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Introduction.

By the end of 2000 in spite of high development of science and technology in many seas and coastal areas of the World Ocean energy that previously went into production of high trophic level of ecosystem - fishes was switched over to the production of harmful gelatinous plankton such as representatives of Ctenophora. Commercial fishing efforts continue to remove valuable commercial species of fishes both top-predator and small pelagic throughout the World Ocean. It seems reasonable to watch trend in increasing jellyfish populations, since gelatinous animals are successful competitors for the same food than many either adult or larval fishes and consumers of their eggs and larvae. Increasing in gelatinous species populations in native habitats effects local ecosystems and create possibility easier to spread these species in other seas and coastal areas with ballast waters of ships. In these areas population explosion of non-indigenous species occurred due to their disturbance and overfishing in larger scale.

The most dramatic example of similar accidental introduction was invasion the ctenophore Mnemiopsis leidyi (A.Agassiz)  (Fig.1) with ballast water from the ships in early 1980s into the Black Sea from the coastal areas of the northern America (Vinogradov et al.1989). The native habitat of M. leidyi, is in temperate to subtropical estuaries along the Atlantic coast of North and South America, where it is found in an extremely wide range of environmental conditions. M.leidyi had explosive outbreak in the Black Sea in 1988 and expanded into the Azov, Marmara, eastern Mediterranean through the straits, and in 1999 into the Caspian Sea with ballast waters of oil tankers (Shiganova et al.,1994; 2001a, 2001c; Studenikina et al, 1991).  This invasion was a real catastrophe for the Black and Azov Sea ecosystems and fisheries, and now situation is getting even worse in the Caspian Sea. First the stocks of zooplanktivorous fish sharply dropped. Than decrease of stocks was recorded in all groups of high trophic levels even in top predator ones: dolphins in the Black and Azov Seas and  seal in the Caspian Sea (Shiganova et al.,2001a,c; 2003a). One of the reasons for such a huge outbreak of invader was lack of its predator in these seas.

As a result, during ten years M. leidyi became the most distributed in different conditions of the World Ocean and its effect on the ecosystems in native and particularly in nonnative habitats and economical loss may estimate in millions US dollars.  The measurements to control M.leidyi population size did not implement on time in the Black Sea. But in 1997 a new invader another ctenophore Beroe ovata Mayer again accidentally appeared in the Black Sea, brought with ballast waters from the same northern American coastal area, which feeds exclusively ctenophores, first of all M.  leidyi (Shiganova at al., 2000a,b,2001b). The Black Sea ecosystem rapidly became to recover.

Now our main task to overcome Mnemiopsis population in the Caspian Sea using great accidental positive example of the Black Sea. 

Monitoring of Mnemiopsis leidyi in the Black Sea.

During first years of  Mnemiopsis explosion the Black Sea countries joint their efforts in long term  surveys and monitoring invader in framework international programs (Table 1).  

Table 1.

International Black Sea Programs.

Program/Project Name
Start Date
End Date
Main Sponsor 

ComsBlack 
1991
1993
IOC

BSEP-1
1993
1996
GEF

EROS-21
1993
2001
EC

NATO-TU Black Sea
1993
1997
NATO/SfS

NATO-Waves
1993
1997
NATO/SfS

Black Sea GOOS:  (STOP) 
1996
1998
IOS

BSEP-II
1997
1998
GEF

SEA SEARCH
2002

EC

ARENA
2003

IOS

All programs focused on the present environmental state study and  prediction of development ecosystem, including effect of invader Mnemiopsis leidyi. 

The first, multi-institutional scientific effort addressing the entire Black Sea basin was the implementation of the Cooperative Marine Science Program for the Black Sea (CoMSBlack) in 1991.

Within the framework of ComsBlack, a series of basin, sub-basin and regional scale multiship oceanographic surveys were carried out between 1991 and 1993. The grid of stations with a leg in 20km was identified for all countries with local editions, which included local monitoring and important regional stations (Fig. 2, 3 ). List of suggested parameters is given in table 2, which was developed in framework of LMO GOOS program (author Shiganova T.A.). The aims and tasks of other programs were different, but counties continue to  keep these monitoring stations and parameters in more or less degree depending on financial possibilities (Fig.2, 3).

Table 2.

Monitoring plan to provide information on changes in ecosystem components

 after Mnemiopsis leidyi invasion in the Black Sea

Type of observations
Parameters
Instruments
Type of data
Friequency

Hydrophysical 

Observations
Temperature salinity, density,

currents,curculation, vertical stratification , satellite-spectrum

visibility
CTD-profiles for vertical stratification

CTD-data

Satellite-data

Seichi depth

monthly

Chemical observations
Nutrients 

( NO2, NO3,PO4,

SiO3), Oxygen
CTD rosette samples,

Water bottles

monthly

Biological 

Observations
Top predator

Dolphins
Visual observations with vessel or airplane
Abundance,

stock
seasonally


fin-fish 

(Bonito, bluefish, mackerels, dog fish)
Sampling with trawls
Abundance,

stock
seasonally


small pelagic

anchovy, sprat, med.horse-mackerel
Sampling with trawls
Biomass,

Stock
seasonally


fish eggs,

larvae
Sampling with ichthyoplankton net
Numbers
seasonally


demersal fish 
Sampling with bottom trawl
Biomass, stocks
seasonally


Fishery
data of catches and landings
Abundance,

biomass
every year


Benthos
Data of bentic samples
Abundance,

biomass



Macrozooplankton 

with special attention to Mnemiopsis leidyi, Aurelia aurita, and since 1999- 

Beroe ovata
Sampling with plankton net (mesh size 500 um)
Abundance,

biomass
monthly


Mesozooplankton
Nets
Abundance,

biomass, diversity
monthly


Microzooplankton


CTD rosette samples,

Water-bottles 
Abundance,

biomass
monthly


Phytoplankton
Nets, CTD-rosette samples, water bottles
Abundance,

Biomass, diversity
Monthly


Chlorophyll a
CTD-rosette samples, water bottles, fluarimeter, Satellite scanner data, other new methods

Monthly

The next step of following international programs have encompassed the development and application of interdisciplinary ecosystem models. 

The capacity-building component focused on providing cross-training; making scientific equipment interoperable; carrying out intensive and extensive joint observations; monitoring through satellite imagery, collaborative analyses, and synthesis of past and resent data, producing joint publications and developing a communication network.  

Resulted from these joint research numerous international meetings, conferences were conducted and proceedings were   published, data base (funded by NATO TU BLACK Sea program) and Black Sea GIS (funded by BSEP-I) were created.   

Summarizing the main results of M.leidyi population study in the Black Sea, may conclude:

It is a self-fertilizing hermaphrodite, preadapted to rapid colonization in condition of absence of predators it rapidly reached very high abundance.  By summer-autumn, 1988 it was found everywhere in the Black Sea. In autumn 1989, the greatest mean biomass ever in the open sea 4.6 kg WW m-2 (184 g m-3 ) and greatest abundance, 7,600 m-2 (304 m-3) were measured with coefficient  insignificant catchability 2. (Vinogradov et al.,1989). Than sharp interannual variabilities were recorded in following years (Fig. 3) (Shiganova et al, 2001c). Result of monitoring showed that the main factors, which control M.leidyi population size were temperature and prey (zooplankton) availability (Fig.4, 5) (Shiganova et al., 2001c). 

A steep decline in ichthyo- and mesozooplankton, including meroplankton, abundance and change in species composition followed in its wake (Fig. 5, 6) (Vinogradov et al., 1989; 1992;  Shiganova, 1997; 1998; Shiganova et.al., 1998; Kovalev, 1993, Konsulov & Kamburska, 1998). The stocks of zooplanktivorous fish decreased, their diet composition changed to low caloric food and rations decreased, as a result their biological parameters –length and weight declined (Shiganova & Bulgakova, 2000). The catches of zooplanktivorous fish sharply dropped (Fig.7) (Volovik et al, 1993; Kideys, 1994; Prodanov et al, 1997; Shiganova, 1997, 1998). By the late 1980s the pelagic ecosystem of the Black Sea had become a dead-end gelatinous food-web (Vinogradov et al, 1992).

Monitoring of Beroe ovata in the Black Sea.

In response to the Mnemiopsis leidyi invasion and its dramatic effect on the ecosystem, a group of experts from the international commission of the Joint Group of Experts on the Scientific Aspects of Marine Pollution (GESAMP) (IMO/FAO/UNESCO-IOC/WMO/WHO/IAEA/ UN/UNEP) (GESAMP, 1997) developed measurements to control Mnemiopsis population and proposed the introduction of potential predators for M.  leidyi.  Among suggested species was another ctenophore Beroe ovata.  Although this suggestion was not intentionally implemented, Beroe sp. nevertheless appeared in the Black Sea in 1997 for the first time. Resulted in our detailed study new invader was determined as Beroe ovata Mayer 1912 from north American coast (Seravin etal.2002). By late August 1999 Beroe ovata spread throughout the northeastern Black Sea (Shiganova et al., 2000 a, b) and was also found in the northwestern and southern regions (Finenko et al., 2000 a, b; Finenko et al, 2001).  In October 1999 Beroe ovata was observed in the Sea of Azov for the first time (Volovik,  2000).

With appearance B.ovata monitoring  was continued with including new invader in the list of key species in framework of international and national programs.

The three years of observations of B.ovata showed roughly the same seasonal pattern of new invader. First individuals appear in the middle of August or late August. As a rule Beroe development follows the peak of Mnemiopsis (Fig.8). Its development peaks in September-October to decrease again as Mnemiopsis leidyi density and biomass drops grazed by Beroe. By the end of November –early December, it disappears. Reproduction starts in August or September depending on time of appearance and peaks in September-October while the peak of M.leidyi reproduction occurs in August-September (Shiganova et al.,2003b). 

                     Since its appearance, the population size of Beroe ovata in the whole Black Sea has kept increasing year after year. The reason is high prey (M.leidyi) availability which, in its turn, during the last two years (2000 and 2001), was due to unusually high winter and summer temperatures (Fig. 8). In 2002 the abundance of M.leidyi was lower and B.ovata could overcome  its population for very short time – for three weeks, by the middle of September it could hard find individual M.leidyi and hungry B.ovata  attempted to catch plastic bags but never consume any other preys , nor Copepoda, neither fish eggs and larvae (Shiganova et al., unpublished). 

With the advent of B. ovata, that there was a sharp increase in the density and diversity of mesozooplankton and ichthyoplankton and during following years fish stocks and fish catches gradually began to recover (Fig. 5, 6, 7)
This is a positive example of recovering ecosystem but situation is getting worse from year to year after Mnemiopsis invasion in the Caspian Sea (Shiganova et al.,2003a).

Monitoring of Mnemiopsis leidyi and surveys in the Caspian Sea

Conscious of these impacts and bearing in mind the devastating impact of M.leidyi on the fisheries of the Black and Azov Seas in the 1990's, the Caspian region initiated a number of initiatives in 2001 with a view to take stock of the situation, review and assess remedial measures and take actions to effectively deal with this threat. The region discussed and agreed to form a M.leidyi Advisory Group (later renamed Invasive Species Advisory Group), developed a M.leidyi Strategy and carried out a number of monitoring and research activities. Based on this Strategy, the deliberations of the M.leidyi Advisory Group, and the results of a number of research activities in the Caspian basin, the region has opted to deal with the M.leidyi issue by taking strictly biological measures.

At the meeting  “Mnemiopsis invasion problem for the Caspian Sea” held in Baku, Azerbaijan during 24-26 April 2000, working group “ Monitoring Mnemiopsis in the Caspian Sea”  has agreed on preparing a document on “Methods” to be used for the Sampling of Mnemiopsis (Kideys & Shiganova, 2000). 

Three types of sampling for Mnemiopsis are envisaged. These are:

A) Sampling from basin-scale cruises

B) Regular sampling in selected stations by scientists of riparian countries

C) Sampling by volunteers

Cruise Timing

In these cruises, one important aspect is the timing. Based upon our experience from the Black Sea development population Mnemiopsis lasts from March to late November,  August - September is the most intensive reproduction and the best period to obtain maximum levels of Mnemiopsis.

Spatial distribution

First of all very important to study spatial distribution Mnemiopsis in different environmental conditions in three main parts of the Caspian Sea to identify its tolerance to different salinity and temperature, hydrochemical characteristics of the Northern, Middle and Southern Caspian.

Vertical Distribution

Another basic question for Mnemiopsis in the Caspian is related to its vertical distribution. In the Black Sea, its main bulk is distributed at the well-oxygenated surface waters down to only about 100m and mainly above the thermocline (at around 20-25 m) during the warm months. Since the Caspian Sea does not have permanent anoxia, vertical distribution of Mnemiopsis could be different than that in the Black Sea. Moreover, in vertical distribution of Mnemiopsis migration of mesozooplankton could also be an important factor. Since mesozooplankton generally migrates deeper layers during daytime, sampling for vertical distribution for Mnemiopsis should be carried out both day and night.

For the determination of vertical distribution of Mnemiopsis, a closing net (with 500 um mesh) should be deployed. It was suggested to sample the following vertical layers: 500-250m,  250-100m, 100-50m, 50-25m and 25-0m. The important parameters to take into account should be the presence of the thermocline and pycnocline and the layer of sampling could be modified according to this ( additional sampling could be performed from the thermocline to the surface, from pycnocline to termocline). For sound results, each layer should be sampled at least three times. A minimum of two stations (where Mnemiopsis abundance is seemingly high) should be studied for this aim. 

Sampling 
Mnemiopsis and other gelatinous organisms sampling perform with usage plankton net with 500 (m mesh size. Russian scientists use a Bogorov Rass (BR) net ( upper ring diameter 113 mm, low ring 140 mm)  for gelatinous plankton in the Black Sea. Ichthyoplankton net ( IKS ) is a smaller modification of this net ( upper ring diameter 80 mm, low 113 mm) can be used for sampling from small ship. For vertical distribution study closing deviser should be applied.  

A) Regular sampling in selected stations by scientists of riparian countries

For this around 10 stations would be appropriate and the distance between stations should be kept as far as possible. If the country or research stations have long term stations already established, they should be used for Mnemiopsis study.

Sampling Interval

  Ideally biweekly  or monthly from March to November and monthly for the rest of the year.

the following information should be observed for the first two methods (namely A and B).

Basic parameters to be measured was taken from the Black Sea experience (table.3).  

Table 3.

Monitoring plan to provide information on changes in ecosystem components after Mnemiopsis leidyi invasion into the Caspian Sea

Type of observations
Parameters
Instruments
Type of data
Friequency

Hydrophysical 

Observations
Temperature, salinity, density,

Currents, circulation, vertical stratification , satellite-spectrum

Visibility
CTD-profiles for vertical stratification

CTD-data

Satellite-data

Seichi depth
Maps, profiles
Monthly

Chemical observations
Nutrients 

( NO2, NO3,PO4,

SiO3), Oxygen
CTD-rosette samples,

Water bottles
Quantitative data
Monthly

Biological 

Observations
Top predator

Caspian Seal
Visual observations  vessel or airplane
Abundance,

Stock
Seasonally


fin-fish 

Sturgeons, salmons
Sampling with trawls
Abundance,

Stock
Seasonally


Pikes, carps, catfishes, perches, herrings and others
Sampling with trawls
Biomass,

Stock
Seasonally


Small pelagic

Kilkas
Sampling with trawls
Biomass,

Stock
Seasonally


fish eggs,

larvae
Sampling with ichthyoplankton net
Numbers
Seasonally


Demersal fish
Sampling with bottom trawl
Biomass, stocks
Seasonally


Fishery
data of catches and landings
Abundance,

Biomass
Every year


Benthos
Data of bentic samples
Abundance,

Biomass



Macrozooplankton 

Jelly-fishes, Mnemiopsis, Aurelia
Sampling with plankton net, mesh size 500 um
Abundance,

Biomass
Monthly


Mesozooplankton
Nets
Abundance,

Biomass,

Species diversity
Monthly


Microzooplankton


CTD-samples
Abundance,

Biomass
Monthly


Phytoplankton
Nets, CTD-rosette samples, water bottles
Abundance,

Biomass,

Species diversity
Monthly


Chlorophyll a
CTD-rosette samples, water bottles, fluarimeter, Satellite scanner data, other new methods

Monthly

B) Sampling by volunteers

Volunteers (particularly University students, fishermen, seamen or oil rig workers) are only expected to do visual observations. A short training could be provided for volunteers at the CEP office as well as in field during the high abundance of Mnemiopsis. After training any volunteer spots Mnemiopsis can phone the CEP (preferably using a free phone number). An answer phone with recording capability may be set up when the CEP is closed. Additionally the ‘Mnemiopsis. Reporting Form for Volunteers’  could be distributed. Due to the presence of only one ctenophore species in the Caspian Sea, volunteers could easily categorize gelatinous organisms in two groups: 1) Mnemiopsis and 2) Other gelatinous organisms. If a volunteer wants to be sure if it is a Mnemiopsis or other gelatinous organisms, a scoop could be deployed.

Jelly fish Aurelia aurita was introduced simultaneously with M.leidyi into the Caspian Sea, therefore description of A. aurita and other gelatinous species, such as ctenophores Pleurobrachia pileus and Beroe ovata from the Black Sea were given in our web site on Mnemiopsis monitoring. 

Identification of gelatinous organisms

Although at present Mnemiopsis and Aurelia  are invasive gelatinous species into the Caspian Sea, sooner or later, the other two Black Sea ctenophores ( Pleurobrachia and Beroe) may also arrive to the Caspian basin. 

We gave description of Mnemiopsis and Aurelia (Fig.7, 8) (Kideys &Shiganova, 2000).
Measurement of Mnemiopsis and other gelatinous organisms

Since their fixation is problematic, the gelatinous organisms should be measured and discarded at sea. However the eggs and larvae (of gelatinous organisms as well as of fish) should be fixed in 2% buffered formaldehyde for future microscopic analyses and 

evaluation.

Mnemiopsis leidyi (and Beroe ovata)

After net with 500 um  taken on board, it should be washed from outside and the contents in the net should be put in a tray. The oral and total length (see Fig 6) of each Mnemiopsis (and Beroe) should be measured individually using a ruler to the nearest mm. Then the volume of each Mnemiopsis (and Beroe) should be measured by using one of measuring cylinders (appropriate one among the 5, 10, 20 and 50 ml cylinders depending on size of the animal) with displacement volume method.

Pleurobrachia pileus.

This ctenophore has an oval shape (like the gooseberry). The long diameter of each individual should be measured. Pleurobrachia can be preserved in 2% buffered formaldehyde

Other gelatinous organisms:

If possible, the medusa species should be identified and then the diameter of each individual should be measured to the nearest mm. If it is not identified, it should be recorded as “unidentified”. They can be preserved in 2% buffered formaldegide.

Equations for biomass calculation was obtained for Caspian Mnemiopsis (Shiganova and Rukhi, unpublished): W=0.0018 L2.09, R2= 0.81, n=333 

 where W-wet weight, L-total length with lobies n –number  of measurements..

Expressing values per unit area or per unit volume of seawater

The abundance and biomass values obtained from the haul could be converted 

to per square meter by multiplying with the factor 2.

 Additionally values could be expresses by dividing the final result by the tow depth.

These recommendations were distributed among all Caspian countries in English and Russian and put in web-side of CEP http://www.caspianenvironment.org/mnemiopsis/ and description of M.leidyi was made in web-site "Biodiversity" (author Tamara Shiganova) and web site on biological invasions, prepared by Badim Panov and Tamara Shiganova of Zoological Institute of RAS http://www.zin.ru/projects/invasions/gaas/mnelei.htm (Shiganova&Panov, 2001).

During 2000-2002 Caspian Environmental program  conducted meetings where results of monitoring were presented by representatives of all Caspian countries.

Russian investigations were conducted in the Northern, Middle and Southern Caspian up to Iranian boundary, with special surveys in the Northern Caspian (Fig. 9). Iranian surveys were performed in four transects by four Iranian Institutes of Fisheries Research Organisation (Shilat) in Iranian area (Fig.10). Turkmen   Kazakh research Institute for fisheries (КазНИИРХ) carried out surveys in Kazakh sector, AzerNIRKH, in Azerbaijan sector, Institute of Deserts, Flora and Fauna in  Turkmenistan area.
Results of surveys of all countries showed that:  

Except in the Kazakh sector, where salinity is low and  Russian area near delta Volga, the situation is alarming everywhere. Figures for 2002, when compared to the same period in 2001, are higher in the centre and south, but not in the north. It is noteworthy that individuals of Mnemiopsis in the Caspian are much smaller and mature at a much smaller size than in the Black Sea. However, their numbers are higher, such that it may be anticipated that biomass levels by September 2001 in the south will largely overshoot 3 kg m-2. Maturation at smaller-than-normal size is generally a sign of stress. It has not been decided what is the type of stress that would occur in the Caspian, but the fact that the largest specimens occur in the North suggests a shortage of food, and a trade-off between better food conditions (in the North) but lower (clearly suboptimal!) salinities here. Mnemiopsis may survive in salinity higher than 4.3 and it can not survive in the north-eastern Caspian due to high concentration of particular mutter.

The Caspian Biodiversity Database was created within the framework of the Caspian Environment Programme in 2002 with the assistance of the following institutions:

Caspian Fisheries Research Institute, Astrakhan, Russia,
Atyrau Branch of the Kazakh Fisheries Research Institute Atyrau, Kazakhstan

Azerbaijan Fisheries Research Institute, Baku, Azerbaijan

National Institute of Deserts, Flora and Fauna, Ashgabad, Turkmenistan

Baku, Azerbaijan,Marine Hydrophysical Institute, Ukrainian National Academy of Sciences, Sevastopol, Ukraine, (Web site development)

Database structure

Mnemiopsis Database is developed using MS Access 2000 Database Management system. It contains Mnemiopsis data collected in the Caspian Sea in 2001, and consists of 4 main tables and 10 supplementary tables. Hierarchical structure of the Database is as follows:

· Data are grouped in datasets: Iran Monitoring, Azerbaijan Monitoring, International Cruise, etc. Information on datasets is stored in Datasets table.

· Each dataset contains stations, which can belong to some Transect. Station information (position, depth etc) is stored in Stations table.

· One or more samples can be taken on each station. Information about samples (date, time, layer, hydro- and meteorological parameters etc) is stored in Samples table.

· Each sample contains data on Mnemiopsis (size, number), which is stored in Data table.

Database also can store data on Zoo- and Phytoplankton and other sea water parameters, related to Mnemiopsis data. These data are stored in the next tables: Zooplankton Data, Phytoplankton Data, and Profile Data. It is assumed, that Zooplankton samples are taken at the same conditions (time, coordinates, depth layer) as Mnemiopsis samples, so the same Samples table is used for both types of samples. Sampling method for Phytoplankton is different: samples are taken not in layers but at specific depth levels. So, additional table Phytoplankton Samples is necessary to store information about these samples.

Database contains also group of tables, which serve as Dictionaries: Countries, Parameters, Species, Size&Stages, SpeciesStageWeight. Species dictionary contains list of species together with their taxonomic groups. Size&Stages table contains list of Zooplankton stages and size groups. SpeciesStageWeight table contain pairs Species-Stage and Species-Size with corresponding average weight. Classification according to Stage/Size is typical for Zooplankton species. To unify data management in the Database the same schema is used for Phytoplankton: artificial pairs Species-Stage with blank Stage are introduced to store Phytoplankton species weight. Detail structure of the database with relationships is presented on Figure 11. 

Several specific indexes  were introduced in tables to establish rules for preventing of occasional duplication of data. These rules are as follows:

· Station can’t contain duplicate samples, so sample numbers for the same station must be different,

· Sample can’t contain duplicate Mnemiopsis data, i.e. all Mnemiopsis size groups must be different.

· Sample can’t contain duplicate Zooplankton data, i.e. all Zooplankton species must be different.

· Sample can’t contain duplicate Phytoplankton samples.

· Phytoplankton sample can’t contain duplicate Phytoplankton data, i.e. all Phytoplankton species must be different.

· Sample can’t contain duplicate profile data, i.e. there can’t be duplicate parameters for the same depth level.

In June 2002 ARW NATO  was organized by Henri Dumont and Tamara Shiganova to exchange experience with the representatives of the Black Sea and Caspian countries and international experts on Mnemiopsis and  gelatinous plankton. Participants developed measurements to overcome M.leidyi population in the Caspian Sea. As showed the Black Sea example the best candidate to control Mnemiopsis population is Beroe ovata. The experiments of study possibilities of introduction of Beroe ovata into the Caspian Sea were conducted in Iran institution under sponsorship of CEP.  Physiological evidence , obtained from experiments, suggests that in Caspian water with salinity 10-13‰, B. ovata reproduces, grows and ingests M. leidyi. Released to the sea, it is therefore expected that it will decrease Mnemiopsis abundance sharply.

The Caspian Environment Program (CEP), which has been a leading partner to the initiatives,  to carry out the Environmental Impact Assessment (EIA). This EIA includes an assessment of the risks likely to be associated with the introduction of Beroe ovata.  This document was prepared by Shiganova T.A. and edited by Henri Dumont.

Conclusions

 
Resulting from conducting national and international surveys and monitoring of Mnemiopsis in the Caspian Sea,  region has data on Mnemiopsis abundance in the Caspian Sea and its effect on the Caspian ecosystem. Economic loss due to M.leidyi development in the Caspian Sea is difficult to overestimate. It is already huge and in the case of no action it could be catastrophic also for sturgeon and salmon. An immediate reaction (introduction of Beroe and limitation of kilka catch) may still save much: kilka stocks recover fast as it is a short lifecycle fish, but there is little time to waste.
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Figure captures.

  Fig.1  Mnemiopsis leidyi from the Caspian Sea

Fig.2 Russian monitoring stations in the Black Sea.

Fig.3. International joint surveys for Mnemiopsis leidyi study in the Black Sea in  July1991 (from Mutlu et al., 1994).

Fig.4. Interannual variability of Mnemiopsis leidyi in the inshore (1) and offshore (2) waters in dependence on temperature (3) in the Black Sea.

Fig.5. Interannual variability of Mnemiopsis leidyi and zooplankton in the Black Sea. 
 Fig.6. Spring density eggs and larvae of sprat and whiting in the Black Sea (a)

Summer density eggs and larvae of anchovy(1), med.horse mackerel(2 ),3 -others (b) in the Black Sea

Fig.7. Catch of planktivorous fishes  after M.leidyi outbreak in the Black Sea (a)

Catch of the planktivorous fishes after Beroe ovata bloom (1999-2000)(b).

Fig.8.  Interannual  variations of M.leidyi (1) and B.ovata (2) density in the Black Sea.

  Fig.9. Seasonal distribution Mnemiopsis leidyi in the Caspian Sea (Shiganova et al., 2003).

  Fig.10. Iranian monitoring stations in the Caspian Sea.

   Fig.11 Structure of Caspian Mnemiopsis database.
























































































