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Long-Term Impacts of

on the
Black Sea Ecosystem

B Y  T E M E L  O G U Z

 he Black Sea, a nearly enclosed and 

 isolated environment, has suffered 

from severe ecological changes during 

the last three decades. It has been con-

verted from an oligotrophic (less than 

100 grams of organic carbon per meters 

squared per year [g C/m2/yr]) system 

prior to the 1970s (the pre-eutrophica-

tion phase) to a eutrophic (300 to 500 

g C/m2/yr) system over the subsequent 

two decades (the eutrophication phase). 

The Black Sea has been called the largest 

eutrophic, or even hypertrophic (greater 

than 500 g C/m2/yr), water body in the 

world (Arai, 2001), even though there is 

a great deal of spatial heterogeneity over 

the basin. Several factors may play a role 

in these changes: excessive nutrient and 

pollutant input (Mee, 1992; Zaitsev and 

Mamaev, 1997), outbursts of the alien 

ctenophore species Mnemiopsis leidyi 

(Shiganova, 1998; Kideys and Romanova, 

2001; Kideys, 2002; Kideys et al., this is-

sue), overfi shing (Prodanov et al., 1997; 

Daskalov, 2002; Gucu, 2002), and cli-

mate impacts on the physical structure 

(Daskalov, 2003; Oguz, this issue). Bilio 

and Niermann (2004) provided a com-

prehensive assessment of various factors 

responsible for the ecosystem transfor-

mations. A general implication of all 

these studies is that the complexity of 

ecological changes result from the con-

comitant roles of anthropogenic inputs 

and climatic forcing. Identifi cation of 

possible future changes and mitigation of 

the negative impacts of the deterioration 

require understanding the relative infl u-

ence of these individual contributions. 

The two-part series of papers in this 

issue by the author makes use of the 40-

year-long (1960 to 2000) published data 

on physical and biochemical properties 

of the Black Sea, and provides a descrip-

tive model for the way in which 

the Black Sea ecosystem has been per-

turbed and restructured since the 1960s. 

The fi rst part (this paper) specifi cally 

considers the bottom-up control by ex-

cessive nutrient loading from rivers, 

and the top-down control by pelagic 

fi shes and gelatinous carnivores. The 

second paper focuses on the role of cli-

mate-induced variations.

IMPACTS OF EUTROPHICATION
Since the late 1960s, the Black Sea has 

been subject to nutrient enrichment 

due to the discharge of excessive domes-

tic and agricultural waste from rivers 

into the northwestern continental shelf 

(NWS). The Danube River constituted 

nearly 75 percent of the total input (Zait-

sev and Mamaev, 1997). Excess nutrients 

have accumulated within the upper ~100 

m above the pycnocline due to very lim-

ited water exchange laterally through the 

Bosporus Strait and vertically across the 

permanent pycnocline. Within a decade, 

the Black Sea, which was poorly produc-

tive prior to the late 1960s, became sus-

ceptible to severe eutrophication (defi ned 

as “the process of changing the nutrition-

al status of a given water body by increas-

ing the nutrient resources”) (Richardson 
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SeaWiFS true color image of the Black Sea, 
the Aegean Sea and the northeastern 

Mediterranean System during 13 June 2000. 
Th e distinct color change in the Black Sea 

shows dense coccolith development as a 
consequence of Emiliania huxleyi blooms.

SeaWiFS true color image of the Black Sea, 
the Aegean Sea and the northeastern 

Mediterranean System during 13 June 2000. 
Th e distinct color change in the Black Sea 

shows dense coccolith development as a 
consequence of Emiliania huxleyi blooms.

The Black Sea , a nearly enclosed and isolated 

environment, has suffered from severe ecological 

changes during the last three decades .  
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and Jorgensen, 1996). This section pro-

vides a brief overview of the changes in 

the Black Sea’s nutrient structure, and its 

impact on the lower trophic food web 

and the vertical biogeochemical pump.

Changes in the Nutrient Structure
Continuous measurements taken in close 

proximity to the Danube delta have doc-

umented an order of magnitude increase 

in the surface phosphate concentration 

from 1 to 2 µM in the 1960s to 10 to 20 

µM in the 1970s and 1980s (Popa, 1995; 

Humborg et al., 1997). Considerable 

changes in nutrient stocks within the Ro-

manian inner shelf have been monitored 

by the monthly measurements from 

1963 to 1995 at a 40-m deep-station 

located 20 nautical miles offshore Con-

stantza. Phosphate and silicate concen-

trations, averaged over the water column 

and over the year (Figure 1), have var-

ied profoundly from 0.2 to 1.5 µM and 

from 30 to 60 µM, respectively, between 

1968 and 1974. By the second half of the 

1970s, a decrease in river discharge after 

construction of dams along the Danube 

and a reduction in the agricultural use of 

phosphate resulted in a strong reduction 

in both phosphate and silicate concen-

trations until 1982. These concentrations 

were then maintained more or less at a 

steady level of about 5 to 10 µM for sili-

cate and 0.2 to 0.3 µM for phosphate. Ni-

trate concentrations, measured routinely 

only since the beginning of the 1980s 

at this particular station, also showed 

a similar decreasing trend from values 

around 15 µM during the fi rst half of 

the 1980s, to 7 to 8 µM during its second 

half, to around 4 to 5 µM during the ear-

ly 1990s. Nutrient concentrations were 

reported to remain steady at this reduced 

level during the rest of the 1990s within 

the Romanian inner shelf waters (Co-

ciasu and Popa, 2002). As shown in the 

second of these articles (Oguz, this is-

sue), eutrophication weakening, together 

with the prevailing climatic warming, 

profoundly altered the biogeochemical 

structure of the Black Sea during the 

1990s. According to the data shown in 

Figure 1, inner shelf waters of the north-

western Black Sea may have been under 

co-limitation by silicate, phosphate, and 

nitrogen depending on local conditions. 

The silicate to nitrogen (Si:N) ratio de-

creased from values of more than 4, to 

1 to 2, during the 1980s and 1990s. The 

nitrogen to phosphate (N:P) ratio varied 

between 10 and 20.

The excessive anthropogenic-based 

nutrient supply has also been traced 

within the deep interior basin further 

away from its source region. By com-

paring data from the R/V Atlantis 1969, 

R/V Knorr 1988, and R/V Bilim 1991 

surveys within the western central ba-

sin, Tugrul et al. (1992) was the fi rst to 

note an upward shift in the position 

of the subsurface nitrate maximum by 

about 10 m and increase in its concen-

trations from ~2 to 3 µM to 7 to 9 µM 

(see Figure 2 in Oguz et al., 2000). The 

interior basin responded to the gradual 

reduction in anthropogenic nitrate sup-

ply into the NWS that occurred after the 

mid-1980s by showing a reduction in its 

nitrate peak concentrations from greater 

than 6 µM to around 5 µM during the 

1990s (see Figure 8a in Konovalov and 
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Figure 1. Temporal distributions of silicate (dots), phosphate (triangles), and nitrate 

(squares) concentrations (µM) at 44° 10’N, 29° 09’E, 20 nautical miles off shore Con-

stantza (northwestern shelf of the Romanian coast). Th e original data (Cociasu et al., 

1996), based on the monthly measurements over the 40-m-deep water column, were 

converted to the annual and depth-averaged form for the present study. Th e sharp drop 

in silicate and phosphate concentrations from 1974 to 1975 coincides with the dam-

ming of the Danube at Iron Gates. Th e relatively high nutrient concentrations of the 

shelf areas are shown to level off  after the mid-1980s. 

Temel Oguz (oguz@ims.metu.edu.tr) is Pro-
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Murray, 2001). Available nutrient data 

indicated strong nitrogen limitation in 

the euphotic zone waters of the interior 

basin with N:P ratios of 4 to 6 and Si:

N ratios of 6 to 10 during the 1980s and 

the early 1990s (Basturk et al., 1997). 

The data collected after 1995 on the R/V 

Bilim within the western and eastern 

gyres (Figure 2) also supported strong 

nitrogen limitation, as the N:P ratio was 

typically less than 8 and the Si:N ratio 

was greater than 6. 

Changes in the Lower Trophic 
Food Web Structure
Excessive anthropogenic nutrient supply 

considerably altered the lower trophic 

food web structure during the 1980s. 

The succession, intensity, frequency, and 

extension of phytoplankton (microscop-

ic plants) blooms have been modifi ed all 

over the basin. For example, along the 

western coastal waters, the percentage 

of dinofl agellates (a microscopic algae 

found in excess in many harmful algal 

blooms) in these blooms increased from 

~15 percent prior to 1970 to ~60 percent 

during the 1980s and 1990s, while the 

percentage of diatoms (another micro-

scopic algae) decreased (Bodeanu, 1993; 

Moncheva and Krastev, 1997). After 

1970, summer blooms occurred regu-

larly in addition to the regular spring 

blooms. These blooms had mixotrophic 

character, involving dinofl agellates, coc-

colithophores (a type of phytoplankton 

with calcite shells which give blue-green 

color to water during their blooms), 

and euglenophytes (a primitive type of 

protist) (Bodeanu, 1993; Moncheva and 

Krastev, 1997). 

As shown in Figure 3, the summer-au-

tumn (May-to-November) mean phyto-
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Figure 2. Vertical profi les of (a) dissolved inorganic nitrate to phosphate (DIN/PO4), 

and (b) silicate to nitrate (Si/DIN) at 42°15’N 29°15’E (triangles) during 18 March 1995 

(western gyre), 41°58’N 29°56’E (squares) during 28 May 2001 (western gyre), 42°45’N 

36°45’E (dots) during 3 October 1999 (central basin), 42°30’N 37°45’E (stars) during 22 

April 1998 (eastern gyre). Th e profi les are chosen from the R/V Bilim measurements 

archived in the METU-Institute of Marine Sciences (Turkey) database. Th e data, which 

have been collected within diff erent parts of the interior basin during the post-eutro-

phication phase of the ecosystem, suggest persistence of strong nitrogen limitation as 

in the previous decades with DIN/PO4 ratio typically less than 8 and Si/DIN ratio typi-

cally greater than 6.

Figure 3. Temporal variations 

of the surface phytoplankton 

biomass (circles and squares), 

chlorophyll concentration (stars), 

and the Secchi depth (triangles). 

Phytoplankton data are given by 

Mikaelyan (1997), chlorophyll 

data by Vedernikov and Demi-

dov (2002), and the Secchi data 

by Mankovski et al. (1998) as the 

averages of all measurements 

within the interior basin for the 

summer to autumn period for 

the former two data sets, and the 

average of measurements within 

each year for the latter data set. 

Both phytoplankton biomass and 

chlorophyll concentration data 

possess pronounced increases as-

sociated with the eutrophication 

during the 1980s, which are also 

supported by accompanying de-

crease in the Secchi depth data.



Oceanography  Vol.18, No.2, June 2005116

0.4 to 0.5 kg/m2 in the 1970s (Kovalev 

and Piontkovski, 1998), to 1.0 to 1.5 kg/

m2 from 1978 to 1988 (Figure 5a). No 

appreciable contribution of Mnemiopsis 

was found during the latter period fol-

lowing its introduction into the Black Sea 

from 1982 to 1983. This invasive species, 

however, suddenly occupied the entire 

gelatinous stock of more than 2.5 kg/m2 

during 1989, and ~1.5 kg/m2 during the 

subsequent two years (Figure 5a). The 

other gelatinous groups constituted only 

10 percent of the stock at the time of the 

Mnemiopsis population explosion. The 

explosion coincided with a sudden de-

cline in various fi sh stocks, most notably 

small pelagics (Figure 6). Strong preda-

tion by Mnemiopsis on eggs and the early 

life stages of small pelagics, and their 

competition with small pelagics for food 

(mesozooplankton) have been consid-

ered as the major causes for decline of 

the anchovy fi shery (Kideys et al., 2000; 

Kideys et al., this issue). An alternate 

mechanism offered to explain the decline 

of the anchovy fi shery has been recruit-

ment failure arising from overfi shing 

during the 1980s (Gucu, 2002; Shigano-

va, 1998; Daskalov, 2002). 

Modifications in the Vertical 
Biogeochemical Pump
Transformations in plankton com-

munity structure altered the vertical 

biogeochemical pump by means of an 

apparent increase in organic matter con-

tent (Konovalov et al., 1999), enhanced 

bacterial production and organic mat-

ter decomposition (Vinogradov et al., 

1999; Sorokin, 2002), and, subsequently, 

higher rates of oxygen consumption 

(Konovalov and Murray, 2001). More ac-

tive organic matter decomposition then 

Figure 4. Temporal varia-

tions of mesozooplankton 

biomass: circles denote the 

annual-mean of all measure-

ments within the interior 

basin (Kovalev et al., 1998; 

Kideys et al., 2000), and bars 

represent the data from the 

northeastern sector of the 

Black Sea (Shiganova et al., 

2003). Th e combination of 

eutrophication-induced bot-

tom-up control and top-down 

controls by gelatinous carni-

vores and small pelagic fi shes 

lead to strong variations in the 

mesozooplankton biomass 

between 5-17 g/m2 during the 

1970s and 1980s. 0
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plankton biomass within the interior ba-

sin increased by an order of magnitude 

from 1 to 2 g/m2 during the 1960s, to 

about 10 g/m2 in the 1970s, and up to 20 

g/m2 at the end of the 1980s (Mikaelyan, 

1997). A similar sharp increase, from 0.1 

to 0.5 mg/m3, was also observed in the 

summer surface chlorophyll concentra-

tions (Vedernikov and Demidov, 2002; 

Yunev et al., 2002). The variability shown 

in Figure 3 includes all available mea-

surements within the deep basin during 

the summer and autumn months, and 

therefore, refl ects a robust feature of the 

system. As expected, they were accom-

panied by a sharp decrease in the Secchi 

depth (a measure of water transparency) 

by more than 10 m (Figure 3). 

The eutrophic Black Sea ecosystem 

has produced more zooplankton bio-

mass than it used to in its pre-eutrophi-

cation phase. But, many of the domi-

nant mesozooplankton species support-

ing fi sh populations were replaced by 

smaller, less-valuable species (Kideys et 

al., 2000). The long-term fodder me-

sozooplankton data were calculated by 

yearly averaging all available measure-

ments from the northeastern Black Sea 

(Kovalev, et al., 1988; Kideys et al., 2000) 

between 5 and 17 g/m2 during the 1970s 

and 1980s (Figure 4). The simultaneous 

effects of top-down and bottom-up con-

trols are considered to be responsible for 

these fl uctuations. 

The 1980s were dominated by oppor-

tunistic species (e.g., Noctiluca scintillans, 

Acartia clausi) and gelatinous carnivores 

(e.g., Aurelia aurita, Pleurobrachia pi-

leus, Mnemiopsis leidyi) (Shushkina et 

al., 1998; Kovalev et al., 1998; Shiganova, 

1998; Mutlu, 1999; Vinogradov et al., 

1999; Kideys et al., 2000). The sum of 

Aurelia and Pleurobrachia biomass (dom-

inated mostly by Aurelia) increased from 

values of 0.2 kg/m2 in the 1960s, to about 
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led to a higher rate of nitrogen produc-

tion, and a three- to four-fold increase 

in nitrogen concentrations within the 

interior basin’s chemocline. The position 

of the nitrogen maximum zone is also 

elevated upward from the density level 

of σt = ~15.8 kg/m3 to σt = ~15.5 kg/m3 

(Tugrul et al., 1992). All of these changes 

refl ect deposition of anthropogenic 

nitrogen throughout the basin. At the 

same time, the oxycline became much 

steeper and narrower, implying upward 

expansion and broadening of the oxy-

gen-defi cient suboxic layer, even though 

onset of the oxycline (around σt = ~14.5 

kg/m3) and position of the sulfi de inter-

face (around σt = ~16.2 kg/m3) remained 

almost unchanged (Basturk et al., 1998). 

Konovalov and Murray (2001) reported 

thickening of the suboxic zone from 20 

to 70 m within the interior Black Sea 

from 1961 to 1995 which, in terms of 

density, corresponded to a change from 

σt = ~0.3 kg/m3 to σt = 0.7 kg/m3 (Figure 

7). These changes occurred mainly dur-

ing the 1980s at the time of most effi -

cient organic matter production (Figure 

3). Active organic matter decomposition 

continues to take place via consump-

tion of nitrogen further below within the 

suboxic zone. The nitracline below the 

maximum nitrate concentration zone 

then became gradually steeper, as ni-

trate concentration declined towards the 

anoxic interface located roughly at σt = 

~16.2 kg/m3 level. Further below, within 

the anoxic layer, once nitrate was deplet-

ed entirely, organic matter decomposi-

tion proceeded via sulfi de reduction. The 

increase in the rate of this process is in-

ferred by the steep rise in the yearly and 

basin-averaged hydrogen sulfi de concen-

trations at the σt = ~16.4 kg/m3 surface 
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Figure 5. Temporal variations of gelatinous carnivore biomass from the measurements (a) in 

the northeastern sector (Shiganova et al., 2003), (b) southern sector of the Black Sea (Kideys, 

2002). Yellow indicates the sum of Aurelia and Pleurobrachia biomass, and blue indicates 

Mnemiopsis biomass. Note that the northeastern data shown in (a) does not include the 

sum of Aurelia and Pleurobrachia biomass during the 1990s. Th e diff erences in the values of 

gelatinous carnivore biomass in the northeastern and southern sectors of the sea are due to 

diff erent measurement methodologies, but both data sets show qualitatively similar annual 

variations. Note on the left hand side plot that jellyfi sh Aurelia biomass has already exceeded 

1.0 kg/m2 in the early 1980s, and replaced by population explosion of Mnemiopsis leidyi up to 

~3.0 kg/m2 at the end of 1980s.

Figure 6. Long-term changes 

in the Black Sea fi sh catches 

(in kilotons) of small pelagics 

(shown in blue) and the sum 

of medium and large pelagics 

(shown in red). Th e data are 

taken from http://www.seaar-

oundus.org/lme/. Depletion 

of medium and large pelagic 

stocks during the 1970s led 

small pelagics to act as the 

dominant predators in the 

ecosystem with subsequent 

increase in their stock, which 

was exploited by excessive 

and uncontrolled fi shing dur-

ing the 1980s. An order of 

magnitude increase in phy-

toplankton biomass due to 

eutrophication seems to have 

a positive impact on the small 

and large pelagic stocks dur-

ing the 1980s prior to their 

collapse at 1990.



Oceanography  Vol.18, No.2, June 2005118

from about 10 µM during the 1970s to 

20 µM at the end of the 1980s and the 

early 1990s (Figure 8). 

IMPACTS OF OVERFISHING 
AND POPULATION OUTBUR ST 
OF GELATINOUS AND 
OPPORTUNISTIC SPECIES IN 
THE 1980s AND 1990s
One of the most important features of 

the eutrophic Black Sea was diversion of 

the classical phytoplankton-zooplank-

ton-fi sh food chain to an alternative 

pathway of phytoplankton-zooplankton-

opportunistic species-gelatinous carni-

vores during the 1980s. Eutrophication 

alone was not suffi cient to drive all the 

transformations in the food chain. It was 

complemented by the heavy, unregulated 

fi shing ferociously continued since the 

early phase of the eutrophication (i.e., 

the 1970s). 

Overfi shing caused the sharp reduc-

tion and/or disappearance of medium 

and large pelagic fi sh catches (Figure 6). 

Removal of large fi sh from the system 

(“the fi shing down” phenomenon) made 

the smaller and less-valuable planktivo-

rous fi shes (mainly anchovy and sprat) 

the dominant predators in the ecosys-

tem. This change doubled the exploited 

stocks of anchovy and sprat (Prodanov 

et al., 1997), and subsequently their total 

catch at the end of the 1970s (Figure 6). 

As a result, a new and different type of 

top-down cascade started operating on 

the lower levels of the food web, result-

ing in a two-fold decline in mesozoo-

plankton biomass and a comparable in-

crease in phytoplankton biomass during 

the 1970s (Daskalov 2002, Gucu 2002). 

The increase encountered in total phyto-

plankton biomass (Figure 3), therefore, 
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Figure 7. Temporal distribution of dissolved oxygen and hydrogen sulfi de concentrations 

(µM) versus σt (kg/m3) used as the vertical coordinate. Th e layer between 20 µM oxygen 

and 5 µM hydrogen sulfi de concentrations includes variations of the suboxic layer in the 

Black Sea (after Konovalov et al., this issue). Enhanced biological production in the surface 

layer associated with the eutrophication led to more active oxygen consumption at deeper 

levels during the remineralization process. Consequently, the upper boundary of the Sub-

oxic Layer (SOL), defi ned by dissolved oxygen concentrations less than 10 µM, has been el-

evated upwards. Th e SOL having a thickness of ~20 m prior to the eutrophication phase of 

the ecosystem was broadened to ~40 to 50 m during the intense eutrophication phase of 

the 1980s. Th e position of the anoxic interface characterized by the depletion of hydrogen 

sulfi de concentrations has also changed to some extent during the eutrophication phase.

Figure 8. Temporal distribution of 

hydrogen sulfi de concentration 

(µM) along the 16.4 kg/m3 σt sur-

face. It is reproduced from Kon-

ovalov and Murray (2001); the data 

points represent the annual averag-

es of all measurements within the 

interior basin. Th e two- to three-

fold increase observed in hydrogen 

sulfi de concentration during the 

1980s is a product of more active 

organic matter remineralization 

within the anoxic layer through 

the sulfi de reduction process. Th e 

change in the position of the anoxic 

boundary indicated in Figure 7 is 

better identifi ed in this plot.
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was not a result of eutrophication alone, 

but a process that also included overfi sh-

ing (i.e., top-down effect). 

Once the small pelagics became the 

main target of industrial fi shing, their 

catches started decreasing and were 

gradually shifted towards newly re-

cruited, small-sized fi sh groups during 

the 1980s. The catches fi nally exceeded a 

sustainable level in 1987 and 1988 (Shi-

ganova, 1998; Gucu, 2002; Daskalov, 

2002), and collapsed in 1989 and 1990 

(Figure 6). The niche vacated by these 

fi sh groups was gradually replaced by 

gelatinous zooplankton (the jellyfi sh Au-

relia aurita, in particular) and other op-

portunistic species (e.g., Noctiluca scin-

tillans). The increase in Aurelia biomass 

in the 1970s might have been associated 

with overfi shing and removal of mack-

erel, which was a main predator of Au-

relia in Black Sea (Arai, 2001). Because 

of their competitive advantage for food 

as compared to small pelagics, and their 

predation on eggs and larvae of small 

pelagics, the total gelatinous biomass, 

mostly of the jellyfi sh Aurelia aurita, 

reached 1.5 kg/m2 during the mid-1980s, 

and fi nally attained the peak value of 

about 2.5 kg/m2 in 1989 when the popu-

lation of the ctenophore Mnemiopsis 

leidyi exploded (Figure 5a). Relaxation 

of the fi shing pressure during the second 

half of the 1980s may be responsible for 

a gradual increase in the mesozooplank-

ton biomass up to its maximum value 

of 15 g/m2 in 1990 (Figure 4), when the 

small pelagic fi sh stock collapsed (Figure 

6) and the Mnemiopsis population ex-

ploded (Figure 5a). 

The years 1992 to 1993 were very 

special for the Black Sea ecosystem. The 

Mnemiopsis biomass decreased sharply 

to around 0.5 kg/m2 immediately after 

their dramatic outbreak (Figure 5a). The 

mesozooplankton biomass also dropped 

from 17 g/m2 during 1990 to around 2 

to 4 g/m2 from 1991 to 1993 (Figure 4). 

They were accompanied with lowest level 

of fi sh stocks (Figure 6) and the highest 

level of phytoplankton biomass (Figure 

3) since the 1960s. The reversed trend 

observed within the next two years was 

characterized by increases in the biomass 

of mesozooplankton and Mnemiopsis, 

and in the fi sh catch, and by a decrease 

in phytoplankton biomass. Mnemiopsis 

biomass immediately attained its previ-

ous peak level observed at the end of the 

1980s. The plankton and fi sh stocks con-

tinued to oscillate during the second half 

of the 1990s. Mnemiopsis and fi sh stocks 

tended to decrease up to 1998, and me-

sozooplankton biomass maintained 

more or less a steady level around 5 to 

7 g/m2, except for the observed peak in 

spring 1997 following a relatively strong 

winter season. Phytoplankton biomass 

continued to decrease during this phase. 

Toward the end of the decade, the Black 

Sea ecosystem had been infl uenced by a 

new invader, the ctenophore Beroe ovata, 

a predator of Mnemiopsis. 

We note that the gelatinous biomass 

data may require some calibration be-

cause of the lack of standard measure-

ment techniques among different re-

search groups (Niermann et al., 1995). 

Two different data sets, shown in Figures 

5a and 5b, exhibit large differences in the 

biomass values, even though they ex-

hibited similar temporal variations. The 

data shown in Figure 5a were from the 

northeastern Black Sea (Shiganova et al., 

2001, 2003) and differed fi ve to six fold 

from those obtained within the southern 

Black Sea (Figure 5b) (Niermann et al., 

1995; Mutlu, 2001).

IMPACT OF CTENOPHORE 
BEROE OVATA  IN THE LATE 
1990s
Beroe ovata has been introduced into the 

Black Sea with ballast waters in 1998, ac-

climated quickly and easily to the Black 

Sea conditions, and spread a year later 

over the northwestern, northeastern, and 

southern Black Sea. The systematic ob-

servations carried out within the north-

eastern Black Sea from 1999 to 2001 

(Shiganova et al., 2003) indicated a com-

plex prey-predator interaction between 

Mnemiopsis and Beroe. The biomass of 

Mnemiopsis, up to 2.0 kg/m2 in August, 

was found to drop by an order of mag-

nitude within a month following active 

reproduction of Beroe from September 

to October. Reproduction rates of Beroe 

then decreased as the Mnemiopsis stock 

was gradually depleted in the autumn 

months. Only a small fraction of the 

Beroe population remained alive until the 

next burst of Mnemiopsis. Thus, although 

high values of Mnemiopsis biomass are 

still occasionally observed, its impact on 

the ecosystem has been limited to 1 to 2 

months during the late summer, as com-

pared to 8 to 9 months from early spring 

to late autumn prior to the settlement of 

Beroe in the Black Sea. In contrast, the 

biomass of Aurelia and Pleurobrachia, 

which were not consumed by Beroe, re-

mained at its pre-1999 level of about 0.3 

to 0.4 kg/m2 (Shiganova, et al., 2001). 

Predation of Mnemiopsis by Beroe 

was immediately refl ected by a two- to 

three-fold increase in mesozooplankton 

biomass (Figure 4), ichthyoplankton bio-

mass, and fi sh stocks (Shiganova et al., 
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2003). The latter emerged in the form of 

a gradual increase of the fi sh catch after 

1998 (Figure 6).

CONCLUSIONS
The present study puts together various 

data sets on the ecological transforma-

tion of the Black Sea during the last three 

decades. We specifi cally focused our at-

tention on the functioning of the deep 

interior basin ecosystem, but most of the 

results and fi ndings are readily applicable 

to the northwestern shelf ecosystem. The 

anthropogenic forcing described here 

includes (1) bottom-up control of the 

ecosystem by excessive nutrient loading 

from rivers during the 1970s, which lead 

to eventual deposition of excess nutrients 

within the bottom water layer in shal-

low coastal regions, and the deep interior 

basin’s chemocline layer to follow an 

active organic matter remineralization 

cycle; and (2) top-down control of the 

ecosystem by the overfi shing of pelagic 

fi shes and a population outburst of gelat-

inous carnivores, which were both most 

prevalent during the 1980s. These simul-

taneous controls have exerted decadal-

scale variations, which have consistently 

emerged in different data sets that show 

order-of-magnitude changes. 

Our analysis suggests that eutrophica-

tion, developed as a consequence of the 

over-fertilization of the sea by nutrients, 

started deteriorating the ecosystem from 

the lowest trophic level during the 1970s; 

its impact then propagated towards 

higher trophic levels. Plankton com-

munity structure was altered in terms of 

species succession, intensity, frequency, 

and spatial extension of algal blooms, as 

well as a shift towards both smaller and 

less-valuable fodder mesozooplankton 

groups and opportunistic and gelatinous 

species. Overfi shing then introduced a 

further shock into the ecosystem already 

perturbed by the eutrophication. By de-

pletion of large pelagics during the early 

1970s, small pelagic fi shes started act-

ing as the main predator in the system. 

They exerted stronger grazing pressure 

on mesozooplankton, and thus favored 

more-enhanced phytoplankton produc-

tion. But, the main effect of overfi sh-

ing was felt later when the small pelagic 

stocks were overfi shed during the 1980s. 

Their niche was fi lled by gelatinous and 

opportunistic species, which gradually 

took control of the entire ecosystem to-

ward the end of the 1980s. 

The plankton structure tended to have 

rather strong oscillations in the 1990s, as 

indicated by a sharp drop in Mnemiopsis 

biomass and fi sh catch to their minimum 

values in 1992 and 1993, increases to 

maximum in 1995, and then decreases up 

to 1998. Starting by 1999, the ctenophore 

Beroe ovata very effectively consumed 

Mnemiopsis, and helping the ecosystem 

to recover. So far, except for the contri-

bution of Beroe, no convincing explana-

tion has been given for the causes of the 

fl uctuations that occurred in the 1980s. 

Eutrophication and overfi shing did not 

seem to strongly infl uence the ecosystem, 

especially during the second half of the 

1990s. The next article (see Oguz, this is-

sue) elucidates the critical role played by 

climate during the 1980s and 1990s.
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