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Abstract

The Survey was from 2002 to 2003 in the Iranian Coasts of the Caspian Sea. The
gut contents of Mnemiopsisin the Caspian Sea include a wide variety of prey, Whit
84 % of items being Zooplankton prey. The maximum Zooplankton prey was
Copepoda (34 %) and Minimum prey was Cladocera with 0.75 percentage . In this
study we showed fish eggs (% 3) and Mollusca (4.2%). Mnemiopsis consumed
Phytoplankton, Maximum items prey was Chrysophyta with 67 % and minimum
was showed Pyrrophyta (3.7 %). The highest prey of M.leidyi observed young
specimens and the lowest prey have been adult M.leidyi. In this study, We have
Showed Ctenophore cannot digest phytoplankton.

Introduction

In the 1980s, the introduction of a new species (a lobate ctenophore,
Mnemiopsis leidyi) into the Black Sea radically affected the whole
ecosystem (Vinogradov 1989; Kideys 1994). This species had a negative
impact on the most dominant fish of the Black Sea, the anchovy Engralius
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encrasicolus, though competion for the edible zooplankton as well as
consumption anchovy eggs and larvae in the Black Sea. The mass
occurrence of Mnmiopsis was one of the most important reasons for the
sharp decrease of anchovy and other pelagic fish stocks in the Black Sea
(Kideys 1994).

Meantime possibility of its introduction into other neighbouring sensitive
ecosystems, notably the Caspian Sea, has been mentioned (Dumont 1995;
GESAMP 1997). And, as expected, this ctenophore reported from the
Caspian Sea by November 1999 (Ivanov et al.2000).

Ivanov et al. (2000) suggested that this ctenophore were transported with
ballast water taken aboard in the Black Sea or the Sea Azov (where
Mnemiopsis occurs in warm months) and released after ballast-loaded ships
passed through the Volga Don Canal and the shallow freshwater North
Caspian Sea, into the saltier Central or South Caspian.

Since M.leidyi is a voracious predator on zooplankton, catches of the main
zooplanktivorous fish, Kilka (Clupeonella spp.), are reported to countries
since 2001 (kideys et al. 2001a,b). For example, the Kilka (Clupeonella spp.)
catches of Iran initially dropped to 64-thousand tones in 2000 and to 45-
thousand tones in 2001, from 82 — and 83-thousand tones in 1998 and
1999,respectively (kideys et al. 2001a). So within 2 years, an almost 50 %
decrease in the Kilka catches of Iranian fishermen has occurred, with a
minimum of 15 million Us dollars in economic loss. Similary, Azerbaijan Kilka
catches dropped to 9 thousand tones in 1999 and 18-thousand tones in
2000 (Kideys et al. 2001b). So, for Azeri fisheries, this too represents about
a 50% decrease in the Kilka catches between 1999 and 2001. Russia
catches have also been reported to have decreased remarkably (Shiganova
etal. 2001a) .

Due to damage observed in the Black Sea, there has been a fast response
over the presence of Mnemiopsis in the Caspian Sea. Since Mnemiopsis is
a voracious predator on zooplankton, both abundant small pelagic fishes
feeding on zooplankton as well as large predators feeding on these fishes
such as white sturgeon (Huso huso) and endemic Caspian Seal (Phoca
caspica) would be under significant threat in the Caspian Sea (Kideys et
al.2001).

Despite recognition of the problem, there is not published study on the M.
leidyi feeding in the Caspian Sea.

In this study, Survey Ctenophore (Mnemiopsis leidyi) feeding in the Iranian
coasts of the Caspian Sea.

Materials and methods

Mnemiopsis leidyi were collected from 5 to 20 m depth in the Iranian
coasts of the Caspian Sea, During August 2002 — October 03. Mnemiopsis
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leidyi was sampling using a 500 micron mesh sized METU net (diameter
50 cm with large bucket suitable for Mnemiopsis). Samples were obtained
via horizontal towing from the bottom to the surface. At the end of each
tow, the net was washed from the exterior ,and the cod end was passed into
a container immediately to enumerate ctenophores by naked eye.

The ctenophores were sorted into length groups of 0-5 mm, 6-10 mm, 11-15
mm and so on, for size measurements (total length including lobes) in glass
petri dishes using a ruler. A total of 800 individuals were measured and
grouped in this way. Animals were fixed with 4 % formaldehyde and
transported to the laboratory. Stomach contain of M.leidyi was distinguished
with microscope and distinguish key of Caspian Sea Invertebrate.

Then, we have taken photo from zooplankton of M.leidyi Stomach .

Results

There was stomach contain of Mnemiopsis in the Iranian coasts of the
Caspian Sea, Zooplankton 84 % and Phytoplankton 16 % (Fig. 1).
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The gut contents of Mnemiopsis include a wide variety of prey (zooplankton)
taxa, Acartia and Acartia Nauplii (Copepoda) 34.17 %, Copepoda egg 7.05
%, Balanus (Cirripedia) 18.6 % , Ciliata 4.2 %, Bivalvia (Mollusca) 2.85 % ,
Podon (Cladocera) 0.75 % , Branchionus (Rotatoria) 5.99 % , Rotatoria egg
1.35 %, Fish egg 3.15 % and Digest zoo 5.7 % (Fig 2).

The most abundance of phytoplankton in guts were Thalasionema
(chrysophyta phylum) 66.97 % , Oscillatoria (Cyanophyta phylum) 2.75 % ,
Phacus (Euglenaphyta phylum) 5.5 % Prorocentrum (Pyrrophta phylum) 3.7
% and Senedesmus ( Chlorophyta phylum) 21.7 % (Fig. 3).

The maximum and minimum prey consumed by Mnemiopsis was showed in
0-5 mm and 40-45 mm length group with average 5.82 ind and 1.36 ind (ig.4).

The maximum consumed zooplankton was observed with mean 4.42 ind
(Rotatoria egg) and the lowest prey consumed was showed (Bivalvia) with
average 1 ind in August. In September, the maximum M.leidyi feeding was
from Bivalvia with average 3.4 ind. The most consumed zooplankton
(Rotatoria egg) was observed with average 6 ind in October.The maximum
prey consumed was showed fish egg with mean 4.5 ind (Fig. 5).

Discussion

This study showed M.leidyi can not prey selection, Mnemioipsis leidyi
ingests zooplankton and phytoplankton and any organism (Fig. 1).

Prey selection does not appear to be strong in Mnemiopsis, since many
authors have concluded ther is no selection (Purecell et al.,2001). M.leidyi is
a macrophage capable of eating rather large prey (at least 1 cm long), It
consumes own young ,the eggs and larvae of anchovy and apparently
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juveneile medusas (Malyshev et al., 1993). The gut contents of Mnemiopsis
in U.S. estuaries include a wide variety of prey taxa, with 75-93 5 of the
items being copepods, copepod nauplii, Bivalvia veligers. Other common
prey items include polychaete larvae, cladocerans crab and shrimp larvae,
In Chesapeake Bay including copepod nauplii (59 %), copepods (38 %),
bivalve veligers (1.6 %), Cladocerans (0.8 %) (Purcell, unpublished).

In the Black Sea overall, the gastrovascular cavities of Mnemiopsis leidyi
individuals contained the following food components, in descending oral of
frequency: Copepoda (50 %), Mollusca (40 %), fish eggs and larvae (1 %),
Cladocera (1 %) and other (8%) (Mutlu 1999). These study confirm with
results of M.leidyi feeding in the Caspian Sea (Fig .2,3)

Contain Stomach of M.leidyi in the Caspian Sea was observed zooplankton
(84 %),Thoes were included Copepoda, Cladocera, Mollucsa larvae,
Cirripedia, Fish eggs ...(Fig. 1,5).

Density, biomass and diversity of zooplankton and meroplankton decreased
month after month with expanding M.leidyi in all region, Comparing July and
August, density decreased some 17 times in the Northern Caspian (this
decrease mainly resulted from a drop in the larvae of benthic organisms,
which comprised of 74 % of the total in July). In the Middle Caspian,
Zooplankton fell to half and in the South to one third of its previous value
(Shiganova 2002).

Surveys showed in the lIranian coasts of the Caspian Sea, Copepoda,
Cladocera and Rotatoria sharp decreased during August to October and
M.leidyi biomass was increased during the same (Bagheri and Kideys, 2002).
After the invasion of Mnemiopsis a precipitous decline occurred in the
numbers of mesozooplankton in the Black Sea, Since the summer of 1989,
the abundance of Paracalanus parvus, Oithona similes, Acartia clausi, all
species of cladoceras and polycheate and gastropod larvae have
decreased, particularly in the upper layer and coastal area Species such as
O.nana and representatives of the family pontellidae completely
disappeared from samples ( Purcell et al., 2001)

The study stomach contain of Kilka (Clupeonella) was showed in the
Iranian coasts of the Caspian Sea, Kilka consumed from Copepoda and
Cirripedia, Perhaps feed compact M.leidyi with kilka was decreased kilka
stock (Bagheri et al.,unpablished)..
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Abstract

The species of Beroe ovata has some advantages that can be best candidate for control of
Mnemiopsis population size in the Caspian Sea.

This study was done in many sites and was performed at different salinity treatments .
Survival and growing of Beroe ovata eggs were studied .Results showed that Beroe
specimens can produce in Caspian water and the Beroe larvae can grow in the Caspian Sea
water but the values is low and mortality is high.

Fecundity individual of Beroe in the Black Sea water was higher than other experimental
that produced a total of 17427 ova .

Results showed a lot of eggs in Caspian sea water were destroyed and could not developed
but the results near to Black sea with fresh specimens was better and more values of ova
were hatched to larvae.

The results survey of mesocosm tanks showed most of ova and larvae have been obtained
from the tanks where individuals Beroe were with Mnemiopsis.

The difference between reproduction in Black sea and Caspian sea treatment s could be
connected with effect of lower salinity and stress conditions acclimation for the Caspian

Sea salinity.

Introduction
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Outbreak of Mnemiopsis leidyi in the Black and Azov Seas greatly affected their
ecosystems and fish stocks. But in 1999 bloom of new invader another ctenophore Beroe
ovata occurred in the Black Sea. Beroe ovata feed exclusively zooplanktivorous
ctenophores first of all Mnemiopsis leidyi. Resulted from this invasion the Black Sea
ecosystem began rapidly recover.

In 1999 Mnemiopsis leidyi was introduced to the Caspian Sea from the Black Sea with
ballast waters from the ships (Esmaeili et al., Ivanov et al., 2000; Shiganova et al., 2001).

Appearance of predatory comb jelly B. ovata consuming M. leidyi sharply decreased its
population (11-20 fold within 10 days) and considerably enhanced the process of
ecosystem recovering on the main components of the Black Sea pelagic ecosystem-
zooplankton and fish as well as their eggs and larvae (Shiganova, 2003)

The species of Beroe ovata has two outstanding advantages that can be best candidate for
control of Mnemiopsis population size in the Caspian Sea firstly, it is highly specific in its
feeding, so that even its larval stage feeds on M.leidyi larvae. Secondly, its reproductive
rate and fecundity are almost as great as that of M.leidyi, so that its population can grow at
similar rates to its prey (Shiganova etal., 2003).

At 2001-2002 propagation experiments with the aim of mass culture of Beroe ovata in
Caspian Sea water prepared in the laboratory that the results were unsuccessful since the
both the spawning and hatching rates were very low and, none of the larvae developed into
adults (Kideys et al., 2001, 2002).

In order to understand the feasibility of Beroe introduction, as an effective predator on
Mnemiopsis, into the Caspian Sea, experiments on survival and reproduction of Beroe in

Caspian Sea water (12.6 ppt salinity) were performed.

This experiments focus on reproduction experiments to identify probability Beroe ovata to

reproduce in the Caspian Sea water, to hatch larvae and to develop .

Material and Methods
Experimental was performed three treatment of salinity, the Black sea water 18%o, Mixed
water 15%o0 and Caspian water 12%o . Beroe ovata, were placed individually in jars, Beroe

were transferred into the Caspian water after acclimation.
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To experiments on growth and survival of Beroe larva, the collected eggs from jars were
placed in the same treatments and surveyed after 2 and 4 days.

Individuals of Beroe ovata were brought from Turkey and were sent to Guilan province
for reproduction studies and another part were sent to Mazandaran province for both of
reproduction and Mesocosem studies although about half of specimens were died 2 days
later arrive to Iran.

Some of this specimens were in the Black Sea water with salinity 18%o and another part of
specimens had been acclimated in salinity 15%o of the Caspian Sea water in Sinop. After
transportation and during acclimation aquariums with Beroe specimens were examined for
ovae and larvae availability.

The Jars were examined every day for ova and larvae with seawater filtered thought 55
pm mesh. The ova and larvae were collected for hatching and developing studying where
Mnemiopsis tissue small pieces were used as food.

Most of individuals were used to mesocosm experiment that each tank was checked for
ovae and larvae for five days. Also we continued reproduction study with 3 Beroe from
Mazandaran and 6 Beroe were brought from Caspian Sea bony fishes research center in 3 |
aquariums. Some of ovae and larvae were put in Vase incubators.

For control we had 1 Beroe, length 30 mm in the Black Sea water that was alive during of

study In Anzli and Mazandaran.

Results:

Reproduction studies with freshly specimens in Sinop laboratory have been showed
Beroe ovata produce ova and larvae in Caspian sea water with 12%o salinity however it
was much less than Black sea 18 %o water and the Mixed water 15 %o .

Ova can be hatched and developed in Caspian sea water with a little values but it was
higher in Black sea water. Survival rate was the highest in Black sea water than another

treatments after 4 days with a little value.

At two first day when the specimens arrive to Caspian sea bony fishes research center we
obtained 324 ova and 2 larvae from 15 specimens of 6 container. After that during
7 days when specimens were alive we obtained 335 ova and 40 larvae that 47 % of ova

were destroyed not achieving development and 40 % of larvae were died.
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The specimen with 36 mm length feed for some days and produced total of 235 ova and 8
larvae during of study .

In Sari Ecologic academy we found 100 ova 1 stage during acclimation of specimens 16
Beroe in aquarium 9 liters also was found 2 ova and 6 larvae from Caspian Sea water
aquarium that had been brought from Anzali.

Reproduction rate in first experiments was very low at temperature 22° C in Caspian sea
water, we obtained from 2-9 ovae from largest individuals and from 1 to 8 ovae. The
individuals less than 48 mm in these experiments did not spawn.

we obtained 20 to 61 ova (mean 37) and 5 to10 larvae from 3 specimens of Anzali and
Mazandaran.

In four three litters aquariums we held Beroe without checking reproduction rate for
four days and we obtained larvae among them. We found one larvae with 5 mm length,
other larvae were at different stages of development but most of them were 1.2-2, 1 mm.
Results of ovae developing in Caspian and Black sea water showed the hatching and larvae
survival was less much than Sinop, all of ovae were destroyed and 2.7 % larvae were alive
in Caspian water. We did not obtained developed larvae from the vase incubator.

Fecundity of Beroe in the Black Sea water (control specimen) was higher where this
specimen fed very well especially in Anzali and produced a total of 17427 ova during
study .

The results survey of mesocosm tanks was shown in table 3. Totally we had 863 ova and
188 larvae from tanks. Most of ova and larvae (79.14 % ova and 68% larvae) have been
obtained from the tanks where individuals Beroe were with Mnemiopsis, we had
reproduction in these tanks every day (Table 1). We had much lower numbers of ova and
larvae, where Beroe was without Mnemiopsis, only with zooplankton (20.86% ova and
32% larvae).

We had ova and larvae only once or two times in each tank (Table 1). Approximately

more of observed larvae had not good situation from tanks surveys (Fig. 10).

Table 1 Reproduction of Beroe ovata in tanks.

Contents Initial Initial size Numbers of Beroe ovae and larvae

b f
M eroe m 22.09.03 24.09.03 250003 260903  27.09.03

Tan
[V
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Discussion

These results are showed that Beroe can reproduce and larvae can hatch in the Caspian
Sea water. These experiments for reproduction and development ovae and larvae were
more successful than in previous two years in Iran by Kideys et al. (2001, 2002). Howe ver
some larvae did not develop and ovae did not hatch in some of our experiments.

Studies on reproduction of Beroe ovata in Iran last years showed only a few of eggs
(<20 eggs) were developed and hatched in Caspian sea water where they did not grow, the
results from Marmara Seawater was better and were produced more eggs however more
than 90% of them were not fertilized and did not develop that 138 eggs of B. ovata from
which 7 larvae had been hatched (Kideysetal., 2002).

In these experiments for reproduction and development we obtained as much as numbers
of ovae and larvae than experiments conducted in the Caspian Sea water near the Black
Sea from fresh collected and immediately acclimated for the Caspian salinity individuals in
the Southern branch of Sirshov Institute of Oceanology RAS in Gelendzhik (Shiganova
unpublished) however the number of ovae and larvae were less much in Caspian sea bony
fishes research center and Caspian sea Ecology Academy.

Egg number depends greatly on temperature and feeding conditions, morphological data
shows that upper limit of eggs number in favorable condition is about 2000-3000 per day

for large-sized animal (Arashkevich, unpublished) .
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In this study hatching success and growth rate of larva had very low values even for ovae
and larvae in Black sea where they did not developed .

In generally we can conclude that Beroe larvae can grow in the Caspian Sea water
though their grow rate is slow and mortality is high.

This difference could be connected with effect of lower salinity and stress conditions
acclimation for the Caspian Sea salinity. Examination of Mnemiopsis fecundity showed
that in the Caspian Sea its fecundity more than in two times lower than in the Black Sea
water (Shiganova unpublished). Finenko (unpublished) supposed to transfer ctenophores to
lower salinity at the stages of eggs or early larvae, they die and suggested a long
preliminary acclimatization of juvenile animals that can be affect upon the salinity
resistance of both adult and embryos and larvae produced by them and as a result the
survival range can be shifted towards lower salinity.

Fig .1A " Fig.1B
Fig 1) Ova and larva of Beroe from Black sea water ( A) and larvae ( B)in Caspian sea
water from Sinop experiments

Fig. 6A Fig 6B Fig. 6C (photo by M. Rostamian)

Fig.. 6 ) New ovae (a) and ova developing ( b) and larvae (c ) of Beroe ovata from
Caspian sea water at Iran experiments
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Fig. 8A Fig. 8B
Fig. 8 ) New Ovae (a) and not developed ovae after 3 days (b) of Beroe ovata
from Black sea

Fig 9 ) destroyed ovae in Caspian water Fig. 10) The died egg from mesocosem tank
from sinop experiments
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PacnpepneneHue, yncneHHocTb, Guomacca rpe6HeBuka Mnemiopsis leidyi B
npubpexHon 30He AszepbanmxaHckoro cektopa Kacnumnckoro mopsa B 2001 —
2003 rr.

3.M.Kynwues, .6.H., anpektop AzepHNPX

Co BpemeHu uHBasuu rpebHeBuka Mnemiopsis leidyi B Kacnumnckoe mope
npowno 6onee 5 nert, ecnu cuutatb Havyanom obHapyxeHusa ero 1999 rog. Bectb
o nossneHnn Mnemiopsis leidyi B Kacnuu ydyeHble n cneuymannctbl BCTPETUINN C
OonbLon TPEeBOron u, YTo ObIIO He BE30CHOBAHUA N COBEPLLUEHHO 3aKOHOMEPHO,
Tak Kak Oblna Xopowo W3BEeCTHa WHGoOpMauus O LWMpOKOMacLITabHOM W
MHOIMMAaHOBOM BNUAHUM rpebHeBMKa Ha GHKUMOHMPOBAHWE BCEN MOPCKOW
akocuctembl YepHoro n A30BCKOrO MOpen nocne BCeneHusa B HUX MHeMuoricuca..
B 3TOi CcBA3NM BCECTOpPOHHEEe uccregoBaHMe HOBOro, BeCbMa oOnacHoro Aans
6uopasHoobpasma Kacnusa, BceneHua MHemuoncuca, B HacTosiee Bpems
ABNAETCA OAHMM M3 BaXHeuwux ero npobnem. Cymtaem COBEPLUEHHO BEPHbIM
MHeHne C.[1.BonoBuka (2000r.) o Tom, 4TO0 6e€3 kpynHOMacwTabHbIX W
3P PEKTMBHBLIX Mep MO KOHTPOMN 3a passuUTUEM Monynduun MHemMuoncuca,
KOTopble [AOSMKHbl OblTb CpPOYHO paspaboTaHbl U BHedpeHbl, Kacnui, Kak
YHUKanbHasa 9Komorndeckasd CUCTeMa M BaXHbli pbiGONPOMbLICIIOBLIA PErvoH,
OyaeT NnpakTU4eckun noTepsiH.

PesynbTaTbl MHOrorneTHUX uccrieqoBaHMnm B YepHoMm n A30BCKOM MOp4X,
npoBOAMMbIX nocrne BceneHna B HWX Mnemiopsis leidyi, cBugeTenscTBytoT 06
OGLUIMPHOM M MHOrOMIaHOBOM BIUsIHUM TpebHeBMKa Ha OYHKLMOHMPOBaHME BCEWN
9KOCMCTEMbI M B MNEpBYH oO4yepedb Ha 3dKocuUcTeMy nenarvanu u GeHToca
(BuHorpapos, WyuwikmnHa, Hwukonaea, 1990; Bonoswuk, Jlyuy 1991; Kyuepyk,
Boctokos 2002, BoctokoB, YuwwuBues, u gp. 2002, WwraHosa 2001). Bce
npoBefeHHble UccrnefoBaHUA nokasanu, YTo nocne sceneHns Mnemiopsis leidyi
Brnomacca KOpMOBOro 300MMaHKTOHA, MHTEHCUBHO BbleAaemMoro MHEMMOMNCUCOM, B
YepHom 1 A30OBCKOM MOpPSX pesko cokpaTtunack (B YepHom mope B 20-30 pas), a
HeKoTopble rpynnbl MAAaHKTOHHbIX OpraHuaMmoB (Hanpumep Chaetognata) nodtn

MOJIHOCTbO UCHEIIIN.
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Bce 9TO HesamennuTernbHO CKa3anocb Ha MNONynAuMsaX MaHKTOHOAAHbLIX
pbl6 — XxaMcCbl, TIONbKN U CTaBpuabl, MO OTHOLIEHWUIO K KOTopbiM Mnemiopsis leidyi
BbICTYMaeT He TOMbKO KaK MULLEBOM KOHKYPEHT, HO 1 Kak NpsAMOn noTpebutens mnx
nKpbl U Monoaun (LuxoH-JlykoHnHa, Pe3HnyeHko, Jlykawesa, 1993). B pesynbTate
3TUX W ApYyrnx muccnegoBaHui nocneactsum scenenns Mnemiopsis leidyi 6bino
3adMKCUpPOBaAHO KaTtacTpoduyeckoe nageHue YroBOB MIAHKTOHOSAHbBIX pPbib
AsoBo-YepHomopckoro 6acceniHa (Kugew, 1994; BuHorpagosa, LywkuHa, v ap.
1995).

YuuTbiBas, 4TO pblbHaa oTpacne Kacnuimckoro mops yxe , nocrie BceneHns
rpebHeBUKa, NOHecCNa TSXeNble NOTepU, CBSA3aHHbIE C PE3KMM CHUKEHWEM YIOBOB
Kunek, BO3HWKNA oOcCTpad HeobxoguMMOCTb Cunamum  CneumanuctoB  BCeX
NpUKaAcNUNCKNX cTpaH paspaboTtatb efuHbI, Hay4yHO-OBOCHOBAHHLIN  MnaH
OENCTBUA MO chnaceHuio akocuctembl Kacnwuiickoro mopsa  oT  naryGHoro
BO34ENCTBUS BCENuUBLLErocs rpebHe BMKa-MHemmoncuca.

B 2000 r., pasnuyHbiMn aBTOpamMu Obim OTMEYEH 3Ha4YMTErNbHbIA POCT
6uomaccbl MHemuoncuca, ocobeHHo B KOxxHom n CpegHem Kacnuun, a Takxe
yMeHblleHne Guomaccbl mesonnaHktoHa (LuraHoBa u gp. 2000; Cokonbckunm,
lWwvranoea, 3bikoB, 2001; S.Rezvani,H.Rostami, A.Javanshir, 2002). Crano
O4YeBUOHbIM, YTO B NEpBY0 ovepeab, buonornyeckasi BCnbillka HOBOro BCEMeHLUa,
MOXET KOpeHHbiM o6pa3om uM3MeHUTb BMAOBOM cocTaB W Buomaccy
Me30MnNaHKToOHa, a 3aTrem, nocrnegyer YMeHbLUeHWe YUCNEHHOCTM Haubonee
MHOMOYUCNEHHOro NITaHKTOHOSAHOMO MPOMbICITIOBOro BUAa — KUIMbKU 1 BCeX ApYyrux
BMOoB nenarmdeckmx pblb. Cepbe3HOCTb cuTyauum Obino nogTBepXAeHo Ha
nposefeHHbIx B 2001-2002 rr. B baky, no nHuuymnatuee u nogaepxke Kacnuinckon
Okonoruyeckon MNporpammbl (B anpene, gekabpe 2001 r. n aHBape, anpene 2002
r.) MexayHapogHblX CeMuHapax no npobrneme MHeMMoncuca, C y4acTuem
BeOyLMx cneunannuctoB No gaHHoW npobneme n3 pasHbiX CTpaH, B TOM Yucne u3
Poccuiickon ®epepaummn, WpaHa u Typuun. YuutbiBas OONbLIOA MPOLEHT
3HOeMMn3mMa cpenn KMBOTHbIX Kacnumnckoro Mops, peanbHyk yrpo3y pblOHbIM
3anacam, n ee Guonormyeckomy pasHoobpasuto, B CBA3M C MHBa3nen rpebHeBMKa
B Kacnun, AsepbangxaHckum Hay4Ho-nccrnenoBatenbCkMmM UHCTUTYTOM P bIOHOro
xo3anctea B anpene 2001r., 6bina paspaboTaHa Hay4yHO-UccnegoBaTenbckas
nporpamMmma no M3y4YeHuto pacnpeaeneHms, YNCNeHHoCTn n uomaccol rpebHeBuka

Ha 3anagHom wenbde CpeaHero u KOxHoro Kacnus
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Mporpammon NHcTuTyTa NnpegycmaTtpuBanoch, NpoBeAeHue nccrnenoBaHui
no cneaywwmnMm paspesam: AnamuHckoe B3mopbe (noc.Anama 6); CnasaHb (noc.
3apar); Knunasn; Canravansl (noc.lNMpumopck); Hedtuana (Yctb Kypa); JleHkopaHb
(mopt JlumaH). B nocnepgywowmre rogbl  (2002-2003 rr.) wuccriegoBaHus
NPOBOAWMNNCL MO CeTKe CTaHuuKW, BKNoyawwmux B cebs 5 ctaHumn B CpeaHem
Kacnuu n 6 B HOxHom (Puc.l). Kpome TOro, npoBoaMnucb uccnegoBaHus U Ha
OCHOBHbIX MecTax Aobblum kunbku B KOxxHom Kacnuu.

Nccneposanua n c6op npob nposoanncsa ¢ nomowpbto cyaHa MuHuctepcrea
Okonorun n lNpupogHbix PecypcoB AsepbangxaHckon Pecnybnukn — «Anud

MagXneB» N ¢ KNNEYHbIX cyoos B pa|7|0Hax JloBa.

Poccus

KaszaxcTaH

[arecTtaH

o CnasaHb
oo insian

eee o Canravan

AzepbangxaH
TypKkMeHucTaH

ACTapa 0.00. YcTtbe Kypbl

®® e JlumaH

MacaH Kynu

UpaH

Puc.1l. Kapta-cxema Kacnuinckoro mopsi ¢ ykasaHunem ctaHuum céopa matepmanos
pacnpegeneHuo M. leidyi no
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Mpn otbope npob6 Ha MHemuoncuc onpegenanucb u abuotmyeckme
dakTopbl cpeabl: Temnepatypa, COMEHOCTb, MNPO3PadvyHOCTb M codepXaHue
Kucrnopoga B Boge Ha Bcex pa3pesax 1 rnybuHax.

Onsa cbopa rpebHeBUKa MHEMMOMNCUCA UCMOMNb3OBaNM UXTUOMNAHKTOHHYK CeTb
Juday-500 ¢ guwameTpom BxogHoro otBepctus  0,5m. Bsdartue npob
OCYLLLECTBIANOCL BepTuKanbHbiMKM obnoBamun crtonba Bogbl 0 — 50 meTpoB C
6opTa cyaHa, Ha manblIxX

rnybrvHax — oT AHa [0 noBepxHocTu. [Npobbl obpabaTbiBanuch Ha mecTte
HenocpeacTBEHHO NOCMe UX B3ATUSA.

3a nepuog wuccnegoBaHun 2001-2003 rr. Bcero Obio cobpaHo w
obpaboTaHo 520 npob mHemumorncuca u cebille 110 ThiC. 3K3eMNSPOB rpPedHeBMKa

(2001-37620 ak3to, 2002-60633 ak3., 2003-16117 3K3.).
Pe3yabTaThl HCcJie10BaHU

B 2001 rogy noytu Ha BCeX WU3yYeHHbIX paspesax Obin obHapyxeH
rpebHEBMK MHEMMOMNCUC pasHbIX pasMepHbIX MU BO3pacTHbIX rpynn. Hanbonbwas
6uomacca MHemumoncuca bbina 3apermctpuposaHa B 2001 r. netom B CrnasaHe Ha
rny6ude 5m — 151,9 r/m® 1 Ha cTaHuum Numan (137,0 r/m®), a oceHblo B paiioHe
Kunsian (141,3 r/m%) 1 Numan (121,4 r/m3). Nletom 2002 r. Havbonbluas 6uomacca
MHemMuoncuca 3aduKCMpoBaHa Ha cTaHuun kunsism (271,0 rim®) v Numan (137,9
F/M3), OCEeHbld MakcumanbHass 6uomacca OTMEYEeHO Ha cTaHuuum numad (112,0
r/m®). 3UMOI OTMEeYanoch peskoe CHUKEHMe YNCTIEHHOCTU u Buomacckl M. Leidyi
Ha BCeX uccnegoBaHHbIX CTAHUNSAX, 0COBEeHHO Npu 3uMHKX cbemkax 2003 r., korga

6uomacca M. Leidyi He npesbiwana 0,3 r/m* (Tabnuua 1).

37



Ta6auma 1.
YuncneHHocTb 1 Guomacca rpebHeBmka Mnemiopsis leidyi no ceaoHam u rogam

B A3sep0aii mxanckoit akBaropun Kacrimiick oro Mopst

2001 2002 2003
ona NeTo OceHb BecHa* NeTo OceHb* 3uma NeTo*
K3 K3 3K3
Paspesb) aka. rm®  ak3. M v ok, m® sk, M v’ rim®
151 114 121, 43 58, 150 137, 133 112, 19 2,6
JNTumaH 137 45 0,3
2 4 4 7 5 2 9 5 0 6 4
Yctbe
Kypbl 31,3 24 1,6
368 96,2 97 59 1,1 188 48,7 546 324 13 0,1
(Hedbtuan 5 9 3
a)
CaHravan
616 24 0,0
(Mpumopck 488 90,4 103 g ; 2,1 - - 398 34 41 6 - -
)
Kunasn 280 109, 169 141, 68 54, 196 271, 25 1,4
(Cywmrawur) 2 9 3 5 6 3 0 7 6
151, 62,8 11 151, 0,0 28 2,0
CuasaHb 139 368 3,2 524 - - 7
9 6 3 9 5 3 8
40,9 165, 0,0 28 1,4
Anama 345 64,9 15 67 1,2 683 251 63,2 1
4 4 2 0 4

* - naHHble NPUBeLEeHbl HA OCHOBaHWUM MOMyYeHHbIX MaTepuanoB otéopa M. leidyi npu kuneyHom

nose.

Cnenyer OTMETUTb, 4YTO Ha pasnUYHbIX paspe3ax COOTHOLIEHUe
pasmepHoro cocTaBa CWUNMbHO BapbupoBano. Camble KpynHble 3K3eMNnspbl
rpe6HeBMKOB, ObiNv NpeAcTaBNeHbl eANHMY HbIMM 0COBAMM pa3mMepHOoN rpynmnbl 61-
65 MM, rmaBHbIM 0bpa3om B toxHoM YacTu CpegHero Kacnus n B KOxHom Kacnuw.
OpaHako Merkue 3K3eMnnsipbl (MonoAable W BEeHanbHble CTaauu) MNpakTUYecku

Besge coctaBnsaAnu 6onee 70 % oT 0OLLE YUCNEHHOCTU rpebHeB VKA.
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Takas TeHAeHUus COXpaHdalacb BCe rogbl 1 Ce€30HbI UCcriegoBaHnAa, Merkme

dpakumm M. Leidyi B npobax konebanuck ot 70,7 o 100 % (tab.2).

Tabnuua 2

I'Ipou,eHTHoe COTHOWEeHNne Mnagalmnx BO3pacTHbIX rpynn rpe6HeB|/|Ka Mnemiopsis

leidyi no cesoHam u rogam B AsepbanmkaHckon akBaTopum Kacnmickoro Mopsi B

lopa
Pa3pe3sul JleTo
JleHkopaHb
86,3
(NMnman)
YcTtbe Kypbl
Y 86,7
(HedTtuana)
CaHravan 91,0
Kunsasun 76,2
CunasaHb 82,8
Anama 70,7

2001

OceHb

99,4

87,7

84,8
71,1
93,7
100,0

%

3uma

BecHa*

97,4

99,3

98,6
99,7
100,0
100,0

2002

JleTo

89,1

68,7

97,5
78,9
98,8

OceHb*

85,4

74,2

76,4

84,6

2003

3uma-
OceHb

BecHa*
94,6 97,2-
89,8 89,4
77,9 79,6
78,9 86,5
100,0 84,3

* - faHHble NPUBELEeHbl HA OCHOBaHWUM MOMNyYeHHbIX MaTepuanoB otéopa M. Leidyi npu kuneyHom

nose.

Bbicokue nokasarenu npoueHTa MoJiodblX 3K3eMNiApoB CBMAOETENbCTBYET O

Heocnabesatowem npouecce pa3MHOXeHNA MHEMUOTNCKUCA Ha NMPOTAXEHUN

BCero roga.

NccnepoeaHnus, npoBegeHHbie B 2001-2003 rr. nokasanu, Kak Oblio OTMeEYeHO,
NOBCEMECTHOE pacnpocTpaHeHMe MHeMuoncuca kak B CpegHem, Tak U B KOxxHOM
Kacnun. OpHako, Ha oTAenbHbiXx ydactkax Kacnua oH ©Obin pacnpegened
HepaBHOMepHO. Ha tore Kacnus
paspe3e Kiop aunu, rae oHa cocrtasuna 708 ak3./m°. B CpeagHem Kacnun camas
BbICOKas YMCNEHHOCTb MHEMMoNcuca Habnoaanack B panoHe Kunasu (CymrauT),
pocturas 1153 ak3./m>. MpocnexunBanack onpegefieHHasl 3aBUCUMOCTb BEMNUYMHbI
KOHUEeHTpauun rpedbHeBMKa OT

rmybuH To4vek
YUCNeHHOCTb Bbina NpuypoYeHa K MenKoBOAHbIM y4acTkam Ao 25 m (puc2).
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Puc. 2. Pacnpenenenue M.leidyi no rny6uHam.

A. Cokonbeknid, T. Iluranosa u nap. (2002) yka3piBaeT Ha HHTCHCHBHOE
pasmHo)kenne M. leidyi B FOxuHoM u Ha 3amazne Cpemnero Kacnwms, rie KOHIGHTpanus
nmauHoK  gocturaet 1000-2000 sk3/m3, Torma kak Ha BocTouHOM menbde CpeHero
Kacniusa u B CesepHoM Kacnum nx MakcuManbHasi YMCIEHHOCTH cocTaBisia He 6omnee 100-
350 sk3/m°. TTo HAIMM JaHHBIM pa3sMHOXeEHHE rpeOHeBMKa mpoTekaeT B FOxnoM Kacmuu
KPYTJIOTOIMYHO, TaK KaK Mbl OOHapyXHMBaJIH MEJIKHE cTaauu (IOBEHaJbHBIC) B JAeKaOpe,
sHBape W (eBpasie, XOTI UX HYHUCICHHOCTh 3HAYUTEIHHO COKpaIaIock. B 3ToT mepuon

B3P OCIBIC ocobu MPAKTUYICCKU OTCYTCTBOBAJIH.
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Taoauma 3

KosmuecTBeHHoe (3k3.) pacnpenenenne rpedoHeBuka M. leidyi
1o pa3pe3aM H rjay0nHam AsepOaligkaHckoro npudpexbsa Kacnimiickoro mops

Paspesnt
=N é B E g § é 0 @u =
: 2 0§ 38 gE F 4 0§ : ¥ 3
Tnybuma ¥ 2 o =5 %3 & £ 5 ST - T
E 2 By 2% o ) N4 = 2 >
(™M) = = & ) <) 2 2 o © S
5 T o
= = =
10 2 1 18 2 6 6 4 6 - 3
227 1600 - 2267 - 994 - - 1369 -
. l6 16 3 10 8 7 6 4 5 6 5
- 2412 - - 2681 2540 2679 5255 2722 - 1293
50 : 3 12 5 24 9 5 6 5 _4_
3473 - 2826 - 2478 2943 3771 1552 - 1303
21 - 32 .5 1n1n -z _- _4 _4
75 - 3354 - - 2705 - - 3872 - - -
100 - ] 2 7 - 8 ] ] )
2590 1875 2032 2789 -
Konuen- - 6,5 3,7 0,78 084 10 1,03 096 09 1,1 1,25
Tpauus, 259 593 708 435 512 374 454 1153 524 220 323
9K 3/M°
e p— 59 70 101 41 24 48 34 15 15 14 13
6290 7366 1875 7125 8175 —|575 5622 8643 5643 - 2596
HOCTB, 9K3. 6012
e yucnurens — 3uma 2003 r. sHBapbL-espans,
e 3HameHaTenb —neto 2002 roga uionb-aBrycT.
3akmovyeH ue

B pesyrnbTaTte nNpoBeneHHbIX nccnenoBaHMin MOXHO KOHCTAaTnpoBaThb, YTO:

rpebHeBVK MHEMUWOMNCUC YXe NpoLuen cTaguio « O1Monorm4eckon BCbIWKN» U
pacnpocTpaHunicsa no scemy AsepbangxaHckomy npubpexbto Kacnuickoro
MOp S;

Hanbonblias bnomacca M YUCIEHHOCTb rpebHEeBMKA OTMeYanach B nepuon,
Kacnus

2001-2002 rr. u Agoctuvrana KpUTMYECKOM AN 9KOCUCTEMBbI

BEJTMYUNHbI;
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BO BCex npobax, 3a BCe rodbl WCCIeaoBaHWM, B KOMWYECTBEHHOM
OTHOLWeEHMM npeobnaganu toBeHanbHble cTagun rpebHeBuKa (pa3mepHbin
pag no 15 mm netom — 89,1%; 0o 10 Mm oceHbto — 86,3%); MakcumarbHble

pa3mepbl B3pocnbix ocobel coctaBunm 61-65 mm.;

npeobnagaHue Menknx ctagum rpebHeBMKa Ha BCEM MNPOTSXKEHUU BECHBI,

neTta M OCEHW MNoKa3blBaeT Ha WHTEHCMBHOE ero pasMHOXeHWe MnoyTu B

TeyeHue Bcero roga.

Habniopaemasa B HacTosiwee Bpems cTabunusauuss YUCHEHHOCTUM U

6uomaccbl M.leidyi B 2003 r. He obecneynBaeT BOCCTAHOBMNEHUS

YNCMNEHHOCTM 300MMNaHKTOHa W, crieayeT He3amennuTernbHO NPUCTYNUTb K

peanu3auum MeponpuaTUA NO YMEHbLUEHWIO ero YUCNeHHOCTU ( BCceneHune

rpebHeBvka bepoe).
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M.l. Karpyuk, D.N. Katunin, A.S. Abdusamadov, A.A Vorobyeva, L.V.
Lartseva, A.F. Sokolski, A.M. Kamakin, V.V. Resnyanski, A.Abdulmedjidov
Results of research into Mnemiopsis leidyi impact on the Caspian Sea
ecosystem and development of biotechnical principles of possible

introduction of Beroe ovata for biological control of Mnemiopsis population

At the end of the 20" century (1999), during their work under water
KaspNIRKh experts V.B. Ushivtsev and A.M. Kamakin detected and identified a
new Caspian species referring to the type of comb jellyfish Ctenophora, the order
Lobata - Mnemiopsis leidyi. From Dr. Nizami's oral presentation (IRI), this
representative of the gelatinous was found when the zooplankton was sampled
not far from Anzali City in 1995. Thus, the period of development of a mass
population of the invader was some 4 years. It may be assumed that the Caspian
Sea invasion by Mnemiopsis leidyi occurred via ballast waters of tankers which
transported oil products from the Black Sea.

Some specific features of mnemiopsis biology (hermaphroditism,
eurythermity, euryhalinity, high fecundity and rapid growth rate, a short cycle of
reproduction, absence of predators and a broad spectrum of feeding) facilitated the
rapid development of an abundant Caspian population. In 2000 it spread nearly
through the entire area of the Caspian Sea and in August reached the western part
of the Northern Caspian where its explosive development was recorded (up to
isohaline of 4%o).

In the following years (2001-2003), the number and biomass of mnemiopsis

increased (Table 1).

Table 1
Mnemiopsis leidyi abundance in August 1999-2003
Year Northern Caspian Middle Caspian Southern Caspian
1999 0 0,01 0
2000 1.5-2 2-3 0.5-2
2001 5 12 53
2002 42 375 682
2003 509 920 602

depending on sea area (ind./m°)

44



Russian experts’ investigations (KaspNIRKh, RAS 10) undertaken in 2000-2002
enabled some conclusions concerning the ecology and biology of mnemiopsis in
Caspian waters.

The development of mnemiopsis population depends on seasonal changes in
water temperature. In winter (even in 2000-2002 when winters were very warm)
the majority of the population inhabits the southern part of the sea and occurs in
the boundary area of the Middle Caspian (the Apsheron Ridge). The adult part of
the population mainly dies during that period.

In spring (May) the mass development of mnemiopsis larvae and juveniles
occurs in the Southern Caspian and a part of the population spreads to the south
of the Middle Caspian. The mass development of the invader reaches its maximum
in August-September when it spreads into some areas of the western part of the
Northern Caspian.

A drop of water temperature in November-December below 4° (similar to the Sea
of Azov) may cause the mass elimination of mnemiopsis since it does not occur in
the Northern Caspian in April.

Thus, Mnemiopsis leidyi inhabits the Southern Caspian through out the year, it
lives in the Middle Caspian for 8 months (May-November) and in the Northern
Caspian (western part) for 4-5 months (July-Novermber).That means that the
greatest impact throughout the year is caused by mnemiopsis to the ecosystem of
pelagic and benthic communities in the southern and middle parts of the sea.

In the years with extreme heat storage of water, the period of mnemiopsis
population development and impact on the sea ecosystem may be extended
(warm winters) or reduced (cold winters).

Mnemiopsis form largest concentrations in the zones with higher
productivity and heat storage, stable dynamic processes. Within these areas there
are the western coast of the southern part of the sea which hydrological regime is
under the influence of advection of the Volga and Kura River runoff; the area of
cyclonic motion south-east of the Apsheron Peninsular; the central part with
southern Caspian cyclone. Such zones along the Iranian coast are as follows: the
area with anti-cyclonic processes not far from Sefidrud Cape and in the south-
eastern part. In the Middle Caspian, that is the western coast where the continuous
input of transformed highly productive northern Caspian waters is recorded, the
north-western part which is the zone of convergence of the northern area of
Derbent cyclonic process and northern Caspian waters. The eastern part of the
Southern and Middle Caspian shows the low productivity and heat storage during
summer and, accordingly, the mnemiopsis population is not as abundant there as
in the western shelf zone (relatively small abundance, narrow size spectrum, less

reproductive activity).
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The range of mnemiopsis in the Northern Caspian is limited to the
deepwater zone and steep slope area (4-10 m) in the western part of the sea. It
has not occurred yet in the east of the Northern Caspian, except for scattered
weak individuals.

The major part of the mnemiopsis population inhabits upper water layers,
above thermocline, some individuals may descend to the layer of thermocline and
even occur below the layer of pycnocline. According to observations carried out
under water, the largest densities of mnemiopsis occur in the surface area (down
to 2 m) in summer, therefore it may be assumed that it feeds actively on neuston.

As is known, the basis of pelagic ichthyofauna is currently formed by three
species of kilka the proportion of which in the total commercial catch of the
Russian Federation before Caspian Sea invasion by mnemiopsis reached 70%. In
the past three years, Russian catches of kilka were reduced from 150 600 t in
1999 to 17 000 tin 2003 (Table 2, 3). Only the common kilka stock remains rather
stable as its reproduction occurs in the Northern Caspian outside the area of
mnemiopsis development.

It is known that kilka feed mainly on copepods (Caspian Sea. Ichthyofauna
and commercial resources, 1989). From A.A. Lovetski, K.P. Barysheva, L.A.
Chayanov, B.l. Prikhodko, R.S. Skobelina’s data, the food of adult anchovy kilka,
the main species of kilka fishery, consists of 90-97% of the copepods. The main
food items of kilka are two species, Eurytemora (grimmi, minor) and Limnocalanus
grimaldii (70% of the stomach content).

When mnemiopsis, kilka’s food competitor, appeared in the Caspian Sea,
the species composition of meso- and macrozooplankton in the Middle and
Southern Caspian declined drastically. From the data of the KaspNIRKh
Laboratory of Hydrobiology, the gross biomass of the main food species of kilka
decreased by a factor of 10, their abundance was reduced to 1/50. The main food
species of anchovy kilka, Eurytemora and other copepods, were replaced by
another member of copepods, Acartia gp. (tonsa, clausi), presently the leading
representative of the mesoplankton.

Kilka stocks and recruitment, abundance of older age groups, their
biostatistic characteristics and, as a result, research and commercial catches have

drastically declined (Table 2).
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Mnemiopsis invasion caused catastrophic disturbances in the Middle and
Southern Caspian ecosystems, pelagium in particular.

Mnemiopsis invasion directly or indirectly affected all the trophic levels of
the sea ecosystem, including higher ones, sturgeons and seals, as kilka are of
great importance for their feeding.

The mass development of mnemiopsis also affected hydrooptical properties. In

2002, during the period of mass development of comb jellyfish in the central part of the
Southern Caspian, water transparency decreased nearly by a factor of 2 in comparison
with the annual average recorded The euphotic layer also became half as thick. The
content of mineral phosphorus and nitrogen, the main sources of biogenic feeding of
phytoplankton, was drastically reduced in the layer of 0-100 m (Table 4, 5).

At the same time, the content of silicic acid increased considerably. S.P. Volovik
et al. (2000) report that comb jellyfish actively affect the circulation of biogenic
substances in water as a result of active feeding on zooplankton and excretion of
organic matter which decomposes easily. It may be suggested that because of eating on
zooplankton, the mnemiopsis population “accumulates” mineral compounds of

13

nitrogen and phosphorus. As reported by S.P. Volovik, “ it was experimentally
established that the mnemiopsis excretes a large amount of dissolved organic matter
(carbon) and nitrogen, somewhat less phosphorus and very little urea, nitrates and
nitrites”.

Thus, the development of mnemiopsis population considerably affects the balance
of biogenic substances in the eutrophic layer of the Middle and Southern Caspian
pelagium.

The mnemiopsis seems to control the development of the most mass diatom,
rhizosolenia. The indirect confirmation is a considerable increase in the content of
silicic acid in the upper 0-100m layer of water.

Mnemiopsis spread through the area of the Middle and Southern Caspian,
deepwater area of the western part of the Northern Caspian and can move with tidal
water to the estuarine zone of the Volga River. It does not practically occur in the
eastern part of the Northern Caspian, except for scattered weak specimens.

Mnemiopsis development is closely connected with thermal conditions of the sea.
The major part of the population hibernates in the south of the sea with maximum
densities, most likely, along the Iranian coast, especially in the warmest south-eastern

part of the sea.
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Parameters

Total biomass, thousand t

Commercial stock, thousand t

Annual catch, thousand t

Productivity, ind.
W.2%, g
W.3", g

W4 g

Stocks, recruitment and biotic characteristics of anchovy kilka
(from the data of the Marine Fish Laboratory)

1996

837

627

148.

2115

7.1

8.5

9.7

199
7

860

759

159

114

7.1

9.4

199
8

944

765

215

190

5.7

94

48

199
9

968

722

271

228

6.0

8.7

9.8

200
0

825

600

192

245

4.8

6.0

8.6

2001

698

643

74.7

226

5.8

7.3

8.7

200

237

237

2.5

6.0

6.2

6.6
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1999

902
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199

1861

6.5

9.0
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Table 2
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2003

470*

400*
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5.9

6.8

8.0
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Horizon,
m

0-25
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0-100

Horizon,
m
0-25
25-50
50-100
0-100

Nitrate nitrogen content in the upper layer of water (0-100 m) in the Middle and Southern Caspian during 1985-2002 (ng/l)

Middle Caspian Southern Caspian
1985- 1998* 2000 2000- 1986 1998* 1999 2000
1991 2003
9.2 2.3 0.3 3.1 51 15 0.8 1.3
17.8 938 0.4 6.1 11.4 18 4.7 3.0
66.4 35.4 27.8 21.9 79.4 24.3 30.8 29.6
40.0 20.8 14.1 13.2 43.8 13.0 16.8 159

Silicic acid content in the upper layer of water (0-100 m) in the Middle and Southern Caspian during 1964-2002

Middle Caspian Southern Caspian
1964- 1985- 1998* 2001*- 1964- 1986- 1998* 1999
1981 1991 2002 1981 1991
303 266 117 258 329 180 174 45
336 266 243 408 320 192 252 124
498 399 374 500 435 258 260 296
409 332 277 416 380 222 242 190

*-autumn (September, October)
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Table 5

2001*-
2002
2.6
6.2
13.0
8.7

Table 6

2001*-
2002
219
250
374
304



When water becomes warmer in spring, the range of mnemiopsis expands due to the

transfer of juveniles to the north by resulting (circular according to Knipovich) current

increasing in summer as in the case of anchovy kilka. Similarly, the mnemiopsis moves from

the Black Sea to the Sea of Azov with compensatory current. Taking into account the fact that

the mnemiopsis enters the Northern Caspian in late July — early August, the speed of its transfer

is within 5-10 cm/ sec. which is quite in agreement with A.N. Kosarev’s data (1975) on geo-

strophic circulation in the Middle Caspian. The largest number of mnemiopsis during the

summer period was detected in the southern part of the sea, the smallest in the middle part, its

range limit is the deepwater area of the Northern Caspian. From 1999-2003 data, mnemiopsis

abundance continues to increase (Table 1).

States

Azerbaijan

Kazakhstan

Turkmenistan

Russia

Iran

Total

Caspian kilka harvest in the Caspian Sea (thousand tons) Table 3

19 19 19 19 19 20 2 20 2
95 96 97 98 99 00 0 02 0
0 0
1 3
9 6 5 9 20 18 1 11 5.
3 4 3 5 4 5 0 .0 5
4
10 9. 8. 6. 6. 3. 0 0. 0.
1 1 8 4 1 0 0 0
0
8 8 7 6 8 11 1 12 1
5 5 8 3 4 5 2 4 3
0
3
80 74 80 11 15 11 4 31 1
0 4 1 1 0. 0 6 6 7
1 5 7
0
32 50 57 82 86 30 6 35 1
8 3 5 A 0 0 0 9.
0 0
14 14 15 21 27 18 7 90 5
0 8 9 5. 1 2 4 0 4.
7 7 5 4 4 7 5
7
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Seasonal research into mnemiopsis population undertaken by KaspNIRKh during the past year
was carried out in the entire area of the Caspian Sea to coastal waters of Iran. Its development
was affected by rather a cold winter of 2002/2003 as compared to those in 2000-2002 when the
mnemiopis population was very abundant in the Caspian Sea.

The winter range covered nearly 100% of the Southern Caspian and the southern part of the
Middle Caspian. Comb jellyfish did not occur in shallow water areas (h<20m) of the Southern
and Middle Caspian because of low water temperature (t<6° C). It was not seen in the Northern
Caspian and northern part of the Middle Caspian either (Fig. 1a).

In February 2003 its concentration in the Southern Caspian varied widely: from several
specimens to 321 ind./m® (8.0 g/m®). Its density was on average 81 ind./m* with biomass 2.3

3

g/m”.
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Fig. 1 Seasonal distribution of the Caspian population of Mnemiopsis leidyi (ind./m?) in 2003:

a — February-March; b — August-September ; ¢ — October-November
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Juveniles, larvae and eggs (size class < 10 mm) formed the basis of the winter population of
Mnemiopsis leidyi in the Southern Caspian and in the south of the Middle Caspian. This group
accounted for 97.7-100% in the majority of stations while the average number of mnemiopsis in
the Middle Caspian was 120 ind./m°.

Thus, even during the cold winter period at water temperature below 9° C this species of
gelatinous organisms occurred in large amounts and was represented mainly by juveniles and eggs.

In spring, the size of Mnemiopsis leidyi population that hibernated in the Southern Caspian
was rather large which enabled the reproduction of considerable amounts of larvae and juveniles
and their spread throughout the uninhabited areas of the sea.

The spring range of comb jellyfish in April 2002 covered 90% of the Southern Caspian and
some 20% of the Middle Caspian. In 2003 its range in early March already covered 95-97% of the
Southern Caspian and 40-50% of the Middle Caspian.

At the very beginning of spring season (the first 10-day period of April) mass concentrations of
larvae were recorded in all the parts of the Southern Caspian.

In spring the density of comb jellyfish in the Southern Caspian was 154 ind./m®, but the
proportion of eggs, larvae and juveniles (size class < 10 mm) decreased though remaining the
major portion of the population - 96.2%. This group accounted for 92.0% in the Middle Caspian.

At the beginning of summer (June-July) 2003 as in 2002, mnemiopsis was not seen in the
Northern Caspian. The largest concentrations of the population of Mnemiopsis leidyi were recorded
in the Middle and Southern Caspian. They were detected in the western part of the shelf zone from
the coast (above 10-12 m) to the depth line of 650 m. Comb jellyfish occurred sporadically in the
eastern shelf zone and in the central part of the sea (Fig. 1b).

By the end of summer, in August, the core of the population moved to the north along the
western coastline and reached the boundary between the Middle and Northern Caspian (Fig. 1Db).
Its density was 12-14 times as large as that recorded in August 2002 (37 ind./m® or 12.5 g/m®).

In August 2003 the average density of gelatinous organisms per unit of volume in the areas of
maximum concentration in the Southern Caspian reached 602 ind./ m® (36.0 g/ m®) which is
consistent with the same level in 2002 (Table 5). The mean concentration of mnemiopsis in the east
of the region was 238 ind./ m* (16.0 g/ m°), i.e. increased by a factor of 2 as compared with the

value recorded last year.
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By summer, the proportion of the small size group (<10 mm) decreased while the total
abundance and biomass of the population increased.

In autumn (October) the largest concentrations of comb jellyfish occurred along the western
coast above the depth of 50-200 m in the western shelf zone of the Middle and Southern Caspian
(Fig. 1c). Its maximum densities there amounted to 442-926 ind./ m* (23-28 g/ m*) which is 1.6-2.6
larger than that during the same period of 2002 (280-355 ind./ m® or 9.0-11.5 g/ m).

In comparison with rapidly cooling waters of the shallow water area of the Northern Caspian,
waters of the Middle and Southern Caspian remain rather warm (above 15°C). Therefore, the
reproduction of the gelatinous continued. The biomass of the small size group in the Middle
Caspian remained at the level recorded in summer (4.2 g/m®) and accounted for 62%. The biomass
of that group in the Southern Caspian continued to increase and reached 12.0 g/ m®.

KaspNIRKh experts studied vertical distribution of mnemiopsis carrying out underwater
telephotography and video shooting. From visual examination and video material of 2001-2003,
reliable data were obtained concerning the vertical distribution of comb jellyfish.

During the summer-autumn period, the maximum abundance of Mnemiopsis leidyi in the
Southern and Middle Caspian was recorded in the warmest surface water layer of 0-2 m. As in the
previous years (1999-2002), the lower limit of the major concentration of comb jellyfish coincided
with the upper limit of thermocline (25-30 m). Its concentration under thermocline decreased
abruptly. Because of lowering and subsequent destruction of thermocline in autumn, mnemiopsis
may occur ata depth more than 40-50 m.

Data of 2003 confirmed previous years’ findings that the major area of development of comb
jellyfish population and of its largest concentrations throughout the year is the Southern Caspian.
Large concentrations and biomass of that gelatinous are also recorded during the cold period (2753
ind./ m%, 115 g/ m®).

Comb jellyfish can reproduce in that part of the sea during the winter period and begin to
spread along the western coast to the north in spring. In 2003 after rather a cold winter, the range
limit of the population in the Northern Caspian was reached 2-3 weeks later in the second half of
August.
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From the data on the abundance of mnemiopsis population in 2000-2003, it is predicted that in
the nearest future (up to 2005) its abundance will stabilize in the Southern Caspian and will
continue to increase in its range limit in the east of the Middle Caspian and in the Northern
Caspian. Based on the 2000-2003 observations, it may be reported that there is no stagnation of
mnemiopsis population and it continues to increase (Table 1). Therefore, urgent measures are
needed for its regulation (due to beroe acclimatization).

Ecological catastrophe in the Caspian Sea because of its invasion by mnemiopsis in the late
1990s predetermined the elaboration of practical measures to control its abundance.

Considering positive changes in the situation in the Azov-Black Sea basin, international
experts’ proposal was adopted (Baku, 2001) to introduce an obligatory mnemiopsis predator, comb
jellyfish beroe, which was regarded as a main way of solution to the problem.

In this connection, KaspNIRKh started in-depth studies of incidentally “introduced” species
and of that planned for introduction.

As literature data are presently based on Azov-Black Sea populations, experiments were made
on Caspian mnemiopsis and beroe the offspring of which was produced in the Caspian water.

Experiments carried out during three years (2001-2003) revealed:

a) a method of collecting and transporting Beroe ovata for a long distance (2 000 km);

b) technology for adaptation of Beroe ovata from the Black Sea water close to oceanic one in
composition and salinity (17-19%0) to Caspian water with quite a different ionic
composition and lower salinity (8-11%);

c) beroe tolerance to environmental factors (water salinity, temperature, gas regime and pH);

d) feeding habits of comb jellyfish (mnemiopsis and beroe), daily rhythms of feeding and the
rate of food digestion at different water temperature, the rate of food intake at its various
concentration in habitats;

e) bioproduction potential (fecundity) of beroe adapted to Caspian water.

In addition to that, the technology of beroe cultivation in Caspian water was worked out.

Experiments were performed using samples taken from different zones of the north-eastern
part of the Black Sea (Utrish Village, Gelendjik City).

Data obtained were used as a basis for devising a method of cultivation and grounding
possible introduction of Beroe ovata into the Caspian Sea.
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Results

Three-year studies undertaken by KaspNIRKh showed that beroe should be caught in
the Black Sea using a conic net that excludes the damage of the gelatinous and
transported to the experimental base Turali-2 located at the Dagestan coast by motor
transport in plastic containers 50-100 |. When beroe are transported for long
distances (2 000 km), their density should be rather small: 40 specimens per 50 | to
prevent them from being damaged and deliver the maximum amount (92.5%) of
viable organisms. The individuals supplied were subsequently used for adaptation,
offspring production and cultivation.

When transported at large densities (50 ind./50 1), the number of damaged individuals increases

by a factor of 1.5 because of accumulation of products of metabolism in water.

When developing the technology of beroe adaptation to Caspian water of different
ionic composition and lower salinity (8-11 against 18-19%o), the regime of water
desalination was worked through. Water desalination was carried out by different
methods taking into account beroe high sensitivity to saline conditions. On the
whole, the process of adaptation of beroe of different size classes to the reduction in
salinity was almost the same, but unlike large individuals, small and medium ones
spent less time for that process (by 2-3 days). In general, the process of adaptation
takes some 7-8 days.

It was established that Beroe ovata showed high adaptability not only to various salinity of

Caspian waters, but also to re-adaptation from low (10%o) to higher salinity (11-12%.o).

3.

It was reported that the beroe was very particular about habitat conditions. When held
in man-made conditions, it needs continuous water aeration and its daily replacement
(50%) to prevent the accumulation of metabolic products.

In the process of the experiment, considerable differences were recorded in feeding
habits and food spectrum of comb jellyfish. Mnemiopsis in the Caspian water feed on
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all the members of zooplankton while beroe feed only on mnemiopsis which is in agreement with
literature data (\olovik, 2000).

When plankton organisms are abundant in mnemiopsis habitat, it completely fills the gastro-
vascular cavity ejecting part of the consumed food through the mouth. Besides, a considerable
amount of zooplankters, 2-3 times greater than the quantity of consumed prey, are immersed by
mnemiopsis into excreted slime which is held with tentacles. The food ejected from the digestive
system and immersed into slime is not already used by comb jellyfish, therefore the loss of
valuable high caloric food may be very large (film).

Mnemiopsis display clear daily rhythms of feeding which are closely connected with water
temperature. Peaks of feeding at high temperatures (28-25°C) coincide with nighttime. At that,
daily food rations are not too large. When water temperature is low (20°C), the feeding activity
decreases markedly while the time of digestion increases. Most prey is eaten by mnemiopsis during
daytime while during nighttime it does not almost feed (Fig 2,3).
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Fig. 2 Daily rhythm of mnemiopsis feeding at a temperature 25°C
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Fig. 3 Dynamics of mnemiopsys feeding at a temperature 20°C for a day

Feeding habits and food spectrum of beroe are quite different. Even when it starves for a long
time (5-6 days), it does not feed on plankton, micro-warms and Ostracoda. When the concentration
of plankters is high, it clenches its mouth and changes its usual body shape looking like a ball
(film). Beroe’s main food is comb jellyfish mnemiopsis which is ingested by beroe mostly as a
whole. Daily rhythms of beroe feeding, just as in mnemiopsis, depend on water temperature. When
the temperature drops, the feeding activity of all the age classes decreases appreciably. Beroe show
two peaks of feeding activity which occur during the day- and nighttime though, in general, beroe
feed continuously with some intervals for digestion, but even at that moment they can fill their
food reserves repeatedly. The time spent to digest food differs considerably in beroe of various size
and depends on the amount of food consumed and water temperature. The amount of daily ration is
of great importance for beroe of large and medium size and also depends on water temperature too.
When the temperature rises, the amount of the food consumed increases.
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6. During their reproductive cycle under favorable biotic and abiotic conditions, the
Azov-Black Sea beroe adapted to Caspian water produced 10 times more eggs (some
250) than their first offspring could do. This can probably occur only in man-made
conditions when the reproductive success can not be achieved because environmental
conditions are worse than in natural water body.

All the size classes display impaired growth when water temperature drops and the

concentration of food is reduced. When conditions are quite favorable, 3-cm long beroe

produce the second offspring on the 20-th day. In shortage of food, their growth slows down

and in order to reach the breeding age, they need more time (by 5-7 days).

7. In breeding practice, there is experience of aquatic invertebrates cultivation
(Bogatova et al., 1975, Zhemaeva, 1984, Ivanov, Abrosimov et al., 1975). Similar
work on rearing gelatinous organisms was not carried out.

Cultivation suggests recurring production of beroe offspring with its subsequent introduction
into the Caspian Sea in order to regulate the number of predator invader - mnemiopsis. Data
obtained indicate a real possibility not only of adaptation, but also of regular production of beroe of
different size (including mature) which expands their range in the Caspian Sea.

There is no experience of introduction of gelatinous organisms into water bodies including the
Caspian Sea.

Summarizing the experience of recent introductions of hydrobionts (Zenkevich,
Birshtein,1937a, Zenkevich, 1940, loganzen, 1950, Karpevich, 1960, 1965, 1968, loffe et al.,
1972), having studied the biology and ecology of invaders as well as compatibility of their
environmental requirements and conditions in the stocked water body which is quite like maternal
by temperature and hydrochemical conditions, it may be concluded that beroe acclimatization in
the Caspian Sea is quite possible.

The biotechnique of beroe introduction into the Caspian Sea is thought to consist of its stage-

by-stage acclimatization for three years.
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During the first year, only a mixed population of beroe (some 5 000 individuals) consisting of
60% of large individuals, 20% of medium and 20% of small individuals adapted to Caspian water
should be introduced. The largest percentage of large-size beroe in the mixed population depends
on two factors. Firstly, they will begin mnemiopsis extermination more actively thus minimizing
its concentration and ensuring an increase in reproductive potential of the introduced species and
rapid offspring production. Secondly, that is the shortest way of acclimatization: the phase of
naturalization begins one generation earlier than in the case of transplanting juveniles.

The introduction of medium- and small-size individuals may prevent occasional failures.

In developing commercially exploitable populations in the second and third years, it is
necessary to use a method of “mixed stocking”. Of each portion of beroe adapted to Caspian water,
one half (500-600 ind.) of large-size beroe will be released directly into the sea for its population
restocking and more intensive extermination of mnemiopsis while the other one will be used for
cultivation. Beroe of different size classes which are stored up when rearing in artificial conditions
will be released at regular intervals in order to expand the area of beroe introduction into the
Caspian Sea.

Releases of beroe adapted to Caspian water should be carried out offshore at a depth of 10-20
m, water salinity of 9-12 %, and food (mnemiopsis) concentration not less than 100 ml/l repeatedly.
The development of the introduced species may be monitored by divers using underwater video
equipment.

Beroe should be introduced into several areas of the Caspian Sea including the north-western
coast of Dagestan because:

- the time of mass development of mnemiopsis in that part of the sea (the second half of
August-September) coincide with the moment of mass development of beroe in the
north-eastern part of the Black Sea. It may be caught and transported to the Caspian
Sea in the shortest way;

- water transfer in that area occurs from north to south.
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The second promising region is the Southern Caspian including the coast of Azerbaijan and
Iran. Favorable conditions for beroe introduction at the coast of Azerbaijan may be in the area
south of the Apsheron Peninsular and in the south-eastern part (Islamic Republic of Iran).

Rather a large abundance of beroe may be expected two years after introduction, similar to that
process in the Black Sea.

One of the most important requirements that should be complied with before beroe
acclimatization in the Caspian Sea is the obligatory conducting of integrated parasitological,
microbiological and virologic studies of the members of the family Ctenophora in the maternal
(native) water body (the Black Sea) and in experimental conditions according to Russian and
international practice.

In the literature available there are no data showing that the family Ctenophora may act as
carriers of bacteria or virus. The results of microbial and virologic studies of comb jellyfish (Beroe
ovata, Mnemiopsis leidyi) and their habitat in the Black and Caspian Seas described in the
biological foundation are presented now for the first time.

In compliance with international standards in order to establish the epizootic status of the
population, it should be investigated not less than twice a year for four years (Council Directive
91/67/EEC as last amended by Directive 98/45/EC, 1988; 1991).

In connection with indicated above, in the case of positive decision on beroe acclimatization in
the Caspian Sea, virologic examination of each batch of comb jellyfish supplied should be
performed for the next few years. At that, the examined material should be taken from the batch of
beroe prepared for transportation and before the results of examination are obtained, beroe should
be placed in quarantine in compliance with home and international standards that regulate
hydrobiont transportation. According to published and informal data, it is quite possible that there
are viral infection foci of fish in the Black Sea and their invasion of the geo-physically isolated
basin of the Caspian Sea may lead to quite undesirable consequences.

Integrated research into comb jellyfish showed no viral agents and parasitic fauna in the
material under examination. At the same time, various microflora indigenous to marine
ichthyofauna was isolated from mnemiopsis and beroe, these are Aeromonas and vibrioflora

common to the Black Sea; Pseudomonas and acinetobacteria common to the Caspian Sea.
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Enterobacteria revealed in the microbial spectrum of the Black and Caspian Sea species under
examination show that they may act as carriers of opportunistic microflora. Elimination of one
complex of microflora by another may be due to different chemical composition and various
salinity of Caspian and Black Sea water.

From the results obtained in 2003, the microbial spectrum of beroe originally included 17
species of bacteria of seven genera: Aeromonas, Citobacter, Enterobacter, Hafnia, Pseudononas,
Flavobacterium, Vibrio. The family Vibrionaceae (Aeromonas hydrophila and Vibrio
alginolyticus) dominated the bacteriocenosis of Black Sea comb jellyfish (46.4% of the strains of
all isolated microflora). Microorganisms of the family Pseudomonadaceae were second in
frequency of occurrence (28.6%) with subdominating Rs. aeruginosa

Enterobacteria accounted for 21.4% of the strains. The data obtained indicate a significant
anthropogenic contamination of the Black Sea ecosystem.

After 7 days of adaptation in Caspian water the beroe under study were contaminated mostly
with Pseudomonas and acinetobacteria (52.0 and 28.0%, respectively). The proportion of the
families Vibrionaceae and Enterobactericeae in the material under analysis was not large. A similar
tendency remained after complete transplanting of comb jellyfish into Caspian water.
Consequently, 100% elimination of beroe indigenous microflora by bacteria common to the
Caspian hydro-ecosystem occurs in the process of its adaptation.

Analysis of the material using pathogenicity markers showed that the Black Sea microflora
exhibited proteolytic, lecithinic and hemolytic activity in 54.7% of the cases while the isolated
Aeromonas showed 100% DNA activity. After beroe adaptation to Caspian water, pathogenicity
markers of bacteria contaminating that comb jellyfish were at a level of 22.7% or on average 2.4
times lower, which is due to phenotypic characteristics of bacteriocenosis.

The result of bioassay on Caspian fish contaminated with the strains of dominating groups of
Black Sea microorganisms (Aeromonas, Vibrio, Rs. aeruginosa) turned out positive.

Fish contaminated with Aeromonas and Vibrio were found dead 5-18 hours later while those
contaminated with Rs. aeruginosa died 2 days after contamination.
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The postmortem examination indicated considerable pathologic abnormalities in the internal
organs, muscle lysis and a papule in the site of injection. Original strains of bacteria were isolated
from affected organs. The group of fish under control remained quite normal.

The bioassay made provided a negative result as it is considered positive only in the case of
mortality of 50% of the fish with signs of exterior and interior lesions.

Similar result were obtained from the bioassay on white mice. This implies that the dominating
Black Sea microflora is pathogenic both for native Caspian ichthyofauna and for warm-blooded
animals.

Thus, from the results of the research done it may be concluded that in acclimatizing Black Sea
beroe in the Caspian Sea, it is necessary to carry out adaptation or quarantine for 2-3 weeks to
eliminate Black Sea microflora with subsequent control and integrated examination of Ctenophora.
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First Regional Technical Meeting on
Possible introduction of Beroe ovata into the Caspian Sea,
22-23 February 2004, Tehran, Iran

Lessons to learn from the Black Sea
with respect to invasion of the Caspian by
the ctenophore Mnemiopsis leidyi

Photo: A.E. Kideys
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Active participants...
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Active participants...
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Why talk about the Black Sea

®* We learnt alot from similar invasion
events occuring in the Black Sea
during the last two decades. This
Information is, at this very time,
vitally important in solving the
greatest problem ever of the
Caspian Sea ecosystem....
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The ctenophore
Mnemiopsis leidyi

transported via ballast water from

B the western Atlantic into the Black
Sea in the late 1980s

This has been
one of the most *
important invasion %
events of the '
world seas!

Mnemiopsis IS a not problem
for “any” ecosystem
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- Both seas are similar in

' C & ;*3 several aspects...
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® Similar surface area (s 4.2 x10° kn?, Caspian 3.9 x10° km?)

® Both have large catchment area ( mition km?for
BS, 3.5 million km? for Caspian)

® Both fed mainly by one large river
® Both have one large shallow region

® Both have one large lagun

Similar in several aspects...

® Both sustain a sizeable pelagic fishery
(about half a million tons)

®* Both have top mammalian predators

® Both have high number of endemic
Spp
® Both have high number of invasive
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Sensitive ecosystems

®* Both seas are sensitive to
anthropogenic impacts as they are
almost enclosed ecosystems.....

4 Eutrophication
v Invasive species

Large nutrient-rich riverine input as the main reason of
eutrophication of the Black Sea

(>2 x10° km?; Zaitsev & Mamaev 1997)
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Root source: Increase in nutrients

Phosphate Mitrate

Mote: There was increase in nitrate and phosphate concentrations
after 1970°s, which would inevitably cause abnormal phytoplankton
g'r:iwll .
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Eutrophication effect:
Increase in chl biomass

Long-term changes in Chl-a levels in the deep Black Sea
{May-November interval)
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Eutrophication effect:
Decrease in Secchi depth
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Eutrophication effect:

Increase in hypoxic areas

Expansion of hypoxia and anoxia zones in the northwest of the black sea
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® 1) Eutrophication: affected more the
NWS compared to the open sea

Salinity in the Black Sea (from Prof T. Oguz, IMS, Turkey)
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Currents in the Black Sea
(from Prof Temel Oguz. IMS, Turkey)
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Eutrophication effect:

Increase in phytoplankton biomass
(Kovalev et al., 1998d)
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Eutrophication effect:
Compositional changes in copepod
biomass in Sevastopol Bay
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effect:
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Eutrophication effect:

Chanages in the spawning grounds of

The second of the two main events which greatly
affected the ecosystem of the Black Sea is :

®* 2) Introduced species

* Notably the alien ctenophore
Mnemiopsis; in the late 1980’s
reaching very high biomasses (almost
1 billion tons!) in the Black Sea,
Immediately affected all compartments
of marine life
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Relationship between the decrease in Turkish anchovy catch
(as 10° tonnes) and
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The loss of Turkey alone was roughly 250
million dollars per year due to these low levels
of fishery

79



How does Mnemiopsis affect ?

Small pelagics
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How does Mnemiopsis affect ?

Small pelagics

Eutrophication levels elevated in the BS
during early 1990s...
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Very high prim. prod. in the
Caspian recently (2001 summer)...

Anatomy

0
|-U

IERETTSETTE N RN T .-

Phylum Ctenophora
Class Tentaculata
® Order Lobata

® Mnemiopsis leidyi
— Mid Atlantic
— ’Smooth’
— Simple lobular cang
[ J

Mnemiopsis mccrad
From Dr T. Moss
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Plastic morphology: Size & shape

Plastic morphology: Tentacle
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Feeding modes in Mnhemiopsis

(from Dr T. Moss)

® Lobe inner surface capture

Auricle

Food Groove

The impact of M. leidyi on zooplankton is well
documented for the Black Sea both using
laboratory and field studies (Finenko & Romanova
2000, Shushkina et al 2000, etc...).

Tuble 6. Grazing of zooplazkton bipmass by the pepulation of the ctenophore A leldy In Sevasiopal Bay duriu]_diff&nu
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Mean zocplankion Pctmnm,gi: Reation (% of eier Minimum ihﬂdr:ql.dru-
Hengon copcentration (mg | of hiamass ekl 'ﬁlhlnrﬁ; ments (%9 of energy sonlent
d of welweight pat m*) orazed q geuavalenty
Winier {Decentber—February) LIz 18s L0 £0.08 009 £ 017 [
Spring (March-Muy) 2436 4 22 6 .05 £0,07 (L0585 £ (.09 2.65
Swinmer {fune—August) 10046724077 [2LADE 1582 2724321 6.8
Autumn {September-Novembery 117382790 .00+ 644 F1TL 248 491

84



=
o> o1 T T T T T T T T 1
-
v 304
7]
g 20 C. Western Region (>200 m depth)
g 10
o B dl
T T T T T T T T 1

30 —

20 - D. South-Eastern Region (>200 m depth)

10

® T T

T T T T T T 1
1955 1960 1965 1970 1975 1980 1985 1990 1995 2000

Years

Many more published information on zooplankton decrease during 1988 and 1990....

Non-gelatinous.zoopIankton (g m-2)

10 LD O
" e ® \etege !
"-."
0 LI B I B B L
>1000
1 M nemiop sis biomass (g m-2) 1 ‘.
m:I o
20 u . :
° & Kideys 2002, Science 297
o Turkish hi land i
urkish anchovy landings
:: (thousand tons)y ¢ ,".‘.'.,‘
100 ..-....'. ..-.

T T
§§§§E§E§§§§§§§§§§§§

85



Opportunistic
settlers and the
problem of the
ctenophore
Mnemiopsis leidyi
invasion in the

Black Sea

countries discussed
strategies for the o
control of Mnemiopsis g E™
in the Black Sea

GFSAMP Reparts and Studies No. 58
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Photo A.E. Kideys

hofo L. Svetlicﬁr{y
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Black Sea coastal waters

(Fine nko et al., 2000, Hydrobiologia 451)
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Growth rate, d:
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Greve, R. Harbison and others
in addition Black Sea
scientists).

* We have observed that even the
larvae of Beroe feeds on
Mnemiopsis tissue or larvae...

» 2003, much much higher
numbers....

» Larvae were kept alive
over two months in Mnemiopsis larva Photos Zekiye Birinci
Caspian and Black Sea
water...
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mesoplankton began to be restored...”

Shiganova et al. 2003, Biol Bull.: “..we observed
recovering of the main components of the Black Sea
pelagic ecosystem-zooplankton and fish as well as their
eggs and larvae..”

Oguz et al 2003, Vinogradov et al 2003 and
others...
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1989 21500 2092 The same and our data

1990 29670 708 Our data
1992-93 11670 - Gruzov et al., 1994

1998 10700 200 Our data

1999 86000 2250 Our data

2000 59670 2353 Our data

2001 382330 4870 Our data

Share of feeding larva

1986

1988 1990 1992
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» Prof H. Dumont in his paper published in
Nature

Unfortunately this invasion occurred by 1997,
First reported by Ivanov et al. in 2000.

Akdeniz
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the Caspian ecosystem

Excerpt from 2001 report by Kideys et al.!
(and further decreases in kilka catch had been foreseen
in that report!

structure

 Perhaps biodiversity including endemic spp

» Top predators such as endemic Caspian
Seal (pregnancy) and Beluga sturgeon

Excerpt from 2001!

99



Vol. 266: 111-121, 2004

Mar Ecol Prog Ser

MARINE ECOLOGY PROGRESS SERIES

Published January 30

Physiological characteristics of the ctenophore
Beroe ovala in Caspian Sea water

Ahmet E. Kideys'*, Galina A. Finenko?, Boris E. Anninsky?, Tamara A. Shiganova®,

Abolghaseem Roohi?, Mojgan R. Tabari?, Mehdi Youseifyan?,
Mohamad T. Rostamian®, Hosseinali Rostami*, Hossein Negarestan®

'Instifute of Marine Sciences, Middle East Technical University, Erdemli, Turkey
Institule of Blology of the Southern Seas, Nachimov Ave. 2, Sevastopol, Ukraine
Ip. P. Shirshov Institute of Oceanology RAS, 36 Nakhimovskiy Pr., Moscow, Russia
“Mazandaran Fisheries Research Cenler, Sari, Iran
SIranian Fisheries Research Organization (IFRO), No. 297, Fatemi St., Tehran, Iran

Mar Ecol Prog Ser 266: 111-121, 2004

eling etc.) relating to the possible impact of this poten-
tial intentional introduction are still necessary. If the
results of these studies are also convincing, the preda-
tor Beroe ovata would be a vitally important bio-con-
trol agent against Mnemifopsis Jeidyi, which causes
immense ecological and economical problems in the
Caspian Sea. Our results presented here are therefore
important as a first step in indicating the feasibility of
this introduction.
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DISTIBUTION AND ABUNDANCE OF MNEMIOPSIS LEIDY1 IN
THE EASTERN IRANIAN COASTS OF THE CASPIAN SEA

Abolghasem Roohi and Ahmet E.Kideys
Ecological Academy of Caspian Sea, P.O.box : 961, Sari, Iran

(Roohi_ark@yahoo.com)

Institute of Marine Science, Middle East Technical University, Erdmil, Turkey,
(kideys@ims.metu.edu.tr)

Abstract

The alien ctenophore Mnemiopsis leidyi which was transported from the Black Sea into
Caspian at the end of 1990s has been negatively affecting ecosystem in this new
environment. In this study, spatial and temporal distribution of M.leidyi were studied from a
total of 12 stations located along three transects (Nowshar,Babolsar and Amirabad) in the
eastern Iranian coasts of the Caspian Sea (Mazandaran province) during July 2001 to
septamber 2002.

M. leidyi achived maximum biomass (1024.5 g m?> / 102.5 g m®) in Septamber 2001.
Minimum biomass (1.5 g m?/ 0.27 g m®) of the ctenophore were measured in March 2002.
The highest biomass was at the station with 10 m bottom depth (570.7 g m?) in autumn and
lowest biomass (75.9 g m?) was obtained at a station with a 50 m bottom depth in spring. The
highest average biomass 641.2 g m? were measured in Amirabad region, and the lowest
biomass (207.5 g m? ) observed in Nowshar region. The young specimens (<5 mm)
contributed about 90 % to the total abundance of the population. The maximum length was
51-55 mm which was measured in August. The factors affecting the distribution of M. leidyi in
the study area were discussed.

Key words : Caspian Sea, Iranian coasts, Distribution, Mnemiopsis leidyi
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INTRODUCTION

In the 1980s, the introduction of a new species (a lobate ctenophore, Mnemiopsis leidyi or
M.maccradyi) into the Black Sea radically affected the whole ecosystem (Vinogradov 1989;
Kideys 1994). This species had a negative impact on the most dominant fish of the Black
Sea, the anchovy Engralius encrasicolus, though competion for the edible zooplankton as
well as consumption anchovy eggs and larvae in the Black Sea. The mass occurrence of
Mnmiopsis was one of the most important reasons for the sharp decrease of anchovy and
other pelagic fish stocks in the Black Sea (Kideys 1994).

Meantime possibility of its introduction into other neighbouring sensitive ecosystems, notably
the Caspian Sea, has been mentioned (Dumont 1995; GESAMP 1997). And, as expected,
this ctenophore reported from the Caspian Sea by November 1999 (Ivanov et al.2000).

Ivanov et al. (2000) suggested that this ctenophore were transported with ballast water taken
aboard in the Black Sea or the Sea Azov (where Mnemiopsis occurs in warm months) and
released after ballast-loaded ships passed through the Volga Don Canal and the shallow
freshwater North Caspian Sea, into the saltier Central or South Caspian.

Due to demage observed in the Black Sea, there has been a fast response over the

presence of Mnemiopsis in the Caspian Sea, since Mnemiopsis is a voracious predator on
zooplankton, both abundant small pelagic fishes feeding on zooplankton as well as large
predators feeding on these fishes such as white sturgeon (Huso huso) and endomic Caspian
Seal (phoca caspica) would be under significant threat in the Caspian Sea (Kideys et
al.2001).

In this study temporal and spatial distribution of Mnemiopsis were studied in order to gather

information on the levels and ecology of this ctenophore; for evaluation of its impact on the
coastal pelagic communities along the southern Caspian Sea.

103



Materials and METHODS

In this study, spatial and temporal distributions of M.leidyi were studied along three transects
(Nowshar, Babolsar and Amirabad) in the eastern Iranian coasts of the Caspian Sea
(Mazandaran province) during July 2001 to September 2002 . Each transect had four stations
located at 5, 10, 20 and 50 m bottom depth contours. Because sampling of each transect is
planned to be completed during the day, a speed boat was used for the sampling at sea.
Temperature and salinity of the seawater at depth 5, 10, 20 and 50 m were measured by
using an inverted thermometer in situ and by using a digital salinometer, respectively. At
every station, the water clarity was also measured by using a Secchi Disk. Mnemiopsis leidyi
was sampled using a 500 micron mesh sized METU net (diameter 50 cm with large bucket
suitable for Mnemiopsis). Samples was obtained via vertical towing from the bottom to the
surface for all stations . At the deepest station, because of existence of thermocline, 20 m
sampled for salinity and temprature : (fig 1).

/

Figure 1. Sampling locations in the Caspian Sea

At the end of each tow, the net was washed from the exterior, and the cod end was
passed into a container immediately to enumerate ctenophores by naked eye. The density
(both as per m? and m?®) of Mnemiopsis leidyi was calculated from the diameter of the net and
the tow depth.

The ctenophores were sorted in length groups of 0-5 mm, 6-10 mm, 11-15 mm and so on,
for size measurements. A total of 144 Samples were measured and grouped in this way.
Individual weighing of these animals was not practical at sea. Weights of these animals were
therefore calculated from size measurements (269 individuals) using a conversion formula
which was obtained individual length (using a ruler for the lobed length) and weight
measurements (using a digital balance with a sensitivity of 0.001 g ) in July 2001. Length
groups were thus converted to weight by using the equation obtained.
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Results

The changes in the average temperature of the study area during the course of period study
are shown in Fig. 3. It oscillated between 30.2 oC in August to 7.5 oC in March. Within the
same period, the salinity values ranged from 12.0 ppt ( 10 M) to 12.8 ppt ( 50 M) with an
average value of 12.5 (of which standard deviation being 0.7) in the area. The Secchi disk
depth values fluctuated between 0.2 and 10 m with an average of 3.0 m during the study period in
the southeastern Caspian Sea.
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figure 2: Temperature(°® )changes at different depths of the Southeastern Caspian Sea .
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figure 3: Salinity (ppt) changes at different depths of the Southeastern Caspian Sea
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The length-weight equation of Mnemiopsis leidyi which is used in biomass calculation was
found to be: Weight (g) = 0.0013 Length (mm)*2.33 , R*2 = 0.96, n = 269. The power fit of
relationship between the total length and wet weight is shown in Fig. 4.
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Figure 4. The relationship between the total length and weight of M. leidyi

The biomass of M.leidyi also fluactuated widely from 12.2 g m? m in March 2001 up to 871.1 g m? in
September 2001 in the southeatern part of the Caspian Sea (Fig. 3). Generally biomass values were low
during cold months (i.e. November-March) and high in warmer months. Population increased quite
suddenly between August and October 2001 and again in 2002 when it reached to 700.7 g m? and
sharply decreased by the September 2002. Comparing with the same months of 2001, the biomass

values in 2002 were almost the same. The highest biomass values were also observed in September
2001 and August 2002.
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Figure 5. Changes in Mnemiopsis leidyi biomass of Mazandaran during sampling period (squares
biomass and triangles temperature and lozenges abundance values)
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Vertical distribution of M .leidyi in difference depth is shown in Figure 6. Except in winter , the
highest biomass of M.leidyi was occurred in 20 m depth.

The lowest mean biomass of this Ctenephore was observed in 5 m depth in all seasons. From
this figure it is observed that generally. The mean biomass of M.leidyi was higher in Autumn
in compartion to other seasons, and in winter low biomass of ctenphore was encoutend .
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Figure 6. Coastal Mnemiopsis Distribution
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Figure 7: Seasonal changes of M.leidyi in the Southeastern of Caspian Sea.

Spatial biomass distribution of M.leidyi in 3 transect of Noshahr , Babolsar and Amirabad is

presented in figure 10. The high average biomass observed in Amirabad with value of 402.2 g

m? /29.4 gm? and the lowest was measured in Noshahr with record of 248.6g m? /16.1g
3.

m
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Figure 8. Average weigh of Mnemiopsis among transects

Temperature profiles in different season sampled during July 01 — sep 02 cruises are
presented in figure 9, as seen in this figure, there are no termoclain in winter and spring . The
termoclain observed in summer and in somehow in autumn in 30 m and 40 m depth

respectively.
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Figure 9. Seasonal temperatures (OC) at the deepest Amirabad station (Am4)
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Figure 10 shows monthly percentage of size frequency of M.leidyi of Mazandaran coastal water.
Small ctenophore (<5 mm) was dominate in all depth ( %90).
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Figure 10. Monthly percentage size frequencies of Mnemiopsis off Mazandaran

Monthly changes in the mean size of M.leidyi off Mazandaran coastal water is presented in
figure 11. As seen there are considance in mean length and mean wet weight fluctuation in
different month of 2002 and 2002.

The minimum mean wet weight and mean length was recorded in Dec 01 and Jan 02. These
figures increased after Jan 02 and reached to its Maximum in May 02 .
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Figure 11. Monthly changes in the mean size Mnemiopsis of Mazandaran

109



Discussion

The variation of the biomass of M.leidyi in the Caspian Sea depends on temperature over

the month of the year, as was reported for the Black Sea (Shiganova 1998).

Reproduction of this species in the Coastal water of the southern Caspian Sea starts during
early of July (as observed in 2001 and 2002) and reach its maximum during August and
continue to October which increased the population of M.leidyi to its peak in October. It was
reported that reproduction of this Ctenophore in some inshore water of the Black Sea, starts
during the second half of July or August ( which have some delay in comparison to the
Caspian Sea due to water temperature after October due to decreasing of the temperature
M.leidyi biomass decreased), this results is concidence with the Black Sea (shiganova 1998).

Multu (1999) mentioned that M.leidyi distribute over a narrow ranges of depth above the
thermocline. Also Vinogradov et al . , (1998) first observed similar vertical distibution in last
September 1987 and this pattern has seen repeatedly (Vinogradov 1990; Bogdanova and
Konsoulov 1993).

Based on our results small M.leidyi (<5 mm) comprised above 90 % of the total population
during the year, and mean length of individuals increased from January to May, but in
summer the mean length of individual decrease. In the Black Sea young individuals (<10 m)
were abundant in summer due to reproduction, food availability probably plays a more
important role in the reproduction of M.leidyi (Mutlu 1999). Vinogradov et al (1992) and
Volovik et al. (1993) found similar seasonal changes in size composition of M.leidyi , Summer
reprodution may be associated with the combined effects of food and higher temperature
(>23 0C) on spawing of M.leidyi.

Ctenophore body size in the Black Sea in spring increase with temperature, between
February and June, somatice growth of population increase (purcell 2001).

The biomass of M.leidyi differed among the regions and as seen the Amirabad has much
more biomass compared with other area. It seems that nutrient input of the Tajan river and
slow slope was responsible for this situation. The influence of rivers such as the Danube,
increased input of allochtonous nutrients (vinogradov et al. 1992). This increase in food
supply may cause population explosion of M.leidyi in the Black Sea (Mutlu, 1999).
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Conclusions

There is a strong seasonality in Mnemiopsis biomass during the course of the year.

Maximum biomass value of 1024.5 g m? /102.5 g m® , though lower than that peak values in the
Black Sea in the late 1980s, has already very negatively affected the entire Caspian
ecosystem. This is mainly caused by the enormous abundance made up by small invividuals.
The biomass values are almost the same or somehow getting higher in 2002 indicating that it
did not reach peak levels in the Caspian Sea yet.

This implies that fishery and overall ecosystem may suffer further losses.
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Introduction

The Black Sea is an impressive example of damaging impact of invasive species upon
the ecosystem on the whole and on the planktonic community in particular. The introduction
and subsequent explosion of the ctenophore M. leidyi in the late 80’s resulted in dramatic
decrease not only the abundance of some species but also temporary poverty in biodiversity
of zooplankton community (Vinogradov et al., 1992; Kovalev et al., 1998). M. leidyi
competition with planktonic fish for zooplankton as a food brought to remarkable decline in the
fish stock registered those years (Kideys, 1994).

Appearance of new alien ctenophore Beroe ovata in the Black Sea in the late 90-s
appeared to be very effective in controlling high levels of M. leidyi and reduced its population
explosion to the events of short duration. If in the years of M. leidyi bloom it was regularly
found in abundance in plankton during 7 months, later after B .ovata introduction M. leidyi

predominated only for 1-2 months a year (Finenko et al., 2001, 2003). With the decimation of
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M. leidyi levels, zooplankton biomass and hence fish recruitment has been restored. No
species appear to have been lost from the Black Sea fauna during the recovery process even
if, at the height of the M. leidyi outbreak, many fell to levels so low as to make their
observation impossible.

A warning that Mnemiopsis leidyi might also invade the Caspian Sea had been voiced
as early as 1995 (Dumont 1995, GESAMP 1997). Unfortunately, at the end of the 1990s the
invasion of M. leidyi in the Caspian Sea was reported (lvanov et al. 2000).

Investigations in the Caspian Sea in 2000-2002 showed that it was found everywhere
including the Northern Caspian where salinity was higher than 4ppt. There was an increasing
trend in the abundance of M. leidyi in 2001 compared to 2000. In August 2001 the average
and maximum biomasses of M.leidyi over the entire Middle and Southern Caspian Sea were
as high as 120 and 351 g wet weight m™ respectively against mean value of 60 g m™ in
summer 2000 (Shiganova et al., 2001, Kideys and Moghin, 2003, Shiganova et al., 2003).

Non-gelatinous mesozooplankton in the northern Caspian showed a decrease of density in 5.3
times and biomass in 6 times in October 2001 comparing with July when Mnemiopsis was absent; the
most considerable was decline in density of Copepoda.The drastic decrease of zooplankton biomass
appeared to be in the Southern Caspian where the highest biomasses values of M. ledyi have been
observed (Shiganova et al., 2001).

Impact of Mnemiopsis on the Caspian Sea ecosystem can be much worse than in the
Black Sea due to great sensitivity of closed basin to any impact. Since Mnemiopsis is a
voracious predator and a competitor with planktivorous fish for zooplankton, catches of the
main of them, particularly kilka (Clupeonella spp) for some riparian countries are already
reported to have decreased (Kideys et al. 2001a, b). Within two years (2000-2001) almost a
50 % decrease in the kilka catches of Iranian fishermen has occurred, with a minimum of 15
million US dollars economic loss (Kideys, Moghim, 2003).

During the First International Workshop on “The Invasion of the Caspian Sea by
the Comb Jelly Mnemiopsis leidyi— Problems, Perspectives, Needs for Action”,

organized by the Caspian Ecological Program (CEP) in April 2001, it was concluded
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that Beroe ovata is the best candidate to control Mnemiopsis population in the Caspian

Sea.

Regional M. leidyi Advisory Group has been organized and has developed an M. leidyi
Control Strategy. More specifically the Advisory Group has agreed to start studies to
introduce Beroe as a predator for M. leidyi.

In framework of this program special experimental studies were performed in
Mazandaran Fisheries Research Center of Iran in 2001- 2002 and these results confirmed
that B.ovata could live and grow intensively in the Caspian Sea water with a salinity of around
12 ppt (Kideys et al. 2004). However the reproduction was very low and only a few larvae
could hatch, which died in 1-2 days.

More detail and intensive study of reproduction of B. ovata in the Caspian Sea water
should have been carried out to clarify the possibility and feasibility of Beroe introduction in
the Caspian Sea.

Therefore, in September 2003 such experiments were conducted in Sinop, southern
Black Sea by a team of scientists from Russia, Ukraine, Turkey and Iran. These experiments
were aimed to study 1) reproduction characteristics (proportion of animals spawned, size of
egg clutch, hatching success) of Beroe ovata transferred to the Caspian Sea water with and
without adaptation and 2) the growth rate of Beroe larva in the Caspian water by comparison

with those in the Black Sea water.

Materials and Methods

Reproduction characteristics of B. ovata in the Caspian and the Black Sea water were studied
in four sets of experiments (September, 12-14, 18-20, 21-23, and 24-26). The Caspian Sea
water was delivered by plane from Iran, Mazandaran and before the experiments was kept in
20-l containers in Aquaculture Department of Sinop University. In the experiments without
previous adaptation freshly collected Beroe ovata, 40-50 mm in size, were placed individually
in 4-5 | jars filled with seawater filtered through 180-um mesh. In each set six experimental
jars were filled with the Caspian Sea water and six jars — with the Black Sea water. The
temperature was 22°C. Animals were kept in the experimental jars for 24 hours, and then

were carefully removed and measured. The jars were left without any handling for the time

115



necessary for larva hatching, for approximately 24 hours. Then the water was concentrated to
a 100 ml volume and number of larvae and undeveloped eggs was estimated under a
dissecting microscope.
In other set of experiments Beroe were adapted to lower salinity being transferred into 15%o
water (mixed the Black and Caspian Sea water 1:1) for 24 h. Six jars with the animals were
left at salinity of 15%. and Beroe from other six jars were transferred into Caspian Sea water.
Six containers with ctenophore in Black Sea water were left as control. The number of eggs
and larvae were examined daily until Beroe stopped reproduction in the Black Sea, mixed and
Caspian Sea water. The conditions of the experiments (temperature, volume and number of
animals) were the same as in the first set of the experiments.
150-300 fresh laid eggs were put into 50-150 ml glasses to examine the hatching success.
The experiments on survival and growth of Beroe larva were performed during the period
from 4 to 26 September. In the first series of experiments for study the effect of lower salinity
on survival, new-hatched Beroe larvae were previously adapted to lower salinity being
transferred into 15%0 water (mixed the Black and Caspian Sea water 1:1) for 24 h. Four jars
were left at salinity of 15%0. and the larvae from other 4 jars were transferred into Caspian Sea
water. The jars with the Black Sea water served as a control. The larvae were kept at 26° C in
100- ml jars at initial density of 40 individuals per jar without any food.
In other set of experiments 160 newly hatched Beroe larvae were placed in the Black Sea
water, 160 adapted to the lower salinity larvae, which were previously put in water of 15%o
salinity for 1 day, were transferred in the Caspian water. The water was filtered through 0.45-
um glass fiber filter. The temperature was 22°C. The larvae were cultivated in 100 ml glass
jars, 40-60 specimens per jar. Mnemiopsis tissue cut to small (1-2 mm) pieces was used as
food for larvae.
Additionally the experiments on Beroe larvae growth in the Caspian Sea water were
conducted using Mnemiopsis larvae as a food. Twenty larvae placed in 100-ml jars in three
replicates were fed with freshly hatched Mnemiopsis larvae with size of 250-300 ym at initial
concentration of 30 individuals per jar. In subsequent days the Mnemiopsis larvae density

was increased to 50-60 specimens per jar.
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The larvae were enumerated, measured, transferred into new filtered water, and fresh food
was added daily. Wet weight of larvae was calculated from formula: W= Vp, where W is the
wet body weight (mg), V= 1/6 L 3.14 D?is the volume of ellipsoid, mm?, L is the length and D
is the diameter of ellipsoid (larvae width), mm, p is the body density which is closed to sea
water density of 1.012 g/cm? for Caspian sea water. 60 Beroe larvae in the Caspian water
and 60 in the Black Sea water were kept without any food and served as a control. All used
larvae belonged to the same brood. To study morphometric changes in the growing larvae,
the photos of animals were taken every day using a digital camera connected with a light

microscope.

Results

Reproduction characteristics of Beroe ovata in the Caspian and Black Sea waters are
presented in Table 1. In the period of our work, the proportion of Beroe laid eggs decreased
both in the Caspian and Black Sea waters from 80 to 0% and from 100 to 50%,
correspondingly. Size of their egg clutches also decreased dramatically from 544 to 0 eggs in
the Caspian water and from 4498 to 57 eggs in the Black Sea water. It was connected with
the end of reproduction period in the sea. Both Beroe placed in the Caspian water with and
without adaptation showed the lower values of reproduction indexes as compared with those
in the Black Sea water. Nevertheless, Beroe ovata could reproduce in the Caspian water
even placed there without any adaptation and some share of eggs (about 10-15% of total
number of the laid eggs) developed into larvae (Fig.1). In the Black Sea water the hatching
success was much higher and was equal to 83-87%.

The new laid eggs that were transferred from the experimental jars to another ones to
study hatching success did not developed at all, they either stopped their development or
disintegrated in both experimental treatments.

The number of laid eggs examined during 4 days in Beroe at different salinities decreased but

the most dramatic decreasing was observed in the Caspian Sea water (Fig. 2).
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Survival of Beroe larvae in the Caspian and Black Sea waters at 22 ° C differed
significantly. The percentage of larvae survived under starvation and feeding both with larvae
and pieces of Mnemiopsis during 6-8 days is shown in Fig.3. At the end of experiment, in the
Caspian water only 20% of starveling and 30-40% of feeding larvae were alive. Time for 50%
survival of the Beroe larvae in the Caspian Sea water was about 6 and 7 days for starveling
and feeding larvae correspondingly. In the Black Sea water about 80% of larvae survived
both under starvation and feeding. The significant difference in survival of starveling larvae in
the Caspian and Back Sea water was also observed at 26° C, but survival rate was much
lower than at 22° C and time for 50% survival ranged from 1.5 to 2.5 days for all treatments
respectively (Fig. 4). Probably low survival rate in these experiments, besides the high
temperature, could be result of some special condition of the parents that is an important
factor determining survival and development of larvae.

The mean size (length) of Beroe larvae cultivated in the Caspian water increased
insignificantly during 6 days of both sets of feeding experiments (Fig. 5a, Table 2). The
insignificant growth of Beroe larvae feeding on Mnemiopsis larvae probably was result of lack
of food (there was not enough M. larvae because it almost stopped reproduction this time).
The average daily ration was about 2 ind/ ind/day. However, the maximal growth observed for
some larvae was noticeable, from 0.5 to 0.75 mm. There was a great variability in growth rate
of larvae, while some of them increased in size, another part stopped their growth and even
decreased in size. We divided all larvae feeding on Mnemiopsis larvae into two groups: the
first one are larvae that grew during experiment (their weight was higher than initial weight)
and second group are larvae that had lower or equal of initial weight at the end of the
experiment. It was found that the average weight of larvae in the first group was 47.5£2.2 mg,
in the second one it was 10.0+£0.7 mg against 24.6 +12 mg of initial weight. It is worth noting
that in the Caspian Sea water larvae changed their body form and were more round than in
the Black Sea (Table 2). Their growth of width was higher than it was for the length. The
changes in size and morphology of larvae are pretty good seen in photos that will be sent
later. The growth rate of larvae cultivated in the Black Sea water was higher than that in the
Caspian water (Fig.5 b). But there was the same tendency for a part of larvae to stop
development.
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Thus, we can conclude that Beroe larvae can grow in the Caspian Sea water though
their grow rate is slow and mortality is high.

It is well known that the narrowest limits of tolerance for salinity are typical for initial

ontogenetic stages. In our experiments Beroe eggs appeared to be the most sensitive to
lower salinity.
During ontogenesis the salinity range is getting wider. According to our previous results larvae
Beroe were more sensitive to salinity decreasing than adult ctenophores (Finenko et al.,
2003) Meantime juvenile individuals were more resistant to reduced salinity from adult Beroe
(Kideys et al., 2002). It seems possible to suppose that if to introduce Beroe to the Caspian
Sea at the stages of eggs or early larvae the only small part of them could survive. But rather
long preliminary acclimatization of juvenile animals (preferably with size of 10-20 mm) can
affect upon the salinity resistance of both adult and embryos and larvae produced by them.
As a result the survival range can be shifted towards lower salinity.

Conclusion

Our experiments showed that B. ovata can reproduce in the Caspian Sea water even
without previous acclimation and some share of eggs laid (10-15%o0f total number) can
develop into larvae. It enables to suppose that Beroe could survive in the Caspian Sea (in
southern Caspian with salinity about 12 %o) if it is introduced there occasionally like it was
in case of M. leidyi.

Beroe larvae can grow in the Caspian Sea water though their growth rate is rather

slow and survival is not so high as in the Black Sea.
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Table 1.

Reproduction characteristics of Beroe ovata in the Caspian and Black Sea waters
Rhepmdtuc.tl(t).n Date The Caspian Sea The Black Sea
characteristcs water water
Proportion of Beroe spawned 80 100
(%)

Clutch size (mean+SD) 12-14
- September 5441928 449812652
2003
Hatching success (%) 1543 9614
Proportion of Beroe spawned (%) 71 86
Clutch size (mean+SD) 18'228028pt 409+754 1684+543
Hatching success (%) 10+3 95+1
Proportion of Beroe spawned (%) 67 67
Clutch size (mean+SD) 21-22802ept 55+43 525+386
Hatching success (%) 1045 87+15
Proportion of Beroe spawned (%) 0 50
Clutch size (mean+SD) 2420 Sen! 0 57+17
Hatching success (%) 0 83+10
Proportion of Beroe spawned (%) 12-;302ept 80 83
. adapted
Clutch size (mean+SD) Beroe 103+142 2156576
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Table 2. Size of B. ovata larvae at the end of the feeding experiments (food is M. leidyi
larvae):L is length, D is width, um. Duration of the experiment is 6 days.

N L D L/D W, mg n
experiment
Initial 440176 310 £77 14810 34 24.6%12. 20
0
1 478+115 394+138 1.29+0.27 9
2 450193 413+106 1.15+0.31 8
=
]
2
c
>
(72}
° | | | |
0 1 2 3 4
Days
3 470+140 3731129 15
1.38+0.58
average * SD 467+120 389+124 28.5%25. 32
1.30+£0.45 2
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Fig.1. Percentage of disintegrated eggs in B. ovata in the Caspian and
Black Sea water: A -12-14 September; B, C — 18-20 September 2003
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Fig. 2. Dynamics of egg number in B. ovata at different salinity: 1- Caspian water, 2- mixed
water (Black Sea: Caspian Sea water, 1:1), 3- Black Sea water
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Fig. 3. Survival of Beroe larvae in the Caspian and Black Sea water: Stis starveling, F(tis) -
feeding on M. leidyi tissue, F(lar)- feeding on M. leidyi larvae
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Environmental impact assesment for introduction of
Beroe ovata into the Caspian Sea

Tamara Shiganova
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Systematics

Ctenophora Phylum

Class
Tentaculata

Lobata Order
Bolinopsidae Family
Mnemiopsis Genus

Species

leidyi Agassiz,1865

130



aceoc 40700 000 40°n0*

w| 0| Minemiopsi edvi  area of origin

- -*-. Mnemiope kedyE 15t record of range SRR o

40°00°
4o

131



46°

44°

42°

40°

A-in January; B-in May; C-in July; D- in August (data

CaspNIRHK and SIO RAS)

46°]

44°]

499
40°t-

38°~"

2K

469
449
429
409
389
20
4
\
46 El I.zscot
! 22000
i
! ’[ 21000
YL ol ‘ 20000
R il
! 4
a2t :_ o _T 1000(
i i ' 8000
0+ “_ _ __“_ 6000
I I 4000
: I 2000
. 0
! . 5 -200¢
e

Pattern of M.leidyi

spatial distribution in
the Northern Caspian:
a- in 2002, b-in 2001

132




Interannual variations of M.leidyi in the Caspian Sea
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Fishes predators on M.leidyi.
*Harvest fish, Peprilus alepidotus

*Butterfish Peprilus triacanthus

These both species can eat M.leidyi but they are
subtropical- temperate coastal species endemic of North
America. They did not found in low salinity in the
Chesapeake Bay, although in experiments P. triacanthus
lived two weeks in salinity 4 %.. Among the disadvantages
of the introduction are the facts that its reproductive
biology is poorly known, its eggs and larvae may be
vulnerable to predation by M.leidyi (GEZAMP,1997) and
their introduction would be very expensive
transcontinental measures.
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Some more tolerant for temperate with low salinity basin
species were proposed for introduction into the Black Sea by
GEZAMP group of experts (GEZAMP,1997).

*The Baltic cod, Gadus morhua callarias

Among disadvantages are the facts that it will also eat

commercially valuable small pelagic fish and it lives in cooler
waters than Caspian Sea ones.

The Chum salmon Oncorhynchus keta

Among potential disadvantages are the facts that it is

omnivorous on small pelagic fish, it may not be able to establish
itself in the rivers that flow into the Caspian Sea, because of
pollution and dams, and it may compete with native sturgeons.
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Systematic
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Interannual variation of fish eggs(A) and larvae(B) in the Black Sea
1-anchovy, 2-scad, 3-others
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Reproduction of B.ovata at salinity 17
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e, Experlments eﬂfeproducﬂon :
: in h‘an in 2003 '

Mesocosm experiments in Iran showed:

Beroe ovata can not eat zooplankton and in
absence of M.leidyi in the Caspian Sea
water conditions just starves and shrinks in

size
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Positive impacts to be expected

*Annual biomass and abundance of M. leidyi will decreased.

The following key results could be expected from a successful

B.ovata introduction: .
+-B. ovata will only feed on M. leidyi, because no other

ctenophore species is present . .
«-In the short term, the depletion of zooplankton, including
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Development of the Open Information System on Aquatic Invasive Species for the

Ponto-Caspian Region

Vadim E. Panov
Zoological Institute, Russian Academy of Sciences, 199034 St.Petersburg, Russia
e-mail: rbic@zin.ru

Development of the open databases and information systems on alien invasive species
is needed for support for management and control efforts. Internet-based information systems
may serve as main tool of wide dissemination of information on taxonomy, biology,
environmental impacts and possible control measures of invasive species. International legal
regime requires governments and other relevant organizations to support the creation and
maintenance of the databases, information systems and interoperable distributed network of
databases for compilation and dissemination of information on alien species for use in the
context of any prevention, introduction, monitoring and mitigation activities (Decision VI1/23 of
the 6™ Conference of the Parties of the Convention on Biological Diversity 2002).

There is an urgent need of the open information on aquatic invasive species for the
Ponto-Caspian area, specifically for the invasive ctenophore Mnemiopsis leidyi and its
predator Beroe ovata. This region is particularly heavily affected by species invasions: the list
of exotic species includes 59 names for the Black Sea, and 39 for the Caspian Sea (Zaitsev &
Oztirk 2001). In the early 1980s, the Atlantic ctenophore Mnemiopsis leidyi was introduced
with ballast water into the Black Sea, and by the late 1990s it had spread to the
Mediterranean and Caspian Seas. The invasion of Mnemiopsis resulted in a drastic decline in
the anchovy fishery in the Ponto-Caspian region with huge economic losses, estimated in
hundreds of million of US dollars per year. Currently, the unique biodiversity of the Caspian
Sea is also under serious risk, with numerous species facing extinction (Caspian Environment
Programme 2002).

On the other hand, the Ponto-Caspian region is serving as an important donor area of
harmful aquatic organisms to other parts of Europe and worldwide. During the last two
decades, several invasive species of the Ponto-Caspian origin have been introduced into the
Baltic Sea with the ballast water of ships, including cladoceran Cercopagis pengoi which is
considered harmful in the Baltic (Leppakoski et al. 2002a). The biodiversity of inland running
and stagnant waters of Europe and the Great Lakes of North America too is seriously
endangered by the introduction of Ponto-Caspian species. Some of the most harmful of those
include the zebra mussel Dreissena polymorpha, a number of amphipod and mysid species,
and the fishhook waterflea Cercopagis pengoi (Leppakoski et al. 2002b).

During 1% Phase of the Caspian Environment Programme (CEP), the members of the
CEP Regional Invasive Species Advisory Group had undertaken first efforts in development
of the relevant information system. At present the information system, hosted by the Regional
Biological Invasions Centre (RBIC) at St.Petersburg, Russia (Regional Biological Invasions
Centre 2004), includes detailed profile on Mnemiopsis leidyi with information on taxonomy,
biology, invasion histories, environmental impacts and illustrated by the distribution maps,
generated by the Geographic Information System “INVADER” (Shiganova & Panov 2002).
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RBIC-based information system on Mnemiopsis is linked to the other on-line sources of
information on this species, including those available on the web sites of CEP (Caspian
Environment Programme 2002). These informational resources may serve as a basis for the
development of the regional information/early warning system on aquatic invasive species.

Also, a demonstration version of the Caspian Sea Biodiversity Database (CSBD) has
been
developed during 2001-2002 in the framework of the Caspian Environment Programme, and
posted on the CEP web-site since June 2002. The CSBD exists in English and Russian
language versions, and currently includes entries on 36 aquatic species, both native (30
species) and alien (6 species) in the Caspian Sea ecosystem (Caspian Sea Biodiversity
Database 2002). Entries on alien species in the database include information on the species’
taxonomy, their distribution and biology, bibliographic references, and illustrated by figures of
the organisms involved. Entries on Cercopagis and Mnemiopsis include Internet-links to
entries on these species in the Regional Biological Invasions Centre Information System
(Panov 2004).

The Regional Biological Invasions Centre Information System (RBIC), hosted by the
Zoological Institute of the Russian Academy of Sciences in St. Petersburg, is a new
development of the Group on Aquatic Alien Species (GAAS) web-site, which initially was
opened in 1999, and at that time already included first versions of entries on two Ponto-
Caspian invasive species, Dreissena polymorpha and Cercopagis pengoi (Panov 1999).
Currently RBIC is serving as the pan-European Clearinghouse on invasive alien species (both
aquatic and terrestrial), and as a web portal, providing access to the Internet-based
information resources on invasive species research and management in Europe and
worldwide (Regional Biological Invasions Centre 2004). The development of the Geographic
Information System “INVADER” as an international database on the Internet is one of RBIC’s
priorities. Currently, online version of this GIS “Invasive Species of the Baltic Sea”, with
comprehensive geo-referenced information on the distribution of some Ponto-Caspian
invasive species in the Baltic region is a part of the HELCOM-supported project on
development of the open informational resources on alien species for the Baltic Sea
(Regional Biological Invasions Centre 2004).

Online geo-referenced distribution maps of selected invasive species, including
Mnemiopsis leidyi, Dreissena polymorpha and Cercopagis pengoi, along with detailed
descriptions of their taxonomy, invasion histories, biology, and environmental impacts are
available at the RBIC lllustrated Database of the Aquatic Invasive Species of Europe,
interlinked with the Baltic Sea Alien Species Database, the Global Invasive Species Database
and the Caspian Sea Biodiversity Database. The entry on Mnemiopsis leidyi provides an
example of a comprehensive and user-friendly online information system on the invasive
species, linked to other Internet-based sources of information (Shiganova & Panov 2002).
The entry on Mnemiopsis in the RBIC lllustrated Database is already serving as an open
information system on Mnemiopsis for the Ponto-Caspian Region, and is updated on a
regular basis (Panov 2004).

At present, open information on aquatic invasive species alien to the Ponto-Caspian
Region (or introduced from the Ponto-Caspian Region), is located in several online regional
and international databases and information systems, linked, within the World Wide Web, with
the Regional Biological Invasions Centre serving as web portal, and providing links to these
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sources (Fig. 1). However, at present available online information is not sufficient for
management purposes, such as the prevention of introductions, control or eradication of
invasive alien species established in the Ponto-Caspian Region. The development of the
regional online information system on aquatic alien species (all alien species in novel
ecosystems should be considered as potentially invasive) as a principal management tool
should be considered as one of the regional priorities. Considering the significance of the
Ponto-Caspian Region as an important donor area of invasive species for the Baltic Sea
region and worldwide, such a regional information system should be a part of developing
European and global invasive species informational networks. Integration of the Ponto-
Caspian regional information system on aquatic alien (invasive) species into the global
network of relevant databases will ensure its effective service as an early warning system for
other regions and as a tool for risk assessment of harmful species introductions from the
Ponto-Caspian to the potential recipient regions. In order to ensure inter-operability, the
regional Ponto-Caspian information system on aquatic alien organisms should be build on the
basis of the information technologies developed for the adjacent Baltic Sea Region, including
online version of GIS “INVADER” (Panov 2004).
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Figure captions

Figure 1. Present links between available regional and international online informational
resources on aquatic alien species, relevant to the Ponto-Caspian Region (1 - Regional
Biological Invasions Centre Information System, 2 - Caspian Sea Biodiversity Database, 3 -
CIESM Atlas of Exotic Species, 4 - Baltic Sea Alien Species Database, 5 - Directory of Non-
native Marine Species in British Waters, 6 — FAO Database on Introductions of Aquatic
Species, 7 - Caulerpa taxifolia Database, according Panov 2004)

160


http://www.zin.ru/rbic/
http://www.zin.ru/projects/invasions/gaas/mnelei.htm

IMPACTS OF MNEMIOPSIS LEIDYI ON ZOOPANKTON POPULATION
IN THE SOUTHERN CAPIAN SEA

Mojgan Rowshantabari , Abolghasem Roohi
Po.Box, 961,Ecological Institute Of The Caspian Sea, Sari, IRAN.

ABSTRACT:

This study was conducted zooplankton population changes in the southern Caspian
Sea in the depth of 10 M in 1995-2002. In 2002, the frequency of zooplankton has been
decreased, which impacts on Copepoda and some other Meroplankton.

In recent years, introduction of M. leidyi, which is the predator of zooplankton has been
increased rapidly in the southern Caspian Sea and made up a huge amount due to fast
reproduction .lts frequency was 46-18130 ind./m2 and the biomass was 1/6-1829/6 gr/m2.
Zooplankton frequency will decrease due to increase of M. leidyi in warm months, till
November ctenophore will decrease and zooplankton frequency will increase again.

Key words: Zooplankton, Caspian Sea, Mnemiopsis leidyi, Copepoda.

INTRODUCTION:

It is obvious that introduction of new species accompany always with changes in
ecosystems, and even results to decrease of some the commercial species. M. leidyi is one
this species that transported by ballast waters from United states coasts to the Black Sea (
Vinogradov et al. 1989 , Zaystev et al.1998) and it was introduced suddenly to this aquatic
ecosystem in 1999 ( Mutlu,1999) and then introduced to the Caspian Sea and recently it
spreads in huge amount in the southern Caspian Sea.

M. leidyi effected on the frequency and biomass of many organisms in the Black Sea
(Malyshev et al.1992) ,though decreased rapidly on Copepods population as well
(Kent,1980). In the Black Sea waters, this new invader decreased rapidly on zooplankton and
in 1989-90 due to blooming caused sharp decrease of main fish catch species such as
Anchovy Engrawlis encrosieholcy (Shiganova, 1998).

In this study, M. leidyi and zooplankton frequency will compare and then its effects on
zooplankton population during 1994-95,1997-98 and 2001-02 will be investigated.
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MATERIAL AND METHODS

Sampling of zooplankton was conducted in 3 regions such as Nowshar (36° 49-51' 29/)
, Babolsar ((36° 44-52' 39") and Amirabad ((36° 52-53' 6") from July 2001 to April 2002.
Zooplankton were collected by vertical tows with 100 Mic mesh and 36 cm mouth area. After
gathering , they were preserved in 4% formalin ( Wetzel and likens, 1291) and then
transported to laboratory for identification and measurements. For counting , we used inverted
microscope with Newel modification method ( Newel et al. 1997).Mnemiopsis leidyi was
sampled using a 500 micron mesh sized METU net (diameter 50 cm with large bucket suitable for
Mnemiopsis). Samples was obtained via vertical towing from the bottom to the surface for all stations.
At the end of each tow, the net was washed from the exterior, and the cod end was passed
into a container immediately to enumerate ctenophores by naked eye. The ctenophores were
sorted in length groups of 0-5 mm, 6-10 mm, 11-15 mm and so on, for size measurements. .
Individual weighing of these animals was not practical at sea. Weights of these animals were
therefore calculated from size measurements using a conversion formula which was obtained
individual length (using a ruler for the lobed length) and weight measurements (using a digital
balance with a sensitivity of 0.001 g). Length groups were thus converted to weight by using
the equation obtained.

Results

Investigation of zooplankton from 1994 to 2002 in the southern Caspian Sea has shown
that zooplankton population decreased rapidly in summer and autumn and its population in
2001 ratio to 1998 decreased 2 to 45 times, respectively. This decrease was mainly on
copepods population in which consisted main group of zooplankton in the Sea.

Copepods population in 10 M depth was under influenced of Acaria spp. And its

frequency in summer 2001 consisted of more then 90 per cent of copepods. Copepods and
Acartia spp. biomass formed half of zooplankton population in summer and the rest of
zooplankton were made up of Bivalvia larvae such as Lamellibranchiata larvae, but in 2001
its species composition ( diversity) changed and more than 95 per cent of zooplankton
population included of copepods and Acartia spp.(table 1) .
Sharp decrease of zooplankton in recent years was due to introduction of new invader M.
leidyi in the Caspian Sea, though with increasing of M. leidyi in 1998 effects on decreasing of
zooplankton population. In 2001-02 Mnemiopsis and zooplankton abundance and biomass
data shown that with the increasing of Ctenophore in August the biomass of zooplankton has
been decreased and in the late of November the amount of Mnemiopsis will decrease so the
zooplankton biomass as well as its frequency will increase (fig.1).
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Fig 1: Zooplankton and M. leidyi changes at the 10 M depth of the southern Caspian Sea in

2001-02. Zooplankton

Seasonal changes of zooplankton shown that Amirabad had low biomass in 1994-2000
but Nowshar was the minimum in 2000. In previous years, copepods and Acartia spp. had the
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main roles in zooplankton biomass in summer whereas in 2000 almost zooplankton
population follows only with Acartia which indicates the sharp changes of zooplankton

diversity.

M. leidyi not only effected on frequency and biomass of zooplankton but also during
1994-95 |, 1996 and 1998-9 decreased the species composition as 26,28 and 26 respectively,
which the maximum diversity observed in Cladocereans. But ,in 2000 ,

Table 1: Zooplankton, Copepods, Eurytemora, Acartia biomass (mgr/m® at the different
sampling stations of the southern Caspian Sea (10M).

Summer Autumn Winter Spring
Organism year Average Std. Average Std. Average Std. Average Std.
Acartia 1994-95 124.67 10594 67.89 54.66 10.07 10.43 3.54 2.72
1996 43.76 14.66 129.19 14769 38.84 29.87 2498 31.46
1998-99 26.86 14.48 29.42 14.60 1.21 1.16 1.20 0.51
2000-01 14.57 13.67 12.05 14.08 16.32 6.17 22.35 10.23
Eurytemora 1994-95 0.08 0.14 1.50 2.47 10.83 17.56 1.52 0.50
1996 0.05 0.08 2.27 2.86 10.41 16.67 5.88 10.14
1998-99 0.30 0.49 0.02 0.02 0.01 0.02 0.00 0.00
2000-01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Copepoda 1994-95 133.00 110.01 82.38 63.81 33.77 29.28 10.33 8.08
1996 49.64 13.55 176.23 12497 61.70 50.12 40.73 29.96
1998-99 44.31 11.76 59.97 31.31 471 3.68 7.99 3.95
2000-01 15.93 14.65 23.19 19.43 50.82 34.29 39.59 12.15
Zooplankton 1994-95 238.67 149.50 199.19 163.39 92.39 102.62 42.00 16.52
1996 158.85 113.78 207.20 116.31 209.10 186.60 119.16 95.06
1998-99 13048 114.49 77.28 52.62 26.79 30.56 99.27 34.25
2000-01 15.96 14.68 23.24 19.42 60.44 45.70 114.65 52.19

only one species of
2).Before introduction

biodiversity reached to half as compare to previous years.

the further order resisted and totally 12 species remained ( Table
of M. leidyi into the Caspian Sea , Eurytemora spp. consisted a lower
group of zooplankton at 10 M depth but in 2000 this species was disappeared and even the

Table 2: Frequency of main zooplankton groups in the southern Caspian Sea at 10 M.

Organisms
Protozoa
Rotatoria

Cladocera

Copepods

Others
Zooplankton

1994-95

2
2
7
5
4

20

1996

3
4
12
5
5
29
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1998-9

4
4
13
5
3
29

2000-01

[ —
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DISCUSTION:

As human effects on recovery of aquatic ecosystems, unfortunately interferes to inlet
the introduction of new invader as well, and even prepared the condition for introduction of
new species so far. According to the hypothesis, introduction of organisms from the Black
Sea to the Caspian had been regarded to 8 thousands years ago which inlet from wooden
boats. From that time till now, different species introduced into the Caspian Sea such as
Nematoda, Cerastoderma lamarcki , Mytilaster lineatus , Rhizosolenia calcar avis (Diatoms),
Abra ovata ,Nereis diversicolor( Zaitasev et al. 2001).At present lobate Ctenophore M. leidyi
comfirmed a big population in the Caspian Sea which effected on other organisms .Much
reproduction of this animal occurs in warm months and its biomass depends on growth
period.M. leidyi population follows temperature so it decreases in late November and early
December and the zooplankton population is vise versa.

In this study it shown that when temperature reaches at 20 °° ,digestive set is able to
digest 24 copepods , 24 Cladocera , 12 Lamellibrachiata larvae , 4 fish larvae and 12 of other
organisms in 24 h ( Zaittasev et al. 2001).Biodiversity investigation in the Caspian Sea shown
that species composition of Cladocera in recent years decreased and only one species is
being observed in 10 M. So from 29 species in 1994 it reaches to 12 species in 2001-02.

Zooplankton biomass in summer time decreased rapidly and reached to 1.34 mg/m3in
Nowshar whereas ctenophore biomass was more than 1000 gr/m? . M. leidyi will increase and
reproduce when zooplankton abundance is high( Larson, 1987 , Reeve, 1980 and Kermer,
1976).Though it is obvious that M. leidyi effects on zooplankton population ( Kermer, 1976 ,
mayer, 1912).

Due to feed on zooplankton, Mnemiopsis abundance will increase as zooplankton
population decrease to half in summer and autumn and even in some regions such as
Nowshar it decrease to 45 times as compare to last summer (in 2001).

In 2001-02 , zooplankton population shown that it follows 95 percent of copepods and
the dominant species of copepoda Acartia spp.. This species was dominant at 10M whereas
Eurytemora spp. was dominant at 20M and also it was much more abundance at 50 and
100M ( Rowshantabari, 2000). In spite of this fact, unfortunately we couldnot observe any
Eurytemora spp. in our samples. Lamellibranchiata larvae also decreased in spite of its
abundance in previous summer was high. In 2001-02 data from 3 regions, Amirabad,
nowshar and babolsar at 10 M shown that frequency and diversity of zooplankton was
changed with the introduction of new invader Mnemiopsis as compare to previous years.
Figure 2: Seasonal changes of zooplankton ,copepods and Acartia clausi in summer of the
southern Caspian Sea ( 10M).
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Fatima Tahami, Fariba Vahedi, Alireza Mirzajani, Maryam Rezaii, Mujgan Tabari, , Abolghassem Roohi

Ecologic institute of Caspian Sea, Iran

P.P.Shirsov Institute of Oceanology RAS, Russia

1. INTRODUCTION

During the last 30 years, environmental conditions in the Caspian Sea significantly
degraded under the impact of various pressures, among which sea level changes and
pollution from multiple sources took a prevalent position (lvanov, 2000; Salmanov, 1999).
Additionally, a novel type of anthropogenic impact, that became widespread across the world
in recent years, started to affect the Caspian Sea, viz. invasion of the ecosystem by
undesirable alien species of animals and plants.

The most dramatic example of such an accidental introduction was the arrival of the
ctenophore Mnemiopsis leidyi with ship ballast water from the Black or Azov Seas and
distribution in the sea in 1999 ( Esmaeili et al., lvanov et al., 2000; Shiganova et al., 2001) .

In 2000 it spread across all areas of the Caspian with a salinity of minimum 4.3 %.. In 2001 —
2002 it greatly increased in population size, to reach a critical wet mean biomass of about one
1 kg. m? (55 g m™) in 2001 (allowing a coefficient 2 to compensate for imperfect catchability),
an abundance in excess of the highest values ever recorded in the Black Sea. In 2002 this
biomass again doubled (Shiganova et. al., 2003; Shiganova et al., in press).

As showed example of the Black Sea the best candidate that can successfully control
Mnemiopsis population size in the Caspian Sea is another ctenophore Beroe ovata

The species of Beroe ovata has two outstanding advantages: firstly, it is highly specific in its

feeding, so that even its larval stage feeds on M.leidyi larvae. Secondly, its reproductive rate
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and fecundity are almost as great as that of M.leidyi, so that its population can grow at similar
rates to its prey (Shiganova et al., 2003).

Representatives of Beroe live in the shallows and estuaries of the Mediterranean Sea, and of
the tropical and temperate Pacific and Atlantic Oceans. Few species inhabit Arctic Seas
(Mayer, 1912; Chun, 1880; Greve & Reiers, 1988; Harbison et al., 1978; Seravin, 1998). All
species of beroids are considered to be exclusively feeding on other planktivorous
ctenophores; some also consume salps. There is often a trophic linkage between Beroe
species and planktivorous ctenophores. As a rule Beroe ovata and Mnemiopsis leidyi form a
pair; another such pair is constituted by Beroe cucumis and Bolinopsis infundibulum (a
second lobate planktivorous species) (Greve, 1971; Kamshilov, 1960a). Representatives of
Beroe in their turn serve as food for fish such cod, herring and mackerel (Kamshilov, 1960b).
Beroe is an important link in pelagic food chains, but before its arrival in the Black Sea,
comparatively little was known about its biology. Beroe significantly affects the population
structure of planktivorous ctenophores and thus indirectly modifies the population dynamics of
the zooplankters at lower trophic levels. The example demonstrated by Beroe ovata in the
Black Sea after its introduction and development there is pertinent in this respect.

The Caspian countries had opted to deal with the M.leidyi issue by taking strictly biological
measures. Specifically, they agreed to introduce Beroe ovata as a predator specific to
M.leidyi, pending the outcome of an environmental impact study of this intended introduction.
In order to understand the feasibility of Beroe introduction, as an effective predator on
Mnemiopsis, into the Caspian Sea, experiments on survival of Beroe in Caspian Sea water
(12.6 ppt salinity) and on some physiological characteristics (feeding, respiration,
reproduction and growth) were performed in Khazerabad laboratory (Mazandaran) on the
Caspian coasts of Iran.

Therefore specially designed laboratory experiments were performed in Mazandaran
Fisheries Research Center in Iran in 2001-2002.

The main purposes from this research were:

1). Studying survival and tolerance of Beroe ovata in the Caspian Sea water

2). Studying ecological physiological characteristics (feeding, respiration, growth and
reproduction rates) in the Caspian Sea water to determine possibility its introduction into the
Caspian Sea (Kideys et al., 2003)

Experiments for investigation of possibility introduction ctenophore Beroe ovata to the
Caspian Sea from the Black Sea were continued again in 2003 in Iran, Institute for Fishery. A
goal of the present study was to test if Beroe ovata might feed other preys such as
zooplankton in addition to Mnemiopsis leidyi.
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Acclimation to the Caspian salinity.

Individuals of Beroe ovata were brought from Sinop (Turkey). One part of individuals were in
the Black Sea water with salinity 21. Another one partly acclimated in salinity 15 (partly
acclimated in the Caspian Sea water in Sinop). At the moment of arrival we had:

In the Black Sea water with salinity 21:

14 ind. were in good condition, 12 were very bad.

In the sea water with salinity 15.

45 ind. were in very good conditions

14 were worse but still alive.

Acclimation was started in two different salinities.

Individuals in the Black Sea salinity were put in special prepared acclimating system by Mr.
Roohi and Dr. A.Kideys. These individuals did not survival.

Beroe in salinity 15 were gradually acclimated in four 9 | aquariums.

First days salinity decreased per 0.2 every 4 hours (Fig.1) when salinity reached 13 all
acclimated individuals were placed per 2-3 individuals in 4 liter jags.

Fig.1 Acclimation Beroe for Caspian Sea salinity.
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Feeding experiments:

First Beroe were fed in the 2" day of acclimation, while they were not completely acclimated

on 16 September.
Table 1.

Digestion and ingestion at salinity 15-13.7

No Beroe

Aquarium Numbers

1 16
2 12
3 16
4 9
Table 2.

Digestion and ingestion at salinity 13.0

17 September
No Beroe
Aquariu  Number

m S
10l

1 16
2 12
3 16
4 9

Mnemiopsis

numbers

o o1 o1 o1

Mnemiopsi

© 00 o N

Water
T(C%

22
22
22
22

W ater
s numbers T (C°%

22
22
22
22

Length of
fed Beroe

(mm)

40
30
40
35

Length
of fed
Beroe

(mm)

40
30
40
35
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Number of
Disgusted

Mnemiopsis

N

Number of
Disgusted

Mnemiopsi
S

N

Aquarium
disgusted
Mnemiopsis

(mm)
30
35
38
30

Length
disgusted
Mnemiopsi
S

(mm)

30

38

42

35

Duration of

ingestion

12.30
12.30
14.00
16.00

Duration
of
ingestio
n

(hour)

2

2.30

4

2.30



Table 3.
Digestion and ingestion at salinity 13.0-12.6

18 September

No Beroe Mnemiopsi Water Length  Number of Duration

Aquariu  Number snumbers T(C% of fed Ingested of

m S Beroe Mnemiopsi digestion
@n (mm) S (hour)
1 3 10 22 35 1 2.25
2 3 10 22 35 1 2.25
3 3 10 22 40 1 2.25
4 3 10 22 30 1 2.25
25 1 2.25

Thus we may conclude that Beroe could fed even during acclimation, but time of digestion
was much longer of non completely adapted Beroe likely due to stress conditions during
adaptation.

Mesocosm experiments.

Mesocosm system was developed in order to estimate as many as possible effects Beroe on the tropic
webs of Caspian ecosystem and environment. Therefore we include measurements of

Chemical parameters: O, (mg/l) pH, CaCOs TDS (g/l), Si O 2(mg/l), PO4(mg/l), NO3, NO»,
NH4 (mg/l), EC ms.

Hydrophysical parameters: t °C, salinity.

Biological parameters:

Phytoplankton

Microplankton (bacteria)

Zooplankton

Mnemiopsis leidyi

Beroe ovata.
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Methods.
Mesocosm description.

The mesocosms were conducted in round plastic tanks with volume 300 I. filtrated Caspian
Sea water, diameter 90 cm and 60 cm high. Tanks were supply by aeration. Salinity Caspian
Sea water was 11. 25 — 12.01%o in tanks. Temperature during all days of experiment was 23
°C. Altogether 10 tanks with fresh Caspian Sea water were set up with the following design of
testing parameters:

Table 4.

Experimental mesocosm design

Number of Beroe Mnemiopsis Zooplankton
replication Numbers numbersin Consentration in
S in tank tank tank
Beroe+ 4 7 Acartia tonsa
zooplankton Copepodits and
adult 2400
Nauplii 7900
Beroe+ 2 7 300 Acartia tonsa
Mnemiopsis+ Copepodits and
zooplankton adult 2400
Nauplii 7900
Mnemiopsis+ 2 300 Acartia tonsa
Zooplankton Copepodits and
adult 2400
Nauplii 7900
Zooplankton 2 300 Acartia tonsa
Copepodits and
adult 2400
Nauplii 7900
Caspian Sea 1
W ater
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The samples on initial chemical, hydrological parameters were taken immediately after
beginning of the experiments. Estimated numbers of biological items were put into each
tank (Table 4).

Samples were taken every morning and after estimation concentration itemsin each tank
we added zooplankton, Mnemiopsis and Beroe individuals in each tank to keep initial
contents of experimental tanks.

Zooplankton and Mnemiopsis sampled with concentration of 8 | water from each tank.
Samples of zooplankton was fixed with 4% formaldehyde and immediately proceeded.
Mnemiopsis individuals were calculated and measured.

Phytoplankton samples were taken in initial concentrations and on third day of
experiments.

500 ml was sampled from each tank and fixed with 2% formaldehyde. After
homogenization and sedimentation during 24 hours we use 5 ml chambers in order to
identification by inverse microscope. We use standard constant indices  for estimation
of biomass in g/I.

Microplankton (bacteria) was sampled in initial concentrations and on fourth day.

100ml sample was taken from each tank. Than testing solid was prepared with different

concentration of bacteria from 10™ to 10 ~* on the nutrient agar medium and on plate
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count agar medium. Samples are incubated at temperature 25 —30° for 48 hours. The
grown colonies of bacteria was calculated.

In addition samples for Beroe reproduction were collected with plastic pipe from the
bottom to surface during last five days (even when mesocosm experiment was over).

For chemical parameters examination the following methods were used (Clescert et al.,
1986):

1. for oxygen titration after Winkler.

2. T.0.D - titration with EDTA

3. NH* - Phonat spectrophotometry method

4. NO; - Naphtil spectrophotometry method.

5. NO;z;— Cadmium Reduction, spectrophotometry.

6. SiO,— Yellow Complex with Molibdate method, spectrophotometry

Description of mesocosm experiment.

The main focus of our mesocosm was identification of possibility Beroe individuals to
feed zooplankton or other items from the Caspian Sea in addition to Mnemiopsis in
condition when Mnemiopsis as a prey is not available. Therefore four replications were
taken with Beroe and trophic zooplankton ( Acartia tonsa and its copepodits and
nauplii). For control this trophic feedback we had two tanks with only zooplankton. In
addition we set up tanks with natural situation: Beroe + Mnemiopsis+ zooplankton,

which we expect to have in the case if Beroe includes in the Caspian trophic web (2
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replications) to asses possibility Beroe control Mnemiopsis population and as result
increase zooplankton abundance . To control these conditions we set up tanks with
Mnemiopsis + zooplankton (two replication). For control Mnemiopsis grazing rate and
possible Beroe grazing on zooplankton we had also tanks with zooplankton (two
replications).

Simultaneously we examined reproduction of Beroe in the tanks with Caspian Sea
water.

In addition we include two trophic webs — phytoplankton and microplankton which also
indirectly effected by Mnemiopsis.

Chemical parameters was analyzed to identify effect both ctenophores (Mnemiopsis and
Beroe) on nutrients and chemical conditions of environment.

Results

1. Beroe + zooplankton

After 5 days analyses of zooplankton abundance in tanks with Beroe and zooplankton
and comparison them with abundance in tanks which contain only zooplankton we
obtained data which allow us to conclude that Beroe did not consume zooplankton (Fig.
2, 3). The density of zooplankton in all tanks with Beroe were not lowers than in tanks

with only zooplnkton.
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Fig.2. Zooplankton abundance in tanks: 1- with only zooplankton, 2 — with Beroe
and zooplankton.
Results of measurements of Beroe individuals length support these conclusions. By
the end of experiments size of Beoe individuals decrease in these tanks (Table 5).

Beroe mortality was also higher in these tanks (Table 5).
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Fig.3. Zooplankton abundance in tanks: 1- zooplankton +Beoe; 2- zooplankton +Beroe+
Mnemiopsis; 3- zooplankton +Mnemiopsis; 4- zooplankton.

Table 5

Numbers and size of Beroe ovata in experiments

No  Contents Initial Initial size Final Final %

Tan Numbers Mm Numbers size Beroe

k of Beroe of Beroe mm mortalit

y

1 Zooplankton 7 35.6+8 7 335485 0
+Beroe

2 Zooplankton + 7 37.7485 7 38.6+8.0 O
Mnemiopsis+Beroe

5 Zooplankton 7 31.3t95 6 27.5+9.0 14.3
+Beroe

6 Zooplankton 7 34.2+6 6 33.7+85 14.3
+Beroe

9 Zooplankton 7 29.5+13 7 18.8t6.5 O
+Beroe

10 Zooplankton + 7 39.1+7 6 39.5+7 14.3

Mnemiopsis+Beroe
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Beroe +Mnemiopsis +zooplankton.

Here we tested situation that we may expect if Beroe would be introduced in the
Caspian Sea.

Beroe had high clearance rate Beroe on Mnemiopsis in tanks from 36.2 to 60.6 I/
day or from 36 to 60 % total volume ( Fig. 4). As a result zooplankton abundance
increased in these tanks comparing with the tanks where we had only Mnemiopsis
+zooplankton

( current situation in the Caspian Sea) (Fig.3).

1.8

16 - y =-0.161x + 1.722
R? = 0.9766

1.4
1.2

0.8 A
0.6 A

Clearance rate,L/ind// d

0.4 A
0.2 A

0 1 2 3 4 5 6
Day

Fig. 4. Clearance rate Beroe on Mnemiopsis (I/day).
Mnemiopsis +zooplankton. This experiment concerned the current situation in the

Caspian Sea and we estimated clearance rate Mnemiopsis on zooplankton (Fig.5.).
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Fig. 5. Clearance rate of Mnemiopsis on zooplankton (l/day).

Clearance rate of Mnemiopsis comprised of 0.064-0.1 I/ind/h and 203-551 I/day and
in percents it made up 67-154%. The concentration of zooplankton is in four times
lower than real concentration in the sea this year. Thus real grazing rate of
Mnemiopsis on zooplankton in the Caspian Sea in four times higher. We recorded
also  high numbers released ovae and larvae in tanks with
Mnemiopsis+zooplankton. It was mean 131+27 ova/tank.

Reproduction.

During days of mesocosm experiments we examined Beroe reproduction in each
tank.

Results of our examinations showed in Table 6 .

Table 6
Reproduction of Beroe ovata in tanks

No Contents Initial Initial Numbers of Beroe ovae and larvae

180



tan numbers size 22.09.03  24.09.038  25.09.03  26.09.03

k of Beroe Beroe,
Mm
Ov Larv Ov larva ova Larv ova larva
a a a a
1 Zooplankton 7 35.6+8 90 O 0 0 0 0
+Beroe
5 Zooplankton 7 31.3+9.5 30 30 0 0 0 0
+Beroe
6 Zooplankton 7 34.2+6 30 O 30 0 0
+Beroe
9 Zooplankton 7 29.5+13 0 0 0 30 0 0
+Beroe
Total numbers 7 32.65+28 0 0 50 8 8 8 0 0
Z0o0 + Beroe
2 Zooplankton + 7 37.7485 263 38 120 O 0 90 60 O
Mnemiopsis+Beroe
10 Zooplankton + 7 39.1+7 180 O 0 0 0 0
Mnemiopsis+Beroe
Total 7 38.4+1 132 19 150 0 0 45 30 0

Zoo+Mne. +Beroe

Altogether we had 863 ovae and 188 latvae. Most of ovae and larvae ( 79.14 %
ovae and 68% larvae) we obtained from the tanks where individuals Beroe were with
Mnemiopsis, we had reproduction in these tanks every day (Table 6). We had much
lower numbers of ovae and larvae, where Beroe was without Mnemiopsis, only with

zooplankton (20.86% ovae and 32% larvae) we had them only once or two times.

Microplankton.
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In addition to the main trophic webs we tested microplankton, which abundance
and biomass also change in the case of Mnemiopsis introduction. Mnemiopsis
realizes mucus in the water and at this substrate bacteria develop. In tanks with
Mnemiopsis and zooplankton the bacterial biomass was the highest, it was a little
lower in tanks with Beroe+Mnemiopsis+ zooplankton. In the tanks with
Mnemiopsis + zooplankton bacterial loop provoked also development Ciliata
which consume bacteria. Ciliata reached abundance 9038 ind./tank in these

tanks, in other tanks we did not find Ciliata.

Phytoplankton.

We estimated phytoplankton biomass in tanks and took phytoplankton sample in the sea for
comparison.
Phytoplankton biomass was the highest in tanks with Mnemiopsis and zooplankton and lowest in
tanks with zooplankton . Decline of herbivorous zooplankton abundance due to grazing of
Mnemiopsis led to rise of phytoplankton abundance and diversity. In tanks with Beroe and
Mnemiopsis phytoplankton biomass and diversity was lower than in tanks with Mnemiosis and
zooplankton. This situation should be expected in the case of Beroe introduction in the Caspian
Sea.
Biomass of phytoplankton in the Caspian Sea is much higher than in tanks. It might be
explained that in our tanks we used filtrated water and tanked were placed in the laboratory, and
in addition in the Caspian Sea biomass of phytoplankton is very high due high Mnemiopsis
population size (13 400 ind..m-%, 747 g/m® )

Conclusions.
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Based on the observations presented here, we can conclude that individuals of
Beroe in our experiments were in good conditions after acclimation to the Caspian
Sea water salinity, they fed on Mnemiopsis and reproduce.

Our estimations showed that Beroe does not consume zooplankton and in
conditions of absence Mnemiopsis just starve. (Beroe+Mnemiopsis).

Mnemiopsis grazing rate on zooplankton was very high and zooplankton
abundance in these tanks decreased in 4-6 times every day of experiment
(Mnemiopsis and zooplankton).

When we include in this trophic web(Mnemiopsis+zooplankton) Beroe,
zooplankton abundance increase in 2 times, grazing pressure of Mnemiopsis
decreased in the same proportions (Beroe+Mnemiopsis+zooplankton).

We showed that Mnemiopsis indirectly affected phytoplankton and microplankton
biomass and species composition.
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Abstract:

The M. Leidyi is an unendemic invasive animal in southern coasty of caspian sea and
is called as a predator of eggs , larvae and also the compete of kilka feeding .

This case was reported in recent years . by in order to control the M. leidyi population
biological method in Black sea the Beroe as a predator animal has been selected .Totally
178 samples of M. Leidyi along of south capian sea (from astara to torkaman) was obtain
in depths of 20m and 50m in this case 18 stations have been selected from 3-11.jul .
2003 .

in Marmara sea and black sea totally 12 and 14 samples of Beroe ovata have been
obtained respectively .

the results showed that 100% of M. leidyi didn’t responsed to parasites but about 83% of
Beroe of Marmara sea has been infested to Trichodina-ctenophora with the intensity of
minimum 4200 and maximum 21000.about 73% of Beroe samples of Black sea from the
different salinities (21.6%. - 12.6%.) have been infested to T. ctenophora with the intensity of
minimum 130 (salinity 12.6%.) and maximum 10500(salinily "21.6%).

all of the T. ctenophora which seperated from the salinity less than 14.6%. were degenerated

for investigation of bacterial felora of caspian sea water ,M. leidyi and Beroe 18, 36 and 9
samples were obtained respectively.

In this investigation 9 species of gram positive and 11species of gram negative bacteira were
seperately recognized .

Introduction
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In 1982 a typical Ctenophora ( comb fish ) belonged to Mnemiopsis genus situated in black
sea has been reported ( Harbison,1993).

Initially this stranger animal has been entered the black sea from U.S.A coasts by water
balance of different ships. In that time this fish has been distributed all over the U.S
coast.According to suitable ecological condition of black sea it provided a possibility for
propagation and reproduction of Mnemiopsis . In this aspect due to predator nature this
animal started to feed from the eggs and other fish larvae and also to compete the other
bony fishes for food . this phenomena caused highly reduction of fish stocks in black sea and
also fishing was faced a critical danger . In this case the amount of economical damage was
estimated about 250 million $ ( Harbison,1993) . This predator invasion fish was not reported
from Caspian sea till 1999 but it was observed and reported in southern coasts of Caspian
sea by the end of 2002. (Esmaely,1999). This invasion animal has been entered the Caspian
sea from black sea by water balance of ships and by passing the time it made an adaptation
in south basin of Caspian sea .

According to some ecological prevented factors in different parts of Caspian sea particularly
less salinity in north parts of Caspian sea that was impossible for Beroe comb fish to enter the
Caspian sea because Beroe has not ability for adaptation in the sea with salinity less than 10
ppt . However the south coasts of Caspian sea provided this condition (Esmaely,1999) .
Comb fishes normally called as a shelter of some parasites . However they resident in the
form of local in Mesogloea portion (crowell 1976) . Amphipoda is also another external
parasite which has already been reported . ( Harbison,1977). There was not special report
and particular definition about virus , Bacterial , fungous, protozoa and trematodae in comb
fishes (Harbison,1993).

In fact very few number of pathogenic organism in comb fish were identified. For example
multicellular parasites like sea anomene larvae by biologic method can control and reduce the
M-leidy population as it was happened in eastern north of U.S.A coasts.

Tricodinae is another ciliated unicellular parasite which can live as a host in different sea
animals but usually it is called as parasite in fresh water fishes (Lom,1970). They often exist
as a external parasite on the skin of sea bony fishes (Arthur,1984) . More than 28 species of
this parasite in Caspian sea fishes has already been recognized and M.mccradyi comb fish
can be called as a host for this parasite ( Anthony. et all,2001) .

There is very limited information regarding microbial florae in comb fishes (Estes.et all,1997)
but a large number of comb fishes carry natural florae and natural pathogenesis located in
sea coast like Aeromonas and vibrio . The comb fish M.leidyi is called as a non local animal
of Caspian sea but its presence has been reported in 1999.However it may be entered the
Caspian sea many years age but in recent years it caused intensive reduction of kilka fish
stocks which are consisted in their food chain .The comb fish may also carried some new
micro-organisms. like funae parasites and microbial florae to the Caspian sea.
In order to control this stranger animal the selection of Beroe is the only comb fish which can
be successfully linked as a predatory invasion to the south basin of Caspian sea in the form of
research program . In this case the necessity of research work is to investigate the fauna
parasites and microbial florae of Beroe and M.leidyi to beware of probability dangers for
Caspian sea ecosystem

Materials and methods :
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in order to obtain samples from sea water and M .leidyi the south basin was divided in to3
regions(Gillan,Mazandaran,Golestan). in each region 6 station were selected in 20m and
50m depths which are showed in below picture . all of the samples were collected from 3rd to
11th of july . 2003.

1.all of the parasite samples were collected by plankton net with the mesh size of 16 micron
and the sampling obtained were in a randum method . out of 720 samples of M.leidyi about
178 samples were under consideration.

parasite samples were sedimented by centrifuge (1000-1500rpm) and then were investigated
by light microscope .

2.for sampling of bacterial flora of sea water the rotner has been used with the volume of
1000cc . in this connection first rotner was striled by 70% of Ethanol alchol and then washed
by normal strille saline 25cc of samples was selected and transfered a strile plastic tube
vessel with the volume of 50cc.these samples were finaly preserved in a refregerator.

3.for sampling from the surface and depths of M. leidyi and Beroe body the procedure is as
follows :

1.the samples were kept in a plastic vessel (already washed by normal strile saline) .

2.for surface sampling of cetenophora the soap strile was used

3.these soaps were transfered to a 50 cc volume of plastic tube which contained of 25 cc
normal strile saline .

4.for depth sampling of ctenophora initialy the surface of ctenophora were striled by 79% of
alchol then it was washed by normal strile saline , transfering to a plastic strile tube with

50 cc volume which contaied 25 cc normal saline strile .

5.all of the microbial samples were laboratory cultured and then by the use medium culture
(general , specific , selective and differentiea ) the species of bacterial were recognized .

Results

Investigation and recognition of M leidyi and Beroe ovata is as fellows:
table 1 :percentage and intensity of infestation M. leidyi and Beroe
T.ctenophora parastie

Place of Intensity of Percentage of No.of samples  Ctenophore
sampling infestation infestation species
South caspian - - 178 M.leidyi
sea
Marmarasea  4200-21000 83 12 Beroe

Table 2: percentage and intensity of infestation in beroe to t.ctenophEra parasite in different
salinitias

Percentage of Intensity of infestation No.of Ctenophore
infestation samples species
126 149 19% 21.6% salinit
73% % % y 14 Beroe

130 250 1400 2600-10500

5000
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In comparison of percentage and intensity of infestation in M. leidyi to T.ctenophera parasites
it was observed that all the M .leidyi samples had not any infest but 83% of Beroe samples of
Marmara sea were infested to T.ctenophora parasites with intensity of minimum 4200and
maximum?21000.

73% of Beroe samples in black sea were infested to T.ctenophora parasites which had a
maximum salinity 10500 and minimum salinity 130 in number . the samples of T.ctenophora
in 12.6%. salinity were degenerated.

3
table 3: different types of recognized bacteria on the surface and in body depth of M.leidyi
Body depth of M.leidyi Body surface of M.leidyi
Micrococcus Bacilus circulans
Staphilococcus B.sphrericoccus
Vibrio metschnokovii B.coagulans
Burkhiferia mallei Micrococcus
M.kristinae
Vibrio metschnokovii
Enterobacteria
Vibrio
Streptobacillus
Cytophaga
Table 4: Recognized bacteria in sampling stations of M.leidyi
1- Cytophaga
2- Vibrio

3- Micrococcus

4- Aeromonas salmonicida

5- Aeromonas

6- Erisiplothrix

7- Streptobacillus moniliformis
8- Bacillus fermus

Table 5: Recognized bacteria on the surface and in the body depth of Beroe ovata
1-Agromabacterium tumefaciens

2-Aeromonas

3-Vibrio harvaiy

4-Choromobacterium violaccum

5-Bacillus coagulans

6-Bacillus linens

7-Shewarella
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in these bacteriological investigation from surface and depth body of ctenophora 14 species
of bactetrial gram negative and gram positive were recogoized which are common in two
pactarial species (Micrococcus and Vibrio).

the bacterial flora situated on the surface of M. leidyi ane more variety.

by comparison of bacterial flora surface of M .leidiy to caspian sea water it was observed that
most of bacteria were visible in both the samples .

If comare Beroe with M. leidyi all the bacteria are common unless Chromobacterium ,
Agromobacterium and shewarella.

4
Discussion

Ctenophora act as a host for several parasites namely trematode (stunkard 1980) ,
Amphipoda (Harbison-etal,1977), protistes (kinne, 1990) and unicellular (crowell,1976).

Most of the parasites inhabit the tissues of animal body namely the tissues of mesoglea
,mouth and alimentary canal more over the most variety of unicellular and multicellular
parasites have been reported in M.mccradyi (Anthony .G,2001 and sergio .R,2001). The
parasites like Antamoeba, Tericodinae and unicellular flagellated protodonium attack only
ectoderm tissues of comb fish to inhibit the animal body for the purpose of nourishment
needs. Flagellated unicellular parasite Oodinium inhabits the Beroe comb fish near the
portion of comb - rows tissues. Some of the multicellular parasites like sea -anomene larvae
inhabits the abdominal pit ( groove) , pharynx and mouth ventral of M. leidyi for the purpose
of feeding from comb fish . This process prevent the growth and reproduction of the animal
which finally caused the reduction of their population . This process can be called as a
effective biological control method against M.leidyi population stocks. This is happening as an
special case in open seas and oceans ( Bumann.D,1996).

Tericodinae parasites more or less observed in 83 % of Beroe sample in Marmara sea and
73 % in black sea . This parasite is generally harmless although in high infections may cause
serious damage to the tissues surface . In Caspian sea about 178 sample of M.leidyi during
summer season were investigated in the field of parasites but no parasites was observed in
animal body . It seems that there are much differences between black sea comb fish and
Caspian sea comb fish from the view point of ecological condition particularly salinity amount
of both the seas. When the comb fish from black sea with the salinity of 24 ppt enter the
Caspian sea through volga canal by water balast of ships , it passes the several salinity
changes . These salinity differences caused high changes in osmotic pressure. In this case
most of the parasites particularly unicellular which forms dominant parasites Among fauna
parasite destroys. In fact the comb fish devoid of any parasite. On the other side comb fish
invasion the Caspian sea some years ago ,so in this connection it is possible for some of local
Caspian sea fauna parasites to adapt themselves to the physiological and anatomy condition
of comb fish tissues and start the new life generation as a parasites in the animal body as a
host. For example Marmara Beroe was highly infected to Tricodina parasites but during its
adaptation process to Caspian sea it passed through several different salinity to reach
Caspian sea . At this time the final salinity in Caspian sea was estimated less than 14.9 ppt
which resulted in high reduction of tericodinae parasites but in salinity of 12.6 ppt the
tricodinae parasites were going to be destroyed . It means that if even the Beroe adapts to
Caspian sea water its faunae parasites due to high reduction of salinity can not adapt itself to
ecological condition of Caspian sea . Therefore from the view point of parasitology and
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importance of ecological parameters the Beroe comb fish is not able to transfer parasites
infections to Caspian sea water.

From the view point of microbial flora and comparison of Beroe with M.leidyi , some
bacteriae are said to be common namely vibrio and Aeromonas which can act as a factor of
primary and secondary out break diseases of fishes . But other bacteria are quite different
like Agromobacetrium and chromobacterium and shewarella which seem to be natural flora of
water .

These microorganisms can live in high salinity of water condition which has a different
environmental inhabit from Caspian sea.

If the microorganisms are successfully able to adapt them several to Caspian sea through
water balance of ships , therefore it can be suggested that if Beroe successfully adapts to
Caspian sea condition, it can reproduce through propagation and will have ability to feed only
on Caspian sea M.leidyi

Hence parasite funae and microbial flora if exist in Beroe body will not threat the Caspian sea
from different disasters. So the Beroe comb fish is the only animal which can challenge the
M.leidyi by the mecanism of feeding . Before release ,the Beroe should be passed throu
guarantine steps for assurance of aquatic community sanitation.
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ABSTRACT: In this study genetic variation of Mnemiopsis leidyi was investigated in
160 samples of the Caspain Sea and Black Sea. DNA was extracted by phenol -
chloroform methods. The specific primer were designed by sequence of 18s rRNA
gene in mMtDNA molecule. This gene of mtDNA were amplified using PCR techniques
followed by RFLP analysis. The PCR products of samples were digested by restriction
endonuclease such as Alu I, Alw 26l, Bcl I, Dra I, Rsa I, Msp |, Eco 47I and Hae III.
Digested PCR products were observes by silver staining method followed by
polyacrilamid gel electropharesis (PAGE). The results indicated no polymorphism
between samples by Eco 471, Alw 261, Bcl I, Rsa |, Msp | and Hae Ill enzymes. Dra | and
Alu | showed different patterns on PAGE. Dra | and Alu | have had different enzymatic
digestion patterns and each of them shows two different genotypes. Alu | and Dra |
have shown difference in 5 and 6 samples respectively.

KEY WORDS: MtDNA, PCR-RFLP, Mnemiopsis leidyi, genetic

diversity
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INTRODUCTION

Ctenophores represent a distinct phylum of gelatinous invertebrates that are found in
virtually all marine environments (costal and oceanic, from the surface to the deep sea, and from
the tropics to the poles). Of the known species of ctenophores, most were described in the 19™
century and during the early 1900s (Chun, 1898; Mayer, 1912).

It is currently believed that many of those species are synonyms or represent development
stages of others. The number of valid described ctenophores species is between 100 and 150
(Mills, 2001), and it is believed that there are many deep-sea species still to be discovered.
Ctenophores are very poorly known, primarily because they are extremely fragile and different
to collect and identify, they can not be preserved, and many species inhabit hard-to-reach
locations (Harbinson et al., 1978).

Molecular marker (DNA sequences) could greatly improve the accuracy of species
identification and will be invaluable for taxonomic and ecological studies. Some species reach
high densities in coastal blooms and lobate ctenophore (Mnemiopsis leidyi) caused major
ecological disturbances after being introduced into the Black Sea, presumably through
discharges of ballast water from western Atlantic ports in the 1970s (GESAMP, 1997).

RCR techniques such as RAPD (Williams et al., 1990), KAPS (Konieczny et al., 1993),
Microsatellite (Panaud et al., 1996), RFLP (Cronin et al., 1994) have been used in animals and
plants for molecular mapping, identification of genotypes associated with genes of interest, and
genetic diversity studies. Although development in molecular biology have improved are ability
to resolve many problems, identification by DNA sequencing, however, is both costly and time
consuming. Restriction fragment length polymorphism (RFLP) analysis, instead, is more
economical than DNA sequencing analysis and more reliable than morphology based judgments.
The higher rate of evolution of mtDNA in comparison with the single — copy nuclear DNA makes
it a good candidate for evaluation studies. In mtDNA, approximately 2% sequence divergence
occurs per million years (Rezvani Gilkolai, 2000). This value is five to ten times faster than the
rate for nuclear DNA. There is also variation in the evolutionary rate of mtDNA in different taxa
in comparison with most higher vertebrates. In this investigation, Genetic variation of

Mnemiopsis leidyi had studies in the North and Southern Caspian Sea and also Black Sea.
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MATERIAL AND METHOD

Mnemiopsis leidyi samples were collected from Northern and Southern (Astara, Noshahr
port and Gomishan) Caspian Sea and Black Sea (Table 1). Total genomic DNA was extracted
using the phenol — chloroform protocols (Towner, 1991). Approximately 0.5 — 1 ng of DNA
sample were run on a 1% agarose gel and stained with ethidium bromide to check its quality and
approximate quantity. The PCR was optimized by changing the reaction, cycle number,
annealing temperature and incubation time. 18s rRNA gene were amplified using 1400 f (5’ —
TGT ACA CACCGC CCG TC-3") and 528 Sr (5'- CTT AAG TTC AGC GGG TAG TCT CG-
3') primers (Mircea, 2001) . Thirty cycles of PCR (denaturing at 94°c for 1 min, annealing
at 48-50°c for 60 Sec, and extending at 72°c for 90 Sec) were performed in 50 ul
reactions containing 67 mM Tris —HCI (pH 8.3), 1.5 mM MgCl2, 0.4 mM each of dNTP,
2.5 mM each of primer, 1-1.5 units of Tag DNA polymerase and 50-100 ng of Target
DNA in final volume of 50 pl.

Table 1 — The number samples used in this study

Caspian sea Black Sea
South North Gomishan
70 30 20 40

Digestion of PCR products using restriction enzymes: Alul,Bcl I, Dral, Alw261 ,Rsal, Msp I,
Eco 471 and Haelll.
The composition of the reaction mix for digestion was as follows:
PCR product 3ul
Restriction enzyme 1pl
Reaction buffer 2pl
Distilled water 14pl
Total volume 20pl
The reaction mix was incubated at the temperature and duration recommended by the
manufacturer. The reaction was stopped by adding 3ul loading buffer (5% v/v glycerol, 0.1 M
EDTA, 1% w/v SDS, 0.1% Bromophenl blue).The digested products accompanied with standard

195



marker (50 bp lader ). in order to measure fragment size were than run on a 6% vertical

polyacrylamide gel. The fragments were visualized by silver staining of the polyacrylamide gel.
RESULT:

The Mnemiopsis leidyi mtDNA 18s ribosomal RNA gene region was amplified using the
PCR technique. Both digested and undigested PCR products showed that in Mnemiopsis leidyi
mMtDNA 18s rRNA gene region was approximately 800 pb in length (fig.1,2).

In the first step, the fragment containing 18s rRNA was separately digested by 8
restriction endonucleases (Dra I, Bcl I, Alw 261, Alu I, Msp I, Eco 471, Rsa | and Hae 111 ). Table 2

shows the number and length fragment produced by enzymatic digestion of PCR product.

Table 2. The number and the length fragment which caused by digestive enzyme of PCR
products in related to 18s rRNA in Caspian Sea cetenoihore.

No Enzyme Fragment number Length of fragment

1 4 170-256-207-192
Alu |

2 Dral 2 411-418

3 Alw26 | 2 802-30

4 Bcl | 2 106-723

5 Eco 471 2 622-206

6 Msp | 3 542-229-57

7 Hae llI 6 300-220-125-100-50

8 Rsall 2 550-278

Six of eight restriction enzymes showed polymorphic patterns. These are Alw 261, Bcl 1 ,Msp |,
Rsa I, Eco 471 and Hae I11. The electrophoresis patterns have been obtained by polyacrilamid gel.
The size of fragments was the same for all samples by these enzymes. The restriction pattern for

each enzyme was unique and similar among all of samples.
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Alu | enzyme had 3 cut situation on PCR product. As result of enzymatic digestion function
produce 4 fragments. This enzyme showed two different genotypes, A and B. The genotype A has
four bands with a size about 250, 200, 190 and 170 pb and also genotype B had three bands with
a size 400, 250 and 170 bP (fig. 3). Genotype B observed in 5 samples of Caspian Sea
cetenophora( 2 samples from Noryhern Caspian Sea and 3 samples from Southern Caspian Sea)

Figure 4 shows two kinds of enzymatic digestion patterns of Alu I enzyme on polyacrilamid gel.
Dra | enzyme had got one cut situation on PCR product. As result of enzymatic digestion

function produce 2 fragments. This enzyme showed two different genotypes, C and D. The
genotype C had two bands with a size about 400 pb and also genotype D has two bands with a
size 700, 130 bP (fig. 5). Genotype D observed in 6 samples of Caspian Sea cetenophora( 2
samples from Noryhern Caspian Sea and 4 samples from Southern Caspian Sea).

Figure 5 shows two kinds of enzymatic digestion patterns of Dra | enzyme on polyacrilamid gel.

Alw 26 I enzyme had one cut situation on PCR product. As a result of enzymatic digestion
function

produce 2 fragments(800 and 30 bp). This enzyme did not showe different genotype( fig.6).
Bel 1, Eco471,Msp I, Hae Il and Rsa I similar bands in all samples. A morphometric banding

pattern was observed in all samples by these enzymes.
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Figure 2 — PCR product of Mnemiopsis leidyi 18s rRNA gene on Agarose

gel
Dra l Alu |

A B D C
bp bp bp bp
170 170 100

400
190 250
700

200
256 400 400

Figure 3 — Different genotypes showed with Dra | & Alu | enzymes
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Figure 4 — Restriction digest patterns observed with Alu | Figure 5 - Restriction digest patterns observed with Dra |
enzyme. Lines 1-5 Black Sea samples, lines 6-10 Nourth of enzyme. Lines 1-5 Black Sea samples, lines 6-10 Nourth of
Caspian Sea samples, Lines 10-15 South of Caspian Sea Caspian Sea samples, Lines 11-15 south of Caspian Sea
samples, line M marker. samples, line M marker.



Figure 6 — Restriction digest patterns observed with Alw Figure 7 — Restriction digest patterns observed with Bcl |
26 | enzyme. Lines 1-5 south of Caspian Sea samples, enzyme. Lines 1-5 south of Caspian Sea samples, lines 6-
lines 6-10 Nourth of Caspian Sea samples, Lines 11-15 10 Nourth of Caspian Sea samples, Lines 11-15 Black sea

Black sea samples, line M marker. 1 samples, line M marker.
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Figure 8 — Restriction digest patterns observed with Eco47 |
enzyme. Lines 1-5 south of Caspian Sea samples, lines 6-10
Nourth of Caspian Sea samples, Lines 11-15 Black sea

samples, line M marker.
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Figure 9 — Restriction digest patterns observed with Msp |

enzyme. Lines 1-5 south of Caspian Sea samples, lines 6-10
Nourth of Caspian Sea samples, Lines 11-15 Black sea

samples, line M marker.
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Figure 10 — Restriction digest patterns observed with Hae Figure 11 - Restriction digest patterns observed with Rsa |
[l enzyme. Lines 1-5 south of Caspian Sea samples, lines enzyme. Lines 1-5 south of Caspian Sea samples, lines 6-10
6-10 Nourth of Caspian Sea samples, Lines 11-15 Black sea Nourth of Caspian Sea samples, Lines 11-16 Black sea

samples, line M marker. 1 samples, line M marker.
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Recommendations

Of The First Regional Technical Meeting on possible

introduction of Beroe ovata into The Caspian Sea
(22-23 Feb, 2004 Tehran - I.R. Iran)

Based on decisions made in the 20" meeting of Aquatic
Bioresources Commission of Caspian Sea (Astrakhan, Russia
2003) and support of Caspian Environment Programme (CEP) in
order to mitigate Mnemiopsis leidyi, First Regional Technical
Meeting on Possible Introduction of Beroe ovata into the Caspian
Sea is held in Tehran, 22-23" of Feb. 2004. Representatives of
Caspian littoral states, Azerbaijan Republic, Islamic Republic of
Iran, Kazakhstan Republic, Russian Federation and Turkmenistan
along with international scientists from Belgium, Ukraine,
Germany, Turkey and CEP representative were present.

In this technical and professional meeting, 21 research papers in
the field of Caspian, Black and Azov seas ecology, biodiversity
changes in environmental community structure after invasion of M
Jeidyi, were discussed.

In addition results of experiments on B. ovata that is the best
species in order to biologic control, and the consequences of its
introduction in the Caspian ecosystem were considered.
Participants have agreed in following points:

1. Invasion of M. leidyi from black sea to the Caspian sea has
caused ecologic and biologic modifications in one hand
and kilka fishes stocks has decreased considerably in the



4.

other hand. These changes caused socio-economic
disasters.

. Researches carried out in the field of possibility of

introduction of B. ovata into the Caspian Sea have
responded to all questions asked in this purpose.
Experiments show the possibility of B. ovata reproduction
in the Caspian Sea ecosystem. It feed only from M. leidyi. It
Is not harmful for the other species of Caspian environment
such as zooplankton and phytoplankton. Its introduction
would be beneficial to this ecosystem. In addition, its
introduction does not cause any microbial and parasitic
infestation to the species of the Caspian Sea.

Regarding the results of realized researches, about
artificial introduction of B. ovata to the Caspian Sea, and
considering heavy losses on fish stocks, participants of the
technical meeting recommended that B. ovata must be
introduced to the Caspian Sea.

Action plans for introduction of B. ovata for biological
control of M. leidyi in to the Caspian sea:

Technical agreement reached on 22 - 23 Feb 2004

IFRO to prepare and share the presentations minutes of the
meetings (Feb 2004)

ToR for setting up release program (by 10th March 2004) by
Dr Negarestan

Preparation and design of the releasing program (June-July
2004)..

National agreements reached by the July 2004

Full regional agreements reached Oct-Nov 2004 (at the CEP
Steering Committee or Aquatic Bioresources commision).
Attempts will be made for an earlier consensus through
communication perhaps by Aug 2004.

Release of Beroe together with sampling of DNA library
2004-2005

Start (or continue) of monitoring on the release follow up
Complementary activities (modeling etc..)
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