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Abstract In the last two decades of the twentieth century, the ctenophore Mnemiopsis leidyi (A. Agassiz) has
invaded the Black, Azov, Marmara and Aegean Seas,
and, recently, the Caspian Sea. Here, we compare its
spatial and temporal distribution, seasonal dynamics
and the time and duration of reproduction. We also
discuss factors that control its abundance throughout its
invasive range and its eect on ecosystems. Observations are based on the long-term ®eld data collected by
three research institutes. An analysis of the eects of
temperature, salinity, prey (zoo- and ichthyoplankton)
availability and predation (by ctenophores of the genus
Beroe) on M. leidyi population size, and the eects of
M. leidyi on zoo- and ichthyoplankton, and on ®sh
populations in the Black and Azov Seas is also provided. With the Black Sea current, M. leidyi spreads to
the upper layers of the Sea of Marmara, where it now
occurs around the year. At regular intervals, the Black
Sea current also takes it to the northern Aegean Sea. In
contrast, it has to re-invade the Sea of Azov every spring
or summer, dying out during winter when the temperature drops below 4°C. The warm summer and mild
winter temperatures, relatively low salinity and abundance of prey in the Black Sea are close to optimal for
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M. leidyi, while they are suboptimal in the northern
Aegean Sea, where salinity and temperature are often
too high. In the Black Sea the absence of gelatinous and
other predators led to an enormous ctenophore abundance for a decade, but with the appearance of Beroe
ovata in 1999, M. leidyi abundance greatly decreased.
Analysis of seasonal dynamics of M. leidyi in the Black
Sea and in other seas of the Mediterranean basin indicates similarities in the timing of maximum abundance
and biomass, in spite of some dierences in the initiation and duration of reproduction. A peak biomass and
density occurred in 1989 in the Black and Azov Seas and
in 1990 in the other seas. The M. leidyi invasion negatively aected the ecosystems of the Black Sea and the
Sea of Azov. The zooplankton, ichthyoplankton and
zooplanktivorous ®sh stocks all underwent profound
changes. Similar eects, but less pronounced, were recorded in the Sea of Marmara. Eects on Mediterranean food chains have, so far, remained insigni®cant.
Salinity is probably supraoptimal here, and several
predators prevent M. leidyi from reaching outbreak
levels.

Introduction
The Mediterranean is a system of semi-enclosed seas
connected by straits (Fig. 1). Semi-enclosed seas are
more sensitive to impact than open seas, and anthropogenic introduction of alien species is more likely to be
successful here (Caddy 1993). The Black Sea, with its
truncated biological diversity, had been damaged in the
past by opportunistic invasions of temperate and subtropical animal and plant species. Recently, it was
invaded by a predatory ctenophore of the genus Mnemiopsis, assigned to the polymorphic species M. leidyi
(A. Agassiz) (Seravin 1994). It was accidentally introduced in the early 1980s, possibly with ballast water
from the northwestern Atlantic coastal region (Vinogradov et al. 1989). This species is a self-fertilizing
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Fig. 1 Mnemiopsis leidyi. Patterns of occurrence in the Mediterranean basin (scheme) as of summer, 1999 (dark areas present all
year; light areas seasonal occurrence). Russian monitoring area in
the Black Sea

hermaphrodite, preadapted to rapid colonization (Kremer 1976). Pianka (1974) reported that up to 100%
normal development has been repeatedly obtained from
self-fertilized eggs of single ctenophores, and the significance of outbreeding in ctenophores is controversial.
An individual ®rst sheds sperm, brie¯y disperses them,
and releases oocytes into its own sperm.
In addition, M. leidyi has an ability to regenerate
from fragments larger than one-quarter of an individual
(Coon®eld 1936). It is also a generalist carnivorous
feeder (Tzikhon-Lukanina and Reznichenko 1991), and
occurs over a broad range of salinity conditions
(Harbison and Volovik 1994). From the Black Sea, it
spread north to the Sea of Azov, south to the Sea of
Marmara and perhaps even to the eastern Mediterranean (Studenikina et al. 1991; Shiganova 1993, 1997). In
1999, it reached the Caspian, where it is currently expanding at an even more rapid rate than in the Black Sea
(Shiganova et al. 2001).
A steep decline in ichthyo- and mesozooplankton
abundance and change in species composition followed
in its wake (Vinogradov et al. 1989, 1992, 1995; Shiganova 1997; Konsulov and Kamburska 1998; Kovalev
et al. 1998). The catches of zooplanktivorous ®sh
sharply dropped (Volovik et al. 1993; Prodanov et al.
1997; Shiganova 1997, 1998). By the late 1980s the pelagic ecosystem of the Black Sea had become a dead-end
gelatinous food-web (Vinogradov et al. 1992).
The goal of the present study is to review the distribution and dynamics of M. leidyi in the Black and Azov
Seas, compare patterns with those in the Sea of Marmara, the Aegean Sea and the eastern Mediterranean,
and identify the reasons for the species' success.

Materials and methods
Data were collected from 1992 to 1999 by 16 Black Sea cruises of
the P.P. Shirshov Institute of Oceanology, three international

cruises on the Black Sea (August and November 1993, and May
1997), one survey of the Sea of Marmara (October 1992) and one
survey of the Mediterranean Sea (September±October 1993).
The Sea of Azov was surveyed on a monthly basis from May to
October±November 1989 and 1999 by the Research Institute of the
Azov Sea Fishery Problems, 32 cruises in all.
Methods of sampling were the same for the P.P. Shirshov Institute of Oceanology and the Research Institute of the Azov Sea
Fishery Problems. Gelatinous plankton, ®sh eggs and larvae were
sampled with a Bogorov±Rass net (a square net with an opening of
1 m2 and a mesh size of 500 lm), taking vertical hauls from the
anoxic layer (120±150 m) to the surface, and from the thermocline
(15±25 m) to the surface. In shallow zones and in the Sea of Azov,
vertical hauls were from the bottom to the surface. Mesozooplankton was collected using a Juday net (net opening 0.1 m2, mesh
size 200 lm) by vertical hauls from thermocline to surface, from
pycnocline (70±80 m) to thermocline and from the anoxic layer to
the pycnocline.
A correction factor (k) for dierential catchability was used for
gelatinous plankton [Mnemiopsis leidyi: size <10 mm, 10±45 mm ±
k=2; size >45 mm ± k=2.3 (Vinogradov et al. 1989); Aurelia
aurita: size <50 mm ± k=2, size 50±100 mm ± k=2.3; >100 mm ±
k=3; Pleurobrachia pileus: k=2 for all sizes of specimens (Vinogradov and Shushkina 1992)].
In the northern Aegean Sea, samples were collected during
seven cruises (March, May and September 1997, March and June
1998, September 1999 and March 2000) of the National Centre of
Marine Research, Athens. During these cruises mesoplankton
sampling used a WP net (mesh size 200 lm), while ctenophore
sampling was performed with a WP-3 net (500 lm). Mesoplankton
samples were also collected in Saronikos Gulf monthly from 1990
to 2000, in Elefsis Bay seasonally, and at Lesvos Island seasonally
(May 1995±May 1996).
Biomass of M. leidyi was estimated using a regression equation
derived from ®eld measurements, y=0.0056x1.85, where x is length
(including oral lobes) in millimeters, and y is wet weight in grams
(Shiganova 2000).
Older data on the Black Sea (1989±1992), published by the
Institute of Oceanology (Vinogradov et al. 1989, 1992; Khoroshilov
1993) were used for comparison.
Characteristics of the receiving environments
The eastern Mediterranean, including the Aegean Sea, has a salinity ranging from 38.7& to 39.1&, and surface temperatures of
13.3±14.1°C in winter, and 24±29°C in summer (Arkhipkin and
Dobrolubov 1999). The seas in its north basin are estuarine in
nature, with lower salinity and colder winter temperatures.
The brackish Black Sea is the largest semi-enclosed basin in the
world. The Bosphorus Strait connects it with the Sea of Marmara,
and Kerch Strait with the Sea of Azov. Because of restricted water
exchange with the Mediterranean, and abundant in¯ow of freshwater via a number of rivers, of which the Danube is the most
important, the Black Sea is a net exporter of water (the surface
current), and, in the sea itself, a saline strati®cation exists. All
water below the permanent halocline (87% of total volume) is
anoxic.
The surface water is aerated, with an upper mixed layer above
the seasonal thermocline at 15±25 m depth. Salinity at the surface
is, on average, only 18&, but rises to 21.9±22.3& at greater depths.
The surface is warmed to 24±27°C in summer, cooling to 2±8°C and
usually freezes in the shallow northwest in winter. A cold intermediate layer with a temperature of 6±8°C occurs between the
permanent halocline and the summer thermocline. In winter, an
isothermal layer extends from the surface to 70±80 m (Ovchinnikov
and Titov 1990).
The Black Sea began to change in the 1960s because of anthropogenic stress, including a decrease in fresh-water runo,
pollution, bottom-trawling, over-®shing and the introduction of
alien species (Caddy and Griths 1990; Caddy 1993). The eects
were greatest in the north, where the Danube, Dnieper and Dni-
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ester Rivers determine the hydrological and hydrochemical regime.
Nitrogen and phosphorus inputs dramatically increased in the
1960s, causing eutrophication in the coastal northwest. Eutrophication led to changes in zooplankton structure and blooms of
Noctiluca scintillans Kofoid and Swezy, 1921 (Zaitsev and Aleksandrov 1997). An outburst of Aurelia aurita (L) followed in the
early 1980s (Lebedeva and Shushkina 1991).
The Sea of Azov is shallow (4±14.5 m depth) and even less
saline than the Black Sea. In the 1970s, decreases in discharge from
the Don and the Kuban Rivers caused an increase in salinity
(Kuropatkin 1998), which later recovered and currently ranges
from <1& to 16& according to area. Temperature varies from ±
0.8°C to 1.2°C in winter and from 24°C to 30.0°C in summer
(Kuropatkin 1998). Prior to the 1980s, the Black Sea and the Sea of
Azov were rich in zooplankton and had the most productive ®shery
in the world (Ivanov and Beverton 1985; Rass 1992; Kovalev et al.
1998).

Results
Distribution and abundance of M nemiopsis leidyi
in the Black Sea
Interannual variation
Mnemiopsis was ®rst discovered in the northwest in
November 1982 (Pereladov 1988). By summer/autumn
1988, it was found everywhere, at an average biomass of
ca. 1 kg wet weight (WW) m±2 (40 g WW m±3) and an
average abundance of 310 ind. m±2 (12.4 ind. m±3) (Vinogradov et al. 1989) (Fig. 2). In autumn 1989, the
greatest mean biomass ever in the open sea, 4.6 kg WW
m±2 (184 g m±3), and greatest abundance, 7600 ind. m±2
(304 ind. m±3), were measured (Vinogradov et al. 1989).
In spring 1990, abundance was still very high, but by
Fig. 2 Mnemiopsis leidyi. Long-term variations in biomass (g WW
m±2) in the oshore (1) and inshore (2) areas of the Black Sea (data
before 1992: Vinogradov et al. 1989, 1992; Khoroshilov 1993)

summer, it began to decrease (Vinogradov et al. 1992).
This decreasing trend reversed in September 1994, with
an average biomass of 2.7 kg WW m±2 (108 g WW m±3)
in the open sea, but much higher values in inshore waters (maxima 9.7 kg WW m±2, 176 g WW m±3; averages
4.5 kg WW m±2, 180 g WW m±3). A second peak in
biomass was observed in spring and summer 1995
(Fig. 2), followed by a second decrease. In 1998, a third
increase in oshore waters produced an average biomass
of 876 g WW m±2 (35 g WW m±3) and an average
abundance of 463 ind. m±2 (18 ind. m±3).
Vertical distribution
M. leidyi mainly lives above the thermocline (from 0 to
15±25 m) during the warm season. A few large specimens venture below the thermocline, but remain above
the pycnocline (60±80 m). In winter, M. leidyi is found
throughout the isothermal layer above the pycnocline,
with most of the population above 50 m. In March 1998
the R.V. ``Bilim'' survey identi®ed small specimens at
depths of 105±150 m, where low oxygen concentrations
were found (Mutlu 1999). Adults feed and reproduce
above the thermocline (15±25 m) at night (Shiganova,
unpublished data).
Seasonal dynamics and factors controlling
population size
M. leidyi, as most ctenophores, is annual and does not
survive Black Sea winters if water temperatures decrease
below 4°C. Experiments showed that M. leidyi dies in
Black Sea water if it spends 4±6 h at a temperature of
4°C, and faster when the temperature is lower (Shiganova, unpublished data). Body size is smaller in spring
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Fig. 3 Mnemiopsis leidyi. Average length relative to temperature.
In March of 4 years in the Black Sea

after a cold winter (Fig. 3), and population size after
cold winters is low (Fig. 4). The relative size of the
spring population determines that later in the year: the
high abundance of M. leidyi in March and August 1995
re¯ects a previous warm winter (Fig. 5). The spatial
distribution of M. leidyi in spring also depends on the
previous winter's temperatures. After a cold winter
M. leidyi is practically absent from inshore waters,
where a stronger cooling of the water column occurs.
After a warm winter it is found in inshore waters, but is
more abundant in the open sea (Fig. 5).
Between February and June, overwintering specimens
increase size (weight) by somatic growth only. By June±
July, they reach adulthood (Fig. 6). Episodic reproduction ®rst begins where zooplankton is abundant and
temperature higher than 21°C. Mean individual weight
reaches a maximum in June±July (Fig. 6), such that
biomass peaks in August±September. Density, however,
peaks in September±November when reproduction is
greatest and the population contains many larvae and
small individuals (Fig. 7). Reproduction in the inshore
waters becomes intense in mid-July to mid-August, and
continues until October±November. It requires temperatures of 23.5±24°C, and peaks at 24.5±25.5°C. Food
supply is also critical (Tzikhon-Lukanina et al. 1993),
and the main areas of reproduction are inshore waters
with abundant mesozooplankton in August±September,
the time of the so-called ``second peak'' of zooplankton,
composed of warm-water species and larvae of benthic
organisms (meroplankton). However, reproducing ctenophores also spread to the open sea, where spawning
continues (Fig. 7a).
During October±November, biomass decreases due
to the presence of numerous young individuals (<3 g
WW) and to the death of large individuals after reproduction. In late October to early November, reproduc-

Fig. 4a±d Long-term variations in Mnemiopsis leidyi biomass (g
WW m±2) (1), zooplankton biomass (g WW m±2) (2), and
temperature (°C) in the Black Sea since 1988 (data before 1992:
Vinogradov et al. 1989, 1992; Khoroshilov 1993). a Minimal winter
air temperature; 2 mean winter air temperature; 3 spring surface
water temperature. b Spring biomass of M. leidyi and zooplankton.
c Mean air temperature in August; 2 mean air temperature in
summer; 3 surface water temperature in August. d Biomass of
M. leidyi and zooplankton in summer

tion gradually comes to a standstill, at ®rst in the inshore
waters, where temperature drops quickest (Fig. 7b).
Eects on zooplankton
Feeding in M. leidyi is directly proportional to prey
concentration over an extremely wide range of prey
densities (Miller 1974; Reeve and Walter 1978; Kremer
1979), except at densities below 3 ind. m±2 (TzikhonLukanina et al. 1992). Ctenophores often face a
de®ciency of food in the sea. In such areas with low
zooplankton concentrations, most of them have an
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Fig. 5a, b Mnemiopsis leidyi.
Abundance (ind. m±2) a in
spring after a cold winter
(March 1993) and b after a
warm winter (March 1995)

empty gastrovascular cavity (Tzikhon-Lukanina et al.
1991). In summer, M. leidyi feeds mainly on planktonic
crustaceans. Small ctenophores prefer cladocerans,
larger ones copepods together with ®sh eggs and larvae
(Tzikhon-Lukanina and Reznichenko 1991; TzikhonLukanina et al. 1991, 1992). Mean size of prey varies
between 0.75 and 1 mm. Ctenophores in coastal waters
have a more varied diet than those in the open sea
(Sergeeva et al. 1990; Tzikhon-Lukanina and
Reznichenko 1991); their diet includes more copepods
and ®sh eggs, ®sh and invertebrate larvae. Among the
latter, mussel veligers usually predominate.
The main food of M. leidyi is zooplankton, but ®sh
eggs and larvae (``ichthyoplankton'') directly follow this.
In the Black Sea, plankton varies with season, area and
time of day. Feeding intensity is maximal around midnight (Sergeeva et al. 1990).
At high food concentrations (Acartia) of 20±200 ind.
l±1, the food ration varied between 120% and 1500% of

body weight per day (Finenko et al. 1995). But in natural conditions, the ration is more often close to 70%,
which is below saturation. Digestion in adult ctenophores takes 2±3 h at a temperature of 20±23°C
(Sergeeva et al. 1990; Tzikhon-Lukankina et al. 1992,
1993). Digestion time is longer with increasing food and
at lower temperatures.
M. leidyi triggered an unprecedented decline in the
density, biomass and species composition of the mesozooplankton (Fig. 4) of the Black Sea. In summer
1989, the copepods Paracalanus parvus Boeck and
Centropages ponticus Karaw almost disappeared; Oithona nana Giesbrecht and the Pontellidae completely
disappeared in the ®rst years of the M. leidyi bloom
(Kovalev 1993; Kovalev et al. 1998). The standing
stock of Oithona similis Claus and Acartia clausi
Giesbrecht, cladocerans, appendicularians, polychaetes
and gastropod larvae, particularly in the upper water
layers and in coastal areas, collapsed but did not
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become extinct. A planktonic zooplanktivore, the
chaetognath Sagitta setosa MuÈller, also virtually disappeared, possibly by a combination of reduced prey

Fig. 6 Mnemiopsis leidyi. Seasonal change of average individual
weight (g WW) in the inshore (gray bars) and oshore (black bars)
areas (1995±1996) in the Black Sea

Fig. 7a, b Mnemiopsis leidyi.
Abundance (ind. m±2) a in
summer (August 1995) and b in
autumn (November 1993) in the
Black Sea

availability and predation pressure by the ctenophore.
By autumn 1989, zooplankton biomass in the open sea
was 4.4 times lower than in 1988. In 1990, the abundance of one previously little aected copepod species,
Calanus euxinus Hulsemann, also began to decrease
(Vinogradov et al. 1992).
The ¯uctuations between ctenophores and
zooplankton were antagonistic (Fig. 4). In years with
high M. leidyi density, zooplankton biomass had
strongly declined by autumn. When M. leidyi density
was lower, zooplankton biomass remained higher
(Fig. 4). During low ctenophore years, such as 1992±
1993 and after 1996, zooplankton, and particularly
C. euxinus, showed signs of a recovery. Copepod species
diversity increased; some species, which had disappeared
in 1990±1992, reappeared. The most striking comeback
was that of P. parvus.
In late August 1999 after Beroe ovata ®rst bloom, a
recovery in zooplankton numbers and biomass was
noted (Fig. 4). The biomass of mesozooplankton
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Fig. 8 Interannual variation of
Pleurobrachia pileus (1), Aurelia
aurita (2) and Mnemiopsis leidyi
(3) biomasses (g WW m±2) in
the Black Sea (data before 1992:
Vinogradov et al. 1989, 1992;
Khoroshilov 1993)

increased to ca. 11 g WW m±2 in the open northeast and
to 13 g WW m±2 in inshore areas, a much higher value
than during the ten previous years. The biomass of
Calanus euxinus and Pseudocalanus elongatus was almost
invariant, but that of other copepods, primarily in the
surface layer, increased threefold, reaching 1.4 g WW
m±2. Cladocerans increased to 150±300´103 ind. m±2,
with Penillia avirostris most abundant. Pontella mediterranea Claus and Centropages ponticus Karaw, which
had not been seen since the early 1990s, returned. The
meroplankton increased greatly too. All these changes
were exactly paralleled by the appearance of a new ctenophore, Beroe ovata.
Competitors
M. leidyi competes with other gelatinous species,
planktivorous ®sh and pelagic ®sh larvae. Three gelatinous zooplanktivorous organisms are indigenous to the
Black Sea: the scyphozoans Rhizostoma pulmo (Macri,
1778) and Aurelia aurita, and the ctenophore Pleurobrachia pileus (O.F. Miller, 1776). R. pulmo mainly inhabits contaminated coastal areas. P. pileus inhabits the
intermediate layer from 15±25 to 150 m, and its abundance is generally uncorrelated with that of M. leidyi
(Fig. 8) (Shiganova et al. 1998). Only A. aurita overlaps
spatially and temporally with M. leidyi. It occurs
throughout the sea, but reaches its greatest abundance in
inshore waters. It reached a peak in the early 1980s at an
average biomass of 0.6±1.0 kg WW m±2 and total biomass of 3±5´108 tons (Lebedeva and Shushkina 1991).
After the arrival of M. leidyi, it collapsed (Fig. 8). A
signi®cant negative correlation between M. leidyi and
A. aurita (n=14, r=±0.80, P=0.005) was established
(Shiganova et al. 1998).
There are three predominantly zooplanktivorous ®sh
species in the Black Sea: the Black Sea anchovy (Engraulis encrasicolus ponticus Aleksandrov), the Mediterranean horse mackerel (Trachurus mediterraneus
ponticus Aleev) and sprat (Sprattus sprattus phalericus
Risso, 1827). They became the main commercial species
in the 1980s, after the demise of the large pelagic pis-

civorous ®sh and dolphins (Caddy and Griths 1990).
But their stocks and catches declined dramatically during the bloom of M. leidyi (Fig. 9). The most severe
decline was in Black Sea anchovy and Mediterranean
horse mackerel, which spawn during summer and suffered from decreased zooplankton abundance. Copepoda had been the main food of Black Sea anchovy, but
in 1989 these sharply decreased. Copepods in the diet
were replaced (30%) by larvae of Cirripedia, Ostracoda and Bivalvia, all with a low caloric content. Consequently, growth rate, weight-at-age, fecundity and
frequency of spawning of anchovy decreased (Shiganova
and Bulgakova 2000), while the Mediterranean horse
mackerel completely disappeared from Russian commercial catches.
There was also an adverse eect on moderate to cold
water ®sh (e.g. sprat), in spite of their spawning in autumn and winter. These co-occurred with M. leidyi in the
surface layer in winter and only occasionally in summer
(Shiganova and Bulgakova 2000).

Fig. 9 Catches of zooplanktivorous species (Russia, Ukraine and
Georgia) in the Black and Azov Seas (data FAO's Statistical
Bulletin, nominal catches 1985±1994, and data AzNIIRKH):
Merlangus merlangus euxinus (Black Sea), Sprattus sprattus
phalericus (Black Sea), Clupeonella culttriventris (Sea of Azov),
Engraulis encrasicolus maeticus (Sea of Azov) and Engraulis
encrasicolus ponticus (Black Sea)
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M. leidyi aected the food base of all ®sh larvae. The
percentage of starving larvae increased to high values
during the bloom of M. leidyi. Due to the absence of
small copepod species, larvae had to switch to a diet of
larger organisms, which were less suitable and caused
heavy mortality (Tkach et al. 1998).
Eects on ichthyoplankton
According to Dekhnik (1973), 28 species and subspecies
of Black Sea ®sh have pelagic eggs and larvae, and 28
others have only pelagic larvae. This fauna is diverse by
ecology and origin. It includes summer-spawning,
warm-water species of subtropical origin and winterspawning, cold-water boreal species.
The spawning of warm-water species begins in late
spring and lasts until July±August or August±September. The highest density of M. leidyi coincides with the
reproduction of these populations of summer-spawning
®sh, among which are important commercial species
such as anchovy and Mediterranean horse mackerel.
The ctenophore is particularly destructive to these.
Tzikhon-Lukanina et al. (1993) estimated the consumption of ®sh larvae by one M. leidyi in the coastal
Black Sea at 5 specimens day±1 or 74% of all ichthyoplankton at peak periods. In periods between bursts,
this level of consumption dropped to 7% daily (Tzikhon-Lukanina et al. 1993). These levels may be overestimates. Our observations in situ in coastal areas
showed that 1% of M. leidyi population had ®sh larvae
in gut content and 2±10% of population had eggs.
Larvae are very active and M. leidyi consumes them
only with diculty. However, M. leidyi can have a disastrous eect if it encounters an aggregation of eggs.
One ctenophore in our samples had eight eggs of
Mediterranean horse mackerel in its gut (Shiganova,
unpublished data). As a result, in 1989 the density of
eggs and larvae of summer-spawning ®sh greatly decreased, with a particularly great decline in ichthyoplankton species like anchovy (Engraulis encrasicolus
ponticus) and Mediterranean horse mackerel (Trachurus
mediterraneus). Since 1992, the numbers of anchovy
eggs and larvae gradually began to rise as M. leidyi
declined, but their total density remained low in the
northern area, and only signi®cantly increased in the
southern and particularly in the southwestern area
(Niermann et al. 1994; Shiganova et al. 1998). In 1999,
after the appearance Beroe ovata, the numbers of eggs
increased greatly, and above all other species those of
anchovy, Mediterranean horse mackerel and Diplodus
annularis (Shiganova et al. 2000).

scombrus Linnaeus, 1758 and S. japonicus Houttuyn,
1782) and Black Sea whiting, Merlangus merlangus
euxinus (Linnaeus, 1758). These eat gelatinous species
elsewhere (GESAMP 1997). However, their numbers
had been decimated before 1980 by over-®shing (Caddy
and Griths 1990; Rass 1992).
There also were no gelatinous predators of M. leidyi
in the Black Sea, until the ctenophore Beroe ovata
spontaneously appeared. In 1997 and 1998, B. ovata
was ®rst seen in some coastal areas in autumn
(Konsulov and Kamburska 1998). In August 1999, a
®rst bloom was recorded, with average numbers and
biomass 1.1 ind. m±2 and 31 g WW m±2, respectively.
The abundance of M. leidyi immediately dropped
(17.3 ind. m±2 and 155 g WW m±2), and, in April 2000,
M. leidyi was found only in some of the warmest locations, at a density of 1.2 ind. m±2. and biomass of
28 g WW m±2.
Distribution and abundance
of M. leidyi in the Sea of Azov
M. leidyi made its ®rst appearance in the Sea of Azov in
August 1988 (Studenikina et al. 1991); a ®rst peak followed in September 1989 (Fig. 10), with a biomass of
936 g m±2 (103 g m±3). From that point onwards it
bloomed there every summer±early autumn, with peaks
in July±August (higher as a rule in August) in the case of
early arrival and in August±October in the case of late
arrival (Fig. 11). In August 1991, biomass reached 812 g
m±2 (91.2 g m±3), to decrease in 1992±1994 to a low in
August 1992 of 362 g m±2, or 53.9 g m±3. In 1995, a new
rise began from 610 g m±2 (74.5 g m±3) in August 1995 to
the greatest biomass ever of 1075 g m±2 (131.5 g m±2) in
August 1999 (Fig. 10).
M. leidyi only occurs during the warm seasons, and
reinvades every year through the Kerch Strait. The time
and dynamics of its penetration correlate with winddriven currents. Under southwestern and southern
winds in April, it arrives in spring (April±May); failing
these, it does not appear until June±July (Fig. 11). As a

Predators
For a decade or so after its outbreak in the Black Sea,
M. leidyi encountered no predator limitation here. The
only potential ®sh predators were mackerel (Scomber

Fig. 10 Mnemiopsis leidyi. Interannual variations in biomass (g
WW m±2) in the Sea of Azov (1) and mean surface water
temperature (°C) (2)
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Fig. 12a, b Interannual variations of a Mnemiopsis leidyi area of
distribution (%) (1) and b zooplankton (mg WW m±2) (2) M. leidyi
biomass (g WW m±3) (3), in the Sea of Azov in June
Fig. 11a, b Mnemiopsis leidyi. Seasonal changes in a individual
weight and b biomass (gám±2 WW) in the Sea of Azov in the case of
early arrival (1996) (1) and later arrival (1993) (2)

result, a population may form as early as May. In May
and June, winds determine the pattern of its distribution
and the size of its distribution area (Fig. 12). It ®rst
occurs in the south, adjacent to Kerch Strait. Then it
spreads to the south and southeast. In June it reaches
the central and southwestern areas (Fig. 13). A predominance of eastern winds inhibits its spread. In 1998,
for example, its area of distribution was three times
smaller than normal. Alternatively, northern and
northeastern winds prevent its distribution to the eastern and central areas. But in August or September
M. leidyi is usually found everywhere, including in Taganrog Bay (Fig. 13), where salinity is as low as 3&
(Studenikina et al. 1991; Volovik et al. 1993). The
abundance of M. leidyi in the Sea of Azov depends on
the timing of the annual re-invasion, on the number of
invading specimens, on the size of the area that becomes
occupied, on available zooplankton biomass and water
temperature (Figs. 10, 11, 12, 13, 14). High biomasses of
M. leidyi occurred in August/September 1989, 1991,
1995, 1999, years of early re-introduction as well as high
mean water temperatures in July (26°C) and August
(25±26.2°C) (Figs. 10, 11).
When M. leidyi appears in the Sea of Azov, its size
and individual weight are typical of those of the spring
Black Sea population (e.g. length 30±50 mm). Juveniles
and larvae are usually absent. In the case of late arrival,
their sizes and individual weights are larger, as in the
Black Sea at that time (Figs. 6, 11a).

Initiation of reproduction depends on time of arrival, and on available food (Fig. 12) (Volovik et al.
1993). Reproduction occurs usually in June, in the
case of early arrival, or between July and October,
peaking in August±October. It is not restricted to
certain temperatures, although it is greatest at high
temperatures. M. leidyi remains relatively small (1.5±
2.5 cm) in the Sea of Azov (Fig. 11a). The invading
specimens are larger (about 5.0 cm), and die after reproduction. By September, they are very rare. In
November, when temperature drops to 4°C, the entire
population dies.
Eects on zooplankton and ichthyoplankton
In late spring, zooplankton is very abundant in the Sea
of Azov. This is the period when Acartia clausi, Centropages ponticus, Paracalanus parvus, Oithona similis
and Lebidocera bruences reproduce, and the community
abounds with naupliar and copepodid stages. After each
invasion of M. leidyi, zooplankton was decimated: from
79´10 m±3 to 0.43´10 m±3. In the most productive areas,
where zooplankton biomass attained 200 mg WW m±3
in July, it was reduced to 10% of its initial standing
stock, and in August it dropped to zero (Fig. 14). If
M. leidyi invaded here in spring, it consumed a high
percent of eggs and larvae of Azov anchovy, Engraulis
encrasicolus maeticus Pusanov, and Azov kilka, Clupeonella cultriventris (Nordmann, 1840). In such cases,
their spawning stocks were very poor. In case of a late
arrival in June or July, larvae have time to grow and
spawning stocks were higher.
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Fig. 13a±d Mnemiopsis leidyi. a Spatial distribution (g m±2) in the
Sea of Azov in a June 1996, b July 1996, c August 1996, d October 1996

Competitors

for the ®rst time, but these were too few to have an eect
on M. leidyi density. M. leidyi density and biomass were
the highest ever (Fig. 10).

The gelatinous Aurelia aurita and Rhisostoma pulmo ®rst
penetrated the Sea of Azov at the end of the 1960s when
a decrease in Don and Kuban River discharge caused a
salinity upsurge (Zakhutsky et al. 1983). However,
M. leidyi, soon reduced both species to rarities.
The stocks of planktivorous Azov anchovy,
E. encrasicolus maeticus, and Azov kilka, C. cultriventris, had been in decline since the 1970s. After the
appearance of M. leidyi, they collapsed (Fig. 9). Interannual variation depends on the time of arrival of
M. leidyi. If it arrives early in spring, ®sh have insucient food to spawn, and their larvae starve because
M. leidyi consumes all mesozooplankton during early
summer (Fig. 14). If M. leidyi does not arrive until June
or July, spawning stocks do better (Volovik et al. 1996;
Volovik and Chikharev 1998). During the last decades,
the diet of the Azov anchovy switched from copepods
and polychaetes to low-calorie meroplankton. Consequently, its average length, weight and fat content decreased, while winter mortality increased (Shiganova
and Bulgakova 2000).
Predators
There is no native predator of M. leidyi in the Sea of
Azov. In 1999, a few specimens of Beroe ovata arrived

Fig. 14 a Seasonal changes Mnemiopsis leidyi biomass (g m±3) and
b seasonal changes of zooplankton (mg WW m±3) biomass (1990±
1996) in the Sea of Azov (1 Copepoda; 2 Cladocera; 3 Rotatoria; 4
meroplankton)
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Distribution in the Sea of Marmara
Probably, M. leidyi penetrated the Sea of Marmara with
the upper Bosporus current in 1989±1990. It now occurs
year-round in the upper water layer. Intense reproduction was recorded in early October 1992, when mean
biomass was 4.2 kg m±2 (152 g WW m±3) and density
was 27 ind. m±3 (Shiganova 1993). In July 1993, its
density was about 40 times lower than in the previous
year (Kideys and Niermann 1994). Its size (with lobes)
was approximately the same as in the Black Sea. The
largest specimen had a length of 105 mm.
Eects on zooplankton and ichthyoplankton
Data are scarce, but during a survey in 1992 zooplankton density was drastically lower than in 1977 (Cebeci
and Tarkan 1990), from 257 to 33 ind. m±3 in the north,
and from 360 to 35 ind. m±3 in the south. The
density and species composition of ®sh eggs and larvae
were also low (Shiganova 1993; Shiganova et al. 1995).
Competitors
Several Black Sea gelatinous species also inhabit the Sea
of Marmara: Rhizostoma pulmo, Aurelia aurita and
Pleurobrachia pileus; but A. aurita was not found here in
1992, re¯ecting the great density of M. leidyi.
Near the Dardanelles, a Mediterranean gelatinous
species (Bolina sp.=Bolinopsis sp.?) was found in 1992.
Predators
The Mediterranean ctenophore Beroe ovata (size 2.5±
4.8 cm) was collected at six stations near the Dardanelles, and in the central part of the sea, but it was not
abundant (Shiganova et al. 1995).
Distribution in the Aegean Sea and in the eastern
Mediterranean
M. leidyi was ®rst recorded during late spring±summer
1990 in Saronikos Gulf (45±75 ind. m±2), as well as in the
neighboring, eutrophic Elefsis Bay (Fig. 15). In the littoral of the gulf, M. leidyi abundance decreased (1.5 ind.
m±2) until 1996, when it was mainly found in spring. A
large swarm (up to 10 ind. m±3 or 150 ind. m±2) was
observed in January 1998, but after 1996 it became rare
in this area.
M. leidyi was rather abundant (3 ind. m±2 or 0.3 ind.
±3
m ) in May 1995 in Kalloni Bay (Lesvos Island), but it
was less abundant there in September 1995 and May
1996. In June 1998 its abundance varied between 1.5 and
2.5 ind. m±2 (or 0.3 and 0.5 ind. m±3) in the northeastern
Aegean, and in September 1998 its greatest abundance

Fig. 15 Mnemiopsis leidyi. Sightings in the Aegean Sea

was close to the Dardanelles Strait: 2.5 ind. m±2 and
45.5 g WW m±2 (0.5 ind. m±3 and 9.09 g WW m±3).
Swarms were observed during summer in several coastal
areas of the Aegean Sea (Skyros, Limnos and Alonissos
Islands, Halkidiki Peninsula) between 1991 and 1996.
No specimens (adults or juveniles) were collected in the
northern Aegean Sea, even at the mouth of the Dardanelles, during cruises in March 1997, 1998 and 2000 or
in September 1997 and 1999. Furthermore, M. leidyi
populations were rare along the Limnos coasts in summer 1997, 1998 and 1999. The size of individuals collected in the Aegean Sea and in the Saronikos Gulf was
2.5±6.5 cm. These M. leidyi may have been carried to the
northern Aegean Sea by the Black Sea currents. Here,
they may spread independently of the Black Sea current.
Further east, M. leidyi appeared in Mersin Bay in
spring 1992 (Uysal and Mutlu 1993; Kideys and Niermann 1994), and in Syrian coastal waters in October
1993 (Shiganova 1997). The specimens may represent
invasions with ballast water of Black Sea origin, as
supported by the fact that they were found near Mersin
and Latakia ports.
Eects on zooplankton
Mesozooplankton in Saronikos Gulf did not decrease
after the appearance of M. leidyi in the area. Only in
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Fig. 16 Interannual variability
(1987±1999) of mesozooplankton biomass and abundance in
Saronikos Gulf

1990, when M. leidyi was most abundant, were zooplankton biomass and abundance somewhat lower
(Fig. 16). There is no time series of data for the northern
Aegean Sea, but we could compare data obtained in
1988 (before the M. leidyi invasion) and in 1997 and
1998 (when M. leidyi was present) for the 0±50 m layer.
Total mesozooplankton was 765 ind. m±3 in September
1988 versus 2534 ind. m±3 in September 1997.
Competitors
In the Aegean Sea Aurelia aurita occurs (Papathanassiou
et al. 1986), but the abundance of A. aurita is much
lower when M. leidyi is present. Furthermore, A. aurita
was absent in Elefsis Bay in the summer of 1990, when
M. leidyi was abundant there; it reappeared the following year. There was no noticeable eect of M. leidyi on
the zooplanktivorous ®sh in the Aegean Sea.
Predators
At least two species of Beroe occur in the Mediterranean
Sea (Tregoubo and Rose 1957). During our survey
several ctenophores (3.0±4.6 cm) were found in the
Syrian coastal area. Specimens of the genus Beroe were
also found in the northern Aegean Sea in March 2000.
The presence of Beroe may be among the reasons for the
persistent low density of M. leidyi in the eastern Mediterranean Sea.

Discussion
In light of the current, enormously expanded maritime
trac, the arrival of Mnemiopsis leidyi in the Black Sea
was probably unavoidable. In fact, the structure of the
Black Sea zooplankton had begun to change as early as
the late 1960s. These changes were greatest in the
northern region, which was severely aected by

eutrophication and predation by a ®rst jelly ®sh, Aurelia
aurita (Lebedeva and Shushkina 1991; Petranu 1997;
Shiganova et al. 1998).
The introduction of M. leidyi to the Black Sea allowed it to secondarily expand its range to the adjacent
seas of Azov, Marmara, the Aegean and perhaps the
eastern Mediterranean (Fig. 1). However, nowhere were
conditions as optimal and perennial as in the Black Sea
and the surface waters of the Sea of Marmara. It has to
re-invade the Sea of Azov each year. Low numbers take
advantage of the Black Sea current to reach the northern
Aegean Sea, where they disperse according to the
dominant circulation patterns (Stergiou et al. 1998;
Theocharis et al. 1999). But its presence in Saronikos
Gulf and Elefsis Bay could be also due to ballast water
release as elsewhere in the eastern Mediterranean Sea
(Fig. 1). The fact that, unlike in the northern Aegean
Sea, it has also been found in winter, might suggest that
the population of Saronikos Gulf is distinct from that in
the northern Aegean. In the latter area no specimens
have been observed from October to April.
In the Black Sea M. leidyi mainly lives above the
thermocline (0 to 20±25 m). In the Sea of Marmara it
inhabits only the upper layer, composed of Black Sea
water. In the Aegean Sea too it was found in the upper
layer only.
These observations suggest that the Black Sea environment suits M. leidyi best, while conditions seem
worst in the eastern Mediterranean with its combination
of high salinity (about 39&), high summer temperature
(24±29°C), and signi®cant predation levels.
How does all this compare with conditions
in its native range?
The native habitats of M. leidyi are temperate to subtropical estuaries along the Atlantic coasts of North and
South America. Its population dynamics here shows
dierences in seasonal patterns according to area. Narragansett Bay is near the northern end of its range. This
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temperate estuary has an annual temperature range of 1±
25°C, with temperatures >20°C from June to September. Salinity ranges from 21& to 32&. Abundance is low
during winter and spring, and increases by several orders
of magnitude during summer, peaking in late summer or
early autumn (August±September), with high biomass
lasting about 2 months (Kremer and Nixon 1976; Deason and Smayda 1982). High ctenophore biomass correlates strongly with that of crustacean zooplankton in
early summer (Deason and Smayda 1982).
Chesapeake Bay (Maryland) is a large and complex
estuarine system. Temperatures typically range from 2°C
to 26°C annually, and are >20°C from June to October.
Salinity ranges from 5& to 16&. M. leidyi biomass
peaks during July and August, with a sharp drop in
autumn. Reproduction begins in spring, and is most
intense in July and August. In summer, the peaks of
copepod and ctenophore biomass coincide (Miller 1974;
Olson 1987; Purcell et al. 1994).
Biscayne Bay, Florida, is a shallow subtropical estuary with a temperature range of 18±32°C, and salinities
ranging from mesohaline (<20&) to hypersaline
(>40&), depending on season and location. Here,
M. leidyi is scarce in summer and peaks in late autumn
or early winter (October±November). Its abundance
correlates with times and areas of high prey availability
(Baker 1973; Reeve 1975; Kremer 1994).
Coastal areas along the Gulf of Mexico with shallow
subtropical waters, with temperatures ranging from
10°C to 30°C and salinity from 20& to 33&, have
M. leidyi present for much of the year, and abundant at
variable times, with several biomass spikes but without
clear seasonal variations. Mesozooplankton also peaks
several times a year (Kremer 1994).
A consensus therefore emerges that temperature,
salinity, food availability and predators combine to
determine seasonal abundance of M. leidyi (Raymond
1988; Kremer 1994), whatever the location. In temperate
mesohaline estuaries, high abundance falls in summer,
with a peak between August and September (Narragansett Bay, the Black Sea). In estuaries with lower salinity,
the peak occurs from July to August, with a sharp decrease in autumn (Chesapeake Bay, the Sea of Azov in
the case of early arrival). In subtropical hypersaline areas
M. leidyi dynamics are similar to those in the Mediterranean Sea, depending on season and location (Biscayne
Bay, the Gulf of Mexico). In the Mediterranean, M. leidyi
abundance is lower in summer and higher in winter,
autumn or spring, depending on location.
In the Black Sea, M. leidyi reached extremely high
mean densities (7600 ind. m±2), biomass (4.6 kg m±2)
and became larger (8±15 cm, maximum 18 cm) than in
its native range (Vinogradov et al. 1992; Shiganova
1997). In the Sea of Marmara the average size of
M. leidyi was as in the Black Sea, but the largest individual found was only 10.5 cm. Mature individuals in
the Sea of Azov (0.5±2.5 cm and maximum 3 cm) and in
the Aegean Sea were much smaller than in the Black Sea
(2.5±6.5 cm average size).

The peak of M. leidyi abundance in autumn 1989 in
the Black and Azov Seas not only coincided with high
summer temperatures, but also with zooplankton abundance (Figs. 4, 12) (Vinogradov et al. 1992; Shiganova
1997). The peak of abundance in other seas was later.
There are no exact data for the Sea of Marmara, but
most likely M. leidyi appeared there between 1989 and
1990; a bloom was recorded in October 1992. The highest
density in the Aegean Sea, in 1990, was from late July or
August until October or early November, with a maximum in August±September. Together these data not only
indicated to favorable temperatures, but also periods
with high zooplankton and meroplankton biomass.
In the Sea of Azov reproduction occurs from June, in
the case of early arrival, or July to October, peaking
between July and September in the case of early arrival,
and between August and October in the case of late
arrival. However, initiation of reproduction depends on
time of penetration to the Sea of Azov, prey availability
(Figs. 12, 14) and temperature (Fig. 10).
Timing of reproduction in the Sea of Marmara is
probably as in the Black Sea. In the Aegean Sea M.
leidyi specimens are found mainly in inshore waters,
bays and gulfs. Reproduction here is yet to be con®rmed, since no larval stages have been collected.
The strong eect of M. leidyi on the Black and Azov
Seas also re¯ects an absence of predators. Black Sea
mesozooplankton was decimated by M. leidyi. Planktivorous ®sh suered from competition and consumption of their pelagic eggs and larvae due to the great
numbers of M. leidyi, unchecked by predators of their
own. After the appearance of Beroe ovata, the situation
took a new, spectacular turn: M. leidyi numbers plummeted, and the ecosystem began to recover.
The situation was most extreme in the Azov Sea.
During the ®rst months of summer M. leidyi consumed
almost all of the zooplankton. The stocks of planktivorous ®sh dropped and recovered little, due to a persistent
summer abundance of M. leidyi (Figs. 9, 12, 14). Up until
2000, no eect of Beroe has been recorded here.
In the Sea of Marmara zooplankton biomass was
lower than before M. leidyi appeared; ichthyoplankton
density and species composition both declined in 1992,
but not as catastrophically as further north.
There were no measurable changes in the pelagic
ecosystem of the Aegean Sea under the in¯uence of
M. leidyi. Only in 1990 was there a drop of zooplankton
biomass and abundance in Saronikos Gulf, but it remains to be seen whether this was really due to Mnemiopsis (Fig. 16), which never really managed to reach
bloom levels here.
In conclusion, the Black Sea is a main habitat of
M. leidyi, and from the Black Sea M. leidyi has continuously spread to other seas of the Mediterranean basin,
the current abundance in the Black Sea determining the
abundance in the other seas.
M. leidyi was such a success in the Black Sea because:
(1) it was not preyed upon, (2) it successfully competed
with Aurelia aurita and (3) it undercut zooplankton-
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eating ®sh by using their eggs and larvae as food, which
M. leidyi transferred into jelly biomass at a rate that ®sh
could not match. When ®nally, after a decade, a jelly
predator, B. ovata, appeared (in 1997), this rapidly began to control the density of M. leidyi.
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