




























































































considerable increase in landings during the past 15 years, these data are obsolete
and need to be updated (Turkey, 1976,1985b). Attention shouid be paid to the
impact of high catches of anchovy and horse mackerel. In the years 1982-1983, the
catches surpassed the potential annual yield indicated by the UNDP/FAQ study (Losse
& Johannesson, 1973). In spite of landings of anchovy and horse mackerel being
seasonal, a sizeable processing industry has already been established on the Black
Sea coast. Due to poor coordination in the sector, fishing and processing
capacities are not properly matched. While their relation to the potential
sustainable yields of the fish stocks to date can only be guessed, it is felt that
the processing capabilities, especially the reduction to fish mea! and oil, have
been over-capitalized. Recent legal and administrative changes are expected to
favour integrated and effective development of the fisheries sector. A fisheries
law has becn enacted which should enable the fisheries services within the Turkish
Ministry of Agriculture, Forestry and Rural Affairs, i.e. the General Directorates
for Project and Application and General Directorates for Conservation and Control,
to play effective roles in a number of aspects related to fishing activities. The
Turkish State Planning Organization is now actively involved in the planning and

coordination of fisheries development within the framework of the Turkish Fifth and
Sixth Five-year Development Plans.

Table 13. Catches of European anchovy (Engraulis encrasicolus), sprats (Sprattus
sprattus and Clupeonella cultiventris) and horse mackerel (Trachurus
mediterraneus and T. trachurus) and the total catch in the Black
Sea and in the Sea of Marmara in metric tons

(from GFCM, 1987)

Year Anchovy Sprats Horse Sum of . Total

mackerel these groups catch
1976 354,941 . 42,087 41,413 438,441 491,607
1977 258,270 46,698 27,572 332,540 389,340
1978 275,069 115,656 41,440 432,165 491,251
1979 286,660 147,658 82,790 517,108 628,229
1980 473,160 161,468 61,459 696,087 770,615
1981 453,061 143,702 59,919 656,682 745,101
1982 498,080 198,443 69,796 766,319 893,783
1983 517,714 161,276 80,812 759,802 876,563
1984 603,060 130,698 100,008 863,766 923,880

According to recent estimates, the total fish catch of Romania is about
15,000 t/year. The most common species are sprat, horse mackerel, anchovy, Danube
herring (Alosa), sturgeon and turbot. In the last two decades, two valuable
species have disappeared from Romanian waters, i.e. blue mackerel and bonito. They
migrate into the Black Sea from the Sea of Marmara through the Bosphorus, where
conditions adverse for reproduction have drastically diminished the stocks. Sprat
(Sprattus sprattus) account for 50-60% of the total Romanian catch. It is a short-
lived species which can withstand strong alterations in environmental conditions
and thus maintain a constant population for many years. In 1984, 130,698 metric

tons of sprat (i.e. Sprattus sprattus and Clupeonella cultiventra) were caught in
the Black Sea (GFCM, 1987).

The manipulation of river flows and river discharges in the northern Black
Sea, the increase in water pollution and over-exploitation of stocks heve
significantly affected fisheries. Fish and shellfish yields have declined
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substantially in the north, including the Sea of Azov. This decline has been
attributed to the cut-off in freshwater inflow (Tolmazin, 1985b). In the
precontrol period, the river-estuary-coastal-sea ecclogical system was balanced and
could sustain a fish harvest of about 80 kg/ha in the Dnepr estuary (Zhuravleva et
al, 1976). After water regulation, commercial fishing in the Dnestr estuary has
virtually come to an end. In the seventies, fish catches in the Dnepr estuary
dropped five times as compared to the fifties. Some valuable species such as pike,
perch, roach, bream and vimba, disappeared iltogether.

4. BIOLOGICAL EFFECTS

4.1 Eutrophication

In the last three decades the nutrient corcentrations in Romanian coastal
waters have increased significantly. Between 195¢ and 1968 the phosphorus content
(P-PO,) was of 5-20 ug/1, with lower values in summer. This value increased five
times in 1968-1971 and 10-20 times after 1971. The annual mean value for 1975 was
302.6 pg/1. Since then it has maintained the same level of 200-300 pg/1, with
lower concentrations in summer /Cociasu & Popa, 1980). The same changes can be
found for nitrates (N-NO,): 22.5 pg/1 in 1960, 78.95 pg/1 in 1980 and 107.61 pg/1
in 1985. Since the sixties, N-NO, and N-NH,, as well as organic substances have
increased significantly. The poor quality of the Danube water and waste water
disposal are the major factors that have contributed to this situation.

As a result of eutrophication, there have been changes in the composition
of the phytoplankton community (Mihnea et al, 1981). In the early sixties, the
nutrient content was a limiting factor for phytopiarkton development. Since 1970,
the nutrients exceeded the phytoplankton requirements and stopped being a factor
controlling primary production (Mihnea & Cuingioglu, 1985).

The following changes in phytoplankton ecology in Romanian coastal waters
were noted:

(a) Increase in number of some indigenous species (Mihnea, 1985):

(1) Skeletonema _costatum: from 1 x 10* - 14 x 10° cells/1 (1962-1965)
to 8.26 x 10" (1975-1977).

(i1) Cyclotella caspia: from 3.2 x 10* - 1.2 x 107 cells/1 to 9 x 10° -
9 x 10° cells/1 (1975-1977).

(iii) %erat§ulina bergonii: reached a density of 3.58 x 10° cells/1
1983).

Liv) Exuviaella cordata: increased from a few million (1962-1965) to 1
x 10° cells/1 (1975-1983).

A great number of species underwent important changes in 1983-1984. Forty
species gave densities about 100,000 cells/1, 7 of which were between 1-10 million,
and 4 species had densities of 16 to 141 million cells/] (Bodeanu, 1984) .

(b) Appearance of new species in the ecosystem (Mihnea, 1982, 1985; Mihnea et
al, 1981):
(1) Species permanently established or persisting for long periods of
time:

Gonyaulax polygramma was found for the first time in inshore waters
in 1976 at a density of up to 280,000 cells/1 and reached 1.85




million cells/1 in 1983. Raciborskiella salina developed at a
density of 1,000-14,000 (1975) and 1.04-1.7 million cells/1 1983
and 1977, respectively. High concentrations of dissolved organic
matter (BOD. ranged between 0.69 and 13.44) favoured the development
of eug]enoﬁ%ytes: Eutroptia lanowii was identified when values of
BOD. ranged between 2.4 and 4.6 m90214 (Mihnea, 1978). The maximum
celi density was 8.1 million cells/1 and was found in 1982 in the
Constanta harbour.

Concentrations of other euglenophytes, i.e. Euglena pisciformia, E.
viridis f. salina, E. acus, E. desses, E. limnophyla, Astasia
parvula, A. pygmaea, A. curvata, were correlated with the
composition of dissolved organic matter (Mihnea, 1979).

(i) Species that have developed one more life cycle and whose number
was reduced or have almost disappeared from the ecosystem:

The following species belong to this group: Polytima uvella,
Apiococcus consociatus, Brachiomonas westiana, Chloromonas
paupercula, Chaetoceros simplex var. calcitrans.

(c) Species whose Tife-cycle was modified (Mihnea, 1981, 1985): Skeletonema
costatum and Cyclotella caspia.

(d) Quantitative changes in the phytoplankton community: In 1962-1965 the total
number of phytoplankton reached 1-4 million cells/1 only during the spring
or summer blooms. After 1975 the number usually exceeded 1 million cells/1,
sometimes reaching over 100 x 10° cells/1. This was the result of the
frequent blooms that affected inshore areas 1-3 times a year (Mihnea &
Cuingioglu, 1982; Bodeanu, 1984). This increase in numbers is related to
the increase in biomass (as wet weight): 723-2 004 mg m™ in 1962-1965 and
2,943-33,927 mg m™> after 1980.

Particulate organic carbon ranged between 3.0 and 1,144 mg m™> in 1984
(Mihnea, 1984). Chlorophy11 a content variations (minimum and maximum in mg m™>)
were 0.025-54.59 (1982); 9.03-42.98 (1983); 0.009-62.5 (1985), with extremely high
concentrations recorded during the blooms (up to 185 mg m™> in shallow waters, e.g.
in May 1983) (Mihnea, 1987).

A high increase in the density of the phytoplankton community affects
vertical light transmission. A large amount of phytoplankton adds to the suspended
matter, which results in the reduction of depth from 50 to 1% isolumes. During
1983, %hytoplankton densities of 8.4-11 million cells/} (14.20-42.78 chlorophyll]
amg m~) implied 50% isolumes in a station influenced by waste waters. In the same
month at 10 nautical miles offshore, low quantities of phytoplankton (7,000 - i
million cells/1 and 0.21-2.19 mg chlorophyll a m™) determined a depth of 1.64 m
for 50% isolumes and 10.8 m for 10% (Mihnea, 1985; 1986).

Phytoplankton blooms also deplete dissolved oxygen with the result that

conditions in the environment become lethal to the majority of organisms.

4.2 Long-term biological impact of cortaminants

The effect of long-term modifications on the Black Sea marine environment
resulting from human activity has induced significant changes not only in
phytoplankton but also in zooplankton and zoobenthos. The zooplankton community
iqfreased from 2.56 mg m™ in 1961 to 18.30 mg m> in 1967 and 16.96 to 155.56 mg
m~ during 1976-1977 (Petran et al, 1977). In 1983 this was 8,719 mg_m™.
Noctiluca miliaris had an explosive increase, reaching 15,712 individuals m>,




Acartia clausi reached 5,835 individuals m™> and Pleopsis polyphemoides 1,760
individuals m>. Other species decreased, e.g. Paracalanus parvus, Centropages
ponticus, Qithona nana and Penilia avirostris. Some species became rare, e.g.
Evadne spinifera and Pleopsis tergestina (Porumb, 1980, 1984). The diversity
indices of zooplankton have low values due to a few cpportunistic species such as

Pleopsis polyphemoides and Acartia clausii that produced a monospecific population
(Petran, 1984).

Over the last years, there have been spectacular changes in the biomass of
jellyfish (Aurelia aurita) {(see Shushkina & Musayeva, 1983). In 1959-1962, its
total biomass in the 0-80 m water layer of the Black Sea was 93-1,600 thousand tons
(average: 670 thousand tons). In 1978, in the 0-10 m layer there were 47 million
tons of Aurelia with a total biomass (wet weight) of 300-450 miliion tons for the
whole of the Black Sea (Gomoiu, 1981). This is much greater than the biomass of
the anchovy. This phenemenon can be related to the development of phytoplankton
and zooplankton as a result of eutrophication and to the considerable reduction in
the number of some plankton-feeding trophic competitors of the jellyfish. In the
Black Sea the population of Aurelia consumes daily about 15% of the biomass of
zooplankton in the fall, and up to 25% of tihe production of non-predatory
zooplankton. Aurelia consumes 10% of the production of the whole non-predatory
zooplankton per square meter every 24 hours and about 30% of the production of the
non-predatory crustaceans. Since 1986, a jellyfish monitoring study has been
carried out by the Institute of Marine Sciences of the Middle East Technical
University, Turkey. The preliminary results (Bingel & Unsal, 1936) show strong
biological interactions beiween the Sea of Marmara and the Black Sea. Seasonal
averages of the jellyfish biomass were found to be as follows:

Time period ' Biomass
(Wet weight gm™)

Winter 1985-1986 6.94

Spring 1985-1986 4.08

Summer 1985-1986 17.20

The current fluctuations in the jellyfish biomass in the Black Sea are
indicative of the growing instability of this environment.

Benthic fauna has also shown qualitative and quantitative changes. Ostrea
suplamellosa and Gibbula divaricata are now extinct along the Romanian coast.
Other species, quite frequent in shallow-water zones 15-20 years ago, have also
disappeared or are quite rare: QOphelia bicornis, Petricola Titophaga, irus irus,
Solen vagina, Donax trunculus, Eriphia verrucosa, Upogebia pusila (Gomoiu, 1981).
Organisms which were scarce became common, for example the tube polychaete Melinna
palmata, have become extremely abundant. Melinna palmata populated the depths of
20-40 m in an area larger tnan 2,200 km2, with a density of 2,331 specimens m2.
It is suggested that this high biomass is related to the increase in concentration
of particulate organic matter. As a consequence of the more frequent phytoplankton
blooms, a great quantity of organic detritus is accumulating on the sea bed. This
detritus is an ideal food for Melinna, which shows a great tolerance of large
changes in dissolved oxygen concentrations and even temporary anaerobic conditions
and the presence of hydrogen sulphide (Gomoiu, 1982). The blue mussel, Mytilus
galloprovincialis, and soft clam, Mya arenaria, have been affected along the entire
continental shelf. Since 1976-1977 the mussel stock has drastically diminished.
However, in 1983-1984 new populations consisting of young specimens were found
(Gomoiu, 1984). On the other hand, Mya arenaria has become very common along the
Romanian coastline during the last 15 years. In some places there are more than
2,700 individuals m? and a biomass of about 1,000 g m2. It contributes
substantially to the biomass but, at the same time, it disturbs the ecosystem by
competitively excluding the endemic Corbula mediterranea (Tiganus, 1983). Owing




to modified conditions, new organisms have penetrated into the Black Sea and formed
large populations. These are Polidora ciljata, Callinectes sapidus, Rapana
thomasiana, Mya arenaria and, more recently, Scapharca inequivalvis.

4.3 Public health effects

No cases of epidemic induced by water poilution along the Black Sea coasts
of Bulgaria, Romania and Turkey have been reported. In the USSR, in the summer of
1970, there was a cholera epidemic in the estuarine areas of the northern Black Sea
and the Sea of Azov, causing some deaths. Quarantine and related measures
apparently stopped the spreading of the epidemic. Observations of active cholera
bacilli in the regional marine ecosystem suggest that the event was generated by
a sudden increase in pollutants as a result of the manipulation of river flows and
disposal of wastes (Tolmazin, 1985b) .

4.4 Recovery and rehabilitation of damaged habitats and species

In Turkey, regulatory measures have been introduced and scientific
investigations are in Progress to deal with the problems of over-exploitation of
some fishery resources along the crast. These efforts are being supplemented by
a number of pollution monitoring projects.

In the rorthern Black Sea region, rehabilitation programmes have been in
progress for some twenty vyears. Several Tlarge hatcheries/fish farms were
constructed. These farms presently constitute 50% of the fish-farming capacity of
the USSR. Such meacures have been successful in the preservation of fish such as
sturgeon. Other rehabilitation efforts have failed because of demands for water

for other purposes. Long-term regulatory projects on large estuaries and the Sea
of Azov are being planned.

4.5 Episodic evants and accidents

The release of large quantities of radionuclides to the lower atmcsphere
from the Chernobyl nuclear power plant in 1986 has had implications on the health
of the Black Sea. Clouds containing radioactive material reached the Black Sea
areéa on 2 May and subsequently. In addition to direct fallout, the Black Sea is
expected to have received an advective input from the Danube and the Dnepr. Both
rivers drain watersheds heavily impacted by the Chernobyl fallout, the Dnepr
including the freshwater envi-onment direct]y around the Chernobyl site itself.
The "*Cs, B7Cs concentrations measured and ¥Cs/™"Cs ratios calculated from the

data obtained auring the cruise of the Turkish research vessel R/V PIRI REIS are
presented in Table 14.

Table 14, "%(s and ¥"Cs concentrations and 13"Cs/mCs ratios
in cuirface waters
(Livingstone et al, 1986)

137, 134,
s Cs 134 137

Locatior concentrations concentrations Cs/ " Cs

!bg/m°) (og/m°)

Black Sea 165 + 14 78 + 4 0.47
Black Sea 70 + 5 35 +3 0.5C
B'ack Sea 41 + € 17 + 1 0.42
Bosphorus (mouth) 85 + 4 35 + 3 0.48
Bosphorus 74 + 4 35 + 3 0.46




Eutrophication and blooms leading to red tides have been observed in the
past (Bodeanu & Roban, 1975). The review by Tolmazin (1985a) fully covers the
oceanography of the basin, the development of hypoxia generated by alteration to
the physical anvironment, changes in the biochemistry of the region by human-
induced control of river flows and the consequent upwelliing of anoxic bottom waters

temporarily generated near the Danube-Dnestr region and in the southwest of the
Dnepr estuary.

The manipulation of rivers, especially of the Dnepr, has not only decreased
discharges but has also significantly altered seasonal flow patterns. The short
and intense spring flood now extends over a longer period but has a lower intensity
(Tolmazin, 1985a%. As a result of this, there is now nearly permanent
stratification in shallow coestal areas and estuaries that strongly precludes
downward transport of dissolved oxygen. in the presence of increased organic
loads, hypoxia episodes have developed in several areas. Hypoxia, possibly induced
by transient upwelling events, was observed in a few areas before the reduction in
the river discharge. Following the significant reduction in the discharges of
rivers during 1973-1975, however, severe hypoxia (and, in some cases, anoxia)
developed. Mass mortalities of major species within the subpycnocline waters
occurred in water masses as large as 3,500 km> (Salsky, 1977; Losovskaya, 1977).
The area affected extended from the mouth of the Dnestr to the Danube delta,

resulting in high mortalities of benthic fish such as goby and flounder n coastal
areac.

Bronfman (1976) and Tolmazin (1977) formulated a hypothesis on the dynamics
cf hypoxia involving the increase in the sinking of particulate organic matter
generated by inland sources and eutrophication of coastal waters in the presence
of high stratification, slow bottom circulation with consequent small amounts of
external oxygen supply, and upwelling. Immobile benthic species die rapidly and
contribute further to the depletion of oxygen. Water is recharged with dissolved
oxygen with the onset of vertical mixing during the cooler period. According to
Tolmazin (1985a), in recent years there has been an increase in hypoxia episodes
covering nearly 20,000 km® of the northwestern shelf waters. He further reported
that "catches of flounder and turbot decreased sharply. The population of grey
mullet, red mullet, all species of crabs, some Idothea ostroumi and pontellid
copepods have decreased by 1-3 orders of magnitude”.

5. REGIONAL ASSESSMENT, TRENDS AND FORECASTS

The Black Sea receives large quantities of domestic and industrial waste
waler which is mostly untreated. The hydroiogical cycles of the northern rivers
are being significantly manipulated. The quantities of industrial and domestic
waste waters discharged into the basin are unknown but it can be said that such
discharges significantly affect the Black Sea.

It is expected that the Biack Sea coast will continue to develop rapidly.
New townships and industries, through an increased input of wastes, will further
stress the Black Sea.

As a result of the manipulation of the northern rivers, both the quantity
and quality of the water reaching the Black Sea will continue to be considerably
reduced. At present, about 50% of the water consumed goes back into the river
systems without sufficient treatmert.

The manipulation of rivers flowing into ihe northern Black Sea and the
accompanying increase in the levels of pollution are significantly affecting
fisheries, which are also faced with over-exploitaticn. Many economically
important species of fish have disappeared regionally as well as from the entire
Biack Sea. Furthermore, increasing nutrient input through rivers and the



alteration in the stratification of the coastal water masses have led to even more
prolonged periods of eutrophication. Hypoxia has become a frequent phenomenon in
certain areas in the northern Black Sea. Mass mortalities of the major spegies of
the food chain accompany the hypoxia in water masses as large as 3,500 km’. The
change in the ecology of the Black Sea is indicated from the persistent explosion
in jellyfish population. Even though the exact causes for this are not known, this
increase in number and biomass of jellyfish could be the result of human-induced
changes in the oceancgraphy of the Black Sea.

Diversion plans involving a complex network of structures to transfer water
to the southern territories of the USSR have been prepared. Jhe diversions from
the northern rivers into the Black Sea could bring in 70-95 km® of water per year.

Last but not least, significant amounts of oil emanating from some Black Sea
countries are transported across the Black Sea. It is evident that this traffic
poses a threat to the Black Sea, and will continue to do so. This requires serious
monitoring efforts and regulatory measures.

6. PREVENTION AND CONTROL STRATEGIES

Biotic and abiotic changes in the Black Sea are not limited by national
boundaries. Because of the north-south circulation, water from rivers entering the
north-western part of the Black Sea influences the sea water of the USSR, Romania,
Bulgaria and Turkey. Romanian wastewater disposal may affect the Bulgarian coast.
Eutrophication is a common phenomenon of the western part of the Black Sea. To

assess such effects, especially Tong-term ones, international cooperation is
necessary.

Some Black Sea countries have joint monitoring projects on eutrophication,
heavy metals, mariculture, fishing, etc. They also exchange scientists and
organize joint expeditions. A convention of the four Black Sea countries to
prevent pollution is being discussed. This convention stipulates measures and
actions to be undertaken and scientific cooperation.
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