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INFLUENCE OF GELATINOUS ZOOPLANKTON ON FISH STOCKS
IN THE BLACK SEA: ANALYSIS OF BIOLOGICAL TIME-SERIES

Scientific information about the Black Sea ecosystem with respect to jelly plankton — fisheries interactions is
reviewed. Long time-series of the main components of pelagic community: fishes, invertebrates, discussed trends,
and relationships between them are analysed. The amount of information and results from the analyses will be used
to formulate hypotheses about the linkages between gelatinous plankton and the other pelagic populations and the
effects on fish stocks. These data will be used as a background study for the following stages in the Eurogel project:
experimental work, data analyses and modelling.
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Human-induced  factors  such  as
eutrophication, heavy fishing, and the introduction
of exotic species have been evoked to explain the
Black Sea ecosystem changes in recent decades
[4, 32, 54]. Natural abiotic and biotic factors
responsible for the basic physical, chemical and
biological processes in the sea were also explored
aiming to provide explanations of the ecosystem
dynamics [11, 12, 29, 31].

By the early 1970s, pelagic top-predators
(dolphins, bonito, and bluefish) were greatly
reduced [11]. Subsequently, the stocks of small
pelagic fishes increased considerably and became
a target for the industrial fishery. In the mid
1980s, the total catch approached one million
tones, about 65 % of which was anchovy and
about 20 % sprat and horse mackerel [32]. The
jellyfish  Aurelia aurita (L., 1758) became
dominant in the early 1980s [41]. By the late
1980s, A. aurita was replaced in terms of
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dominance by the exotic ctenophore Mnemiopsis
leidyi (Agassiz) [42]. Meanwhile, zooplankton
biomass decreased almost twofold compared with
the 1960s, and phytoplankton standing crop
doubled [45, 46] during the 1980s. The frequent
phyto- and gelatinous plankton blooms and the
bulk of unutilised biomass produced a shift in the
water quality to a state characterised by low
transparency and high production of detritus,
causing oxygen depletion and hypoxia near the
bottom [54, 55]. Increased mortality of mussels
and other benthic filter feeders [35, 14, 15]
contributed to the increase of unutilised detritus,
oxygen depletion and hydrogen
production on the shelf.

During the period of observation (1960 —

sulphide

2001), the Black Sea pelagic ecosystem went
through some major transformations. According to
several indicators of ecosystem health (species
diversity, nutrient conservation, production,
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and utilisation of detritus, trophic efficiency) since
the 1960s the Black Sea ecosystem degraded to a
less stable and immature (sense E. P. Odum) state
[3, 9, 23]. This state was characterised by
dominance of fewer and smaller opportunist
species with short life cycles and quicker turnover
rates. Production of organic matter and detritus
heavily dominated predation and recycling and
ecosystem control mechanisms were seriously
disturbed. These instable conditions favoured the
introduction and outburst of M. leidyi. Gelatinous
zooplankton is known to be highly opportunistic
and M. leidyi as the jellyfish A. aurita during the
1980s took advantage from the deteriorated
conditions and the increased productivity. By the
late 1990s, the M. leidyi population stabilised and
reinforced the predatory control on the prey
zooplankton biomass.

The introduction and outburst of M. leidyi
was accompanied by reduction in abundance of the
almost all components of the plankton community
since 1988 and affected the stocks of some
abundant commercial fish species. M. leidyi
invasion has been associated with the fisheries
collapse during the early 1990s and it is very
important to evaluate the damage caused by M.
leidyi on commercial fish populations. The key

problem here is to reveal the preconditions of
penetration of exotic species and formation of their
highly productive populations in the Black Sea.

Materials and methods. Analysis
covered the material collected by the Institute of
Fisheries and Aquaculture, Vama and the
Southern Scientific Research Institute of Marine
Fisheries & Oceanography (YugNIRO), Kerch for
the period 1960 — 2003. Sampling was conducted
in all seasons during the year. Besides the standard
network of the complex oceanographic stations
(Fig. 1) samples were occasionally collected in
some other areas in the center of the sea and along
the coasts of Romania, Bulgaria and Turkey.

At each station and for several depth strata
standard oceanographic parameters (temperature,
salinity, and oxygen content) were measured.
Phytoplankton was sampled using bathometers.
Jaddy’s net with diameter 37 cm and Bogorov-
Rass’ net with the diameter 80 cm were used to
sample mesozooplankton.

During 1965 — 1988, jellyfish A. aurita
was sampled using 23-meter pelagic trawl with
opening of 5 m designed by N. N. Danilevsky [7].
Trawlings were made according to the standard
network of the stations. The trawling duration was
30 minutes by circulation at the vessel’s

Fig. 1 Scheme of
complex oceanographic
stations in the Black Sea
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speed of 2.5 knots (1.5 m/sec). Simultaneously,
vertical sampling with Bogorov- Rass’ net was
carried out in order to determine the vertical
distribution of A. aurita in the layer 0 — 100 m.
The research demonstrated, that on average 2.6 %
of total biomass of A. aurita was located in
surface 5 m layer.

During 1989 — 2001 A. aurita and M.
leidyi were sampled by the oblique sampling
technique using Bongo net with diameter 61cm
and vertically — using Bogorov-Rass’ net.

Information about fisheries landings was
compiled based on [32] and the FAO/GFCM
database FISHSTAT
http://www.fao.org/fi/struct/fidi.asp#FIDS [13].
Fish stock abundance assessments reported by [6,
10, 32, 36] and data of YugNIRO were used in the
analyses. Population stability index for anchovy
was estimated as S=B,in/Bmax [1], where B, and

Bimax were the anchovy stock biomasses in May
and November respectively according to [32].
Results. 1. Long-term plankton dynamics.

The analysis of pelagic population data from the
Black Sea revealed similar trends and correlations
in various time-series [12]. Since the 1960s, the
phytoplankton biomass tends to increase, and
zooplankton — to decrease (Fig. 2). The biomass of
the aborigine ctenophore Pleurobrachia pileus
Fabr. increased in 1970s — to 1980s and decreased
during the 1990s. All series presented clear
decadal cycles with dominant periods of ~10 and
~ 20 years [12].

In the last 40 years the structure of the
Black Sea mesozooplankton community changed
greatly. The percentage of food organisms in the
total mesozooplankton biomass in the 1960s was
37.5 %, in 1971 — 1975 — 32.2 %, and in 1988 —
1999 only 10.5 %. The share of the previously
abundant Cladocera decreased greatly during the
1990s but showed signs of recovery in early
2000s. The copepod Calanus ponticus Claus, 1863
become dominant in the early 1990s, because of
its ability to migrate to depths unreachable for M.
leidyi.
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Analyses of abundance and distribution of
A. aurita started in late 1960s [28]. The analysis of
distribution and abundance data revealed a low
frequency cyclic dynamics of 4. auwrita. The
highest density and biomass were observed in the
shelf areas and in the Northwestern Black Sea
(Fig. 3). The maximum abundance was observed
during the 1970s until the late 1980s (Fig. 3).
During the 1990s the population abundance was
low, being coincident with the period of
introduction and outburst of M. leidyi (Fig. 4).

Despite of differences in estimated
absolute biomass of M. leidyi by different authors
[5, 22, 50, 52] it should be admitted that M. leidyi
was well established in the plankton community of
the Black and Azov Seas. The spatial distribution
of abundance (Fig. 4, 5) revealed that M. leidyi is
more abundant in the shelf areas and over the
years in the Northwestern Black Sea. However, in
1991 the biomass is almost equally abundant on
the West as well as on the East of the Sea.
Summer biomass (August) is much higher than the
June spring one which revealed the dependence of
M. leidyi on warm water and summer
stratification. These characteristics of M. leidyi
could also be related to the vertical distribution of
the biomass (Fig. 6) which reveals a preference for
the upper layer (also [25]).

In 1995, an attempt was made to study the
vertical distribution of 4. aurita and M. leidiy
(Fig. 6). M. leidyi expressed preference for the
upper warmed layer, down to depth 12 — 18 m,
while 4. aurita was distributed down to 100 m.
The analysis of materials during the next years
(1996 — 2001) presented evidence that the main
factor determining the vertical distribution of the
ctenophore during the year was the water
temperature. The highest biomass of M. leidyi was
observed in layers with the higher temperature and
with a pronounced temperature gradient between
the layers. The contrast in ctenophore vertical
distribution =~ became more  distinct  with
strengthening the thermocline.
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Fig. 2
(Contd).
Time-series
of abundance
of the main
commercial
fish stock:
d. Anchovy,
e. Sprat,
f. Horse
mackerel
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spring summer

Fig. 3 Spatial distribution of the A. aurita biomass (kg) in the Black Sea
Puc. 3 Pacnipenenenue 6uomaccsl (kr) 4. aurita B YUéproMm mMope
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spring summer
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Fig. 3 (Contd). Spatial distribution of the 4. aurita biomass (kg) in the Black Sea
Puc. 3 (mponomk.) Pacnpenenenne 6uomaccsl (kr) 4. aurita 8 Y€pHOM MOpe

Mopcekuii ekonoriynuii xypHai, Ne 2, T. V1. 2007

11



A. Grishin, G. Daskalov, V. Shlyakhov, V. Mihneva

spring

summer

oo ol alone

76-150g/m2

[HH 151-3009m2 [ > 600g/m2

F——] 26-75gm2 M 301-600g/m2

<25g/m2

Fig. 4 Spatial distribution of the M. leidiy biomass (g.m?) in the Black Sea
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Fig. 5 Distribution of ctenophore M. leidiy biomass (g/m?) in June and August 1991
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Fig. 6 Vertical distribution of gelatinous plankton biomass (g.m") in the Black Sea
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It is interesting to compare the abundance
of M. leidyi and that of its zooplankton food in
several sites near the coast (3 miles offshore, Fig.
7). In April-May there was an abundant reserve of
zooplankton food. Zooplankton was more
abundant in the North and Southeast and an
inverse relationship between M. leidyi abundance
(which is generally low) and zooplankton can be
observed across sites. However the inverse
correlation (r = - 0.54) was of low statistical
significance (and may be spurious), because of the
low abundance of M. leidyi and thus the relatively
low predation impact. In June-July the biomass of
M. leidyi increased and that of zooplankton
decreased. Inverse relationship was observed in

Varna, Odessa, Kerch and the eastern sites, but in
some other places (Constanta, Evpatoriya, Yalta)
both zooplankton and M. leidyi abundance were
low. The low zooplankton biomass might be due
to predation of other zooplanktivores (e. g. fish) or
some other factors (e. g. weather, currents). When
the ctenophore biomass reached maximum in
August the relationship with food
zooplankton became evident: r = - 0.73 p< 0.01.
As on Fig. 6 the greatest abundance is recorded on
the West and East of the Sea. The seasonal
maximum of both A. aurita and M. leidyi are in
Summer but high abundances were recorded also

nverse

in late spring (May) and early autumn (Fig. 8).
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Fig. 8 Average (1990-2000) seasonal variation of gelatinous plankton biomass (g.m™) in the Black Sea
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Fig. 7 Biomass of feed zooplankton
(mg.m™) and M. leidiy (g.m™) in the
vicinity of large ports (3 miles
offshore) in the Black Sea in April-
August 1991
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Abundant development of
the invader resulted in reduction in
biomass not only of forage
mesozooplankton, but also of the
food competitor A. aurita [50].
The depression of A. aurita
coincided with the period of
introduction of M. leidyi (Fig. 2).
In 1993 the sharp reduction in M.
leidyi abundance in the Black Sea
was accompanied by a general
increase in 4. aurita. In 1994 an
outburst of M. leidyi was
registered corresponding to
reduction of A. aurita. After 1996
A. aurita population progressively
increased contrary to the reduction
of M. leidyi which in recent years
was possibly negatively impacted
by its predator — the exotic
ctenophore Beroe ovata
(Branguiere 1789) [43, 19].

2.  Some experimental

studies: reproduction and feeding
The present-day
understanding of the annual

reproduction cycle of M. leidyi in
the Black Sea is based on studies
of the dynamics of size
composition. M. leidyi is thought
to reproduce during the whole
year, as evidenced by the almost
permanent presence of juveniles
less than 10 mm. As the juveniles
are most abundant during the
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summer months, it is believed that reproduction
peaks in July-August, while the minimum is in
late April-early May [41]. Assuming such as
reproduction pattern and considering that M. leidyi
reaches a size of 10 mm in ten days, it can be
supposed that a reproduction peak always
precedes the biomass maximum in late summer
and autumn. However some observations showed,
that intense reproduction may also happen in
spring or autumn.

The rate of daily food consumption by M.
leidyi was first evaluated in the year after its
massive outbreak in the Black Sea in 1988 [50].
Both direct and indirect methods for calculation
were used [16, 17, 18]. It appeared from
laboratory observations [20] that average daily
ration of a specimen of 15 mg of carbon body
weight was equal to 7 % of its body weight,
whereas the indirect method using the average
daily exchange rate yielded in smaller values — 1-5
%. A similar approach was used by Tsikhon-
Lukanina et al. [48, 49]. As in the previous case,
the authors experimented mostly with Calanus,
which was, made available to the ctenophore in
concentrations of 4 to 66 ind.I". The daily ration
of M. leidyi individuals with average body mass as
in the previous experiment was estimated as 3,3%
at food concentration of 1460 mg.m™. The
ctenophore actually ceased to feed on Calanus

concentrations less than 600 mgm” or

3ind.I".

It should be noted that although fish larvae
are part of the diet of M. leidyi [47, 48, 49] they
are only a very little percentage and the
consumption of fish larvae by M. leidyi hardly can
lead to fish recruitment failure and fisheries
collapse as stated in some earlier works. Though
the trophic effect of M. leidyi on fish stock should
be realised through feeding competition.

3. Fisheries development

The fisheries development in the Black

followed the classical boost-and-crash scheme
(Fig. 9). Untill the early 1970s the main target
were the large and mid-size predatory pelagic and
demersal species like bonito, bluefish, mackerel,
turbot until those stocks severely declined [11,
32]. The fishing effort sharply increased in the
1970s and 1980s with the introduction of large-
scale purse seine (Fig. 10) and mid-water trawl
fisheries of small pelagic fish (anchovy, sprat,
horse mackerel). In the mid 1980s the total catch
reached near 800 thousand tonnes, about 65 % of
which was anchovy and about 20 % sprat and
horse mackerel [32]. A synchronous decrease in
all stocks by the late 1980s (Fig. 9) [32] created
hard socio-economic problems for the fisheries.
The catches of anchovy and other small pelagic
fish decreased with more than a factor of 5 and
reached levels of ~ 100 000 tonnes — similar to
those during the pre-development period.

Fig. 9 Fish landings in the Black
Sea
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Fig. 10 Increase of fishing effort in
Turkey (from Gucu, 1997)
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4. Main fisheries stocks
and possible effects of gelatinous

zooplankton
Anchovy

Engraulis
encrasicolus ponticus Alexandrov,
1927 is the most abundant fish in
the catch in the last decades [13,
32]. During the years 1974 to
1980, anchovy catches increased,
from 152 to 460 thousand tons,
with major contribution to the total

1970 1980 1990

The anchovy stock (largely constituted by
juveniles of age 0.5 year) showed upward trend in
abundance during that period, increasing from 800
to 1600 — 1800 thousand tons [32]. The rate of
removal did not exceed 50 % of the stock. In the
subsequent years until 1991 there was a steady
downward trend in the anchovy stock (Fig. 2). In
1990 the anchovy stock was below 300 thousand
tons — the lowest level over the period 1967 —
1993. YugNIRO assessment results showed that
after the 1981/82 fishing season the limit fishing
mortality for safe exploitation (Fo;) has been
systematically overrun [37], causing a average
annual reduction of 7 % over 1981 — 1986. By
1987 the anchovy stock was reduced to 900
thousand tons, still remaining high enough to
support an annual catch of 400 thousand tons. The
high catches were maintained by the relatively
large reproductive stock. First signs of overfishing
appeared after 1984 [37] when anchovy shoals
were difficult to be found and the fishery
enterprises incurred losses. However, the real
catastrophe happened after 1986, when in two
subsequent years the stock shrunk from 1200 to

Mopcekuii exonorignuii sxypsain, Ne 2, T. VI. 2007

: | catch by Turkey and the former
2000 USSR.

500 thousand tons. Catches during the 1986/87
and 1987/88 remained high, at the level of 452 —
469 thousand tons, but in the following 1988/1989
fishing season the catch suddenly dropped to 188
thousand tons. The annual rate of stock reduction
was 25 % for 1987 and 44 % for 1988 on average
29 % for 1987-1988. In these years the initial
outbreak of M. leidyi was reported in the Black
and Azov Seas. It is obvious that the catastrophic
reduction of the Black Sea anchovy stock in the
late 1980s was due to the combined action of two
factors: the excessive fishing and M. leidyi
outburst. Assuming the anchovy stock reduction
rate due to overfishing to be the same as the
average for the period 1984 — 1987 (14 %), it
appears then during 1988 the M. leidyi impact on
the anchovy stock was about two times (30 %
reduction rate) greater than the influence of
overfishing [23]. Since 1988 catches of the Black
Sea anchovy remained below the multiannual
average. During the 1990/1991 fishing season an
unprecedented  situation fishable
aggregations were found off Georgia and the catch
was only 2.3 thousand tons. The fat content was

arose: no
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by 40 — 60 % lower than in the previous years
[33]. Fishing situation off Anatolian coast was
also extremely bad: Turkish catches were 73
thousand tons in the 1990/1991 comparable to the
level of the early 1970s when the fishing power
was much less.

The total loss from the anchovy catch over
the years 1989-1992 due to M. leidyi outbreak can
be roughly estimated of about 1 million tons.

In the subsequent years 1993 — 1996
following the disintegration of the Soviet Union
neither large-scale purse seining for anchovies nor
YugNIRO fisheries research in the South-Eastern
Black Sea were conducted, so it is difficult to
judge the real state of the Black Sea anchovy
resource in these years. Turkish catches of
anchovy off the Anatolian coast in the years 1993,
1994, 1995 and 1996 were 218.9; 278.7; 377.8
and 273.2 thousand tons respectively, indicating
certain recovery of the Black Sea anchovy stock
since 1992. The YugNIRO hydroacoustic surveys
in the Georgian waters during the 1997/1998 —

Damage by M. leidyi to the anchovy
population is most likely done through food
competition, as unusually low levels of the
summer food zooplankton have been observed in
the top 50 m layer over the period studied.
Anchovy larvae could be also affected by
predation by M. leidyi. Mass appearance of
anchovy larvae in the plankton occurs in July and
August, coincident with the seasonal peak of M.
leidyi biomass. M. leidyi is capable to consume a
daily ration several times greater than its own
weight [15, 27]. Its food spectrum is quite wide
and includes fish larvae [47]. There is an overlap
in the distribution of anchovy larvae and M. leidyi,
however, anchovy larvae are predominantly found
in the narrow coastal zone, while the ctenophore is
also distributed further offshore.

After the population collapse following
the intrusion of M. leidyi, the Black Sea anchovy
population has become adapted to the new
conditions in its spawning and feeding areas. The
dynamics of stability coefficient (Fig. 11) showed

2003/2004 also presented evidence of the a decrease in stability only during the initial years
satisfactory state of the anchovy stock. of the M. leidyi invasion.
0.6 Fig. 11 Temporal dynamics of the
stability index (Buin/Bmax) Of
x anchovy
E 0.5 7 Puc. 11  [JuHamuka  UWHIEKCA
% CTaOUIBLHOCTH (Bmin/Bmax) y
E aHyoyca
B 0.4 - Y
2
Z After 1991 the
& 0.3 - recruitment  and  individual
growth and condition were high,
0.2 that led to increased population
1960 1970 1980 1990 o000 =~ gowth during the summer
season and

relatively quick

However there is no guarantee against a
repetition of such catastrophic reduction of the
anchovy stock. In fact the current research does
not provide an answer of the question: what
precautionary limit level of removal from the
stock and hence total allowable catch (TAC) must
be set on the anchovy fishery, considering the

18

recovery of the stock.

deleterious effect of M. leidyi. The sad experience
from the 1980s has shown that anchovy catches,
however high and stable for a few years, may not
be an indication of the anchovy stock stability;
because with high M. leidyi levels present, the
stock may be depleted in one or two fishing
seasons.
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Although M. leidyi outbreak in the Black
Sea has affected all components of the ecosystem
and populations of pelagic zooplanktivorous fish
in particular, the latter were differently affected.
Whereas warm-water anchovy inhabits together
with M. leidyi the top 50m layer, the cold-water
sprat Sprattus sprattus phalericus (Risso, 1826),
capable of feeding and spawning in deeper layers
presented somehow different dynamics (Fig. 2).
The sprat spawning takes place during the winter
and spring when M. leidyi biomass and its impact
on the fish food supply are relatively low. In
summer, the juvenile and adult sprat leave the
upper warmed layer and thus avoid severe
competition for food with other plankton-eaters
including M. leidyi. During this period their
preferred food consists mainly of the cold-water
Calanus and Pseudocalanus copepod species. It
should be noted that this prey is also available to M.
leidy, as these species migrate to the thermocline
boundary at night when they can be eaten by the
ctenophore which has a daily feeding maximum at
this time. This can partly explain some decrease of
the sprat stock in the late 1980s (Fig. 2). After 1992
the stock already recovered and recently the catches
also started to increase [13].

Unlike M. leidyi, A. aurita is distributed in
deeper water (Fig. 6) and more trophic
interference with sprat may be assumed. It seems
that the peak in 4. aurita abundance corresponded
to a decrease in sprat recruitment and biomass (Fig.
2) [12]. A negative effect of the outburst of A.
aurita and M. leidyi on sprat
growth and condition has also been hypothesized
[39]. The outbursts of gelatinous plankton produced
a bulk of organic material unutilised by higher
trophic levels (gelatinous plankters are dead-ends in
the food chains), which greatly contributed to the
detritus pool and after being decomposed led to
increase in bottom hypoxia and anoxic production
of hydrogen sulphide on the shelf [53]. Most of the
demersal organisms (but not larval jellyfish which
is resistant to low oxygen) and some pelagic ones
distributed in deeper waters like sprat and the
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aborigene ctenophore P. pileus, apparently suffered
from the increased levels of hypoxia and hydrogen
sulphide [12].

The horse
mediterraneus ponticus (Aleev, 1956) fishery
operates mainly on the wintering grounds in the

mackerel Trachurus

southern Black Sea using purse seine, mid-water
trawl and cone nets. The horse mackerel of age 1 —
3 years generally prevails in the commercial
catches, but strong year classes (for example, the
1969-year class) may enter into exploitation at age
of 0.5 year and may prevail up to age 5 — 6 years.
Over the last 40 years, highest horse mackerel
catches were reported in the years preceding M.
leidyi outbreak in 1988 and during the two
following years 1989 — 1990 [13, 32]. The
maximum catch of 141 thousand tons was
recorded in 1985, from which ~100 thousand tons
were caught by Turkey [32]. In the next four years
catches remained at the level of 97 — 105 thousand
tons. In the period 1971 — 1989, the stock
increased, although years of high abundance
alternated with years of low abundance due to
year classes fluctuations, typical of this fish. VPA
estimates showed that the stock was highest in
1984 — 1986 (Fig. 2) [32]. Scientists [2, 6]
believed that the intensive fishing in Turkish
waters in 1985 — 1989 led to overfishing of horse
mackerel population and reduction of the stock
and catches in the next years. A drastic decline of
the stock occurred between 1986 and 1990. In
1991 the horse mackerel stock dropped to a
minimum of 75 thousand tons and the catch
dropped to 4.7 thousand tons, that is a twenty fold
reduction compared to the average annual catch in
1984 — 1986.

In contrast to anchovy and sprat, the horse
mackerel stock still remains in a depressed state.
There was no fishing for horse mackerel by the
former USSR countries in 1992 — 1998 because no
fishable aggregations were found on the wintering
grounds. Small quantities of horse mackerel were
caught with trap-nets in the coastal areas of the
Crimea and Caucasus. In Turkish waters, horse
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mackerel catches in 1994 — 1996 were 9 — 11
thousand tons, i. e. at the level of the years 1950 —
1975 before the start of industrial fishing.

During 1985 — 1993, only in 1988 a
relatively successful recruitment was recorded.
Despite of its coincidence with the first year of M.
leidyi outbreak, the juveniles from this cohort
were sufficiently well supplied with food. As the
first burst of M. leidyi occurred in the autumn of
1988, the
production did not

summer zooplankton —maximum
suffer much from the
devastating effect of M. leidyi. The copepods
Oithona nana Giesbr., 1892 and Oithona similis
Claus, 1963 which constitute the main food of
larval horse mackerel [34],

abundant. However, the

were especially
favorable  trophic
conditions for larvae in summer 1988 failed to
ensure the formation of numerically strong year-
class because further in the year juveniles were
faced with strong feeding competition with M.
leidyi. Sharp decline of Oithona under the
predation pressure of M. leidyi in the subsequent
years [40, 53] affected the survival of horse
mackerel. Dietary studies of juvenile and adult
horse mackerel [27] have shown that both the
habitat diet of juvenile horse mackerel and M.
leidyi overlap, therefore the strong feeding
pressure by M. leidyi on zooplankton directly
affected larval and juvenile horse mackerel.

In addition to the most abundant stocks
reviewed in the above paragraphs almost all fish
stocks decreased synchronously in the early 1990s.
As fish larvae are pelagic and feed on zooplankton
this effect can partially be contributed to the drastic
decrease in zooplankton food associated with M.
leidyi but overfishing was also reported of being
playing a significant role [32].

Discussion. Gelatinous plankton outbursts
should be interpreted in the context of the overall
Black Sea ecosystem change because of the
complex direct and indirect effects on structure
and productivity they are believed to produce.

During the 1970s and 1980s a general
increase in biological productivity was observed,
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that could be related to variation in hydroclimate
and cultural eutrophication [12]. A long-term
decline in SST (sea surface temperature) after
1965 may be responsible for increased upper layer
instability and convection (most important in
winter). This process intensifies divergence
(upwelling) and mixing in the central zone and
over the shelf [30], leading to enrichment of
nutrients in the photic layer. An increase in run-
off, which peaked around 1980, may also have
favoured increased productivity.

Zooplankton biomass was positively
correlated with SST and exhibited an inverse trend
with respect to phytoplankton and pelagic fish.
This may be related to a temperature effect on
zooplankton growth or may be caused by a trophic
cascade effect of increased zooplanktivory by fish
and gelatinous zooplankters. According to [11, 12],

overfishing of marine predators provoked
cascading changes resulting in increase of
planktivorous fish and jellyfish, decrease in

zooplankton and increase in phytoplankton during
the 1980s comparing to the 1960s. Elimination of
mackerel, which feed on A. aurita [53], could also
favour the cascade increase in jellyfish.

Before 1970 there were no records of
substantial jelly-plankton outbursts and the first
biomass estimates ware relatively low [28],
although the sampling gear — a commercial trawl)
was not very reliable. The first records of jellyfish
outbursts dated from the early 1970s (Rizostoma
pulmo Macri, 1778, A. aurita) were related to the
increased eutrophication [55]. Later development
(Table 1) created for the Black Sea the glory of a
sea of jellies. The causes and effects of gelatinous
plankton outbursts should clearly be searched at
ecosystem level (Table) [11, 12, 23,43].

The well documented invasion of M.
leidyi and its consequences for fish stocks can be
viewed as an example of interactions between
natural and anthropogenic factors creating several
feedbacks et ecosystem level. In the 1980s, the
system was dominated by small pelagic fish and
jellyfish A. aurita. After 1985 the jellyfish
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A. aurita was replaced by the alien ctenophore M.
leidyi in terms of biomass dominance [20]. The
boom of M. leidyi in 1989 and 1990 corresponded
with a decrease in abundance in most fish stocks.
The causes of the exact timing of the M. leidyi
onset are not clear, but decreased planktivory
caused by low abundance of fish stocks (and
overexploited stocks especially) may be one of
them [12, 20, 32]. The fast development of M.
leidyi in subsequent years led to a great decrease

in zooplankton and strong competition for food
with fish and aboriginal jelly-plankton (Table 1)
[20, 36]. It is possible that the fishery collapse is
not the only large negative consequence of the M.
leidyi invasion, but that massive phytoplankton
blooms by the late 1980s — early 1990s can be
associated with a decrease in zooplankton grazing
and a trophic cascade similar to that of the 1970s —
1980s [11].

Table 1 Summery of evidence of gelatinous plankton outbursts in the Black Sea and their effects on fish stocks and

other components of the Black Sea ecosystem

Tabn. 1 Bnusaue >xenerenoro miaHKToHa B UEpHOM Mope Ha 3amachl peI0 U APYrHe KOMIOHEHTHI YePHOMOPCKHUX

9KOCHCTEM

Time IEvent Effects, comments References
1950s- Low abundance Low consumption and high biomass of zooplankton [10, 14, 22]
1960s of A. aurita

About 1970 Outbursts of Related to the increased eutrophication; [45]

Early 2000 jellyfish R. pulmo

Damage fishing nets and catch

Substantial consumption of zooplankton, structural
changes in the food web, large production of detritus 45]
leading to increased hypoxia, hypothetical negative effect

[10, 11, 14, 31, 32, 36,

(through competition for food) on planktivorous fish
stocks, mechanical damages in fisheries

1970s- Increased biomass
1980s of A. aurita
peaked about 1980
1970s- Increased biomass
1980s of the aboriginal

ctenophore P. pileus

Increased consumption of zooplankton

[10, 11]

Late 1980s- Decrease in 4. aurita No change in zooplankton. Decrease partly due to M. [11]

1990s leidyi invasion but can also be due to changes in
hydroclimate and eutrophication
1990s Decrease in P. pileus Can be related to competition with M. leidyi This article
1990s Unintentional Strong decrease in zooplankton and cascade changes in  [14, 40, 45]
introduction phytoplankton; collapse of almost all fish stocks under
and outburst combined action of overfishing and M. leidyi;
of M. leidyi Competitive decrease in other zooplanktivores: 4. aurita,
P. pileus, Sagitta cetosa (Muller, 1847), Increase in
detritus
Late 1990s  Unintentional Hypothetical predatory effect on M. leidyi and [20, 35]
introduction consecutive structural cascade changes in zooplankton ant
of B. ovata its consumers including fish
Early 2000 Relative decrease Can be related to predation by B. ovata and general This article
in M. leidyi adaptation of the system e.g. recovery of planktivorous

fish
Early 2000 Anecdotal increase
in R. pulmo

Could be related to relative decrease in M. leidyi and
available zooplankton food and /or change in

This article

hydroclimate (increase in temperature)
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The introduction of B. ovata [26, 43] was
supposed to lead to further structural changes and
possibly to control of M. leidyi and further
recovery of fish stocks. Although the leading
factor for fish stock reduce is now recognized to
be the overfishing, M. leidyi outburst being an
associated factor, and the recovery of certain
stocks (anchovy, sprat) took place after the
decrease in fishing pressure.

Conclusion. Ours first results suggested
that gelatinous plankton outbursts resulted in
structural and functional transformations in the
ecosystem including direct and indirect effects on
both pelagic and demersal habitats. Fish stocks were
affected mainly by food competition through
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BrniuB :kes1eTijIoro 300MJaHKTOHY Ha 3aMacH MPOMHUCJIOBHX pub Ta Ha ix npomucesn y YopHomy Mopi: anaui3
OaraTopiuHux psagiB 6iosioriunux cmnocrepexkedb. O. I'pummn, I'. Jackanos, B. Illasxos, B. MixueBa.
HaBeneno HaykoBa iHdopMmamis npo ekocucreMy YopHOro Mops, BiIHOCHa 10 B3a€MOJIl MK JKEJETLINM
IUTAHKTOHOM Ta pPUOaBCTBOM, IPOAHANi30BaHI OaraTOpidyHi YacoBi PsIIM CHOCTEPEXEHb TOJOBHUX KOMITOHEHTIB
MEJIaTi9HOTO CYCIiJbCcTBA: pUO Ta Oe3xpeOeTHHX, IX TpeHAW W 3B’s3kM MK HuMHA. [lizcymxoBa iH(opmaris Ta
pe3ynmpTaTH aHaji3y OyOyTh 3aCTOCOBaHI sl (POPMYIFOBAHHS TillOTE3 O 3B’SA3KaX MK JKEJETUINM IDIAaHKTOHOM
(pedporuiaBu MHeMIoNCHC, Oepoe, TuIeypoOpaxis, Meay31) Ta IHIIMMH NeJariYHUMHU TTOMYJISISIMA Ta 1X BILUIMBOM Ha
3amacu pub. Pesynbratu 1i€i po6oTH MOXKyTh OyTH 3aCTOCOBaHI SIK (OHOBE JOCIIDKEHHS Ul HACTYITHHX CTaii
npoekty «EUROGELy: ekcriepuMeHTanbHUX POOIT, aHAI3Y JAaHUX U MOJIEITIOBAHHSI.

KirouoBi ciioBa: sxenerisu, peOpoIuiaB MHEMIONICUC, 300IUIAHKTOH, XaMmca, IIIpPOT, CTaBpuaa, pedporuiaB oepoe,
IHTPOAYKLsl, 4acoBi psiin, YopHe Mope

Bausinue xejeTesioro 300MJIaHKTOHA HA 3aNachbl MPOMBICIOBBIX PbI0 U UX NMpoMbIces B UépHoM Mope: aHaIu3
MHOT0JIETHHUX PSI0B OHOJIOrHYecKHX Hab0aroaeHuii. A. I'pumun, I'. lackanos, B. Illasixos, B. MuxueBa. /lana
Hay4yHas WHpopMamus o0 3KxocucTeMe YepHOro MOps, OTHOCSIIASACS K B3aMMOJACHCTBHIO MEXIY >KEICTEIBIM
IUTAHKTOHOM H PHIOOJIOBCTBOM, IPOAHAIM3UPOBAHEI MHOTOJICTHHE PsAIbl HAONIONCHUH TIABHBIX KOMIIOHEHTOB
MeJIaTMYecKOro coolIIecTBa: prld U OECIO3BOHOYHBIX, OOCYKIEHBI MX TPEHIBI M CBS3M MEXITy HUMH. MToroBas
nHbOpManUsA W PE3yIbTaThl aHaIW3a OYyAyT WCHOIB30BAHBI IS (OPMYJIMPOBAHHS THIIOTE3 O CBA3IX MEXITY
KEJIETETIBIM TUIAHKTOHOM U APYTHMH MeIaTMYeCKUMHU TMOIYJISAIISIMA U MX BO3/ICHCTBHEM Ha 3arachl ppl0. JTa CTaThs
MOXKET OBITh HCIOJb30BaHA Kak (POHOBOE HCCIeAOBaHHME s mocheayromux cramuii npoekta «EUROGEL»:
SKCIICPUMEHTAJIbHBIX pa60T, aHaJIn3a JaHHbIX U MOACJIMPOBAaHU.

KiroueBblie cioBa: >xenerenbie, TPEOHEBUK MHEMHOIICHC, 300IUIAHKTOH, Xamca, IIMPOT, CTaBpHia, rPeOHEBHK
Oepoe, HHTPOAYKITHUS, BpeMEHHBIE psifbl, UepHOoe Mope

24 Mopcekwuii exonoriunuit xypHan, Ne 2, T. V1. 2007



