Oxygen becomes depleted or even absent in the deeper
water. This is the case for the Black Sea and, to some
extent, the Caspian and Baltic Seas.

RETENTION OR TURNOVER TIME
The retention or turnover time refers to the time
period required to replace completely the water from a
water body, representing the sum of inputs and
outputs. Retention time has a direct influence on how
contaminants are retained or accumulated in the
marine ecosystem.
Example of retention time values:

•
•
•
•

0.1 to 3.9 years - North Sea
30 years - Baltic Sea,
80 years - Mediterranean Sea
140 years - Black Sea
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LOAD OF CONTAMINANTS
The environmental quality and status of a sea is also influenced
by the amount or load of contaminants entering the sea and
their degradability, persistence and toxicity to aquatic
organisms. Total loads entering a sea are dependent on:
– population size within its catchment
– industrialisation within its catchment
– level of treatment and control of contaminants in discharges
Thus the Black and Azov Seas have not only the largest
catchment of Europe’s seas, but also the largest population
within the catchment, so contaminant loads are potentially
higher than in other seas.

UNIQUE CHARACTERISTICS OF THE
BLACK SEA
•

World’s largest land-locked sea (Its only connection
is through the Bosphorus Straits, a 35 km long natural
channel, as little as 40 metres deep in places).

•

World’s largest anoxic sea (90% of its volume).

•

High stratification of the water column (salinity and
temperature) - steep physical and chemical gradients
both in space (horizontally and vertically) and in time.

•

A ratio of 6:1 between catchment area and sea area
(receives each year 350 km3 of freshwater from its
rivers).

LOCATION IN EUROPE
Drains about one
third of the surface
of Europe.
Surface:
423,500 km2
Drainage basin:
2,405,000 km2
17 countries
13 capital cities
170 million inhabitants
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EVOLUTION IN TIME
• Young sea, natural changes still take place and
its ecosystems are subjected to maturation
processes.
• Salinity increased during the last 8-9000 years –
initially it was freshwater.
• Mineral budget equilibrium was achieved only
about 1000 years ago.

Reconstructed levels in the
Mediterranean (M) and Black
Seas (B), and their
connections/ isolations via
the Dardanelles and
Bosphorus straits (S).
The gradual inflow model in
which the first connection
was made at 9,000 yr bp.
The depth of the strait
deepened slowly as global
sea level continued to rise,
leading to an acceleration in
the strengthening of the
Black Sea's salinity.
The catastrophic flood
model in which the
Mediterranean broke through
a barrier in the inlet at 7,150
yr bp and rapidly flooded a
partly evaporated freshwater
lake.

Flooding of
the freshwater
Black Sea
lake by marine
water
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Changes in absolute level of the Black
Sea during late Pleistocene-Holocene

Area of Water Surface
432,000 km2
River inflow 340.6 km3
Water volume 547,000
km3
Maximal depth 2,212 m
Salinity 18 ‰ - 22 ‰

WATER CURRENTS
Boundary
current,
anticlockwise,
parallel to the
shore.
Two cyclonic
spiral flows,
that divide the
basin in two
(East and
West).
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DEPTH PROFILE OF
THE BLACK SEA

The high sediment deposits
indicate an old sea.

Structure of sedimentary case and basement at a
transect in the western part of the sea

Sedimentation
rate (cm/1000
years) in
abyssal
sediment
depending on
age of deposits
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Vertical stratification
and generation of the
anoxic layer

VERTICAL STRATIFICATION

Changes in salinity (S) and relationships between
oxic (OZ) and anoxic (AZ) zones in the Black Sea
during the recent transgression.
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Water exchanges between the Black and the Marmara seas

MAIN RIVERS OF THE BLACK
SEA DRAINAGE BASIN

Water and suspended matter discharge by
major rivers and volumes of their terrestrial
denudation
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Total Shoreline: 4 340 km
Bulgaria 300 km
Georgia 310 km
Romania 225 km
Russian Federation 475 km
Turkey 1400 km
Ukraine 1628 km

Population of the Black Sea Coastal Zone
and Black Sea Basin 1997 - 1999

HUMAN IMPACT
In the early 1990s, the Black Sea was labelled “the toilet
bowl for half of Europe.”

1. Eutrophication
2. Increased salinity
3. Pollution
4. Overexploitation of fish stocks
5. Introduction of alien species
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Main threats to the Black Sea

EUTROPHICATION
The Black Sea is critically eutrophic.
There was an enormous increase in the
nutrient load to the Black Sea in the past 30
years. Some of the main causes are
increased industrial activities, intensive
agriculture and the widespread us of
phosphate based detergents.

PRIMARY PRODUCTION IN THE BLACK SEA
Composite
image based
on monthly
images of
the summers
of 1998 and
1999 showing
high
productivity
in the western
Black Sea,
extending
toward
the south and
along the
western
Anatolian
coast.
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EUTROPHICATION
Eutrophication is caused by agriculture, industrial
activity and inputs of insufficiently treated sewage, due
to lack of effective catchment management.
Înutrient inputs from the rivers
Most destructive effect is oxygen deficiency (hypoxia
or anoxia), causing mass mortality
(anoxic zones expanded from covering 3,500 km2 in
1973 to 40,000 km2 in 1990).

AREAS OF
SEASONAL
HYPOXIA AND
ANOXIA DURING
1973-2000

The NW part has a
land drained:water
ratio of 22:1
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EUTROPHICATION
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Total N and P fertiliser application in the Danube Basin
during 1961 to 1997 (a side effect of the Green Revolution).

NITROGEN AND PHOSPHORUS LOAD
IN THE BLACK SEA

EUTROPHICATION - 2
•
•

•
•
•
•
•
•

intensification of phytoplankton blooms, particularly in the
shallow NW part where nutrients are readily recycled.
a gradual basinwide shallowing of the euphotic zone. Even
in the open sea, light penetration has decreased from 50-60
m in the ‘60 to about 35 m in the present.
This has caused the massive loss of shallow water
macrophytes.
profound changes of the base of the marine food chain,
caused by the almost monospecific algal blooms.
widespread hypoxia and even anoxia.
collapse of fisheries. Of the 26 species of commercial fish in
the ‘60, only 5 remain in significant exploitable quantities.
drastic reduction of biodiversity
serious socio-economic consequences, mainly closing of
fisheries and fish-processing related industry, less tourism.
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ESTIMATED POLLUTANT LOADS ON THE BLACK AND THE
MEDITERRANEAN SEAS (1,000 TONS/YEAR)

5:1
7:1

Reduction in annual discharge of some
rivers draining the Black Sea

The Danube is the largest river
within the Black Sea catchment
and the reduction in the annual
discharge is minimal

OIL POLLUTION
It is estimated that about 110,000 tons of oil
reach the Black Sea every year.
1. River discharges and ports.
The Danube River accounts for more than 1/3 the oil pollution.

2. Offshore oil and gas production by Romania and
Bulgaria
The average open sea concentration of 0.1 mg/l
exceeds the standards and is two orders of
magnitude higher than the open North Sea.
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OIL POLLUTION

Some 30 per cent of all merchant shipping and 20
per cent of global oil shipping crosses the
Mediterranean every year
The number
of ships
transiting
the
Bosphorus
has
increased
from 4,500
(net tonnage
7,500) in
1938 to
50,000 (net
tonnage
156,057) in
1996.

Oil transport
in the Black
Sea

UNEP/Grid-Arendal Maps and
Graphics Library 2001

OIL POLLUTION

EXISTING
AND
PLANNED
OIL
PIPELINES
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OIL POLLUTION

OIL SPILLS IN THE BLACK SEA, 1996-2001
Includes ONLY
reported spills

OVERFISHING
The Black Sea was traditionally a rich fishing area.
The fisheries supported a total human population of some 2
million people (fishermen and their families).
Overfishing (and eutrophication) caused:
1. Economic extinction of 21 out of 26 valuable fish species
traditionally landed.
2. Drop in landings from almost 900,000 tons in the mid ‘80,
but fell to about 200,000 tons in 1992.
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Total Fish Catches in the Black
Sea, tons

INTRODUCTION OF ALIEN SPECIES
The Black Sea is prone to invasions due to

1. high primary productivity
2. low salinity,
3. low native species diversity
The 67 recorded introductions were made
either intentionally or accidentally, by
shipping operations. The rate of invasion was
estimated as one new species every 3-4 years.

TREND IN THE INTRODUCTION OF ALIEN
SPECIES IN THE BLACK SEA

Only for the species for which detailed records are available.
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CHANGES IN COMMUNITY STRUCTURE

Successive blooms of gelatinous organisms in the Black Sea
from 1960 to 1995, after the sharp decline in the population of the
jellyfish-eating mackerel. (a) Scomber combrus, (b) Rhizostoma
pulma, (c) Aurelia aurita, and (d) Mnemiopsis leidyi.

CASE STUDY - Introduction of the comb jellyfish
Mnemiopsis leidyi
This alien carnivorous animal, introduced in 1982 to the Black
Sea, has attained a gigantic biomass in the Sea of Azov and in
the Black Sea.
It feeds on zooplankton (competitor) and fish larvae (predator).
It is a dead end for the trophic chain, having no natural
predators.
The decomposition of the large number of individuals
increased the problem of hypoxia, especially in the shallow
waters of the Sea of Azov and the north-western Black Sea
area.
It is now effectively controlled by another alien jellyfish Beroe
ovata.
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CASE STUDY - Introduction of the
snail Rapana venosa

The predatory sea-snail Rapana, settled from Japan in the early
‘40. It was first reported in 1947 from Novorossisk, as Rapana
thomasiana and its range extended rapidly due to high fertility
and lack of competitors in the Black Sea. It tolerates a high
range of salinity and even hypoxia.
It is held responsible for the destruction of commercially
harvested oyster populations and a general decrease in
biodiversity.
It reached in areas a biomass of hundred of tons/km2.
Its populations are now in decline due to a decrease in food
availability and recently, to extensive economic exploitation.

Black Sea Basin Approach
• Convention on the Protection of the Black Sea against
Pollution, adopted at the CONFERENCE ON THE PROTECTION OF THE
BLACK SEA (Bucharest, April 1992).
•

Odessa Ministerial Declaration on the Protection of the Black Sea (Odessa, April
1993).

•

The Strategic Action Plan for Rehabilitation and Protection of the Black Sea
(Istanbul, October 31, 1996).

•

Ministerial Declaration on Protection of the Black Sea Ecosystem (Varna, June
14, 2002) and Black Sea Biological and Landscape Diversity Conservation Protocol
(Varna, June 14, 2002 signed by four coastal states).

•

Black Sea Environmental Programme (1993-1996), TACIS Black Sea Funds
(1995- 2000), Black Sea Ecosystem Recovery Project (2002-2004) delivered the
international assistance for protection and rehabilitation of the Black Sea ecosystem
including its biodiversity components and institutional capacity building.
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