REVIEW OF ACTIVITIES ON THE INVASIVE CTENOPHORE MNEMIOPSIS LEIDYI OF THE CASPIAN SEA
Executive summary

Invasion of the Caspian Sea by the comb-jelly Mnemiopsis leidyi (ML) since late 1990s has become one of the main environmental issue of this unique ecosystem. The adverse effects of this ctenophore was first visible on the pelagic fishery but also evident on other major compartments of the ecosystem, including, phytoplankton, zooplankton, benthos, Caspian Seal and even on some sturgeon species. Some endemic zooplankton species appear to have completely disappeared from samples of ongoing monitoring programs. ML invasion has had major impact on fisheries industry causing considerable economic damage, mostly to the coastal communities which depend on pelagic fisheries for their livelihood.  The case of ML in the Caspian Sea is one of the largest invasion impacts ever occurred in a marine ecosystem all over the world.
Partly bearing in mind the experience of the Black Sea where the invasion by ML led to a near total collapse of fishery, the region, with the leading partnership of the CEP, has initiated a number of actions since 2001 to understand and deal with the challenge.  These inter alia have included  setting up a special Invasive Species Advisory  Group (ISAG),  which later on was merged with the Biodiversity and Invasive Species Regional Advisory Group (BISRAG); developing a ML Strategic Action  Plan ; carrying out an Environmental Impact Assessment on introduction of the biocontrol agent Beroe; starting up ML monitoring programs; undertaking specific laboratory and mesocosm investigations to assess ML impact and  to search for the solutions and a number of technical meetings including world renowned experts to  fully discuss the issue and mitigation measures.  Throughout the work the results have been shared with the region and placed on CEP website (www.caspianenvironment.org/mnemiopsis/).  
All these actions have led to a technical consensus that, the biocontrol method could be the only remedy, and that another ctenophore Beroe ovata is the most appropriate biocontrol agent. Never before an animal candidate for introduction has been studied in such a detail as in the case of Beroe ovata. The technical view is that the delay in introducing of the Beroe would have major negative consequences for the fisheries putting it at risk of survival.  The consensus is that the region would need to reach a political consensus as soon as practicable to release the Beroe through a regionally owned and systematic work plan.   
INTRODUCTION
Everything started with the introduction of a western Atlantic new ctenophore species, Mnemiopsis leidyi initially into the Black Sea in the 1980s. When its population reached enormous biomass levels of 1.5–2 kg m–2 in the summer of 1989, the impact of this jellyfish on the entire ecosystem had also peaked (1). The most visible element of the ecosystem showing the scale of impact was the planktivorous pelagic fishes: the catch of the economically (as well as ecologically) most important fish species of the Black Sea, the anchovy Engraulis encrasicolus had suffered an unprecedented sharp decrease during these years. Although there have been a very few opposing reports, the bulk of scientific investigations from the Black Sea concluded that M. leidyi was the major player in the sharp decrease of anchovy and other pelagic fish stocks in the Black Sea in the late 1980s and early 1990s (1, 2Shiganova et al 1998). M. leidyi achieved such impact through its competition for the edible zooplankton (which is the food of small pelagic fishes) as well as through its consumption of anchovy eggs and larvae. This species had already been classified as “feeding machine” to keep up with reported enourmos growth capacity of daily doublings. Due to the scale of the problem, even the United Nations Environmental Programme became involved, in order to find a solution to the negative impact of M. leidyi on the Black Sea ecosystem (3). This GESAMP report concluded that “biological control is the most practical method for controlling Mnemiopsis populations in the Black Sea region.” Finally the introduction of the specific comb jelly predator, the ctenophore Beroe sp. seemed one of the most feasible actions. 

The possibility of its introduction into other sensitive, neighbouring ecosystems, notably the Caspian Sea, had already been mentioned by GESAMP group. And, as expected, this ctenophore has been reported in the Caspian Sea since November 1999 (4). Ivanov et al. suggested that this ctenophore was transported with ballast water taken aboard in the Black Sea or the Sea of Azov (where M. leidyi occurs in the warm months) and released after ballast-loaded ships had passed through the Volga Don Canal into Caspian waters.


The impact of Mnemiopsis leidyi on the Caspian Sea ecosystem already seems to be even worse than in the Black Sea due to the greater sensitivity of this closed basin (5, 6, 7). Within 2 yr, very significant decreases in the quantity of mesozooplankton in the northern and southern Caspian Sea (A. Roohi unpublished data) were found. Notable decreases were observed in the pelagic (mainly kilka Clupeonella spp.) fishery of all countries bordering the Caspian Sea: almost a 50% decrease in the kilka catches of both Iranian and Azerbaijan fisheries had occurred during 1999 and 2001, resulting in great economic losses (5, 6). Russian catches were also reported as decreasing remarkably. Further decreases from the region were reported during 2002. Not only pelagic fishes, but also some large predators feeding on these fish such as white sturgeon Huso huso and the endemic Caspian seal Phoca caspica are also under threat of significant population decrease. 

Because of the warning of international experts who had invaluable experience gained from the Black Sea, and the interest/ timely intervention/organizational success of the main environmental program (i.e. the Caspian Environment Program, CEP) in the Caspian Sea, several targeted activities were possible to undertake following the invasion, immediately towards the definition, evaluation and solution of the invasive species problem in this sensitive ecosystem. Riparian countries also contributed to Mnemiopsis studies with very important actions. Activities regarding Caspian Mnemiopsis includes (but not limited to):
· Formation of and meetings of ISAG

· Development of strategy

· Monitoring activities

· Laboratory experiments 

· Mesocosm studies

· EIA

· EIA revised

· Other meetings including NATO and IFRO meetings

· Decision of the Bioresources Commission in Astrakhan to support release of Beroe
· BISRAG meeting and its recommendation of the Steering Committee to introduce Beroe
· Decision of the SC to commission this paper

As a result, several important studies were performed related with the impact and control of Mnemiopsis leidyi in the Caspian Sea which are deposited at www.caspianenvironment.org/mnemiopsis/. A summary of these activities were given below.
A. MNEMIOPSIS RELATED MEETINGS AND MAJOR OUTCOMES 
At the Second Biodiversity Meeting, organized by the CEP in July 2000 in Almaty, Kazakhstan, the participants from the Caspian Countries discussed the Mnemiopsis leidyi problem in the Caspian Sea and recommended to the CEP to establish a special Working Group of world-recognized experts in this field to thorough investigate the problem.
First CEP Workshop on the invasion of the Caspian Sea by the ctenophore Mnemiopsis leidyi (Apr 2001): In line with this recommendation, a workshop including scientists from the riparian and non-riparian countries was organized in Baku (Azerbaijan), 24-26 April 2001 to review the problem of opportunistic settlers (with specific attention to Mnemiopsis) in the Caspian Sea and to advise on possible course of actions (8). 

The participants agreed that the situation with Mnemiopsis in the Caspian Sea is serious. Since it was not clear if this ctenophore reached to its peak levels (hence highest impact on the ecosystem), it was agreed that witnessing certain biomass levels in 2001 and beyond should necessiate action for controlling Mnemiopsis (9).


The possible measures to control the Mnemiopsis population, elaborated by the GESAMP 1995 working group were discussed and Beroe ovata was again considered as the best choice. The “Code of Practice on the introduction and transfer of marine organisms” developed by ICES and supported by FAO was brought to the attention of this group, to clarify the ethical side of introducing a new species to any region. Understanding that the decision on any possible introduction of an alien species should be made (with consensus) by all Caspian countries, the participants recommended using the ICES Code of Practice on the introduction and transfer of marine organisms as reference guidelines if any biological control measures are proposed. In parallel to this. the preparation of the Environmental Impact Assessment was envisaged, see Section B).

This meeting stressed that there is a strong need for more data on the distribution of Mnemiopsis in the Caspian Sea, especially its impact on the biology and ecosystem (See monitoring programs Section B and C). 

In this respect, there was an agreement on the strong need to apply standardized methodology to monitor, assess and forecast spatial and temporal changes in the Mnemiopsis population in the Caspian Sea (10, see also Section B). 

The participants also developed a follow-up strategy for further studies of Beroe ovata before any introduction is proposed (11, see also Section C).

Finally the Caspian countries’ experts requested the CEP to create a Regional Working Group of experts on biological invasions. This task has been fullfilled within the same year as it is presented in the next paragraphs. It should be noted in addition to this task, significant progresses have been made for most of targets laid down in the present meeting. 
First CEP Mnemiopsis Advisory Group Meeting (Dec 2001): The First Workshop of the CEP Regional Mnemiopsis Advisory Group was held in Baku, Azerbaijan, at the CEP PCU on December 3-4 2001 (12): 

In this meeting,several conclusions and recommendations were then laid down, including:
1. A process of the Mnemiopsis development in the Caspian Sea is running faster than in the Black Sea.

2. The situation in the Caspian Sea is dangerous and control actions should be provided on the urgent basis.

3. The introduction of Beroe, should be considered at present as the only measure to control Mnemiopsis.

4. However, more laboratory studies of Beroe are desirable, in particular:

· Interaction with the fish egg and larvae, 

· Interaction with zooplankton, 

· Parasitological research, 

· Biotechnology of Beroe growing etc 

5. It is recommended that the CEP extends the Term of References of the Regional Mnemiopsis Advisory Group and renames it to the Regional Invasive Species Advisory Group (13). 

Action plan from this meeting were given in detail at 14.
A NATO ARW Workshop (June 2002):An Advanced Research Workshop entitled "The Invasion of the Black, Mediterranean and Caspian Seas by the American Ctenophore, Mnemiopsis leidyi Agassiz: a Multidisciplinary Perspective" was organized with the support of NATO Science Program in Baku, Azerbaijan during 24-26 June 2002 (15). In this meeting up-to-date information on the Mnemiopsis problem of the Caspian Sea were presented including possible remedies. The participants argued that, since the GESAMP report of 1995, the scientific position on counter-measures had not changed substantially: Beroe was the best possible biological agent currently known and available, chemical and physical eradication methods being out of the question in the case of a lake the size of the Caspian. The overall outcome of this workshop was published as a Kluwer book which included a total of related 18 papers (16).
CEP Regional Invasive Species Advisory Group Workshop (June 2002): This second meeting of the CEP Regional Invasive species Advisory Group, was held in Baku, Azerbaijan at the CEP PCU on 27 June 2002, right after the NATO ARW Workshop. In this meeting, the results of a NATO ARW workshop on Mnemiopsis and other invasive species were noted, and developments in the situation of Mnemiopsis in the Caspian Sea as had occurred since spring 2002 were reviewed (17). The conclusion, as was reached at an earlier meeting, that the risk (and the responsibility) of not-introducing Beroe by far outweighed that of introducing, was thus confirmed once again. Remaining gaps in our knowledge about Beroe, in particular those that might provide an in impediment to introduction were identified.  The outline of the EIA required by FAO and the Caspian countries as a condition to an introduction of Beroe was discussed. 

Regional Technical Meeting on Possible introduction of Beroe ovata into the Caspian Sea (Feb 2004): A large group of Iranian and other riparian scientists, bureaucrats and international experts has met in Tehran, Iran during 22-23 February 2004 to discuss plan of action for introduction. This committee has reached “Technical Agreement” and concluded undertake actions for the full regional agreements by Oct-Nov 2004 (at the CEP Steering Committee or Bioresources Meeting). Another outcome of the meeting was preparing ToR for setting up release program (by March 2004) as well as “Preparation and design of the releasing program” by late 2004 or the following year. 
First Biodiversity and Invasive Species Regional Advisory Group (BISRAG) Workshop (Dec 2004): This last meeting of the CEP Regional Invasive species Advisory Group, was held in Baku, Azerbaijan during 6-7 September 2004 (18). One conclusion from the meeting was that “Overall Mnemiopsis situation is still disastrous..”. In this meeting, the following conclusions were reached with respect to undertaking action:
· Beroe appears to have been ‘designed ‘for introduction to the Sea. Never before an animal candidate for introduction has been studied in such a detail and it is now the time to move beyond as to the best of our knowledge Beroe is amongst the safest.  

· Time for academic discourse has now finished and it is time for action... There is however still a need to convince politicians to take action regarding release of Beroe .

· There is a need for Plan of Action to introduce the Beroe with clear division of responsibilities. I. R. Iran is prepared to assume a lead rule in implementing such a plan.  

B. PREPARATION OF SEVERAL REPORTS
Methodology For Monitoring Mnemiopsis: During the April 2001 Baku meeting, the working group has suggested producing a document describing methods for monitoring Mnemiopsis and other gelatinous macroplankton in the Caspian Sea in order to evaluate their impact on the ecosystem. Such document was voluntarily prepared by Dr Ahmet E. Kideys (Turkey) and Dr T. Shiganova (Russia) following the meeting. This document prepared included detailed sampling and processing methods to be used for the riparian countries (19). Several monitoring programs thus later adopted the methodology laid down in this document.

Assessment of Mnemiopsis in Azerbaijan: With the help of CEP of AzerNIIRKH, a monitoring program was started from about 30 stations along the Azerbaijan coasts during July-Nov 2001 (5). Unfortunately, this program could not be continued due to lack of further funds. However, some notable results were obtained from this short program on the distribution of Mnemiopsis along the Azeri coasts.  
Assessment of Mnemiopsis in Iran: A report evaluating Mnemiopsis impact and describing actions to be taken was prepared in 2001 summer (6). With the support of CEP and IFRO (Iranian Fisheries Reseach Organisation), two different regions (with 12 stations each) along the Caspian coasts of Iran have been sampled, though not regularly, between 2001 and 2004. This data including phytoplankton and all zooplankton has a great importance in assessing Mnemiopsis dynamics in the Caspian, at present and for future. 
Environmental Impact Assessment (EIA):
The ICES and FAO Code of Practice (20) describes the research activities that should be conducted in advance of an introduction.
To meet requirements in these documents, an EIA has been prepared by Dr T. Shiganova (Russia) and Prof H. Dumont (Belgium) at the request of the CEP. The EIA reviewed the biology and ecology of the Mnemiopsis and Beroe studies from the native and Ponto-Caspian regions and presented a risk assessment in the cases of introduction and non-introduction. Summarizing all estimates and assumptions, they concluded that under a “do nothing” scenario, impacts at all trophic levels of the Caspian ecosystem will range from considerable to catastrophic. However, a successful introduction of B. ovata will effectively control M.leidyi population size and would be beneficial for all compartments of the ecosystem with extremely low level of risk for negative effects.
C. SUMMARY OF TARGETED SCIENTIFIC STUDIES ON THE MNEMIOPSIS PROBLEM OF THE CASPIAN SEA
Mainly due to organizational efforts of the CEP, a significant number of investigations were undertaken on the Mnemiopsis problem. Despite the very limited resources, scientists of the riparian countries, often jointly with other experts produced a notable number of globally accessible publications on this Caspian problem to the attention of end-users.
Biochemical composition: Water content of Mnemiopsis of the CaspianSea was about 99%, (21). This ctenophore was found to be sensitive to starvation in the Caspian Sea. 

Genetical studies: Samples from both native and introduced regions, including the Caspian Sea suggested the presence of only one species of Mnemiopsis in all geographic ranges (16). 

Parasite studies: The parasites of Mnemiopsis from both Black Sea and Caspian Sea were comparatively investigated by different investigators including Dr Anthony Moss (USA) and Dr Ali Asghar Saeedi (Iran).  In this respect, Beroe of the Black Sea was also investigated. Among the several eukaryot parasites observed in native (Amerikan) waters, Dr Moss observed only epicommensal amoeba on the comb plates of Mnemiopsis leidyi, from both Black and Caspian seas. However, Dr Saeedi observed, among several bacteria, also the cilate Trichodina ctenophorii on the Mnemiopsis from the Caspian and Beroe from the Sea of Marmara. 
Spatial and temporal distributions (Data from basin wide cruises and from monitoring programs): Several basin-wide surveys were taken to understand the distribution of Mnemiopsis leidyi in the Caspian Sea (22). In August 2001, a comparison of data from different depths revealed that M. leidyi were generally confined to surface waters. The maximum size of the ctenophore was only 41–45 mm, and the bulk of individuals (85.5%) were <10 mm in length. The average and maximum biomasses of M. leidyi were calculated as 120 and 351 g wet weight m–2, respectively. Whilst highest biomasses were observed in the western and central Middle Caspian Sea, hot spot areas of reproduction were present along the coasts of the western Caspian Sea, with abundance values of up to 2285 ind. m–2. The impact of such high densities of M. leidyi is suggested to be significant for the pelagic ecosystem of the Caspian Sea (22).
Quantification of the impact of Mnemiopsis on zooplankton: Finenko et al. (23) calculated the seasonal impact of M. leidyi on zooplankton which was highest in summer.. During winter-spring, these ctenophores could consume the available stock of zooplankton in 3-8 days whereas in summer consumption took only one day. The conclusion of this study was that, high abundance of ctenophores as revealed from monitoring work, if continual, would constantly keep the non-gelatinous zooplankton biomass at very low quantities and as a consequence no recovery could be expected in this pelagic fishery.
Laboratory and mesocosm experiments with the predator Beroe ovata: In order to evaluate the potential success of Beroe establishment in this environment, several physiological aspects (feeding, respiration, growth and reproduction rates) of Beroe in Caspian water conditions were investigated, by either transporting B. ovata from the Black Sea into Research Laboratories on the Caspian coast of Iran, or by transporting Caspian water to Sinop (Turkey), the southern Black Sea (24; 25, 26, 27). The findings of the studies showed that B. ovata were able to adapt well to lower salinity Caspian Sea water. During laboratory and mesocosm experiments Beroe did not eat any other food zooplankton offered except Mnemiopsis. During mesocosm experiments, zooplankton population were found to be negatively affceted from M. leidyi. Based on the several measured physiological data (growth, reproduction, respiration, feeding etc), it was suggested that in the Caspian Sea, B. ovata will be able to consume M. leidyi intensively and help ecosystem recovery significantly.









