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Objectives

According to the Technical Annex, this global concerted Artemia-study consisted of a programme of workshops and study visits, aiming at technical intercalibration, integration of current ecological and evolutionary concepts, and uniformous methods to assess population dynamics. Guidelines were to be issued on sustainable exploitation and strain introduction, intended as tools for authorities to protect biodiversity and to avert overexploitation and extinction of strains. More in detail, the objectives were formulated as follows:

· Worldwide exchange of expertise and technical intercalibration of Artemia strain characterization; focus on areas critical for Artemia supplies and/or endangered status of species (Central Asia, China, S.America, Mediterranean); definition and harmonization of current species/strain concepts;

· Promotion of multidisciplinary approach (based on morphology, biometry, physiology, genetic markers, life span and reproduction…)

· Harmonization (integration/intercalibration) of methods to assess population dynamics, standing crop size and maximal harvests

· Issuing of scientific, technical and policy guidelines on species/population description, sustainable exploitation and introduction of foreign strains

· Improve cohesion in Artemia study among EU partners 

· Upgrading of expertise of DC-institutions; uniformity of practices on Artemia species/population description and on exploitation policy among DC-partners

· Intensification of scientific EU-DC links

· Contribution to Artemia biodiversity preservation and sustainable exploitation

· Use Artemia as model organism, with principles applicable to other animals facing similar risks

In the case of the coordinator, RUG (ARC), these objectives were to be realised by (co-)organizing the global and the regional workshops, the training of visiting scientists, participation to the research in the framework of the regional task forces (“regional partnerships”), and coordinating activities as the creation of a database of Artemia sites, the integrated Artemia cysts bank, and the design and maintenance of the project’s website.

Activities

1. Workshops

1.1. Deliverable 1: Organization of Ghent Global Workshop (February 5-7, 2002) 

1.2. Deliverable 2: Participation to first Regional Workshop (Beijing, China, September 23-26, 2002) 

1.3. Deliverable 3: Participation to 2nd Regional Workshop (Puerto Varas, Chile, November 16-20, 2003) 

1.4. Deliverable 4: Participation to 3nd Regional Workshop (Urmia, Iran, September 21-25, 2004) 

2. Training visiting scientists (Deliverable 5) 

3. Creation of global Artemia database
The global Artemia database intends to be a compilation of ecological and geographical data on Artemia habitats.

4. Organisation of cyst bank

· Updating and expansion of cyst banks managed by INCO members

· Integration of member cyst banks into central database; standardization of data accompanying cyst samples

5. Project Website

All information, relevant to the Project, is offered online via a website, linked to and hosted by the Coordinator’s website (see http://allserv.rug.ac.be/aquaculture/rend/inco.htm). This website contains general project information (objectives; action plans and partnerships); information about meetings (list of participants, presentations…), reports, several databases (Artemia sites, cyst bank, ISA publications…), and is to be used as a forum for information exchange from the Coordinator to the members and between the respective members.
Results achieved

1. Workshops

1.1. Deliverable 1: Organization of Ghent Global Workshop (February 5-7, 2002) 

This workshop was organized as a “kick-off” meeting for the INCO Artemia Biodiversity project, and the general policy of the consortium was defined at this occasion. A number of guests (‘associate partners’) were invited to contribute to the scientific relevance of this Workshop. For further details on this workshop: see Year 1 Scientific Annual Report and Management Annual Report.

1.2. Deliverable 2: Participation to first Regional Workshop (Beijing, China, September 23-26, 2002) 

RUG staff (Patrick Sorgeloos, Gilbert Van Stappen) reported about the realizations of the respective action plans and regional partnerships, coordinated by RUG:

1. Creation of global Artemia database

2. Integration and harmonization of cyst banks of INCO members

3. Central Asian regional partnership: report about a NATO-funded Advanced Research Workshop "Artemia Biodiversity in the Newly Independent States: current global resources and their sustainable exploitation", Moscow, 15-17 July, and about the recent establishment of a "Scientific Committee for the study of Artemia resources in the former CIS countries”. 

1.3. Deliverable 3: Participation to 2nd Regional Workshop (Puerto Varas, Chile, November 16-20, 2003) 

RUG staff (Gilbert Van Stappen) reported about the realizations of the respective action plans and regional partnerships, coordinated by RUG, in an oral presentation, entitled “Present studies on biodiversity of Artemia populations in Northerm Asia” (G. Van Stappen, B. Marden, L. Litvinenko, I. Mirabdullayev, I. Zholdasova, Xin Naihong, P. Bossier, P. Sorgeloos). Peter Bossier reported about “Polymorphism in Artemia species as revealed with mitochondrial and nuclear markers” (D. Delbare, P. Bossier, S. Dooms, G. Van Stappen, P. Sorgeloos, Zhijun Qiu, T. MacRae).
1.4. Deliverable 4: Participation to 3nd Regional Workshop (Urmia, Iran, September 21-25, 2004) 

RUG staff (Gilbert Van Stappen and Peter Bossier) gave a joint presentation, entitled “Evaluation of mixed status of Asian Artemia populations through RFLP-analysis”; authors: Peter Bossier  (Ghent University, Belgium, INCO partner 1), G.Van Stappen (Ghent University, Belgium, INCO partner 1), Y. Haiying (Salt Research Institute, SRI, China, INCO partner 10), W. Xiaomei (SRI, China, INCO partner 10), X. Naihong (SRI, China, INCO partner 10), D. Deloof (Sea Fisheries Department, CLO-DVZ, Belgium, INCO partner 2), D. Delbare (CLO-DVZ, Belgium, INCO partner 2), P. Sorgeloos (Ghent University, Belgium, INCO partner 1). 

2. Training visiting scientists (Deliverable 5) 

Year 1

The following training visit at RUG was organized:

· Patricia Beristain, ULL (INCO partner 14): April 3-July 2, 2002

terms of reference:  genetical characterization of Artemia strains from Chile

Year 2

The following training visit at RUG was organized:

· Naser Agh, UU (INCO partner 11): July 30-September 9, 2003 

terms of reference: 

· preparation for paper entitled “Biogeography of Artemia in Iran” (Agh, N., Van Stappen, G., Razavi Rouhani, S.M., Abatzopoulos, T. and Sorgeloos, P.), that has meanwhile been submitted to the Journal of Biogeography. In this study the authors report about the distribution of Artemia populations in Iran, their mode of reproduction, and provide ecological information about their biotopes. The effect of recent climatological fluctuations on the respective populations is equally discussed.

· rDNA RFLP (see individual partner report CLO-DVZ, INCO partner 2) on a number of samples from Lake Urmia and adjacent sites

Year 3

The following training visits at RUG were organized:

· Hachem Ben Naceur, INAT (INCO partner 8): December 2-24, 2004 

terms of reference: Fatty Acid Methyl Analysis of Artemia cyst samples from Tunisia

· Wang Xiaomei, SRI (INCO partner 10) June 8-November 30, 2004

terms of reference: RFLP analysis of Chinese Artemia populations (with focus on Bohai Bay area and Tibet-Qinghai Plateau)

· Naser Agh, UU (INCO partner 11): October 6-November 15, 2004

terms of reference: preparation of joint papers

· Ramin Manaffar (INCO partner 11): December 10, 2004-January 1, 2005

terms of reference: genetic characterisation of Lake Urmia Artemia

3. Research results

3.1. Central Asian regional partnership

a) Link to Artemia research in NIS States through NATO Advanced Research Workshop (ARW) on Artemia biodiversity in the Newly Independent States”

Information about INCO activities was disseminated at the occasion of the “NATO Advanced Research Workshop (ARW) on Artemia biodiversity in the Newly Independent States”, Moscow, Russia, 17-19 July 2002. Co-organizers of this workshop were INCO partner 1 (RUG) and Aleksandr Litvinenko, Tyumen State Agricultural Academy - The Siberian Science-Research and Project-Construction Institute of Fishery, Tyumen, Russia. This ARW aimed to be a unique opportunity to bring together leading Artemia scientists from NATO countries and their counterparts from Newly Independent States (NIS, ex-Soviet Union), to exchange their views over the distribution of Artemia species and strains over this territory, their genetic relationship, and the carrying capacity of natural habitats and harvestable amounts of Artemia cysts, and the methodologies to approach these. It intended to integrate current ecological and evolutionary concepts, and to uniformize methods to assess population dynamics. The general objectives of this ARW were thus entirely in line with the objectives of the INCO Artemia Biodiversity project, but specifically applied according to the geographical and socio-political context of the NIS-states and the biological reality of the Artemia populations occurring in this area. These objectives are to be achieved by improving the cohesion in Artemia study among laboratories in NIS-states, and strengthening the links with NATO counterparts, by creating a network of Artemia experts, and improving the uniformity of practices. Finally, this network should contribute to the preservation of Artemia biodiversity and may serve as a 'case-study' for other endangered species. 

As a recommendation of this ARW, the “Scientific Committee for the study of Artemia resources in NIS countries” was established, in order to consolidate the momentum, created by the ARW. This Committee aims to coordinate and exchange experimental planning and results of ongoing R&D activities with Artemia in the various countries/regions. Through RUG the committee will have access to results obtained by the INCO Project on Artemia Biodiversity. The following topics will be the main interest of the Committee

1. Biodiversity studies: identification and characterisation of sites; ecological characteristics/population dynamics; genetical characterisation; life history characteristics; characteristics for use in aquaculture  

2. Setting up of reference strains and samples for comparative studies (samples to be made available for the ARC cyst bank)
3. Standardisation of methodologies in relation to the above listed biodiversity studies: methodologies will be proposed via the committee web site and adopted by the members in function of results obtained.
b) Study of distribution of Artemia in lakes of South-Siberia

In cooperation with Tyumen State Agricultural Academy, Siberian Science-Research and Project-Construction Institute of Fishery, Tyumen, Russia, a survey of Artemia habitats in south Siberia was made, resulting in the registration of 90 sites, distributed over the Altai region (total area of Artemia lakes 1280 km2), Kurgan region (123 km2), Omsk region (92 km2) and Novosibirsk region (92 km2). Details were collected on topography, hydrology and ionic composition, phytoplankton and Artemia population dynamics (see RUG individual annual report year 2), showing that parthenogenetic populations predominate in these lakes. Until now bisexual populations have only been found in 3 lakes. Depending on the available field samples, cyst biometrics and adult morphometrics have been determined, as well as cytogenetics for a number of populations. Detailed Artemia population dynamics were monitored for two consecutive years in Medvezhye lake and for one year in Nevidim and Vishnakovskoye lakes. Small commercial quantities of cysts are harvested in several of these lakes (see RUG individual annual report year 2 for details).

c) Study of Artemia colonization of the Aral Sea (Uzbekistan)

This study involves ARC cooperation with 1) Laboratory of Ichthyology and Hydrobiology, Institute of Zoology, Tashkent, Uzbekistan; 2) Institute of Bioecology of the Karakalpak Branch of the Uzbek Academy of Sciences, Nukus, Uzbekistan; 3) Technologies, USA; 4) Utah Strategic Alliance, USA.

The Aral Sea has been claimed to be one of the worst human-induced ecological disasters of the previous century. Efforts to increase the Aral Sea elevation, to reduce the level of salinity, and reverse the ecological demise of the region have been largely unsuccessful. The contemporary Aral Sea is essentially a hypersaline lake with near-total elimination of species of freshwater origin. Prudent commercial exploitation of an emerging Artemia population could provide income and employment. It is unknown, however, whether the current hydrobiological and hydrochemical status and primary productivity of the Aral Sea is sufficient to support a stable Artemia population. Planning for immediate cyst and/or biomass harvesting at this stage is premature as this could jeopardize the future potential for a viable industry. Detailed ecological information is clearly needed in order to evaluate the feasibility and potential benefits of commercial exploitation of Artemia. 

Cooperation with the above-mentioned laboratories was initiated, and through mutual visits a critical mass of Artemia expertise at the partner labs was generated (field visit ARC staff at Aral Sea; training of Uzbek scientists at RUG in various topics of Artemia and phytoplankton study, in cooperation with Laboratory of Protistology and Aquatic Ecology, Ghent University). Future cooperation will focus on the following items: 

a) Description and characterization of the Aral Sea Artemia population: biology (incl. life history studies), population dynamics, cyst quality characteristics and their potential for aquaculture. 

b) Development of a population model for Aral Artemia resource.

c) Resource management recommendations: evaluation of the Artemia resource as a sustainable and economically valuable resource, estimation of annual sustainable yield, impact of ecological factors on sustainable yield, link with water management of Amu Darya delta region. 

d) Transfer of technology and know-how, and training of partner institutes in all techniques needed to attain objectives a-b-c, and to realize a sustainable economic exploitation of Aral Sea Artemia
e) Recommendations towards end-users on optimal utilisation of resource: site-specific strategies for harvest, transport, and processing, potential economic benefit, estimation of employment generated by sustainable Artemia cyst industry, and cost/benefit analysis.

d) Study of of Artemia populations from Lake Urmia area, Iran

Study of genetic variability

Samples from Urmia lake were investigated making use of RFLP analysis of a 1500 bp fragment. Apart from three individuals, which display an HpaII haplotype new to the existing database (see Bossier et al., 2004), the HpaII patterns are identical to the typical pattern for parthenogenetic Artemia. The most frequent NdeII pattern is also identical to the parthenogenetic Artemia pattern. The pattern in which the 1100 bp fragment is further cut into fragments of 480 and 620 is new to the database. In summary it looks like the RFLP patterns from individual cysts from an Urmia lake sample are closely related to the RFLP pattern of parthenogenetic Artemia. Yet individuals from these samples, when raised to adulthood, display an approximately 50/50 sex ratio, and adults of both sexes have the typical morphology of A. urmiana. So it looks like the rDNA fragments from parthenogenetic individuals are closely related to the rDNA from A. urmiana. These data together with those obtained on samples from the Qinghai-Tibet Plateau (see further) illustrate that a multi-marker approach applied on sexually mature individuals will be needed to unravel the phylogenetic relationship between these Artemia species. Further study on the genetic variability of Artemia resources from Lake Urmia will be the subject of the PhD work of Ramin Manaffar (see 2). 

Further characterization of Artemia resources from Lake Urmia area

In collaboration with Naser Agh of UU (INCO partner 11) the following papers are in the progress of submission:

· Biogeography of Artemia in Iran (J. Biogeography, accepted)

· Coexistence of bisexual and parthenogenetic populations of Artemia in Lake Urmia region
· Effects of salinity on survival rate, growth rate, reproductive and life span characteristics of the Artemia populations from Urmia lake region
3.2. Chinese regional partnership

a) Contamination of Bohai Bay (PR China) samples with A. franciscana

Standard culture experiments with Artemia samples from the Bohai Bay area in China, harvested as early as 1980 until now, have been performed in order to perform a preliminary assessment of the gradual contamination of the autochthonous A. parthenogenetica populations by introduced A. franciscana. Provisional results show that from ± 1991 onwards, all available samples are at least predominantly bisexual, with percentages of males fluctuating between 31 and 50 %. In cooperation with CLO-DVZ (INCO partner 2) the contamination of Bohai Bay with the allochthonous A. franciscana was further assessed. These data clearly demonstrate that the Bohai Bay from the early ’90s onwards has been invaded by A. franciscana. Yet it is also clear that A. sinica individuals are present. Whether this occurrence is natural or artificial remains to be established; see invididual partner report year 3 for more details.
b) Characterization of Artemia from Tibet-Qinghai plateau

In close cooperation with INCO partner 10 (SRI) and within the framework of the stay of a SRI scientist at RUG (funded by a Flemish-Chinese bilateral scientific cooperation project), a joint study was performed on Artemia samples from the high plateau of Qinghai-Tibet (PR China), that have recently become available. 

The first purpose of the study on Artemia strains from the Qinghai-Tibet plateau was to test its adaptation to the local environment, i.c. to test the effect of temperature, salinity and chemical composition of the hatching and culture medium on the hatching performance of cysts and survival of the adults. Furthermore, a number of biometrical and chemical characteristics that have previously been proven for the Artemia tibetiana population from Lagkor Co, Tibet, were confirmed for the new samples, which were proven to be of mixed origin (parthenogenetic-bisexual). These strains/populations show a similar large cyst diameter, as described for A. tibetiana, and a high tolerance to low temperatures, combined with a reduced performance (survival and growth) in natural seawater. This big cyst size and reduced performance in natural seawater and/or at higher temperatures might be problematic for application in aquaculture. The very high HUFA pattern, on the other hand (as in A. tibetiana) shows very promising for its use as live feed. These results were orally presented at the Symposium on “Aquatic Biodiversity: Past, Present, Future”, Antwerp, Belgium, 11-13 August 2003, and published in the Symposium’s Proceedings (Van Stappen et al., 2003). 
In a further stage, the mixed status of these Artemia populations was assessed through RFLP analysis of a 1500 bp mitochondrial rDNA fragment. Initial tests using only the Hpa II restriction enzyme indicated that altogether seven different haplotypes were present. Further analysis with other restriction enzymes and comparison of the results with the already available RFLP database (generated using 53 samples belonging to all known Artemia species; see Bossier et al., 2004), showed that two HpaII haplotypes were typical for parthenogenetic Artemia. One HpaII haplotype was typical for A. sinica samples. The four other HpaII haplotypes displayed a new banding pattern. Among those 4 HpaII haplotypes, no variability was observed with three other restriction enzymes (TaqI, NdeII and HinfI). One of the new banding patterns for the four restriction enzymes was found in the samples ARC1348 and 1347, which have previously been described to contain A. tibetiana. Based on the RFLP patterns, the species composition of the populations from the resp. sites was as follows: in two samples all individual cysts displayed the parthenogenetic pattern, in five samples uniquely Artemia tibetiana was found, whereas the other samples proved to be a mixture of parthenogenetic patterns with A. tibetiana and/or A. sinica patterns in various proportions. Among the parthenogenetic patterns, one particular HpaII haplotype was dominant, while a second haplotype was rare (equal to or below 3%). The frequency of the four A. tibetiana haplotypes was variable from sample to sample. However, the parthenogenetic pattern(s) also showed up in samples proving predominantly bisexual, when being cultured in the laboratory. The presumed close genetic relationship between the local parthenogenetic and bisexual species, and the intra-species polymorphism, illustrate the need for cautious interpretation of the results and for a multi-faceted and well-balanced analytical approach when the issue of possible co-existence of eastern Old World bisexual and parthenogenetic populations is addressed.

3.3. Characterization study of North African Artemia
a) Study of Egyptian Artemia populations

A study program in cooperation with INCO partner 3 (AUTH) focused of the characterization of Egyptian strains. Laboratory cross-fertility tests were performed for five bisexual Artemia populations located around the eastern Mediterranean basin and one from San Francisco Bay (A. franciscana) in order to evaluate levels of reproductive isolation among the closely distributed Mediterranean populations. The results support the view that bisexual Mediterranean populations can be grouped into an eastern and a western subcluster. Cysts of three parthenogenetic Artemia strains from saltworks in the Nile Delta were evaluated for their potential use in aquaculture. The characterization work performed was: cyst and naupliar biometrics, cyst hatching characteristics, and fatty acid profile of instar-I nauplii. Deactivation of diapause after treatment with H2O2 and/or decapsulation was applied in order to improve cyst hatching. Furthermore, a number of Egyptian Artemia populations were assayed to the effect of salinity on growth, survival, morphometrics, maturation and reproductive and life span characteristics. Discriminant function analysis proved to be a useful tool in determining the differential response of closely related Artemia populations to different environmental conditions. Although further studies are needed, the present findings may generate useful suggestions to proper management of the solar saltworks and add valuable information to Artemia biodiversity. 

Additionally, and in the light of threats to Artemia biodiversity as a consequence of pollution with heavy metals, research was done to assess the effect of different cadmium concentrations on the survival of Egyptian Artemia strains.

The results of this research were compiled into a PhD thesis by El Bermawi Nagy “Determination and identification of biological characteristics of Artemia populations from the Egyptian Nile delta for application in aquaculture”, defended at Ghent University, May 2003.

b) Characterization study of Tunisian Artemia

During his training stay at RUG, Hachem Ben Naceur (INAT, INCO partner 8; see 1.2) focused on the HUFA (fatty acid methyl ester) analysis of new samples from Tunisia: Saline de Sahline, Sfax, Sebkha d’El Adhibett and Sebkha de Moknine. Biometrics and hatching characteristics of these samples have been determined. The trainee got acquainted with the standard HUFA analysis in order to apply this methodology on the new Tunisian samples.

4. Creation of global Artemia database

The global Artemia database intends to be a compilation of ecological and geographical data on Artemia habitats.

In year 2, RUG proposed a template for this database, which was accepted by other partners. For each known Artemia site, the template provides the following data:

· biological information on local Artemia strain

· information on site: topography, ecology

· available cyst samples (in resp. cyst banks of Consortium members)

· literature references

In the remaining project period, the Artemia site database has been uploaded with information from the following countries (presently 307 sites introduced): Argentina, China, Chile, Greece, Iran, Mexico, Namibia, South Africa, Spain, Tunisia. This information was partially provided by project partners, partially compiled from literature data.

5.  Organisation of cyst bank
The Ghent Workshop conceived the organisation and integration of the cyst banks, maintained by the INCO partners. In this framework, a first updating of the RUG cyst bank was performed (correction of mistakes in database, elimination of questionable information etc.; year 1). In order to allow integration of cyst banks, a Cd-rom with the contents of the RUG cyst bank was dispatched to a number of INCO partners. 

In a next stage (years 2 and 3), information was pooled at RUG about cyst banks maintained by respective INCO partners. The contents of the respective partners’ cyst banks was formatted according to the RUG cyst bank format and the information of all respective cyst banks was integrated. This database was added to the INCO website, where it can be downloaded as a zipped Access file. At regular time intervals (eg 3-monthly), the updated cyst bank is made available through the website. 
6. Updating of ISA publications
In order to enhance information flow and harmonization of methodology among INCO members, ‘associated’ INCO members and any interested parties, a list was made of all publications, published in the past under the label ‘ISA = International Study on Artemia’. The ‘ISA’ group is an informal working group of laboratories worldwide, involved in Artemia study: some of the ISA members are partner of the present INCO consortium (partner 1: RUG; 3: AUTH and 14: ULL); the ISA group further consists of some of the ‘associated’ INCO partners and a number of other laboratories belonging to European universities. Since 1978 seventy-three papers have been published under the ISA label, i.e. co-authored by at least two different ISA members. This list of ISA publications has been added to the INCO website, where some of the publications can be downloaded full text. The list is updated when needed, and regularly new papers are offered full-text

7. Manual: “Artemia Biodiversity: Protocols and Guidelines for Study and Sustainability”. 

The concept of compiling this Manual was raised at the Chile workshop (year 2) and the planning was further concretized at the Iran workshop (year 3). Coordination of the work is done by ARC. The Manual will be a compilation of up-to-date and generally accepted (at least among INCO partners) methodologies in the field of Artemia characterization. Additionally, it will contain a number of guidelines on sustainable exploitation and conservation of Artemia resources and biodiversity.

At the moment of writing this report, the following chapters are available as draft version, circulating among members for reviewing:
1. Artemia sampling, sample preservation, diapause termination techniques 

2. Genetics and molecular markers 

1. Cytogenetic analyses and methodologies 

2. Cross breeding 

3. Genetic approaches to the analysis of Artemia biodiversity 

3. Biometrics and morphometrics 

1. Cysts and naupliar biometrics 

2. Culturing conditions 

3. Discriminant analysis on adult Artemia morphology 

4. SEM techniques 

5. Statistical analysis 

4. Phenotypic response under different environmental conditions 

5. Sustainable exploitation:  

6. Artemia conservation and invasion patterns 

Besides the coordination work, RUG has taken the responsibility to write the first draft of chapters 1, 3.1, and 5.

8. Website
Throughout the project lifetime, an effort was made to present a maximum of information, relevant to the project and to project-related activities, on the website. Presently, the website contains the following items:

· List of Consortium members 

· Workshops: Ghent global workshop (year 1); Beijing (year 1), Puerto Varas (year 2), Urmia (year 3) regional workshops.

Information provided for each workshop:


1. List of participants


2. Book of Abstracts


3. Programme with presentations as pdf file

· Information on action plans & partnerships 

· Progress reports 

· ISA publications: see 6

· Cysts database: see 5

· Artemia sites database: see 4 

· Manual “Artemia Biodiversity: Protocols and Guidelines for Study and Sustainability; see 7. 

· Publications related to Artemia biodiversity, (co-)authored by INCO members

The website’s overview pages were translated into Spanish by INCO partners 6 (UBA) and 12 (UMAX).

Problems encountered

No major problems were encountered in the realization of this project, except for the not unexpected difficulties in managing and coordinating a consortium of 15 partners of sometimes very diverging scientific, socio-economic and cultural background. The heterogeneity of the partners in terms of scientific ‘performance’ (determined amongst others by number of staff employed, previous expertise of partner in project-related research items, attitude towards international collaboration, availability of funds to perform research) may result in a different pace in generating ‘results’ (research findings, publications…) among partners. Though generating research findings as such is strictly spoken not the objective of a Concerted Action project, it was the coordinator’s role to overcome these discrepancies and to maximally promote the integration of all consortium members.

Insufficient knowledge of the budgetary limitations of a EU Concerted Action project (e.g. no money for research (consumables, labour) as such) among partners, not familiar with this type of projects, or with EU projects in general, could have been countered by a more thorough information round at an initial stage of the project, and preferably even in the stage of proposal writing. The same remark can be made for the financial management of this type of EU project (cfr eligible costs; no advance payment by EU; downpayment a rato of expenses claimed etc.).                                       

Technology implementation plan

not applicable
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Conclusions

This global concerted Artemia-study was conceived as a programme of workshops and study visits, aiming at technical intercalibration, integration of current ecological and evolutionary concepts, and uniformous methods to assess population dynamics, and as such it has achieved its goals: all workshops and numerous study visits have been organized and finalized successfully. Intercalibration of methodologies, and integration of concepts is a continuous process – which is never terminated – but it is safe to state that this Concerted Action has contributed considerably to the harmonization of techniques and thoughts among the Consortium members and – through the website, the future ‘Manual’, the attendance of non-Consortium specialists at workshops, and other bilateral and multilateral contacts – outside the circle of Consortium Artemia specialists. As an example of the latter, several Artemia experts (ARC contacts) from former USSR countries have followed the Project from close, and have been actively involved in its activities (e.g. by oral presentations at Project’s workshops; establishment of new research contacts with Consortium members). For a more detailed appreciation of the operation of the Consortium, see the Global Final Report.

At the technical and research level, the project has lead to an intensification of contacts and improved exchange of study material, allowing scientific progress to be made at a faster pace and within a conceptual framework shared by all Project partners, resulting in the achievement of important milestones described under 3. Research results (see above). The Project has been the direct incentive to the realization (even if not finalized) of other common activities (not listed in technical annex), like the creation of an integrated cyst bank, the database of Artemia sites, a website with Artemia-biodiversity related information.
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Objectives with participation of partner 2 and activities

· Worldwide exchange of expertise and intercalibration of techniques for characterization of Artemia strains. In this respect it was decided at the Gent workshop that partner 2 would participate in the regional partnership: China, Iran, Central Asia and Latin America.

· Promotion of multidisciplinary approach. In this respect various existing observations using traditional tools on the distribution of Artemia were verified with molecular techniques (see report)

· Improve the cohesion among EU partners: Collaboration with partner 1 and 3.

· Issuing workshop proceedings and scientific, technical and policy guidelines and recommendations. Partner 2 has participated in all workshops and provided information on the status report for South America. 

· Training reports. Although not planned originally (see original project proposal), Partner 2 has been receiving scientists from partner 11 and 14, while samples from 10 and 12 were investigated.

Results

Database

At the CLO-DVZ (partner 2) a cyst authentication technique has been developed. The construction of this database comprises the following steps. DNA is extracted from a batch of cysts and a mitochondrial rDNA fragment of 1500 bp is amplified by PCR. In a following step this fragment is digested with 8 different restriction enzymes (all 4 cutters). The resulting electrophoretic patterns are stored in a database that makes use of the commercial software GELCOMPAR.  The authenticating database was firstly presented at the Gent workshop. During the course of the INCO project, and within the framework of another project, a visiting scientist (Dr. Wang Xiaomei) from China could enlarge the database to 133 entries. So, a more elaborate database with identifying patterns was presented at the Beijing workshop. The database contains geographically as well as phylogenetically representative samples. Apart from the possibility to authenticate unknown samples with the developed technique, the database offers also the opportunity of a preliminary insight into the molecular phylogeography of the genus Artemia using one single marker, namely mitochondrial rDNA. An extract from the database, showing the species-specific HpaII pattners is shown in Fig. 1. For a more detailed analysis of the results the reader is referred to the published paper Bossier et al., 2004 ‘A authentication database for commercial Artemia strains’.

In the above-mentioned paper, a technique is also described allowing DNA extraction from a single cyst. During the course of the project, it has been shown that DNA analysis from a single cyst is a very attractive tool to study old material, kept in for instance the ARC collection (partner 1), that is no longer hatching.

Artemia strains from Iran
In the summer of 2002, Naser Agh (partner 11, UU) could stay 2 weeks at the laboratory of partner 2. Adult Artemia (30) were brought along, originating from Urmia lake and neighboring ponds and lakes. The RFLP patterns generated on these animals have been compared with the reference database. In the majority of cases the RFLP patterns are those typically displayed by parthenogenetic Artemia (for instance with the restriction enzymes HpaI, TaqI, HinfI and HaeIII). However, also untypical patterns are showing up. For instance with the restriction enzyme HpaI, one animal displayed a pattern that was new to the database.  Surprisingly the NdeII patterns on all samples (also those that show a typical pattern for parthenogenetic strains with the restriction enzyme HpaI) were similar to the one displayed by ARC1230, the A. urmiana type strain.  In conclusion it can be said that the neighbourhood of Urmia lake is inhabited by A. urmiana as well as parthenogenetic Artemia. The situation is however complex. It is advisable that in the future ARC (historical) samples and recently collected samples are analysed in sufficient number using different sources of genetic material (e.g. cysts and nauplii). Only with such an approach it will be possible to start understanding spatial and temporal distribution of species of Artemia in that area. Also the usefulness of the mitochondrial marker for the differentiation between A. urmiana and parthenogenetic Artemia should be closed investigated. 

According to Abreu-Grobois & Beardmore (1991) the phylogenetic relationship of Artemia urmiana with parthenogenetic forms, is suggestive of a recent single common ancestral lineage branching to both A. urmiana and the asexual forms. Browne et al (1991), on the other hand, suggested that parthenogenetic Artemia has evolved from Artemia urmiana. These findings corroborate with the mitochondrial DNA analysis. In the future it will be interesting to use, in addition to mitochondrial markers, nuclear markers to analyse individuals from Lake Urmia and its neighbourhood. 

In collaboration with partner 1, a more comprehensive study of samples from Urmia Lake was undertaken in the third year of the INCO project. 

Artemia strains from South America.

Within the framework of the INCO project a visiting scientist, namely Patricia Beristain (INCO partner 14, ULL, Chili), has been working at the CLO-DVZ. Artemia samples from seven locations in Chili, brought by the visiting scientist, have been analyzed by the method described above (in this case individual adults were analysed instead of cysts). The experiments allowed making the following conclusions. Artemia strains in Chili are either A. franciscana or A. persimilis. The franciscana strains from Chili are considerably different from those in North America. A. persimilis seems to inhabit salt lakes up 34°25 degrees south (Pichilemu). The occurrence of persimilis more or less halfway Chili was assumed based on results produced by other methodologies. The RLFP technique has substantiated this assumption. The results also show that the persimilis strain in Chili differs in RFLP patterns from those occurring in Argentina. For more details about this research the reader is referred to the report of partner 14.

The database of RFLP patterns was used to extract data (unpublished) on samples originating from America. This information was passed on to partner 14 (ULL) who used this info as input for writing a report on the current status on the genetic diversity of Artemia in Latin America.  An extract from the database from A. franciscana using only the HpaII results can be seen in Fig. 3 (remark: some of the samples display, such as those from Chili, display a double restriction patterns with HapII, indicating that several genotypes might be present in these samples)

Artemia strains from Mexico
At the Beijing workshop nine Artemia cyst samples originating from Mexico were exchanged between partner 12 (UAM-X) and partner 2. Preliminary analysis indicates that the Mexican strains show different RFLP patterns in relation to the North American or South American strains.  Some strains show high similarity to Central American strains that are available in the database. (see also Fig. 3.)

Artemia strains from China

Tibet

Detailed examination of the RFLP patterns from samples of Tibet indicated that the variability in this area and sometimes in one lake is considerable.

On the basis of RFLP patterns generated on a batch of cysts, double restriction enzymes patterns have been detected in the sample ARC1347 (see Fig. 2).

This picture shows clearly that some samples from Tibet (ARC1526) display a pattern that is different from other patterns (e.g. ARC1462, 1525). It also illustrates that sample ARC1347 is probably a mixture of both patterns.

An examination of the available HpaII data (which is very indicative at the species level) points in the same direction. Some lakes in Tibet seem to contain A. tibetiana, while other lakes are inhabited with parthenogenetic Artemia. Again some cyst samples seem to contain mixtures.

Also here it is advisable to analyse individuals (cysts or nauplii) and to combine the genetic data with other type of data. A detailed analysis of Tibet samples was executed in the third year in close collaboration with partner 1. The reader is referred to their annual report for more details.

Bohai Bay

During the third year of the INCO project, partner 2 focused on A. franciscana as an invasive species in the Bohai Bay area in China. The previous reports have indicated that species authentication making use of HpaII RFLP of the mitochondrial rDNA is possible. This knowledge was used to verify the presence of A. franciscana in the salt works of the Bohai Bay. Therefore a series of samples present in the cyst bank of partner 1, and collected with the help of partner 10 was investigated. Table 1 lists the samples that have been investigated. For some samples the harvesting year is not known (underlined in Table 1), only the arrival date in the ARC cyst bank. Fig. 4 indicates the study area.

Table 2 combines some other observations with the results of the genetic analysis. 

H means the percentage of cysts that actually hatched, while the following column (% survival) indicates the amount of nauplii in percent that actually survived to adulthood, so that the sexual differentiation could be noted. The next column is the product of the two previous ones. Finally on the adults the sex ratio was determined. The latter four parameters were determined by partner 1.

The next four columns in Table 2 give the estimate of the presence of the various species of Artemia in these samples. For that, DNA was extracted from 30 individual cysts. A mitochondrial rDNA fragment was amplified according to the procedure described by Bossier et al.(2004) and digested with the restriction enzyme HpaII. This restriction enzyme produces species-specific RFLP patterns. 

Some interesting observations can be made. 

· In four samples the cysts did no longer hatch under standard conditions, but it was still possible to extract DNA from a cyst and amplify the rDNA fragment.

· In general a high survival rate of the nauplli was observed, except for sample 1261

· In combination, the sex ratio in the samples was determined on a limited fraction of the original material, as in between 9 to 57% of the cyst hatched and gave rise to adult individuals. 

· Two samples were dominated by females, indicated that the cyst were taken from a parthenogenetic populations (1211 and 1187)

· In sample 1187, genetic analysis confirmed that the population was composed of parthenogenetic individuals

· Sample 1211 was dominated by females, yet some A. sinica was found. This could be explained by selective hatching and survival of the parthenogenetic individuals.

· The last column in Table 2 represent individuals that have a RFLP patterns that is slightly different from A. franciscana, but very different from A. sinica of parthenogenetic Artemia. So, most likely these individuals are also A. franciscana. 

· The genetic data suggest that in a lot of samples from the Bohay Bay A. sinica is occurring. The finding is totally new. It is not clear if this is naturally or the result of human release.

· The occurrence of A. franciscana is confirmed here by genetic analysis and dates back to at least 1991.

· The co-occurrence of 3 species in cyst samples is possible.

· In sample 1233 and 1617, respectively 7 and 32 % of the cyst contained A. sinica. Hence one can expect that 3.5 and 16 % of males would be observed. Yet the amount of males is higher in the cultures. This suggests that either A. sinica is hatching better and/or surviving better under lab conditions.
· In sample 1616, 86 % of the cysts are A. franciscana. This should result in 43 % males in the culture. Yet, the culture only contained 22% males, suggesting that in this case parthenogenetic Artemia was either hatching or surviving better under lab conditions than A. franciscana

· In the last two samples, which only contained A. franciscana, the sex ratio in the culture was approximating 50/50.

Diapause

Artemia cysts are characterized by the occurrence of a dominant heat shock protein protein p26. Within the framework of the INCO project Dr. Wang Xiaomei could prove that the p26 mRNA could be extracted from Artemia cysts and amplified by RT-PCR (occasionally the protocol could be applied to a single cyst). Eight samples have been analysed by the RFLP technique. This analysis clearly indicated that there are considerable genetic differences between franciscana, persimilis and parthenogenetic strains. This observation offers the possibility to start a phylogeographic study based on a non-mitochondrial marker. In addition, as the p26 protein is involved in stress resistance, it offers the opportunity to study the relationship between gene composition (HSP26 genotype) and prevailing environmental circumstances based on cyst material. Some HSP26 fragments were sent to Dr. Tom MacRae for sequencing (INCO associated partner) (eight have been sequenced already, more samples are still in progress). The results of the RFLP analysis are shown in Fig. 5.

In collaboration with the lab of Tom MacRae (INCO associated partner), the cDNA of 5 A. franciscana sources has been sequenced. The data suggested a single nucleotide difference between ARC 1258 (from San Francisco Bay, SFB) and the Vietnam strains (the Vietnam strains are collected in a monsoon area; the inoculum originated from the SFB). This difference could become a genetic marker for these strains, facilitating ecological studies on the increase in thermotolerance in the Vietnam strains. This assumption could be tested in the lab of partner 3 (AUTH). The reader is referred to their report for more details. In short a RFLP method was developed to distinguish the two HSP26 alleles, in such a way that the homozygote and heterozygote genotypes could be scored. It turned out that the allele frequencies in the SFB and Vinh Chau (VC, Vietnam) populations are not statistically different. So none of the two alleles can be used as a marker for SFB or VC individuals.

Technical problems

Partner 2 has mainly developed and exploited a RFLP technique of a 1500 bp mitochondrial DNA fragment for the characterization of Artemia samples. 

Although this analysis is very useful for the authentication of commercial samples and for population genetic studies, there are some problems with this marker:

· Some individuals seem to display a double restriction pattern, that might be indicative for the presence of pseudogenes or heteroplasmy.

· The discriminative power of this technique does not seem big enough for a population genetic study on parthenogenetic Artemia and A. urmiana and probably some samples of A. tibetiana. In order to study these population the mtDNA markers should be combined with more traditional tools.

Publications and papers

So far one paper has been published: 

Peter Bossier, Wang Xiaomei, Francesco Catania, Stefania Dooms, Gilbert Van Stappen, Eddy Naessens and Patrick Sorgeloos 2004. An RFLP database for authentication of commercial cyst samples of the brine shrimp Artemia spp. (International Study on Artemia LXX). Aquaculture 231: 93 -112.

Conclusion

With the use of classical tools and molecular tools, this INCO project has been instrumental in unveiling in more detail than before, the biodiversity within the genus Artemia. Yet, at the same time, it became clear that the biodiversity is incompletely characterised. However, the data collected by partner 2 and the other partners within the project should allow to design experiments that would more completely describe the biodiversity within each species and within the genus. For that, the samples available in the various well-documented collection of the INCO partners, would need to be analysed by more than one genetic technique. For instance a systematic sequencing effort on a mitochondrial and a nuclear marker on individuals (including cysts which no longer hatch), on a well-defined set of samples would even more clearly describe the phylogeny and phylogeography of the genus Artemia. 

Fig. 1. Extract from the database, showing typical HpaII RFLP patterns of the 1500 bp mt DNA fragment.
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Fig. 2. Nde II RFLP on samples from Tibet. 
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Fig. 3. Overview of the HpaII RFLP data on A. franciscana
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Fig. 4. The Bohai Bay in China
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Table 1. Samples investigated. 

 Table 2. Species identification in various samples from the Bohay Bay. See text for more information
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Fig. 5. A UPGMA dendrogram, summarizing the RFLP data on the HSP26 cDNA from various Artemia species.
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Objectives

Recent research on the brine shrimp Artemia has indicated the need for integration of basic and applied knowledge. Triggered by current advances mainly on the fields of ecological/evolutionary genetics and strain characterization, a global Artemia study was initiated aiming at recording biodiversity and materializing world-wide interest into a conceptual framework. Under this perspective, a number of objectives were specifically outlined in order to achieve a concerted set of methodological and theoretical approaches on most aspects of Artemia biology. These objectives included:

· Exchange of expertise and technical training on Artemia strain characterization and molecular protocols
· Introduction of molecular systematic assays to the study of phylogenetic relationships and biogeographical patterns in the genus

· Promotion of multidisciplinary approaches (morphology/morphometry, biometry, life span and reproductive characteristics, molecular markers) for the identification of new strains/species

· Elaboration and refinement of current species concepts

· Contribution to the recording, preservation and sustainable exploitation of Artemia biodiversity in critical areas like the Mediterranean basin

· Upgrading of expertise of developing countries and institutions
Activities

1. Development and use of molecular markers

During the three years of INCO project, a large number - more than 45 - of Artemia populations were genetically characterized using molecular (DNA) techniques. These techniques were appropriately standardized in the AUTH laboratory for use with Artemia. All molecular work was done at the level of individual scoring.

i) DNA extraction using either phenol/chloroform or Chelex resins. 

ii) PCR amplification of a 16S rRNA mitochondrial region. The mtDNA target sequence was a 535 bp segment, which included parts of the large subunit ribosomal RNA genes. Amplification reactions were performed in 25μL total volume (19μL dH2O, 2.5μL buffer, 1.5 mM MgCl2, 50 μM dNTPs, 0.1 μM of each primer and 0.5 U Taq polymerase). The universal oligonucleotide primers used were: L2510 (5’-CGCCTGTTTATCAA AAACAT-3’) and H3080 (5’-CCGGTCTGAACTCAGATCAGGT-3’). Thermocycling conditions were as follows: initial denaturation at 94ºC for 4 min, followed by 32 cycles of strand denaturation at 94ºC for 50 sec, annealing at 50ºC for 50 sec and primer extension at 72ºC for 1 min. Amplification was completed by a 5 min final extension step at 72ºC.
iii) Αgarose gel preparation and electrophoresis of DNA samples.

iv) Restriction Fragment Length Polymorphism (RFLP) analysis of the amplified segment using the following restriction endonucleases: AluI, BfaI, DdeI, DpnII, HaeIII, MspI, NotI, RsaI and TaqI. 

2. 
Exchange of expertise and technical training on Artemia strain characterization

During the period of INCO project, eight visiting scientists belonging to eight different INCO partners spent a total of 13 months in AUTH laboratory (see Table 1). Furthermore, in the framework of INCO project, several scientific collaborations have been initiated and led to establishment of other national/international projects. Consequently, there were four scientific visits to AUTH laboratory, funded by these spin-off projects and covered a period of 4¼ months (Table 2). Visitors were trained on the above techniques focusing mainly on populations of particular interest. They also had the opportunity to come into contact and discuss with the scientists in the AUTH laboratory about several other techniques and methodologies such as sequencing, microsatellite genotyping, mtDNA applications, etc.

Table 1. Visits of scientists belonging to INCO partners 

	Visiting Scientist
	Country
	Partner no.
	Duration (months)

	Mr. Julio Crespo
	Chile
	14
	2 ¼ 

	Dr. Horst Kaiser
	South Africa
	9
	3

	Dr. Marcos Camara
	Brazil
	13
	2 ¾

	Mrs. T. Hong Van
	Vietnam
	7
	2 ¾

	Dr. Peter Marian
	India
	15
	½

	Dr. Alba Papeschi
	Argentina
	6
	1

	Dr. Graziella Mura
	Italy
	5
	½

	Dr. Gudraz Sadeghi
	Iran
	11
	¼ 


Table 2. Visits of scientists belonging to “associated” INCO partners or funded by other projects

	Visiting Scientist
	Country
	Partner no.
	Duration (months)

	Dr. N. Van Hoa
	Vietnam
	15
	¾ 

	Mrs. Yu Haying
	China
	10
	1

	Dr. Tom MacRae
	Canada
	-
	½ 

	Mrs. Olga Ruiz Perez
	Spain
	4
	2 


3. 
Education

One PhD Thesis (Mr. A.D. Baxevanis) with tentative title “Morphological and genetic differentiation of Old World Artemia strains” is in progress. Four Diploma theses have been completed and defended (see Annex I):

1. A. Tzika, 2003. Genetic identification of Artemia species based on mtDNA-RFLP analysis, Diploma Thesis, AUTH.

2. E. Markatzinou, 2003. Detection of invasive species in Mediterranean Basin by using discriminant analysis, Diploma Thesis, AUTH.

3. G. Athanasiadis, 2003. The use of discriminant analysis based on morphometry: discriminating parthenogenetic Artemia populations in N. Aegean coastal saltworks, Diploma Thesis, AUTH. 

4. G. Deliopoulos, 2004. Artemia: differential response of two mitochondrially similar clones at various temperature-salinity combinations, Diploma Thesis, AUTH.

4. 
Mediterranean Basin cyst bank

In the framework of this project, AUTH laboratory participated in the establishment of a cyst bank. Cyst data are very scattered and cyst samples exist in different laboratories. Our team was responsible for collecting and processing data from laboratories all over the Mediterranean Basin (MEDBAS). The following INCO partners provided data for organizing the MEDBAS database: AUTH (INCO partner 3), CSIC (INCO partner 4), La Sapienza (INCO partner 5), INAT (INCO partner 8), while there was additional contribution from ARC (INCO partner 1).

5. 
Sampling 

In the first year of INCO project, the presence of Artemia in two new sites in northern Greece was confirmed (Mesi and Kessani) (see Annual Reports of 1st and 2nd year). These populations were sampled and characterized using morphometry, reproductive characteristics and 16S rRNA RFLP patterns. Results showed that they belong to parthenogenetic Artemia (most probably tetraploid). The inclusion of these two new sites raised the number of known Artemia habitats in Greece to nine.

6. 
Contributions/Presentations 

AUTH laboratory has coordinated and/or contributed to several chapters (2.1. Cytogenetic analysis and methodologies, 2.3. Genetic approaches to the analysis of Artemia biodiversity, 3.5. Statistical analysis, 4. Phenotypic response under different environmental conditions, 7. Artemia conservation and invasion patterns) of a manual intended to be published by all consortium members and entitled “Artemia Biodiversity: Protocols and Guidelines for Study and Sustainability”.

Also, AUTH team participated in the first kick-off meeting in Ghent (Belgium) and in all three regional meetings in Beijing (China), Puerto Varas (Chile) and Urmia (Iran) with the following presentations (see Annex II):

1. “Artemia characterisation based mainly on mtDNA RFLP analyses and progress in Mediterranean Basin Regional Action” by A. Triantafyllidis, A.D. Baxevanis, A. Tzika, E. Markatzinou & T.J. Abatzopoulos.

2. “2nd year progress report for INCO partner 3” by T.J. Abatzopoulos, A.D. Baxevanis, G. Deliopoulos, I. Kappas, A. Triantafyllidis & A. Tzika. 
3. “Intraspecific genetic divergence between Artemia franciscana, San Francisco Bay and inoculated populations in Vietnam” by I. Kappas, T.J. Abatzopoulos, N.V. Hoa, P. Sorgeloos & J.A. Beardmore.
4. “The use of RFLP 16S rDNA analysis for detecting invasion of Artemia franciscana in Western Mediterranean region” by F. Amat, A.D. Baxevanis, A. Triantafyllidis, A. Tzika, G. Mura & T.J. Abatzopoulos.
5. “How do mitochondrially identical Artemia clones respond to different salinities?” by G. Deliopoulos, A.D. Baxevanis & T.J. Abatzopoulos.

6. “Preliminary characterization of Brazilian Artemia franciscana populations by means of mtDNA RFLP analysis” by M.R. Camara, A. Triantafyllidis, A.D. Baxevanis & T.J. Abatzopoulos.

7. “An overall report on EU-INCO project by partner 3 (AUTH): visiting scientists, training on molecular techniques, the contribution of DNA markers in Artemia biodiversity and future perspectives” by T.J. Abatzopoulos.
8. “Artemia urmiana Günther: reproductive and lifespan characteristics, cyst and naupliar biometrics, HUFA profiles, chorion structure and cyst buoyancy” by T.J. Abatzopoulos, G.V. Triantaphyllidis, G. Criel, A.D. Baxevanis, G. Van Stappen & P. Sorgeloos.
9. “Artemia tibetiana: truth and errors on its species status” by A.D. Baxevanis, G.V. Triantaphyllidis, A. Triantafyllidis, I. Kappas & T.J. Abatzopoulos.
In the frame of dissemination of INCO results, AUTH laboratory participated in the following congresses (see Annex III):

1. Title: “Elevated salinity enhances the thermotolerance of hydrated Artemia cysts. (International Study on Artemia. LXV)”


Authors: T. J. Abatzopoulos, G.V. Triantaphyllidis, N. Roedaki, A.D. Baxevanis, A.   Triantafyllidis & P. Sorgeloos


Congress: 9th International Congress on the Zοοgeography and Ecology of Greece and Adjacent Regions (ICZEGAR), Thessaloniki, May 2002 
2. Title: “The use of multidisciplinary approaches for characterizing and biomonitoring Artemia populations: uniformity of practices”
Authors: T.J. Abatzopoulos, A.D. Baxevanis, A. Triantafyllidis

Workshop: NATO ADVANCED RESEARCH WORKSHOP (ARW) “Artemia biodiversity in the Newly Independent States: Current global resources and their sustainable exploitation”, Moscow, Russia, 17-19 July 2002

3. Title: “Characterization of two new Artemia parthenogenetic populations from Thrace (Greece): morphometrical analysis”


Authors: E. Markatzinou, G. Athanasiadis, A.D. Baxevanis & T.J. Abatzopoulos


Congress: 11th Panhellenic Congress of Ichthyologists, Preveza, 10-13 April 2003 

4. Title: “First record of Artemia franciscana in an Italian saltwork”


Authors: Mura G., F. Amat, T.J. Abatzopoulos & S. Moscatello


Congress: 5th International Large Branchiopod Symposium, Toodyay, Western Australia, 16-20 August 2004 
Results

Results are structured in five case studies: 

1. South America (Chile, Brazil, Argentina) 

Collaborating INCO partners 3, 4, 6, 13, 14

2. Africa (South Africa, Namibia, Magadascar, Egypt)

Collaborating INCO partners 3, 1, 9 and one “associated” partner (Dr. N. El-Bermawi, Egypt)

3. South East Asia (Vietnam, China)

Collaborating INCO partners 3, 1, 7, 10 and two “associated” partners (Prof. J.A. Beardmore, UK and Prof. Tom MacRae, Canada) 

4. Central Asia (India, Iran) 

Collaborating INCO partners 3, 1, 15 and two “associated” partners (Prof. G.R. Criel, Belgium and Dr. G.V. Triantaphyllidis, Greece)

5. Mediterranean Basin

Collaborating INCO partners 3, 4, 5

1. South America

The pre-existing problems related to Artemia biodiversity in this area consisted of i) the unconfirmed distribution of Artemia franciscana and A. persimilis, especially in Chile and Argentina, ii) the differentiation between A. franciscana populations along a north-to-south transect, iii) the possibility of mixed populations and hybrid zones and iv) the species status of feral Artemia populations in Brazil.

Characterization of Artemia populations from Chile using molecular markers (16S rRNA) and RFLP analysis showed the presence of A. franciscana and A. persimilis. The species status of controversially characterized populations (such as Pichilemu) was clarified (A. persimilis). Furthermore, the differentiation within the A. franciscana superspecies was evident (for more details, see Gajardo et al. 2004 in section List of Publications).

Eleven inland and coastal Artemia populations from Argentina and Peru were also genetically scored (PCR-RFLP of 16S rRNA). Preliminary results showed that eight of these exhibited A. persimilis restriction patterns while the rest A. franciscana patterns (see 3rd year Annual Report). Unlike molecular markers (16S rRNA), morphometric analysis gave substantial evidence for the existence of hybrid zones between the two species.

Regarding Brazil, there was sound evidence for the origin of the inoculated population in the state of Rio Grande do Norde from A. franciscana San Francisco Bay (SFB) strain.

2. Africa

Until recently, very little was known on the distribution of Artemia in the African continent. Investigation (survival, growth, reproductive and life span characteristics, morphometry, salinity tolerance) of three parthenogenetic strains and one bisexual population from Egypt revealed significant differences between the asexual populations and the bisexual one, with parthenogens being more euryhaline. Also, the presence of A. salina in the carbonate Wadi El-Natrun Lake was confirmed (see El-Bermawi et al. 2004 and Baxevanis et al. 2004 in section List of Publications).

Furthermore, first attempt to report on newly found, uncharacterized Artemia populations in South Africa yielded valuable information. Preliminary results revealed the mixed nature (A. salina and parthenogenetic strains) of several Artemia populations in this region as well as the presence of A. franciscana (based, not exclusively, on molecular markers). 

3. South East Asia
The uncontrolled introduction of allochthonous Artemia species to China has recently been on the focus of interest. Molecular analysis has revealed the presence of A. franciscana, several bisexual populations (some belong to A. sinica), a variety of parthenogenetic strains and a mixed status of several other populations. Also, AUTH laboratory has contributed to more detailed multidisciplinary characterizations of the newly described A. tibetiana.

Concerning Vietnam, the adaptation of A. franciscana (SFB strain) to the extreme environmental conditions of Vin Chau (VC) saltworks has been fully investigated. Results have demonstrated the high degree of phenotypic plasticity in A. franciscana as well as its potential for rapid adaptation to a novel environment (Kappas et al. 2004 in section List of Publications). Moreover, sequencing of the p26 gene (kindly provided by Prof. Tom MacRae) revealed a single base difference between SFB and VC strains with potential utility for future screening of different strains.

4. Central Asia
Extremely limited information exists on the numerous Artemia sites in India. The AUTH laboratory has contributed to the recording of biodiversity in this region by the multidisciplinary characterization of a new parthenogenetic population from Thamaraikulam (John et al. 2004 in section List of Publications). However, substantial efforts have to be invested for sampling and genetic characterization of Artemia populations from India.

Iran is of special interest due to the highly controversial information on the endemic A. urmiana and the (co-) existence/occurrence of parthenogenetic strains. Molecular data have shown that A. urmiana is closely related to A. tibetiana and diploid parthenogens. The potential use of A. urmiana cysts in aquaculture has also been evaluated using cyst and naupliar biometrics, cyst shell structure and buoyancy, lipid analysis and life history traits in different salinities.

5. Mediterranean Basin

Preliminary screening of Artemia populations in the Mediterranean Basin has raised questions over the possible presence of A. franciscana (the commonest species for aquaculture purposes) in several localities. Joined efforts of INCO partners 3 (Greece), 4 (Spain) and 5 (Italy) led to the multidisciplinary identification of A. franciscana populations in Mediterranean coastline. More specifically, a total of 23 individuals (males and females) from El Pilar and El Estanquillo (Spain) populations were scored. Following DNA extraction, a 535 bp region of the mitochondrial 16S gene was successfully amplified by the PCR technique. Four restriction endonucleases were subsequently employed in order to digest the PCR product. These enzymes gave specific restriction profiles for the discrimination of A. franciscana, A. persimilis and A. salina. They can also distinguish South from North America A. franciscana. The RFLP analyses of both populations produced patterns typical of South America A. franciscana, which is in accordance with the CSIC (Spain) characterization based on morphometry. Furthermore, the same approach (morphometry, morphology and mtDNA) was used to confirm the occurrence of A. franciscana in Margherita di Savoia (Italy). These data strongly suggest that allochthonous A. franciscana is present in the Mediterranean Basin.

The possibility of molecular discrimination between diploid and tetraploid parthenogenetic Artemia strains was also investigated. Employment of PCR-RFLP analysis in the 16S rRNA region confirmed the presence of different cleavage patterns between di- and tetraploid asexuals. For example, the Odiel (Spain) parthenogenetic Artemia population is a mixture of diploid and tetraploid individuals (based on CSIC morphometry results). Twenty individuals were scored for three enzymes. Individuals ascribed as diploid produced patterns different from those produced by individuals ascribed as tetraploid. This is a strong indication that the two groups belong to different strains which reinforces the initial characterisation using morphometry. 

Parthenogenetic strains in eastern Mediterranean (especially in Greece) seemed to be phylogenetically structured into two distinctive clades as gauged by PCR-RFLP analysis. Emphasis was given to the newly described Artemia populations from Mesi and Kessani. These populations are morphometrically very similar but divergent from Citros and M. Embolon populations. However, molecularly they are grouped together with Citros population but are substantially differentiated from M. Embolon. 

The differential phenotypic responses of two clones from M. Embolon (ME1 and ME2) under various salinity-temperature combinations revealed a possible partitioning effect due to salinity elevation. Therefore, clonal divergence in life history traits within parthenogens seems to be an important component of biodiversity, which deserves further consideration (see Abatzopoulos et al. 2003 and Baxevanis & Abatzopoulos, 2004 in section List of Publications).
Problems

Although invitees originated from different disciplines to those of molecular genetics and taxonomy, the problems anticipated during their adaptation were either minor or non-existent. However, two major drawbacks have to be mentioned: 

1. The rather limited period of stay for most invitees (1½ month or less) which resulted in an awkward situation: the invitee had to leave at a time he/she was competent of producing results.

2. The absence of consumables in the eligible costs of the project could have restricted training to the demonstration of molecular techniques and only. It is obvious, that the production of results was accomplished using other funds of the host laboratory.

List of publications (see Annex IV)

1. Title: “Effects of salinity and temperature on the reproductive and life span characteristics of clonal Artemia (International Study on Artemia LXVI)”


Authors: Abatzopoulos, T.J., N. El-Bermawi, C. Vasdekis, A.D. Baxevanis & P. Sorgeloos.


Journal: Hydrobiologia 492: 191-199, 2003


Collaboration of INCO members: 3, 1 and one “associated” member (Dr. N. El-Bermawi, Egypt) 

2. Title: “Elevated salinities may enhance the recovery of hydrated heat-shocked Artemia franciscana cysts (International Study on Artemia. LXV)”


Authors: Abatzopoulos, T.J., G.V. Triantaphyllidis, N. Roedaki, A.D. Baxevanis, A. Triantafyllidis & P. Sorgeloos


Journal: Belgian Journal of Zoology 133 (2): 103-109, 2003


Collaboration of INCO members: 3, 1 and one “associated” member (Dr. G.V. Triantaphyllidis, Greece)

3. Title: “Salinity effects on maturation, reproductive and life span characteristics of four Egyptian Artemia populations (International Study on Artemia. LXVIII)”

Authors: Baxevanis A.D., Ν. El-Bermawi, T.J. Abatzopoulos & P. Sorgeloos


Journal: Hydrobiologia 513: 87-100, 2004

Collaboration of INCO members: 3, 1 and one “associated” member (Dr. N. El-Bermawi, Egypt)

4. Title: “Species identification of Chilean Artemia populations based on mitochondrial DNA RFLP analysis”

Authors: Gajardo G., J. Crespo, A. Triantafyllidis, A. Tzika, A.D. Baxevanis, I. Kappas & T.J. Abatzopoulos

Journal: Journal of Biogeography 31(4): 547-555, 2004 


Collaboration of INCO members: 3, 14 

5. Title: “Salinity effects on survival, growth and morphometry of four Egyptian Artemia populations. (International Study on Artemia. LXVII)”

Authors: El-Bermawi N., A.D. Baxevanis, T.J. Abatzopoulos, G. Van Stappen & P. Sorgeloos
Journal: Hydrobiologia 523: 175-188, 2004

Collaboration of INCO members: 3, 1 and one “associated” member (Dr. N. El-Bermawi, Egypt)

6. Title: “Genetic and reproductive differentiation of Artemia franciscana in a new environment”

Authors: Kappas I., T.J. Abatzopoulos, N.V. Hoa, P. Sorgeloos & J.A. Beardmore
Journal: Marine Biology 146: 103-117, 2004

Collaboration of INCO members: 3, 7, 1 and one “associated” member (Prof. J.A. Beardmore, UK)
7. Title: “The phenotypic response of ME2 (M. Embolon, Greece) Artemia clone to salinity and temperature”

Authors: Baxevanis A.D. & T.J. Abatzopoulos
Journal: Journal of Biological Research 1: 107-114, 2004

8. Title: “Characterization of a new parthenogenetic Artemia population from Thamaraikulam, India”

Authors: John C.J.A., T.J. Abatzopoulos & P.M. Marian 
Journal: Journal of Biological Research (in press)

Collaboration of INCO members: 3, 15 

Conclusions

Collaborations and interaction during the three years of INCO project have endowed Artemia research with significant achievements. The introduction of molecular systematic analyses and powerful DNA markers (16S rRNA) have had substantial implications for a) the study of evolutionary mechanisms in the genus by introducing harmonized methodologies shared by several research groups in the world and b) the advancement of aquaculture applications. Scientists in the field now have common tools and the required expertise to ask questions regarding phylogenetic relationships between species, mechanisms of speciation, models of population structure and patterns of distribution and invasion. In conjunction with ecologically-related assays used for the determination of life span and reproductive characteristics and the assessment of phenotypic responses to various experimental environments, the biodiversity of species, gene pools and habitats (although a lot of information is still lacking) have been more adequately described and evaluated. Also, identification of different strains in commercial samples has become a rapid and reliable procedure which gives aquaculturists and commercial operations tremendous possibilities for better management, quality control and biomonitoring of used material. The opportunities offered at the start of INCO project have been made the most of and utilized in such a way as to provide Artemia investigations with a number of features potentially sought in every organism: multidisciplinarity, methodological uniformity and matching of basic and applied research.
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Objectives

The objectives accomplished by this group during the development of the INCO project or Concerted Action have been strongly linked to the objectives of the projects that during the term or life period of this INCO project were in development in the group, or recently concluded, sponsored by different national or international organisms and programmes. In fact there has been a strong feedback between the INCO project and the other because, usually, the participation in INCO it is suspected to have been a good and positive argument to ask, support and obtain the approval of these projects apart from INCO.

The referred projects are quoted as follows:

Project

“Caracterización de nuevas poblaciones como origin del recurso natural quistes de Artemia para acuicultura” (“Characterization of new populations to provide the natural resource Artemia cysts for aquaculture”). Ref. AGL2001-1968. December 2001-december 2004. Spanish R+D+I National Programme 2000-2003.

Special Action

“Banco de quistes de Artemia” (Acción tipo C: Bancos de materiales biológicos) (“Artemia cysts bank”). Ref AGL2001-4582-E. 2003-2004. Special Action. Spanish R+D+I National Programme.

Integrated Actions

“Estado actual de la biodiversidad del recurso natural Artemia en el área mediterránea: Portugal” (“Updated biodiversity of the natural resource Artemia in the Mediterranean area: Portugal”) Ref. HP2002005 (Spain- Portugal). Cooperation IATS-CSIC and the University of Porto. 2004-2005.

“Estado actual de la biodiversidad del recurso natural Artemia en el área mediterránea: Italia” (“Updated biodiversity of the natural resource Artemia in the Mediterranean area: Italy”) Ref. HI2020113 (Spain-Italy). Cooperation IATS-CSIC and the University of Rome. 2004-2005.

Interuniversitary Cooperative Programme 

“Localización y evaluación del recurso natural Artemia en salinas marroquíes“. (“Localisation and evaluation of the natural resource Artemia in Moroccan salterns”). Interuniversitary Cooperative Programme Spain-Morocco. Cooperation IATS-CSIC and the University of El Jadida (Morocco). 2004-2005.

ICI – AECI Programme

“Prospección y evaluación del recurso natural Artemia (Crustáceo, Branquiópodo) en forma de quistes en la República Argentina, y su utilidad en proyectos de acuicultura para Latinoamérica” (“Prospection and assessment of the natural resource Artemia cysts in Argentina, and its interest for aquaculture projects in Latinamerica”). Scientific Cooperation with Iberoamerica programme. Spanish Government ICI-AECI. Cooperation IATS-CSIC and Universidad de Buenos Aires (Argentina).

The participation in this Artemia biodiversity research promoted by the INCO project has also been brought forward to support the application for a new project in the Spanish R+D+I National Programme 2004-2007, still waiting for a final decision.

In keeping with these previous commitments and those contributed by the INCO project development, the main objectives developed were:

OLD WORLD

1.   Characterization of Artemia populations from some countries in Europe, Asia and Africa.

1.1. Updating and characterization of Artemia populations from Tunisia, India, Italy, Portugal, France and Spain. 

1.2. First approach to the presence of A. franciscana as an exotic invasive species in the Western Mediterranean region.

1.3. Assessment of mechanisms for Artemia cyst dispersal.

1.4. Presence of rare males in diploid parthenogenetic Artemia populations from the Old World.

NEW WORLD

2. Study of the Artemia species distribution in Argentina, related to this distribution in other countries of the American South Cone. 

2.1. First approach to the presence and morphometric vs. molecular characterization of two Argentinean Artemia species: A. persimilis and A. franciscana.

2.2. Approach to the life span and reproductive traits of these Argentinean Artemia populations that can drive their coexistence and /or competition, and their future distribution.

2.3. Approach to the characterization of Argentinean Artemia populations through cyst and nauplii biometrics. Assessment of their quality as “Artemia cysts resource” useful for aquaculture on the basis of their PUFA profile.

activities and results

1.   Characterization of Artemia populations from some countries in Europe, Asia and Africa

1.1. Brine shrimp in Tunisia

In concertation with INCO partner 8 (INAT) a scientist (Hachem Ben Naceur) was invited to develop the characterisation of three autochthonous Artemia populations from Tunisia: El Adhibet, Sijoumi and Sahline.

Their characterisation was supported by:

Biometrics of cysts and nauplii. Fulfilment of adult populations under standard culture conditions and morphometric characterisation of adult specimens through multivariate analysis. Comparison of these characterisations with another strains from the  Mediterranean area: El Rocío (Spain) and  Souzama (Morocco). Management of brine shrimp morphometrics data base in the Spanish group. Cross-breeding experiments among bisexual brine shrimp Mediterranean strains. Lipid and fatty acid analysis of cysts and nauplii. Relationships with another Mediterranean populations.

They showed their taxonomical adscription to the Mediterranean bisexual Artemia salina.

This research is being assumed to appoint for substantial part of Mr. Naceur M.Sc. thesis degree.

1.2. Brine shrimp in India

In concertation with INCO partner 15 (IART) a scientist (Dr. Peter Marian) was invited to apply the morphometric characterisation of Artemia populations under standard culture conditions, according to the  method applied and the data base developed by the group INCO partner 4.

Six samples were afforded from India: Puthalam cysts showed the exclusive presence of an autochthonous diploid parthenogenetic strain. Thamarikulam cysts did not hatch (suspected parthenogenetical). Vembar, Veppelodai, Arasaradi and Theraspuran cysts, presumably a mixture of autochthonous diploid parthenogenetic strain and introduced American brine shrimp, showed the exclusive presence of A. franciscana.
1.3. Updating of brine shrimp populations in the Western Mediterranean. Presence of Artemia franciscana as an exotic invasive species

The updating of cyst bank and database on Artemia cyst samples performed by this group (IATS-CSIC, INCO Partner 4) showed the availability of cyst samples collected in the Western Mediterranean area from the beginning of the 80´s until today. This availability enabled a research led to establish the specific and systematic adscription of these populations. The morphometric study of adult males and females, obtained from original cysts and nauplii under standard culture conditions, and the application of a multivariate discriminant analysis provided evidence on the present distribution of autochthonous brine shrimp populations as well as of foraneous A. franciscana populations.  Autochthonous populations are facing the threatening development of A. franciscana populations behaving as an exotic invasive species.

Co-occurrence of autochthonous (parthenogenetic) and American brine shrimp populations was found in Morocco (Mar Chica) and France (Aigues Mortes), while A. franciscana was not found previously in Italian cyst samples. It is also expected to explain the origin of these foraneous A. franciscana populations as intentional or non-intentional inoculations through saltern management, aquacultural (hatchery effluents) and pet market activities, and to assess their ability to be dispersed by shorebirds within and between salterns in the Southwestern Iberian peninsula. (Results submitted to the EEI 2003, 1rst National Congress on Exotic Invasive Species, Leon, Spain , 4 - 7 June, 2003).

Autochthonous and invasive species present in the Southwest of Spain were also genetically characterised (PCR-RFLP) through a collaborative research with INCO partner 3 (AUTH). The RFLP analyses on the 16S mitochondrial DNA region supported the characterisation performed by partner 4 (CSIC). The combination of traditional (e.g. biometrics, morphometry, cross-breeding) and molecular (RFLP analysis) techniques seems to be a useful tool for studying invasion patterns and species status in the genus Artemia.

With this previous information, this group (INCO partner 4) decided to develop a wide task of prospection in search of Artemia populations in the region, with especial attention to Portugal and Italy. These tasks were favoured and sponsored by the international cooperative programmes Acciones Integradas (Integrated Actions): HP 2002005 (Spain-Portugal) and HI20020113 (Spain-Italy).  These two actions were partially developed during 2004, and should finish during 2005. 

The prospection developed in Italy during the present year allows to report the presence of introduced A. franciscana in Margherita di Savoia salterns (Apulia province), while the prospections developed in the islands of Sardinia (13-17 May, 2004) and Sicily (7- 13 October) did not show the presence of that exotic species.

In Sardinia it was possible to verify the presence of bisexual autochthonous A. salina populations in Su Pallosu (40º 02´ 51´´ N, 08º 24´23´´ E) and Molentargius (39º 13´43´´ N, 09º 12´25´´ E) salt lagoons, free or co-occurring with parthenogenetic diploid populations, and to collect a very short sample of cysts from the practically careless Carloforte salterns (35º 08´ 20´´ N, 08º 18´30´´ E), in San Pietro island. Once in the laboratory (IATS-CSIC), this sample produced a mixed bisexual A. persimilis plus parthenogenetic diploid population. This A. persimilis population could be a remnant of that found in San Bartolomeo by Piccinelli and Prosdocimi (1968) used for the first description of this species.

In Sicily it was possible to verify the generalized presence of autochthonous Artemia salina populations in the two important salt-work complexes still under exploitation in the Natural Reserves of Trapani and Paceco (Trapani – Nubia) and saltworks Ettore and Infersa in Marsala salt ponds, together with salterns in Isola Longa.  There were no living populations of A.salina in that moment (autumn), but cyst samples obtained in Maria Estela saltwoks (Trapani-Paceco, 37º 54´25´´ N 12º 32´80´´ E) and Isola Longa saltern (Stagnone Marsala, 37º 51´33´´ N  12º 26´44´´ E) produced A. salina populations once studied in the laboratory. Old salterns in the salt-works complex of Pachino-Marzameni, in the Sicilian south east region, showed its careless present situation, practically in abandonment, and their suspected fate to be transformed into intensive (green houses) agricultural exploitation.

These circumstances are presently under collaborative research among: Instituto de Acuicultura de Torre de la Sal (IATS-CSIC, Spain, INCO partner 4), Università di Roma “La Sapienza” (Italy, INCO partner 5) and Aristotle University of Thessaloniki (Greece, INCO partner 3).

In concertation with INCO partner 5 (Università di Roma “La Sapienza”, Italy), and into the cooperative frame forwarded by the Spain-Italy Integrated Action (HI20020113), three italian scientists (Salvatore Moscatello, Alessio Traditti, Quirico d´Amico) were invited to the IATS-CSIC to learn and apply the morphometric characterization method and to develop previous studies on fitness and life-history traits of Artemia populations found in Italy, especially the parthenogenetic diploid autochthonous from Margherita di Savoia salterns, and the introduced A. franciscana behaving as exotic invasive species as was recently discovered, and the diploid parthenogenetic autochthonous from Torre Colimena salterns (Gulf of Taranto, Ionian Sea, Mediterranean), also recently incorporated to the biodiversity census for the Western Mediterranean region (Moscatello et al., 2002).

The prospection developed in Portugal (20-23 July, 2004) in cooperation with the University of Porto, non INCO partner, showed a generalized presence of A. franciscana living populations in the salterns still working in the southern region, especially in the Natural Reserve of Ria Formosa, in the Algarve province, including the salt-works in Castro Marim, Tavira, Olhao. The only exception was the presence of an autochthonous parthenogenetic diploid population in the inland saltern of Rio Maior (39º 21´47´´ N, 08º 56´33´´ W), where exotic populations were not introduced by man or shorebirds. The exotic A. franciscana population was also obtained in the laboratory after the study of cysts samples obtained in Marinha Brito salterns (38º 44´ 44´´ N, 08º 58´ 37´´ W) in the area of Alcochete (Tejo estuary). It is obliged to state the dramatic decrease of exploited salterns in Portugal during the last decade, most of them careless (Ria Formosa Natural Reserve) or changed into rice fields or aquaculture facilities in the old salt-works areas of  Alcacer do Sal (river Sado estuary), Alcochete (river Tejo estuary) and Figueira da Fos (rio Mondego estuary). Many old and small salterns were abandoned in the Aveiro district, but the prospection of Senitra salt-works   (40º 38´ 36,9 ´´ N , 8º 39´56,8 ´´ W) on 23rd July, allowed the obtention of a small cysts sample that produced a parthenogenetic diploid Artemia population once studied in the laboratory, although older samples from  Esmolas saltwoks (1991, 1993) in the same district, produced A. franciscana laboratory populations.  

1.4.  Assessment of mechanisms for Artemia cyst dispersal

The cysts samples availability from the cyst bank, together with the prospection and recovering of brine shrimp cysts from waterbirds (Dunlin Calidris alpina and Godwit Limosa limosa) faeces and regurgitated pellets in two areas in the Southwest of the Iberian peninsula: Cadiz Bay (Spain) and Castro Marim salterns (Portugal), enabled a research led to establish the specific and systematic adscription of these populations. The results obtained show the presence of abundant A. franciscana populations in Portuguese salterns and in some old salterns in Cadiz bay (Spain) together with autochthonous Artemia populations (A. salina and diploid parthenogenetic strains). This is a collaborative research with the Estación Biológica de Doñana (CSIC- Sevilla, Spain), a non-INCO partner.

The current research is also providing information on this dispersion in the Spanish Mediterranean shore, in different salterns from Santa Pola (province of Alicante) and those located in the river Ebro delta (province of Tarragona), and for different water fowl species: gulls, avocets, flamingos, shelducks, etc, which show the presence of cysts in their faeces and pellets, belonging to the autochthonous species (A. salina) and strains (parthenogenetic diploid) as well as to the exotic invasive Artemia franciscana.

1.5. Presence of rare males in diploid parthenogenetic Artemia populations from the Old World.

Rare males were found in 26 populations of Artemia parthenogenetica (diploid) from the Old World. These males are morphologically different from those present in bisexual species.  This “atavism” is more frequent in parthenogenetic populations from Central Eurasia (Iran, Iraq, Kazakhstan, Ukraina, Mongolia) and less frequent, or scarce, in peripheral Western (Iberian peninsula, Africa) and Eastern (China) populations.

Although rare males seem useless in reproductive strategies for parthenogenetic females, they are not sterile in fact. They can mate and fertilize females from the bisexual strains Artemia urmiana (lake Urmia in Iran) and Artemia sinica (lake Yuncheng, Shanxi, China), producing live offspring.  It is suspected that this rare male atavism could help to explain the origin of parthenogenetic strains (polyphyletic origin) from hybridization between two of the Asiatic bisexual species (A. urmiana and A. sinica) or from lineages leading to present-day Asiatic Artemia, or through a monophyletic mechanism similar to that one theoretically argumented in cladocerans, which could provoke the transition from cyclic to obligate parthenogenesis. 

Research in progress is trying to unveil the status of consecutive hybrid generations produced mating rare males of parthenogenetic origin with A. urmiana or A. sinica females, in terms of postmating isolation, production of abortive and viable offspring, survival rates of the viable offspring, etc.

2. Brine shrimp in Argentina

2.1. The cooperation between the Universidad de Buenos Aires, Argentina (INCO partner 6) and the Instituto de Acuicultura de Torre de la Sal (IATS-CSIC, Spain - INCO partner 4), supported by the Spanish Government AECI-ICI collaborative programme, allowed to develop a quite broad research (not exhaustive) on the biodiversity status of the species of the genus Artemia in Argentina. Previous results were published (Cohen et al., 1999 a, b; Papeschi et al., 2000; Amat et al., 2004) reporting on the presence of A. persimilis and A. franciscana populations in Argentinean hypersaline ecosystems.

The present information available allows to support the actual presence of Artemia franciscana in 5 biotopes and of A. persimilis in, at least, 21 biotopes, spread between the latitudes 26º 30´S (Salinas Grandes de Ambargasta, province of Cordoba) and 49º 17´S (Salinas de San Julián, province of Santa Cruz). In this study and report it is also considered the presence of A. persimilis in Laguna de Salinas (16º 21´44´´ S; 71º 08´01´´ W) in the Peruvian Puna near Arequipa, and in Laguna de los Cisnes (53º 15´S; 70º 10´W) in the Chilean Tierra del Fuego, exceeding the distribution of Argentinean A. persimilis populations towards the North and South of the American South Cone, respectively.

The available cyst samples from these diverse populations allowed developing several research lines dealing with:

2.2. In concertation with INCO partner 6 (UBA) an Argentinean scientist (Julieta Goenaga) was invited to develop an experiment designed to compare some prereproductive fitness traits under different temperature and salinity combinations, up to attaining reproductive adulthood, of the Argentinean brine shrimp species: A .persimilis (Salinas Grandes de Hidalgo) and A. franciscana (Mar Chiquita). The most important results were:

· A. persimilis always showed high mortality at low salinities (30 g. L -1).

· A. franciscana always showed low survival at the low temperature (12ºC), but survived better than A. persimilis at 21º and 28ºC 

· A. franciscana always showed higher fecundity rates than A. persimilis.

· A. persimilis showed higher growth rates than A. franciscana at all temperatures.
· A. persimilis showed  sexual maturity earlier than A. franciscana at 12ºC. For the other temperatures the results were similar. 

· In both species the increase of temperature is associated to an increase of survival and growth rates, and to a decrease of pre-reproductive period and maturity fulfilment.

These results were submitted to the “poster session” from  the “V Jornadas  Nacionales de Ciencias del Mar” December 8-12, 2003, held in Mar del Plata, Buenos Aires (Argentina), under the title “Efectos combinados de salinidad y temperatura sobre la supervivencia y edad de madurez sexual en dos poblaciones argentinas del crustáceo Artemia (Branchiopoda: Anostraca)” by Goenaga. J, Medina. G, Amat. F, Cohen. G.

Differentiation of fitness traits between Argentinean (plus Chilean and Peruvian) populations from A. persimilis (6 populations) and A. franciscana (4 populations), and among populations within species (Browne et al., 1988), have been studied to establish a general view of phenotypic plasticity and response of the different populations (species) to static environmental conditions, results that must be useful to hypothesize on the likely response of diverse populations (species) to different environmental conditions, or how these environmental conditions could have fixed fitness and life-history traits like maturation period, length of reproductive period, brood size, total offspring production, brood numbers, interbrood interval, offspring type and quality (oviparous/ ovoviviparous) what, eventually, could help to hypothesize on the present distribution and biogeography of both species in this region.

2.3. Cyst biometry for hydrated and decapsulated cysts, together with chorion thickness measurement, in order to explain the different cyst buoyancy levels found for Argentinean A. franciscana and A. persimilis populations.

Nauplii biometry related with cyst size because, in general terms, A. persimilis cysts are bigger than A. franciscana ones, what brings as a consequence bigger sized A. persimilis nauplii, especially for those A. persimilis populations present in the Southern latitudes or in the higher altitudes from the sea level (colder biotopes) according to thermo-ecological rules.

Quantitative and qualitative identification of PUFA levels in most original cyst samples, in order to establish their adscription to marine-type or freshwater-type Artemia (Watanabe et al., 1978; Navarro et al., 1992) according to their fatty acid profiles, and aiming to correlate these profiles to species specific conditioning; marine or inland origin of brines, shoreline, sea level or high altitude biotopes; phenotypic influence of the diet versus a possible genotypic effect, etc.

A research in progress, in close cooperation with the Aristotle University of Thessaloniki (Greece - INCO partner 3) and the Universidad de Buenos Aires (Argentina – INCO partner 6) is aiming to strengthen the previous good agreement found between morphological and genetic (Artemia Biodiversity, Chilean Regional Workshop, Puerto Varas, 2003) characterization of Artemia populations with respect to species discrimination and identification based on mitochondrial DNA RFLP analysis. The results of this research on identification of population-specific genetic markers for A. persimilis and A. franciscana should help to tackle diverse aspects of both species characterization described above, and further aspects of their biodiversity and speciation patterns (Gajardo et al., 2004).

Literature cited:  See Annual Report 2004 and Publications and papers.

Problems encountered

No especially dramatic problems were found during the development of this INCO project on behalf of this European INCO partner and reporter. 

Although, it was a real concern the lack of “bench fee” or funding to cope with expenses caused by visiting scientists into host laboratories.

It was also a general feeling that time periods spent by visiting scientists in the development of cooperative tasks in host laboratories were usually short and not enough for a suitable production of results.

Some other inconveniences could rise from the usual heavy bureaucratic management and complexities bound to these kind of international projects, that were adequately solved by the coordination readiness.

Publications and papers

Amat, F., Hontoria, F., Ruiz, O., Green, A., Sánchez, M., Figuerola, J., Hortas, F . The American brine shrimp as an exotic invasive species in the Western Mediterranean. Biological Invasions.2005.7: 37-47.

Amat, F., Cohen. R.G, Hontoria. F, Navarro.J.C. Further evidence and characterization of Artemia franciscana (Kellogg, 1906) populations in Argentina. Journal of  Biogeography. 2004. 31: 1735-1749.

Green. A., Sanchez. M, Amat. F, Figuerola. J, Hontoria. F, Ruiz. O, Hortas. F. Dispersal of invasive and native brine shrimps Artemia (Anostraca) via waterbirds. Limnology and Oceanography (in press.).

Lipko. P, Papeschi. A.G, Cohen. R.G, Amat. F. Cytogenetic analysis of four Argentinean populations of Artemia (Crustacea, Branchiopoda, Anostraca). Caryologia. (accepted).

Saavedra. C and Amat. F. Parental effects on encystment in crosses between two geographical strains of Artemia franciscana. Journal of Heredity. (in revision).

Mura. G, Baxevanis. A.D, Medina. G, Moscatello. S, Hontoria. F, Amat. F, Abatzopoulos. T.J. On the presence of Artemia franciscana (Branchiopoda, Anostraca) in the saltworks of Margherita di Savoia (Apulia, Italy), as revealed by morphological, morphometric and molecular analysis. Hydrobiologia (in revision).

Varó. I, Amat. F, Navarro. J.C, Barreda. M, Pitarch. E, Serano. R. Assessment of the efficacy of Artemia sp. (Crustacea) cysts chorion as barrier to chlorpyrifos (organophosphorous pesticide) exposure. Environmental pollution (in revision).

Medina. G, Goenaga. J, Hontoria. F, Cohen. R.G, Amat. F. Combined effects of salinity and temperature on preliminary life span and reproductive traits of two Argentinean A. persimilis and A. franciscana populations (in preparation).

Ruiz. O, Navarro. J.C, Amat.F. The fatty acid composition of the cysts of Argentinean Artemia populations. (in preparation).

Information already available (morphometrics) and to be acquired at once (molecular) is going to allow the preparation of, at least, two manuscripts dealing with Argentinean Artemia populations species identification and distribution.

Conclusions

It was really satisfactory for this reporter and group to be present in this INCO project and consortium, which helped to:

· Form young aspirants to scientific research in EU partners as well as in DC partners

· Go on with existing links, strengthen existing links and establishing new links for international scientific cooperation.

· Support and obtain positive evaluation and funding for related national and international projects.

· Promote the availability of research material, information and personal contacts from diverse parts of the world.

Some additional considerations bound to the Technical Annex could be:

· The characterization of Artemia species and strains worldwide seems reasonably accomplished over this 3 year period, although new inspired suggestions appeared in this field. There are world regions or specific countries that could keep still unveiled information very important to discern basic problems that this INCO project, or “any life beyond it” should necessarily solve in terms of biodiversity. For example: Africa (North and Central), Central Asia and South America (Bolivia).

· Classical methods used for Artemia populations and strains characterization, based on morphology / biometry, very useful in most cases, are giving up their turnover to modern genetic markers not readily available in most partner or member laboratories and equipments.

· The better knowledge achieved on Artemia species and strains differentiation and biodiversity seems not a previous requisite to preserve its biodiversity. Perhaps there are not enough examples supporting this assert, but the real few known are very threatening: Western Mediterranean, China, Iraq, Iran (?), where A. franciscana is behaving like a real exotic invasive species. 

· The important task developed in terms of Artemia biodiversity assessment and characterization perhaps is not in agreement with achievements attained with technological objectives like sustainable exploitation, population dynamics, crop and harvest levels. The presence of invasive A. franciscana in those places is becoming positive or improving in terms of more productive and sustainable resource exploitation? 

· The success regarding the production of (joint) publications is not yet evaluable. Most probably this success assessment should be done later. Now there is a lot of information, regarding INCO objectives, being processed and made up for manuscript reality.
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Controversial




Objectives

Regional Partnership Mediterranean

Within the “regional”partnership for the study of the Mediterranean area, and in accordance with the action plans decided by the consortium members on the occasion of the Gent workshop (February  2002), the most important objective of the research team in La Sapienza was the following: 

Research on Artemia biodiversity and distribution to expand present knowledge in order to create a global database. Such a study involved, in the meantime, the search for allochthonous invasive species.

Besides field studies to survey Artemia known and new sites and to update brine shrimp distribution in Italy, scanning electron microscopy on classic taxonomic characters was adopted to evaluate the significance of morphological characters. Such studies also demonstrated the importance of multidisciplinary approach for the characterization and identification in case of new or problematic taxa.

Activities

- Cooperation with the laboratory of Francisco Amat to extend SEM morphological analyses to larger numbers of Artemia populations from Mediterranean and from non-Mediterranean countries.

- Very tight and active exchanges (both by visiting them and by means of e-mail) with the teams of Francisco Amat (CSIC, Castellon) and Theodore Abatzopoulos (Aristotle University,Thessaloniki) in order to compare and discuss results obtained on common research subjects resulting in joint publications. -Collaboration with Dr.Liubov Nagorskaya (Minsk Academy of Sciences) to analyse a number of brine shrimp populations of former USSR and review the available Russian literature in order to update data on distribution in that area.

- Collaboration with Dr. Laura Torrentera (Arizona State University Dept. of Plant Biology) to compare experiences  and observations on eversible penis morphology, in order to assess the validity of this character in species separation. 

- Contacts set with Dr.Hidetoshi Naganawa (Institute of the Earth’Crust, Russian Academy of Sciences) in order to study brine shrimp strains from Mongolia, in cooperation with Theodore Abatzopoulos and Francisco Amat  (morphology, morphometry and molecular genetics).

- Exchanges also made with Gonzalo Gajardo (University of Lagos, Chile) regarding populations from Latino America to try to solve some problems of species identification.

The above activities consisted in exchanges of material (preserved adults and fresh cysts) to be analysed, when possible, by multiple means (morphometrics, Scanning electron microscopy, cytogenetics and molecular biology). Joint surveys were also performed in brine shrimp sites from Sicily and Sardinia  (La Sapienza,  Torre de la Sal IATS, Thessaloniki University).

Results achieved

Research on Artemia biodiversity:

1. Mediterranean area: Italy

Information on Artemia distribution in Italy was revised and updated according to recent data (Mura, 1991,2001,2002).

A total of 17 findspots were listed: 12 for Artemia salina, 5 for A.parthenogenetica

[image: image4]
More recently, winter and spring 2004, a new survey was performed in insular and peninsular Italy in order to check if changements occurred in some of the Artemia sites, which were no more visited after 2002.
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2. Eurasia

The collaboration with Dr.Liubov Nagorskaya (Minsk Academy of Sciences, Belarus) produced very detailed information about lakes and Artemia sites of former Soviet Union Republics, an updated reference list (though almost in Russian), with focus on Ukraine, Kazakhstan and Russia. 

Besides the sites previously listed (Triantaphyllidis et al., 1998; Baitchorov & Nagorskaya, 1999; Van Stappen, 2002), many more sites were identified by analysing old collections and literature: 85 in total.

Besides the comparison among references, a number of available samples  (from Ukraina, Kazakhstan and Russia) were examined for morphology and sex ratio.

Information gathered on mode of reproduction and species identification partly agrees with previous data. A few controversial points emerged from the analyses of sex ratio and SEM morphology of the available samples: 2 for Ukraina, 1 for Kazahstan, 1 for Russia.
Ukraina: 

1)Popovskoye=Ojburgskoye (mixed populations): both bisexual and rare males were found.

2) Sasyk Sivash:  mixed populations also

Kazakhstan: Teke: bisexual according literature (see review in Van Stappen, 2002), undetermined species according to Russian literature

Russia: Mirabilit: parthenogenetic according to literature (see Van Stappen, 2002), bisexual according to us (on the basis of sex ratio in the samples examined). (possibly mixed populations?)
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As to taxon identification, morphological differences were recorded among the bisexual populations examined:

Tanatar, Solenoye, Mirabilit exhibit spine-like projections on basal penes and sub-sphaerical frontal knobs.  Species undetermined. Needs examination by other criteria (Morphometrics, molecular).

Kizyl-Yar and Shtormovoye: have no spine-like projections, subconical frontal knobs: Artemia salina ?


[image: image8]
3. Urmia lake 

SEM morphology on collection samples seems to confirm recent data (Ahmadi et al., 1990; Agh et al., 2003) (see also review in Van Stappen, 2002) about the coexistence of the bisexual A. urmiana and a parthenogenetical strain. Further examination of freshly collected samples is needed.

4. Chile

Within the frame of the collaboration with prof.Gonzalo Gajardo (university of Los Lagos, Chile), I analysed 12 populations in order to obtain further information on their morphological character and to better define species distribution.

Although according to recent literature (Zuñiga et al., 1999; Gajardo et al., 1999; De Los Rios & Zuñiga, 2000; Gajardo et al., 2001; Gajardo et al., 2004; Gajardo personal communication), the majority of the Artemia populations from Chile thus far studied belong to the species franciscana (occurring north-to central Chile), a few controversial cases exist:

· The Pichilemu area represents the border between species distribution.

· A. persimilis seems to occur from centre to south Chile. The populations from Pichilemu, La Villa and Cahuil are problematic as far as their morphology is concerned, and in need of further studies.
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Promotion of multidisciplinary approach and problems encountered

All of the above mentioned studies showed well the need of approaching the problems concerning taxon identification by means of multidisciplinary methods, at least in some cases.

To this end, the cooperation started among Italy, Greece and Spain already attained some results in two cases:  the characterization of the parthenogenetical population from Torre Colimena (Taranto, south Italy) and the identification of A.franciscana as invasive species in the saltworks of Margherita di Savoia. Both cases have been described and submitted for publication.

On the contrary, planned, cooperative activities among La Sapienza, Dr.Torrentera and Prof.Amat to study morphology of retractile penis, in the aim of obtaining a further taxonomical criterion, if any, were temporarily stopped, due to severe health problems of Dr Torrentera.

As to the cooperation started with Dr.Naganawa about brine shrimps from Mongolia, is in progress, but priority was given to the definition of the status of the Mediterranean area, Italy in particular (much work still remains to do concerning the individuation of invasive species in all of the recently surveyed sites).

In general, the number of SEM observations should have been much larger (on a larger number of specimens) to evaluate the extent of intra-specific morphological variation, but this was not possible due to high cost of use, and scarcity of funding from other sources (INCO did not cover those costs)

Publications

2002. Moscatello, S., G. Belmonte & G. Mura. The coexistence of two Anostraca species in a salt water pond of southeastern Italy. Hydrobiologia, 486:201-206.

2004 Mura, G.& B. Brecciaroli. Use of morphological characters for species separation within the genus Artemia (Crustacea, Branchiopoda). Hydrobiologia, 520:179-188.

2004. Mura, G. A. D. Baxevanis, F.Hontoria, S. Moscatello, F. Hontoria,  F.Amat Doménech  & T. J. Abatzopoulos. On the presence of Artemia franciscana (Branchiopoda, Anostraca) in the saltworks of Margherita di Savoia (Apulia, Italy), as revealed by morphological, morphometric and molecular analyses. Hydrobiologia, subm.

Mura, G., S.Moscatello, G.Fancello, F.Amat, G.Medina Lopez, F.Hontoria, T.Baxevanis, Theodore Abatzopoulos. Multidisciplinary characterisation of an Artemia population from southern Italy:  A. parthenogenetica from the Vecchia Salina at Torre Colimena (Gulf of Taranto, Apulia). subm.

3.4 paragraph of the Manual “ Artemia biodiversity: Protocols and Guidelines for study and Sustainability”-  SEM techniques
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OBJECTIVES

The main objectives developed in the frame of the INCO Project during the period 2002-2004 strongly overlap with the corresponding of other projects that were in development or recently concluded by our team. These latter projects were sponsored by different national or international organisms and programmes*. The mentioned overlapping, allowed the reinforcing and enrichment of the results obtained. 

*   - ICI – AECI Collaborative Programme (Conjoint Research Projects)

TITLE: “Prospección y evaluación del recurso natural Artemia (Crustáceo, Branquiópodo) en forma de quistes en la República Argentina, y su utilidad en proyectos de acuicultura para Latinoamérica” (“Prospection and assessment of the natural resource Artemia cysts in Argentina, and its interest for aquaculture projects in Latinamerica”). Scientific Cooperation with Iberoamerica Programme. Spanish Government ICI-AECI. Cooperation IATS-CSIC and Universidad de Buenos Aires (Argentina).          

    - UBACYT X153 y X 202 Projects. Programación 2001-2003, 2004-2007. 

TITLE: “Prospección de salinas y lagos salados de la República Argentina con vistas a la evaluación del recurso natural Artemia, y su utilidad en proyectos de acuicultura para Latinoamérica”. (“Prospection of Argentinian salines and salt lakes in order to the assessment of the natural resource Artemia, and its interest for aquaculture projects in Latinamerica”).
The main objectives developed were:

a) Prospection of saline waterbodies looking for new Artemia populations in Argentina. 

b) Specific identification of each new recorded population using diverse methodologies: biometry of cysts and nauplii, morphometry of adults, inter and intra populational and cross breeding.

c) Valuation of the morphology as an important tool for preliminary identification of both American species. Determination of the main morphological characters that allow identifying specifically both specimens from wild populations and from fixed samples as well.

d) Cytogenetic characterization of Argentinian populations. Elucidation of some cytogenetic abnormalities in male meiosis (Hybridization Hypothesis)

e) First approach to the morphometric vs. molecular characterization by RFLP technique of some Argentinian populations assigned to A. persimilis and A. franciscana.

f) Experimental evaluation of the ecological requirements and physiological tolerances of the Argentinean populations belonging to A. persimilis and A. franciscana.

g) Approach to the life span and reproductive traits of these Argentinean Artemia populations that can drive their coexistence and / or competition, and their future distribution.

h) Study of the geographical distributional pattern of Artemia species, A. persimilis and A. franciscana, in Argentina related to this distribution in other countries of the American South Cone (particularly, Chile). 

i) Assessment of the quality of Argentinian populations as “Artemia cysts resource” useful for aquaculture on the basis of their PUFA profile.

ACTIVITIES

The cooperation between the Universidad de Buenos Aires, Argentina (INCO partner 6) and the Instituto de Acuicultura de Torre de la Sal (IATS-CSIC, Spain - INCO partner 4), supported by the Agencia española de Cooperación internacional (AECI), Instituto de Cooperación Iberoamericana (ICI) allowed both teams to develop a quite broad research (not exhaustive) on the biodiversity status of the species of the genus Artemia in Argentina. Simultaneously, several successive grants of the Universidad de Buenos Aires (UBACYT Projects) gave additional support to our research. We produced together the first results on Artemia research in Argentina, a non-explored line so far. Several papers reported on the presence of A. persimilis and A. franciscana populations in Argentinean hypersaline ecosystems (Rodríguez Gil et al., 1998; Cohen et al., 1999 a, b; Papeschi et al., 2000). Our inclusion and participation in the INCO Project together with teams of diverse points of the World reinforced our relationship with other researchers of the Artemia circuitry, extended our field of research and allowed us to put in contact with different approaches which lead us to solve our objectives.

I. SAMPLING AND SPECIFIC ASSIGNATION OF NEW Artemia POPULATIONS RECORDED FROM ARGENTINA

Several times we have sampled together with Spanish colleagues, in Argentinean saline water bodies looking for new Artemia populations. We have visited several biotopes between 26º 30´S (Salinas Grandes de Ambargasta, Córdoba province) and 49º 17´S (Salinas de San Julián, Santa Cruz province). By means of morphology, biometry of cysts and nauplii, cytogenetics, morphometry of adults, inter and intra populational cross-breeding, we have specifically assigned each population. Recently (See STAY OF TRAINING IN GREECE) we have started to develop the RFLPs molecular technique in our populations in order to complete our identifications. Also we expected to obtain with the results of this technique some explanation for the meiotic abnormalities and the chromosomic behaviour observed in males of Las Tunas population. On the basis of these previous cytogenetic observations we have hypothesised a case of hybridization (Papeschi et al., 2000). 

To now we have recorded:

- 5 biotopes with populations of A. franciscana, northern 35º S latitude. 

- at least, 21 biotopes with populations of A. persimilis, southern 35º S latitude. In this study and report it is also considered the presence of A. persimilis in Laguna de Salinas (16º 21´44´´ S; 71º 08´01´´ W) in the Peruvian Puna near Arequipa, and in Laguna de los Cisnes (53º 15´S; 70º 10´W) in the Chilean Tierra del Fuego, exceeding the distribution of Argentinean A. persimilis populations towards the North and South of the American South Cone, respectively.

With the available cysts sampled from these diverse biotopes we developed the following research lines:

II. COMPARISONS OF ECOLOGICAL REQUIREMENTS AND PHYSIOLOGICAL TOLERANCES BETWEEN SEVERAL ARGENTINEAN POPULATIONS BELONGING TO A. persimilis AND A. franciscana. 

Phenotypic plasticity and response of the different populations (species) to static environmental conditions have been pointed out and studied in several populations. The results obtained would allow the researchers to predict the likely response of each population to the environmental local variations and also to suggest how these environmental conditions could have fixed fitness and some life-history and reproductive traits (maturation age, length of reproductive period, brood size, total offspring production, brood numbers, interbrood interval, offspring type and quality: oviparous/ ovoviviparous). Answers to these questions could help to understand the present geographic distributional pattern of both species in South America.

1) This line of research gave as result the MSc. Thesis (Tesis de Licenciatura) of Carolina Arbasetti (TITLE: “Estudio comparativo del efecto de diversos tratamientos salinos, en distintas etapas del ciclo ontogenético de dos especies del crustáceo Artemia (Branchiopoda, Anostraca) en condiciones de laboratorio.” (Started before the beginnings of INCO Project. Defended 12/2002. Deposited in Hemeroteca de la Facultad de Ciencias Exactas y Naturales, UBA). Unpublished results.

The populations considered were: A. persimilis (Colorada Chica Lagoon) and A. franciscana (Mar Chiquita Lake). Here, the effect of acclimation or sudden passage to diverse end salinities of the cultures was assessed in three stages of the post-embryonary development, naupliar, post-metanaupliar and adult, in each of both populations. Also, comparisons between both populations were carried out.

2) The Phd. Thesis of Ximena Pastorino showed the reproductive performance of the population of Colorada Chica Lagoon (assigned to A. persimilis) resulting under diverse saline treatments.

TITLE: “Caracterización morfológica y reproductiva de Artemia persimilis (Crustacea Branchiopoda: Anostraca) de la Laguna Colorada Chica (provincia de La Pampa).” (Defended in August, 2003) (Deposited in the Hemeroteca of the Facultad de Ciencias Exactas y Naturales, UBA)
3) STAY (two months) of an Argentinian scientist, Julieta Goenaga, in the Spain-INCO partner laboratories. The research developed consist in the comparison of some pre-reproductive fitness traits under different temperature and salinity combinations, up to attaining reproductive adulthood, of the Argentinean brine shrimp species: A. persimilis (Salinas Grandes de Hidalgo) and A. franciscana (Mar Chiquita). The results obtained were included in the MSc. Thesis (Tesis de Licenciatura) of Julieta Goenaga 

TITLE: “Efectos combinados de la salinidad y temperatura en la supervivencia, variables reproductivas y tamaño de adultos en dos poblaciones argentinas del crustáceo Artemia (Branchiopoda: Anostraca).” (Not defended yet)

The most relevant results were:

· A. persimilis always showed high mortality at low salinities (30 g. L –1).

· In both species a salinity of 150 g. L –1  is a crytical upper limit.

· A. franciscana always showed low survival at the low temperature (12ºC), but survived better than A. persimilis at 21º and 28ºC. 

· A. franciscana always showed higher fecundity rates than A. persimilis.

· A. persimilis showed higher growth rates than A. franciscana at all temperatures.
· A. persimilis showed sexual maturity earlier than A. franciscana at 12ºC. For the other temperatures the results were similar in both species.

· In both species the increase of temperature is associated to an increase of survival and growth rates and to a decrease of pre-reproductive period and maturity fulfilment.

These results have been presented in the poster session from:

a) the VI Jornadas de Zoología del Uruguay (September 17-21,2001), under the title:

 “Efectos de la salinidad sobre la supervivencia, diversas variables morfológicas y reproductivas en poblaciones argentinas de Artemia (Crustacea Anostraca)”. by C. Arbasetti, X. I. Pastorino y R. G. Cohen.

b) the V Jornadas  Nacionales de Ciencias del Mar. XIII Coloquio Argentino de Oceanografía, Mar del Plata December 8-12, 2003, held in Mar del Plata, Buenos Aires (Argentina), under the titles:

-  “Efecto de shocks salinos en distintas etapas del ciclo ontogenético de dos poblaciones argentinas del crustáceo Artemia (Branchiopoda: Anostraca).” by  C. Arbasetti, P. Sotelano, J. Goenaga, R. G. Cohen.

 -  “Efectos combinados de salinidad y temperatura sobre la supervivencia y edad de madurez sexual en dos poblaciones argentinas del crustáceo Artemia (Branchiopoda: Anostraca).” by J. Goenaga, G. Medina, F. Amat, R. G. Cohen. 

4) At the present, the reproductive performance and survival of the population of Colorada Chica Lagoon under diverse lightening conditions is in progress through the MSc. Thesis of Paula Sotelano 

TITLE: “Estudios sobre el comportamiento reproductivo de Artemia sp. (Crustacea:Branchiopoda Anostraca) bajo diversas condiciones experimentales de iluminación.”

III. CYTOGENETICS  OF ARGENTINEAN POPULATIONS

1) CHARACTERIZATION: We have performed the cytogenetic characterization of several populations and we are going on (Rodríguez Gil et al., 1998; Papeschi et al, 2000; Lipko et al., 2004 in press).

During the INCO Project, these results have been presented in the poster session from:

· the XXXI Congreso Argentino de Genética. La Plata (September 17-20, 2002):

 TITLE: “Análisis citogenético de tres  nuevas poblaciones de Artemia franciscana (Crustacea, Branchiopoda: Anostraca) de las provincias argentinas de La Rioja, Córdoba y San Luis”.

by Lipko, P., A. G. Papeschi and R.G. Cohen.

· the 4ta Jornada Multidisciplinaria de la Sociedad Argentina de Biología. Capital Federal, December 6, 2002. Abstracts published in Biocell 27(1): 158, 2003. 

TITLE: “Cytogenetic analysis of four Argentine populations of Artemia (Crustacea Branchiopoda: Anostraca).” by Lipko, P., Papeschi, A. G. and Cohen, Rosa Graciela

2) EVALUATION OF HETEROCHROMATIN PERCENTAGE AS CYTOGENETIC MARKER:

As the heterochromatin associates inespecifically, we have proposed that the number of chromocenters would not be the most reliable paramether as cytogenetic marker. We have proposed instead the use of the heterochromatin percentage. The number of chromocenters and the heterochromatin content have been measured in the following Argentinean populations: 

Salinas Grandes de Hidalgo (La Pampa Province); Salitral de la Vidriera and Palos Blancos (Buenos Aires Province) belonging to A. persimilis. Pampa de las Salinas (San Luis Province); Salinas Grandes (NW Córdoba Province), La Antigua (La Rioja Province) and Mar Chiquita (Córdoba Province), belonging to A. franciscana.

These results have been presented in the poster session from:

· the XXXIII Congreso de la Sociedad Argentina de Genética (September 26-29, 2004), Malargüe, Mendoza Province.

TITLE: “Variación en el contenido de heterocromatina en cinco poblaciones de Artemia (Crustacea, Branchiopoda, Anostraca)” by Lipko, P.; A.G. Papeschi and  R.G. Cohen

- This line of research gave as result the MSc. Thesis (Tesis de Licenciatura) of Paula Lipko, now in progress:

TITLE: “Análisis citogenético de poblaciones de Artemia (Crustacea, Anostraca) de la República Argentina.”

3) HYBRIDIZATION HYPOTHESIS

In order to confirm or reject our hybridization hypothesis in Las Tunas population we considered two approaches:

a. The Genome in situ hybridization technique (GISH): the adjustement of the protocols for this technique is currently in progress in order to perform the A. franciscana DNA hybridized on A. persimilis slides and viceversa. Also, to perform the hybridization on mitotic/meiotic chromosomes of species. 

b. The RFLPs technique (See STAY OF TRAINING IN GREECE)

IV. STAY OF TRAINING IN GREECE 

A research in progress, in close cooperation with the Aristotle University of Thessaloniki (Greece - INCO partner 3) and the Spain-INCO 4 partner is aiming to strengthen the previous good agreement found between morphological and genetic (Artemia Biodiversity, Chilean Regional Workshop, Puerto Varas, 2003) characterization of Artemia populations with respect to species discrimination and identification based on mitochondrial mDNA RFLP analysis. A member of our team, Dr. Alba Papeschi has gone for training during a month in this molecular technique, to the laboratories of the Greece AUTH-INCO partner 3. The results of this collaborative research of three teams on the identification of population-specific genetic markers for several Argentinean populations belonging to A. persimilis and A. franciscana should help to elucidate diverse aspects of species identification described above, and further aspects of their biodiversity and speciation patterns.

V. MORPHOLOGICAL STUDIES

1) Studies on the morphology of the amplexial zone. Comparisons between A. persimilis and A franciscana. A description of male and female structures involved in the amplexus  in pairs of both species was performed in the PhD. of Ximena Pastorino (see above); also, the different position of the female respect to the male during the amplexus was shown using thin histological cross sections (Pastorino and Cohen, 2004 submitted to Hydrobiologia).

2) Microscopic comparative studies on the development of the compound eye of Artemia reared under many lighting conditions.  This line of research is now in progress through the MSC Thesis of Paula Sotelano (See above).

VI. STUDIES ON NUTRITIONAL VALUE OF SOME ALGAE
We have recently started this line of research through the Msc Thesis of Paula Nannavecchia now in progress.

TITLE: "Evaluación de la influencia de la dieta en el desarrollo de dos poblaciones argentinas de Artemia (Branchiopoda, Anostraca) alimentadas con cultivos unialgales de Dunaliella sp. y Euglena sp."
LITERATURE CITED
AMAT, F., R. G. COHEN, F. HONTORIA &  J. C. NAVARRO. 2004. Further evidence and characterization of Artemia  franciscana  populations in Argentina.  Journal of Biogeography 31: 1-15.ISSN 0305-0270.

- COHEN, R.G , S.G. RODRIGUEZ GIL & C. G.VELEZ. 1999. The post-embryonic development of  Artemia persimilis Piccinelli & Prosdocimi  in laboratory culture.   

Hydrobiologia (The Netherlands) 391: 63-80. ISSN 0018-8158.

- COHEN, R.G., F. AMAT, F. HONTORIA  & J.C. NAVARRO. 1999. Preliminary characterization of some Argentinean populations of the brine shrimp Artemia (Crustacea, Branchiopoda, Anostraca). Provinces of La Pampa and Buenos Aires.   International Journal of Salt Lake Research 8: 329-340. ISSN 1037-0544.
- LIPKO, P., PAPESCHI, A. G., COHEN, R. G. & AMAT, F. 2004. Cytogenetic analysis of four Argentinean populations of Artemia (Crustacea Branchiopoda: Anostraca). 2004. In press in Caryologia. ISSN 0008-7114.

- PASTORINO, X. I., E. MARSCHOFF & R. G. COHEN. 2002. Reproductive and brood cycles of Artemia persimilis Piccinelli & Prosdocimi from Colorada Chica Lake (Province of La Pampa, República Argentina), under laboratory conditions. Hydrobiologia (The Netherlands) 486: 279-288. In: Studies on Large Branchiopod Biology 4. H.Dumont, B. Timms, Ch. Rogers, and A. Abreu Eds. Kluwer Acad. Pub. The Netherlands.  ISSN 0018-8158. ISBN 0-7923-3292-X.

- PASTORINO, X. I. & R. G. COHEN. Comparative microscopic and histological studies of the amplexus in American Artemia Crustacea Branchiopoda: Anostraca)populations. 2004. Enviado a Hydrobiologia. ISSN 0018-8158. 

- PAPESCHI, A. G., R. G. COHEN,  X.I. PASTORINO & F. AMAT. 2000. Cytogenetic proof that the brine shrimp A. franciscana is found in Argentina.  Hereditas 133: 159-166. ISSN 0018-0661.

- RODRIGUEZ GIL, S.G., A. G. PAPESCHI & R.G. COHEN. 1998. Mitotic and meiotic chromosomes of Artemia (Branchiopoda) from populations of La Pampa Province, Argentina. Journal of Crustacean Biology (EEUU) 18(1): 36-41. ISSN 0278-0372.

PROBLEMS ENCOUNTERED

We had not especially important problems during the development of this INCO project. All inconveniences were quickly solved by the Coordinator. 

However, I would much appreciate if the officials of the EC could understand and better tolerate the big difficulties with the bureaucratic management of the Bank transfers and accounts, which the partners of some countries must face.

PUBLICATIONS AND PAPERS: see Literature cited.
- MEDINA. G, GOENAGA. J, HONTORIA. F, COHEN. R. G, AMAT. F. Combined effects of salinity and temperature on preliminary life span and reproductive traits of two Argentinean A. persimilis and A. franciscana populations (in preparation).

- Information already available (morphometrics) and to be acquired at once (molecular) is going to allow the preparation of, at least, two manuscripts dealing with Argentinean Artemia populations species identification and distribution, in collaboration with the Spanish and Greek teams.

CONCLUSION

The Project gave our team a great and unique opportunity to connect and interact with the Senior and young Artemia researchers from all continents, and to establish new international scientific cooperations. Besides, the training of young people and members of our team in specific techniques in specialised Research Institutes and Laboratories would help us very much in the formation of Human Resources and development of our research, increasing the level of our results. We hope to incorporate some of these methodologies to our laboratory.  Accordingly, new lines of research were born and are now in progress. 
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Introduction

Artemia is used as a food source for fish and shrimp larviculture even though it is not native species in Vietnam. Artemia was first introduced into Vietnamese salt-fields during late ‘80s in order to produce Artemia cysts as a need of aquaculture activities. Nevertheless, the culture of this species play a very important role in the development of socio-economics since it brings back a better and more stable income for the local farmers compare with the traditional salt production in dry season and growing natural fishes, shrimps in rainy season. Culturing Artemia only or integrated Artemia with salt production in the same area increase the income in a production unit due to Artemia cysts have a high value and rather stable price while salt is very low price varying by year. Moreover, in Artemia culture, the capital circulation will be short and therefore it will improve the living standard for the local farmers.

Artemia pond culture was developed in Vinh Chau and Bac Lieu in early 90s through the efforts of College of Aquaculture and Fisheries (CAF, Can Tho University). Nowadays, there are more than 1000 ha of local saltworks can produce approximately 50 tones of raw cysts per year. However, cyst production in these areas are not stable and being considered as a matter of nutrition available, therefore, our research activities are aiming to fill this gap and the main task of this phase tries to improve the cyst yields, cyst quality in order to raise the annual income of the farmers who is living in this region. 

Objectives

· Further improved Artemia culture techniques via interdisciplinary research.

· Based on a standard analysis of pond bottom soil samples, water samples, quantitative advices can be forwarded to the Artemia growers on how to fertilize and on stocking density to avoid the problem of algae bloom and sediment settling
· Continuing investigate for getting better comprehension of the environmental conditions for Artemia pond culture: Algal bloom control / Selected algal species as suitable food for Artemia / Soil and nutrient interaction.
· Improvement of knowledge and pond production by Artemia farmers through extension activities.
· To establish a good research team on Artemia and environment that related to Artemia culture through training.
Results achieved

1. Research Activities

· During phase 1, our focuses on improved Artemia culture techniques via interdisciplinary research and based on a standard analysis of pond bottom soil samples, water samples, quantitative advices can be forwarded to the Artemia growers on how to fertilize and on stocking density to avoid the problem of algae bloom and sediment settling. Results in laboratory indicated that together with nutrients from water, primary production in Artemia ponds fluctuated accordingly the nutrients from pond bottom (i.e. rich versus poor organic pond bottom). Algae communities in the other hand also indicated that they did effect on Artemia development and its productivity, and so far Chaetorecos to be proved as a best food for Artemia culture. However, again results were still in laboratory conditions. To validate results came out from laboratory in field area for the second phase, therefore, are main task in phase 2 research.
· In phase 2 our works is continuing investigate for getting better comprehension of the environmental conditions for Artemia pond culture: Algal bloom control / Selected algal species as suitable food for Artemia / Soil and nutrient interaction. Research results are transferred to farmer for improvement of their knowledge and pond production. This program is managed through extension activities. Beside that, manpower is also very important and to establish a good research team on Artemia and environment that related to Artemia culture, our staff have been sent to training to enhance their education, degree in Vietnamese university and also aboard.
2. Extension program on Artemia pond culture

· Two demonstrative stations (one in Vinh Chau-Soc Trang province and the other in Vinh Hau-Bac Lieu province) are maintaining with 6 staffs in Artemia group, our tasks are transferring new culture techniques, helping the farmers who want to work with Artemia and also try to improve the cyst yields of the whole region via this activiy. More than 100ha of culture areas are under our guideline over the year 2002 to 2004. 

· Training courses on Artemia pond Management and use of fertilizer sources in Artemia culture also organized by our group yearly, in December for selected farmers and local technician staff from Bac Lieu – Soctrang provinces.

· Leaflets on Artemia culture, Artemia pond Management and Fertilization Pond management for Artemia culture were prepared and free distributed to farmers and local staff.

3. Training and Education

· Mr. Nguyen Van Hoa (Responsible Scientist of Inco-Biodiversity in Vietnam) had defended sucessfully his Ph.D degree in Gent University (Belgium) on Oct, 28th, 2002.
· Ms. Nguyen Thi Hong Van (CAF-CTU) had received a training on molecular technology in Aristotle University of Thessaloniki from 26th , September 2003 to 19th December, 2003 and a collaborative research on Vietnamese Artemia strain between AUTH and CTU had been conducted during her stay (see also included report).
· Two technical staffs in our group (Mr. Tran Huu Le and Mr. Nguyen Hong Loc) are continuing the third year with in-service classes of Baclieu community College to get their bachelor in aquaculture.
· One staff in our group (Mr. Huynh Thanh Toi) got his Msc degree from the Master of Science in Aquaculture Program (2002-2004) in University of Ghent .
· Ms. Nguyen Thi Hong Van (CAF-CTU) had performed some experiments in ARC (Ghent University) on fatty acid profiles of two Artemia strains (SFB and VC, VC is originated from SFB which was introduced to Vietnam saltfield more than 20 year ago) during her short stay in Belgium from August to October 2004 
4. Collaborative research

· Research program between ARC (UGent) and CAF, CTU under funding of Vlir project:
· 1998-2002: Artisanal pond production of Artemia: study of soil and nutrient interactions, selection of new species and improved extension services.

· 2003-2007: Study of aquatic environment in Vinh Chau – Bac Lieu coastlines (saline and brackish water in Mekong Delta, Viet Nam) and sustainable development of aquaculture activities.

· Research on Artemia adaptation and genetic divergence of Vietnamese strain between Aristotle University of Thessaloniki (AUTH), Greece and CAF, CTU through the Ph.D research program of Nguyen Van Hoa and Nguyen Thi Hong Van.

· Research on Artemia biodiversity of Vietnamese strain (VC) was conducted in collaboration with Lab of Plant Genetics-Breeding-Applied Biotechnology, College of Agriculture, Cantho University (CTU), results were presented at Urmia workshop (20-25 Sept, 2004) (see also included file)
· A short visit in Aquatic Resource Development and Quality Improvement Project (ARDQIP), Project Implementation Consultant (Srilanka) by Dr. Nguyen Van Hoa from October to November 2004 was a starting point for a collaborative research program on Artemia conservation and use in aquaculture between Srilanka and CTU, (see also included file)
· A short visit in The Marine Products Export Development Authority (MPEDA), Raiv Grandi Center for Aquaculture (India) by Dr. Nguyen Van Hoa and an outline research program was established on Artemia culture and its use in Aquaculture between India and CTU, hopefully will start at June 2005. 
5. Other activities

· Prof. Dr. Patrick Sorgeloos (Gent University) had visited our College yearly and discussed on future research on Artemia 
· Mr. Nguyen Van Hoa attended the Global Workshop on Artemia Biodiversity in Gent, Belgium Sept, 2001.
· Ms. Nguyen Thi Hong Van attended the Regional Workshop on Artemia Biodiversity in Bejing, China Sept, 2002.
· Prof. Dr. Peter Bossier (Gent University) had visited our College on January 2003 and discussed on future research on Artemia.
· Mr. M. Hafezieh from Fisheries Research Organization, Iran had visited our College and experimental stations in Vinh Chau and Vinh Hau to see Artemia culture activities from 12/03 to 22/03/2003.
Problems encountered

During the implementation of project, due to time limit and the visit between none-EU countries among project is not funding from EU. This also lessened the exchange staff and experiences between them.

Time for implementing of project did not fulfill for arrangement of research collaboration or training for none-EU partner visit EU laboratory so that the fund for this purpose can not be used as good as planed.

Publications and papers

1. Genetic and reproductive differentiation of Artemia franciscana in a new environment (join research between AUTH and CTU). I. Kappas, T.J. Abatzopolous, N.V. Hoa, P. Sorgeloos and J.A. Beardmore.

2. Artemia cyst production in saltpans of the Mekong delta, Vietnam (Aquaculture compendium – cab international), Nguyen Thi Hong Van, 2004.

3. Artemia Biomass Production in saltpans of the Mekong delta, Vietnam (Aquaculture compendium – cab international), Nguyen Thi Ngoc Anh, 2004.
4. Socio-economics of Artemia culture in the Mekong Delta. (Aquaculture compendium – cab international), Nguyen Van Hoa, 2004.
5. Integrated Artemia culture in the solar saltpans of the Mekong Delta. (Aquaculture compendium – cab international), Nguyen Van Hoa, 2004.
Conclusion

The project provided a big opportunity for scientist who worked with Artemia on over the none-EU and EU countries to meet and exchange their knowledge on research and conservation of Artemia. Beside that, training and short study in EU laboratory also gave none EU staff a chance to be trained new technology that will be used for further research in their countries. Last but not lest, the workshop organization not only for exchange study results and experiences but also provided a warm environments for uniting Artemia scientists to work together and to bring out further research collaboration.
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Objectives

The scientific activities undertaken by the INAT group (INCO partner 8), in the frame of the INCO-DEV project: Artemia biodiversity: current and global resources and their sustainable exploitation (ICA4-CT-2001-10020), are oriented especially to re-identify Artemia distribution and characterisation of Artemia in Tunisians salt works and wetlands.
Activities

The main activities can be summarized first of all as, morphometric and biological studies, than biochemical and genetic differentiation of Tunisian Artemia strains, theses aspects concerning Artemia salina from : sebkha Korsia, sebkha Sijoumi, sebkha Moknine, sebkha Eladhibet and Sahline salt works. 

Cysts of Artemia populations from Tunisian wetlands (sebkha Korsia, sebkha Sijoumi, sebkha Moknine, sebkha Eladhibet and Sahline salt works), were evaluated for eco-biological characteristics and eventually use in aquaculture.

The characterisation was based on: cysts and nauplii biometry, adult Artemia morphology, cysts hatching characteristics, cross-fertility test and fatty acids profile of cysts decapsulated.

In parallel we have studied some complementary aspects, such as environmental aspects, water quality and microalgae as Dunaliella sp.

Results achieved

Cysts and nauplii size variation appears to be the first criterion for the ingestibility from fish and shellfish larvae. Study of biometrical characteristics of different Artemia strains, revealed some differences in the size of cysts and nauplii. This biometrics criterion can be used to differentiate strains and define the origin of unspecified cysts samples. The cysts diameter might vary from 244.3 to 263.6 µm for normal cysts and between 211.7-238.6µm for decapsulated cysts, the Duncan and Tukey test divide our populations in three different groups for normal cysts and four different groups for decapsulated cysts. The nauplii sizes vary between 423 and 475.8 µm.


The morphological characterization of adult Artemia belonging the three Tunisian Artemia and different populations from the world has been accomplished. The measures of 12 different parameters have been taken from individuals of each population raised under standardized culture conditions from nauplii adult. They have been analyzed through multivariate discriminate procedures in order to establish relationships among the different populations.

Laboratory cross-fertility tests were performed for six bisexual Artemia (4 from Tunisia, 1 from Morocco and 1 from Spain). These tests show the reproductivity isolation between different populations. The total offspring production is 3163, the percentage cysts vary between 10.55 and 77.56 % and the percentage nauplii production vary between l6.86 and 73.88%; the survive percentage vary from 31.42 to 64.54%.

Cysts hatching characteristics, hatching percentage, hatching rate and hatching efficiency, change after submission to techniques, chemically enhanced deactivation of diapauses in order to improve their hatchability. In this study, we are introducing the potential values and the suggested treatment to improve the quality of some Tunisian population cysts. The treatment used was: decapsulation, H2O2 and storage cysts in different temperatures. The maximum hatching percentage was reached after 72 hrs, it ranged between 13-21% for norma1 cysts and 28 -78 for decapsulated cysts; the hatching efficiency varied between 29200-225000 nauplii/ gram of cysts.

Lipids were extracted from decapsulated cysts using the method of Folch et al. (1957) after transmthylated overnight (Christie, 1982) and analysed by chromatography. Linolenic acid (18:3n-3) is present for the whole populations with 4.33mg/g in Sijoumi, 4.08 mg/g in Elathibet and 5.37 mg/g in Sahline, 20.66mg/g in Moknine; it is the same for the eicosapentaenoic acid (20:5n-3) with higher levels: 22.48 mg/g at Sijoumi, 20.19 mg/g at Elathibet and 7.66 mg/g at Sahline .


Considering the usual typology (marine type and fresh water type) the population of Sijoumi, Eladhibet and Sahline are identified as marine type Artemia, those of Moknine as freshwater type.


The analysis of minerals and heavy metals showed that the population of Sahline presents the higher level of potassium (1.49%) magnesium (1.1%), calcium(1.45%) and sodium (1.6%), and also the higher amount of heavy metals with respectively 353ppm of lead, 360ppm of Zinc, 109ppm of manganese and 43ppm of copper; for the other cysts, the contents are almost lower.

Further to this work, we studied some preliminary genetic aspects of four Artemia populations from different localities in Tunisia (sebkha Korsia, sebkha Moknine, sebkha Eladhibet and Sahline salt works). Homogenates of individual adult brine shrimps were analysed by starch gel electrophoresis. Three enzymes were analysed: Isocitrate deshydrogenase, Malate deshydrogenase and phosphoglucomutase.

This study of genetic differentiation showed big similarities between the populations considered, in fact, the dendrogram obtained which enabled us to consider the distances separating the populations studied showed that the populations of Korsia, Eladhibet and Sahline would belong to the same group, the population of Moknine to a second group separated from the first one by a distance of 0,019. 

Sampling activities:


The cysts sampling and environment measurement has been continued around Tunisian Salinas and salt marshes; 7 strains (sebkha Korsia, sebkha Sijoumi, sebkha Moknine, sebkha Eladhibet, chott Jerid, Sfax and Sahline salt works) and around 15 kg of cysts are stored; some samples are sent to other INCO partners.

Scientific stay:


Two scientific stays have been realised at the Instituto de Aquicultura de Torre de la Sal (CSIC) at Castellon de la Plana Spain during 2 months, and at the Artemia Reference Center during 1 month; during theses programs Tunisian cysts are analysed, tested or compared with other strains. Successively, in 2003 and 2004, two thesis works are undertaken where some research development aspects will be developed on bilateral cooperation.

Problems encountered

The major difficulties encountered are linked to local research facilities so as apparatus and or chemicals, this situation may create two levels of contribution during the workshops: high level experimentation and results and medium level contribution, even if the protocols or human experiences and capacity are comparable;   

Publications and papers

During the project period, six master degrees and six communications were accomplished, concerning successively Artemia morphology and genetic population (Tunisian strains from: sebkha Korsia, sebkha Sijoumi, sebkha Moknine, sebkha Eladhibet and Sahline saltworks) and valorisation; the fourth field was concerning Dunaliella bloom developed with Artemia in salt works (title below). 

· Ghlala Adnane 2003 : Différenciation génétique et morphometriques de quelques populations tunisiennes d’artemia Mémoire de DEA genétique et Ressources Animale, INAT 90p. 
· Chlaifa Houda 2003 : Contribution à l’étude de la composition biochimique et de l’effet bactéricide  d’une souche de la microalgue Dunaliella salina  issue de sebkha Eladhibet, Mémoire de mastère  production et Ecosystèmes Aquatiques INAT 80p.

· Ben Naceur Hachem 2004 : Contribution a la caractérisation biologique et biochimique de trois populations tunisiennes d’artemia,  Mémoire de mastère  production et Ecosystèmes Aquatiques INAT 87p.  

· Hamrouni Souhir 2004 : Caractérisation biochimique et electrophoretique de quatre populations d’Artemia de Tunisie, Mémoire de mastère  production et Ecosystèmes Aquatiques INAT, 85p.

· Bourigua Nawzet 2004 : Contribution à l’étude chimique et biochimique et a la caracterisation spatiotemporelle de la microalgue Dunaliella salina de la Tunisie. Mémoire de mastère  production et Ecosystèmes Aquatiques INAT. 111p.

· Ben Taarit Mouna 2004 : Valorisation de la plante de bourrache (Burago officinalis) en tant qu’adjuvant aquacole d’enrichissement d’artemia, Mémoire de DEA FST,  98p.

Oral communication and posters : 

· Ben Taârit M., El Cafsi M et Romdhane M.S 2004 : Valorisation des cystes de l’Artemie (Artemia Salina) en provenance d’un site tunisien : La Sebkha Eladhibet. IRESA-2004.

· Ben Naceur H., Romdhane M.S , Ben Rejeb Jenhani A .et El Cafsi 2004 : Evaluation de la qualité et amélioration des performances  des cystes de trois souches Tunisiennes  d’Artemia.(IRESA-2004)

· Ben Naceur H., Romdhane M.S et El Cafsi 2004 : Fatty acid composition of  three popoulation of artemia from Tunisia.(Libya-2004)

· Bouriga N., Romdhane M.S., et El Cafsi M., 2004 : L’effet de salinité et de l’intensité lumineuse sur la composition lipidique de Dunaliella salina de sebkha Lehdhibett. 7ème Congrès Tunisien  des Sciences de la Mer, 18 au 23 décembre 2004, Zarzis (Tunisie)

· Hamrouni S., Romdhane M.S., et El Cafsi M., 2004 : Essais de séchage de cystes d’Artémia salina : effets sur la qualité et les performances. 7ème Congrès Tunisien  des Sciences de la Mer, 18 au 23 décembre 2004, Zarzis (Tunisie)
· Ben Naceur H., Romdhane M.S.,  Bene Rejeb Jenhani A., et El Cafsi M., 2004 : Etude morphométrie de quatre populations tunisiennes d’Artémia et test de croisement entre différentes espèces tunisienne, espagnole et marocaine. 7ème Congrès Tunisien  des Sciences de la Mer, 18 au 23 décembre 2004, Zarzis (Tunisie)
Conclusions

In parallel with the consolidation of the international Artemia group, with reference to the focal point for all: the Artemia Reference Center (ARC), The INCO Project was the opportunity to start and establish the Tunisian team working on Artemia, characterisation, use and evaluation; it was also the occasion to consolidate exchange of experiences and product (cysts), comparison of results and methodologies between worldwide groups working on Artemia, furthermore the successful and benefits workshops generate and developed bilateral scientific relation. 
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Summary

INCO partner 9 (RU) has contributed to the knowledge of Artemia biodiversity in southern Africa by collecting 17 populations from the region and then characterizing the biological material during two study visits at the host laboratory in Greece. It was shown that southern Africa has both bisexual and parthenogenetic Artemia species and there are mixed populations in this region in which case both reproductive modes can be found in one pond. The sites database of Artemia was updated and a review of existing information led to the addition of 65 new and / or potential sites to the list of African locations.

Objectives

The two main objectives of this study have been to:

· Contribute to the information of Artemia biodiversity for southern Africa in particular, and the African continent in general. 

· Use selected genetic methods (i.e., RFLP analysis or DNA sequencing) to analyse Artemia populations from southern Africa.

Additional project-specific objectives were to:

· Gain expertise in the methods used for the genetic characterization of Artemia.
· Establish a database of Artemia sites for the southern African region.

· Review the literature for the African continent.

· Develop genetic markers that can be used to identify and distinguish southern African populations. (This objective was accomplished as part of the training program at Aristotle University in Greece, and as a result of many years of Artemia research conducted by the host laboratory.)

· Establish working relationships between INCO partners.

· Identify study areas for future Artemia work in southern Africa.

All above-mentioned objectives are in line with the INCO program goals. The first two objectives are closely related since the study of biodiversity requires an understanding of the species (or strain) composition of a particular region, which can be best achieved through the use of either genetic markers or DNA sequencing. In addition to the two main objectives, a field survey was conducted for southern Africa and a literature and resource survey was compiled for the African continent.

Overall, the aim of the study should be seen in the context of a global survey of Artemia populations and their genetics. Since southern Africa was largely unstudied at the time the program was initiated, the funding given to Rhodes University (South Africa) provided a first opportunity to study these populations. With Artemia biodiversity being the theme of the INCO project, a comprehensive survey of southern Africa was needed due to the paucity of information for the continent and the sub-Saharan region.
Activities

· Year 1 (2002): We conducted the first Artemia sampling trip in the Eastern Cape Province of South Africa. Three sites were visited and biological material was collected.

Also, a visit to the Greek laboratory was made in order to a) acquire expertise in the genetic analysis of Artemia populations, b) conduct the genetic characterization of the three Artemia populations sampled, and c) establish a working relationship with other INCO partners to harmonize methods used for genetic analyses.

· Year 2 (2003): A comprehensive survey of southern African Artemia sites was conducted. Areas of South Africa and Namibia were visited and, where available, Artemia cysts or adult specimens were collected and preserved for future analysis.

We initiated a survey of African Artemia sites with the aim of updating our knowledge of the continental Artemia resources.

· Year 3 (2004): The host laboratory in Greece was visited for the second time. At this time material from 17 Artemia populations of southern Africa was available for testing and we began using established genetic markers to characterize these populations.

The database on Artemia sites was updated and a literature survey on African Artemia was completed. The latter will be submitted for peer-review in the first half of 2005.

Methods:

During the first visit to Greece several Artemia populations were characterised using the  SEQ CHAPTER \h \r 1Restriction Fragment Length Polymorphism (RFLP) method. The populations tested comprised three parthenogenetic populations from Greece, one from Madagascar, one from Namibia, and the population from Coega, South Africa. The two other populations were analysed by the host laboratory in 2003/4. Specimens from the populations from Greece, Namibia and Madagascar were hatched under controlled conditions in the laboratory. Some Artemia from Coega (South Africa) were hatched in the laboratory while other individuals were brought to the laboratory in ethanol. The specimens from Greece originated from Citros, Aggelohori, and Kalloni. Two different DNA extraction methods were used.  The first was a method using Chelex resin, and the second involved treating samples with phenol and chloroform. Nine enzymes were used for restrictions of mDNA. Using the composite haplotypes, genetic markers were developed and phylogenetic trees were established in order to estimate the genetic distances between these populations.

Results achieved

· Year 1 (2002) 

· Two new populations and one previously sampled site, all from South Africa, were identified and described. These were Coega, Sundays River, and Swartkops, all in the Eastern Cape Province of South Africa.

· Artemia cysts were collected and taken to Greece.

·  SEQ CHAPTER \h \r 1Ten different haplotypes could be identified in seven Artemia populations tested. The Citros population from Greece had a low frequency of 2 in 9 specimens with a haplotype not found in any of the other populations. The 17 specimens tested from the Coega population had three different haplotypes with a frequency of 7, 1, and 9 individuals for the respective composite haplotypes. One of these haplotypes was shared with the Citros population. The South African population was a mixed population consisting of a bisexual and a parthenogenetic complement.
· Year 2 (2003)
· A survey of southern African sites was conducted. During this expedition, 33 Artemia sites were visited, and biological material from 14 previously unsampled sites could be collected. Overall, cysts and eggs were preserved from 17 new sites. The Namibian salt pans were included in the survey; one of them had not been sampled before.

Individual Artemia (numbers in parentheses) were collected from the following sites: Brandvlei (58), Yzerfontein (48), Walvis Bay (50), Henties Bay (50), Swakopmund (50), Reynekespan (51), Swartkops Marina (14), Missionvale (13), Swartkops Cerebos (13). Cysts were collected from Swakopmund (Namibia), Missionvale (Marine Salt Company), Swartkops Marina Salt, Swartkops Cerebos, Velddrif Saltworks, Kleinzee Yacht Club, Velddrif Cerebos, Klipfontein Saltworks, Saldhana Steel. Site characteristics and coordinates were added to the Artemia site database. 

· A review of the literature revealed that Africa has both sexually reproducing and parthenogenetic populations of Artemia. There are more populations recorded for the Mediterranean region, but this may be the result of more research and collecting effort. Overall, we know of 121 records of Artemia populations on the continent; species identifications and some basic descriptions (mostly morphometrics) are available for only 33 populations. An estimated 36% of the populations appear to be parthenogenetic and 64% are sexually reproducing species. At this stage only a tentative species list can be presented as much of the work done on African populations needs verification using molecular techniques. Thus, applying caution in regard to the precision of the data, and considering the small number of records available, it is estimated that about 49% of the populations are A. salina, 12% can be tentatively assigned to A. franciscana and 39% of the populations described appear to be parthenogenetic Artemia. Such information is preliminary and at best can provide an estimate that must be confirmed through more research. It is estimated that about 37% of the African continent or 11.3 million km2 are potential Artemia habitat. Water quality has been recorded for relatively few pans, and although there are few pans, there appears to be a trend for most pans being dominated by Na/Mg and Sulphate. Further surveys need to be done to include more pans.
· Year 3 (2004)

· The Artemia collected in 2003 were taken to the host laboratory in Greece (Aristotle University). Due to budgetary and time constraints not all 17 populations taken to the lab could be scored. However, seven populations were characterised and all results will be made available once the other populations have been tested. Initial results suggest that South Africa has both bisexual and parthenogenetic Artemia species. A bisexual population was identified for the first time from a salt pan in Namibia (Henties Bay). The other two Namibian populations (Swakopmund and Walvis Bay) have parthenogenetic Artemia populations. The South African Artemia composition of species is complex, and mixed populations may occur at more than one site.

· A further review of recently available information on Artemia sites led to the addition of 65 new records of Artemia habitat for the African continent. This review will be submitted as a paper in 2005.

Problems encountered

The Artemia populations of southern Africa had not been previously characterised. In order to contribute to this objective, a comprehensive sampling trip was conducted to collect the material needed for the genetic tests in Greece. The collecting trip resulted in more populations than could have been scored with the available budget. In addition, since the second year required time for the sampling of material, training and laboratory work could only resume in the third year. However, the success of the project required us to first concentrate on the collection effort. Despite these small obstacles, the main objectives to study Artemia biodiversity in southern Africa, and to accomplish the training in genetic analyses, were achieved and novel contributions have been made.

Publications and papers

At the time of the preparation of this report no publications have yet been submitted. Two publications are planned for 2005. The first will comprise an updated review of the African Artemia habitats, and the second will give a genetic characterization of the southern African populations studied during this project.

Conclusion

The project was successful in that it achieved a comprehensive review of southern African Artemia populations. Overall, 33 sites were seen, and biological material could be collected from 17 salt pans and ponds. A genetic characterization of southern African Artemia was conducted for the first time. The host laboratory under Prof. Abatzopoulos has been instrumental in achieving this task. The training at Aristotle University in Greece was very successful, where a cohesion and collaboration between partners was established.

Future work should focus on further collecting trips as Artemia populations undergo unpredictable changes in their population structure. Hopefully, funding can be made available for a detailed study of a single reference site in South Africa.
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1. Objectives

1.1. General objectives

· Worldwide exchange of expertise and intercalibration of techniques for characterization of Artemia strains among Artemia specialists, with focus on areas critical for Artemia supplies and/or endangered status of autochthonous species (Central Asia, China, South America, Mediterranean area); definition and harmonization of current species and strain concepts;

· Promotion of multidisciplinary approach of Artemia characterization (based on morphology, biometry, physiology, genetic markers, life span and reproduction…)

· Improve cohesion in Artemia study among EU partners 

· Intensification of scientific EU-DC links and DC-DC links

· Contribution to preservation of Artemia biodiversity and sustainable exploitation

· Use Artemia as a model organism, with principles applicable to other animals facing similar risks

1.2. Specific scientific and technological objectives for Chinese Artemia 

· Species / population description and characterization of Chinese Artemia strains: especially for Tibet Artemia strains (A, tibetiana) and Inner Mongolia Artemia strains (A. sinica): sustainable exploitation of Chinese Artemia resource

· Study on ecology, strains co-existence, population dynamics and characterization of local species in Bohai Bay: measures to improve the cyst production.

2. Activities

2.1. Joint Researches with INCO partners

· Characterization of inland Artemia strains, with focus on bisexual species and/or from extreme habitats (Qinghai-Tibet Plateau, Inner Mongolia) (cooperation with ARC, CLO-DVZ, AUTH, UU): patterns of coexistence, adaptation to ecological conditions (e.g. by study of dominant heat shock proteins), HUFA metabolism and other aquaculture related characteristics

· Artemia resources of coastal areas in China, with focus on Bohai Bay area (cooperation with ARC, CTU, UU): contamination of local populations by invasive A. franciscana; dispersal patterns, potential production and aquaculture applications. 

· Genetic database for authentication of Artemia samples (with ARC, CLO-DVZ, AUTH)

· Further updating and upgrading of cyst bank of Chinese cyst sources.
2.2. Participation of Artemia workshop from SRI (partner 10)
	Workshop
	Host partner and Date 
	Participators

	Global workshop
	ARC (partner 10), Ghent University, Belgium, February 5-7, 2002
	Xin Naihong

Wang Xiaomei

	First regional workshop
	SRI (partner 10), Beijing, China, September 23-26, 2002
	Xin Naihong

Sui Lingying

Yu Xiuling

Wang Xiaomei

	Second regional workshop
	ULL (partner 14), Puerto Varas, Chile, November 16-20, 2003
	Xin Naihong

	Third regional workshop:
	UU (partner 10), Urmia, Iran, September, 21-25, 2004
	Xin Naihong


2.3. Study visit in EU Partners from SRI (Partner 10)
	Name visiting scientists
	Eu Partner
	Period of study
	Term of reference of visit

	Yu Haiying 
	AUTU

(partner 3)
	Jan. 1-30, 2004
	Training on techniques based on DNA extraction, amplification by PCR of a 16S rRNA mitochondrial DNA region, electrophoresis in agarose and polyacrylamide gels, mtDNA RFLP technique of this segment using various restriction enzymes

	Yu Haiying
	ARC (Partner 1)

CLO-DVZ 

(partner 2)
	Feb.1-Oct. 30, 2004
	Genetic database for authentication of Artemia samples

	Wang Xiaomei
	ARC (partner 1)

CLO-DVZ
(partner 2)
	Jun.1-Nov.30, 2004
	Genetic database for authentication of Artemia samples


2.4. Cyst bank

The cyst bank in Salt Research Institute was integrated and harmonized according to standard content of the global cyst bank in Artemia Reference Center, University of Ghent, Belgium. The misunderstandings regarding the identification of the specific habitats in ARC cyst bank and SRI cyst bank were corrected To standardize the management of cyst samples, we also made a standard procedure to marking, processing and storing of cyst sample.

2.5. Database of Artemia sites

The data on Artemia sites from 13 Chinese inland saltlakes were collected and contributed to global Artemia sites database.  

2.6. Organization of First regional workshop

The China regional workshop organized by Salt Research Institute (SRI, Partner 10) was successfully held during September 23-26,2002 in Beijing. 30 participants from all 15 INCO partners and 10 Guest speakers from 5 China institutions were participated the workshop. 22 papers were presented in China regional workshop.

3. Results achieved

Several researches relating on Chinese biodiversity were performed within INCO framework, those researches included characterization, potential production and aquaculture applications of Artemia from Chinese inland salt lakes and Bohai bay, contamination of local populations by invasive A. franciscana in Bohai bay, HUFA metabolism and other aquaculture related characteristics for Chinese Artemia strains, A rDNA-RFLP databases for identifying commercial Chinese Artemia samples. The results gave a good indication of Chinese Artemia biodiversity, the results also help the sustainable exploitation of Chinese Artemia resources and application of Chinese Artemia in aquaculture, 7 publications were achieved during INCO project.

4. Problems encountered
None
5. Publications and papers

· Artemia resources in China. Xin Naihong, (Salt Research Institute, China): Gent global workshop, Ghent, Belgium, February 5-7, 2002.
· Characterization of Artemia from Qinghai-Tibet Plateau. Liying Sui (Salt Research Institute, China), Gilbert Van Stappen (Ghent University, Belgium), Naihong Xin (Salt Research Institute, China), Patrick sorgeloos (Ghent University, Belgium): China Regional workshop, Beijing, China, September 23-26, 2002.
· The Characterization of 4 Tibetan Artemia Strains and HUFA profile during enrichment and starvation. Xiuling Yu, Naihong, Xin, Juju Sun (Salt Research Institute, China): China Regional workshop, Beijing, China, September 23-26, 2002.
· Characterization of high-altitude Artemia populations from the Qinghai-Tibet Plateau, PR China. G.Van Stappen (Ghent University, Belgium), Liying Sui (Salt Research Institute, China), Naihong Xin (Salt Research Institute, China), Patrick sorgeloos (Ghent University, Belgium): Hydrobiologia 500:179-192,2003.
· Distribution and characterization of Artemia in Bohai Bay. Xin Naihong, Li Yana (Salt Research Institute, China): Puerto Varas, Chile, November 16-20, 2003Evaluation of mix status of Asian Artemia populations through RFLP-analysis . P. Bossier* (Ghent University, Belgium), G.Van Stappen (Ghent University, Belgium), Y. Haiying (Salt Research Institute, SRI, China), W. Xiaomei (SRI, China), X. Naihong (SRI, China), D. Deloof (Sea Fisheries Department, CLO-DVZ, Belgium), D. Delbare (CLO-DVZ, Belgium), P. Sorgeloos (Ghent University, Belgium): Urmia, Iran, September 21-25, 2004
· Strain Characterization of Artemia from 9 Inland Salt lakes of China. Xin Naihong, Yuxiuling (Salt Research Institute, China): Urmia, Iran, September 21-25, 2004


6. Conclusion

Thanks to the INCO project, the approaches on multidisciplinary researches of Artemia characterization were promoted through the training and joint researches in EU laboratory.

Thanks to the INCO project, the cyst bank and Artemia cites database in SRI were reconstructed and contributed to global cyst bank and Artemia cites database.

Thanks to the INCO project, the Artemia workshops within framework of INCO project give good chance for exchange of results with other partners.


Objectives

1. Exchange of expertise and technical inter-calibration of Artemia strains

2. Definition and harmonization of current species/strain concepts

3. Promotion of multidisciplinary approach

4. Improve cohesion in Artemia study among EU partners 

5. Infer evolutionary processes and patterns (speciation mode) either from local or global results

6. Standardise procedures, protocols and methods of analysis, and set a suitable framework for data analysis

7. Promote EU-DC and DC-DC collaboration

8. Disseminate results through scientific and extension publications as well as in meetings

9. Contribution to Artemia biodiversity preservation and sustainable exploitation

10. Use Artemia as model organism, with principles applicable to other animals facing similar risks

Activities

1. Participation in the workshops organized in the framework of the project

1.1. Global Workshop on Artemia organized by Artemia Reference Center, University of Gent, Belgium 

1.2. Regional Workshop on Artemia organized by SRI, 

1.3. Regional Workshop organized by Artemia and Aquatic Animals Research Center, Urmia University, Urmia, Iran

2. Study stays as visiting scientists; 3 persons for a total of 9 months during 2002-2004 at ARC, Belgium 

-Visiting scientists: Naser Agh, Farzaneh Noori and Ramin Manaffar

3. Research Activities carried out in the framework of the project

3.1. Distribution of Artemia populations in Iran

3.2. Present situation of Urmia Lake and Artemia urmiana
3.3. Artificial Culture of Artemia urmiana at East Azerbaijan and South of Iran 

3.4. Comparing pond production values for Artemia urmiana and Artemia parthenogenetica at the vicinity of the Lake Urmia: 

3.5.  Resource assessment of Artemia at Lake Urmia:

3.6.  Coexistence of bisexual and parthenogenetic Artemia population at lake Urmia region:
3.7.  Salinity competition test with Artemia populations from the Lake Urmia region:

3.8.  Life cycle studies of 6 Artemia populations from Iran

4. Collection of cyst samples for the Cyst Bank

5. Organizing the concluding regional workshop in Iran
Results achieved

1. Participation in the workshops organized in the framework of the project:

3.1 Global Workshop on Artemia organized by Artemia Reference Center, University of Gent, Belgium from 5-7 Feb. 2002, and presented a paper entitled “Studies on Artemia populations from Iran”. 

3.2 Regional Workshop on Artemia organized by SRI, Beijing, China from 23-26 Sep. 2002, presenting a paper titled “Co-existence of Bisexual and parthenogenetic populations of Artemia in Urmia Lake”. 

3.3 Regional Workshop organized by Artemia and Aquatic Animals Research Center, Urmia University from 21-25 Sep. 2004 at Urmia, Iran. Many papers were presented by the Iranian experts coordinated by us at Artemia & Aquatic Animals Research Center.

2. Study stays as visiting scientists in the form of 3 PhD research projects for a total of 9 months during 2002-2004 at ARC, Belgium

-Visiting scientists: Naser Agh, Farzaneh Noori and Ramin Manaffar

Aim and activity:

2.1 Genetic differences of Artemia populations from the Lake Urmia region:

In this experiment the RFLP fingerprinting technique, applied on a 1500 bp mitochondrial rDNA fragment, was used to study the origin and similarity of Artemia populations from the Lake Urmia region and few other parthenogenetic strains from Iran.  During this work adult bisexual and parthenogenetic females from the Lake Urmia and the lagoons at peripheries of the lake, were analysed. DNA was extracted from the whole body using Wizard® Genomic Purification Kit (Promegatm, mouse tail protocol). The PCR reactions of extracted DNA were performed using one pair of primers, namely 12S-SP (5’-CTAGGATTAGATACCCTA-3’) and 16S-SP (5’CCGGTCTGAACTCAGATC-3’) in a Hybrid PCR express (Labsystem TM, Belgium). The PCR products were then purified using and Wizard! ®  PCR Preps Purification system (Promegatm ), followed by a confirmation of the presence of the PCR products, using agarose electrophoresis. In order to display the polymorphism in the mitochondrial rDNA gene, each sample was digested with 4 restriction enzymes (Hpa II, Taq I, Dde I & Nde II). The digested products were separated through an agarose gel (2.5%), stained with ethidium bromide or syber gold and photographed with a Polaroid film under an Ultra Violet transilluminator. The results indicate that the bisexual and parthenogenetic Artemia individuals from Urmia Lake and other sources from Iran display identical restriction patterns, which correspond with the typical restriction pattern of parthenogenetic strains. As a result of this close genetic relationships it is suggested that the Lake Urmia could be the probable source for expansion of parthenogenetic Artemia and that these asexual forms could be derived from A. urmiana as proposed earlier by Abreu-Grobois & Beardmore. 

2.2. Enrichment strategies of Artemia urmiana nauplii and its use in Larviculture: 

In the framework of a PhD thesis partially supported by the project, nauplii of Artemia urmiana was enriched with saturated fatty acids, HUFA and Vit. C and their value were analysed in the enriched animals. This experiment was designed to find out a suitable enrichment method for Artemia urmiana to improve its nutritional value with respect to fatty acids and Vit. C. and to set the best enrichment strategy for this purpose. The enriched were then used to feed the sturgeon larvae, Huso Huso and Asipenser persica. This is especially important as the sturgeons are listed among the endangered species and therefore proper feeding of their larvae can help in faster growth, higher survival and higher resistance against extreme conditions. Results of this experiment proved that enrichment with HUFA + Vit. C always improves performance of sturgeon larvae in compare to those received formulated feed and decapsulated cyst. 

In another experiment the sturgeon fingerlings that were fed on different feed treatments were studies in order to find out their responses to formulated feed. It was found that those who had received decapsulated cyst during their early stages of growth adopted themselves better to the formulated feed in compare to those that had received five foods.

2.3. Genetic diversity of Artemia populations from the Lake Urmia

This study/research is planned in the framework of a PhD study course and initiated through the support given to Mr. Ramin Manaffar by the project. It was decided to perform a detailed study/research on genetic diversity of the living Artemia biomass and also on historical cyst samples using different genetic markers. This is one of the typical collaborative works in which ARC, AUTH and AAARC (UU) will cooperate.

2.4. Coordination for Joint Publications 

Results obtained in studies and research performed by Naser on Artemia populations of Artemia from Iran which was carried out in the framework of PhD studies and which was supported partially by the INCO project were divided in 5 chapters each being written down as a scientific paper and submitted or in the process of submission to the international journals. The studies are related to biology and ecology of Artemia populations from Iran with emphasis on Artemia populations at Lake Urmia region in the framework on the project.

3. Research Activities carried out in the framework of the project

3.1. Distribution of Artemia populations in Iran

A survey was carried out to identify the natural biotopes of Artemia in Iran and to study their ecology. So far Artemia were observed from 18 geographical locations at different parts of Iran. Morphometeric and life span characteristics of these populations were studied and compared. Results of field observations and laboratory tests indicate that all Artemia populations from Iran except the bisexual Artemia urmiana are parthenogenetic. The list of Artemia biotopes in Iran known so far is follows:

	Name of the Biotope, nearby City and Province
	Reproduction Mode
	Geographical Coordinates

	Urmia Lake –Urmia, West Azerbaijan Province 
	Bisexual

Parthenogenetic
	45°40’N-37°20’E

	Lagoons around Urmia lake – Urmia & Fesendooz, West Azerbaijan Province
	Parthenogenetic
	45°35’N-37°40’E

45°85’N,-37°15’E

	Lagoons around Urmia lake -  Dasht-e-Tabriz, East Azerbaijan Province
	Parthenogenetic
	46°40’N-37°50’E

	Maharlu Lake – Shiraz, Fars Province
	Parthenogenetic
	52°14’N-29°57’E

	Bakhtegan Lake – Shiraz, Fars Province
	Parthenogenetic
	53°50’N-29°40’E

	Tashk Lake – Shiraz, Fars Province
	Parthenogenetic
	53°50’N-29°60’E

	Incheh Lake – Gonbad, Golestan Province
	Parthenogenetic
	54°41’N-37°25’E

	Shor Lake – Gonbad, Golestan Province
	Parthenogenetic
	54°36’N-37°24’E

	Varmal Catchment – Zabol, Sistan & Bluchestan Province
	Parthenogenetic
	61°50’N-30°80E

	Mighan Lake – Arak, Central Province
	Parthenogenetic
	49°80’N-34°20’E

	Qom Salt Lake – Qom, Qom Province
	Parthenogenetic
	51°80’N-34°40’E

	Hooze Sultan – Qom, Qom Province
	Parthenogenetic
	51°20’N-34°50’E

	Gav Khooni – Hasan Abad, Esfahan Province
	Parthenogenetic
	52°80’N-32°20’E

	Kale Shoor – Gonabad, Khorasan Province
	Parthenogenetic
	57°50’N-35°10’E

	Kale Shoor – Khorram Abad, Khorram Adab Province
	Parthenogenetic
	48°54N-32°40’E

	Nough Catchment – Nough, Kerman
	Parthenogenetic
	56°50’N-30°60’E

	Shorabil Lake (Extinct) – Ardabil, Ardabil Province
	Parthenogenetic
	48°55’N-38°25’E

	Kale Shoor Hashtgerd – Karaj, Tehran
	Parthenogenetic
	50°78’N-35°90’E


Some of the above water bodies are seasonal (Lagoons around Urmia lake), some have dried up during the recent years (Bakhtegan Lake, Incheh Lake, Shor Lake and Mighan Lake) and the rest have suffered severely from the drought condition. Water salinity of Urmia Lake, Maharlu Lake, Qom and Hooze Sultan Salt Lakes has reached to saturation level (higher than 280 ppt). Density of Artemia is very low in all biotopes and all of them are more or less oligotrophic in nature with little algal blooms.

3.2. Studies on present situation of Urmia Lake and Artemia urmiana

Urmia lake is one of the largest natural resources of Artemia and an international protected ecosystem. It is considered as an important site for migrating birds like Flamingos to spend their winter and proliferate. This unique ecosystem has been suffering from deep ecological crises since last 4 years due to insufficient rain and snow fall in the region of West and East Azerbaijan. The drought condition on one hand and increasing temperature on the other hand have caused severe increase in water salinity. During 1999-2003, water salinity raised from 220 ppt to 300 ppt. As a result of this phenomenon the button and surroundings of the lake were covered with thick layer of sediment salt crystals. Therefore production of Artemia in the lake declined dramatically. Most of the naupllii that hatch from the cysts during early to mid spring die before attaining adulthood. Therefore only a small fraction of adult female Artemia reach to reproductive stage and that with small brood sacs containing little number of cysts. Increase in salinity also has affected other organisms within the ecosystem chain in Urmia Lake such as phytoplanktons and birds. Due to saturation of the lake with salts the phytoplankton production level of this oligotrophic lake has become graver. On the other side thousands of the migrating and local birds that depend on Artemia during their stay time at the lake Urmia have suffered from hunger and salinity toxicity. This phenomenon has caused a tragic condition in the lake where we have witnessed hundreds of birds dying due the hunger, salt toxicity and losing flight ability due to accumulation of salt crystals within their features and wings.

Lake Urmia is gradually returning to normalcy. Increased rainfall and snowfall since winter 2002 has brought about some positive changes in the lake’s salinity level. Now the salinity varies between 220 to 280 ppt throughout the year and it seems the production of Artemia is getting better. 

3.3. Artificial Culture of Artemia urmiana at East Azerbaijan and South of Iran 

Due to a ban on exploitation of Artemia from Urmia Lake and need of hatcheries to Artemia cyst, a project was carried out to evaluate the possibility of culturing Artemia urmiana at the vicinity of Urmia Lake and at the coasts of Persian Golf at South of Iran in 2002. This could on one hand help to maintain the unique species of bisexual Artemia urmiana, which is threatened to extinction by unfavorable severe climatological condition and on the other hand could help to adapt it to new environments where there is plenty of sea water and suitable environment. The pilot plant experiments that where carried out at Ghobadlu region in East Azerbaijan with cooperation of Iranian Fisheries Company resulted in satisfactory yield of cyst (16kg/ww/h/m) and a huge yield of biomass (4.6 ton/h/m). The water required for Artemia culture was pumped from 3 sources (from 300 ppt saline lake, 160 ppt saline well and 4-5 ppt fresh water well) and mixed in the ponds in order to maintain 110-180 ppt water in Artemia ponds and 55-60 ppt in algae culture ponds.  It was observed that Artemia urmiana reproduces ovoviviparously at salinities ranging 110-140 ppt. when there is plenty of food material available in the pond, but it reproduces mostly oviparously at higher salinities (above 150 ppt) in presence of enough food material. So it seems that Artemia urmiana could be cultured at the vicinity of lake Urmia if some fresh water is available in order to dilute the lake water. Moreover it was also found that the produced cysts mostly float on the surface when ponds contain good blooms of algae. Therefore it seems that un-floating nature Artemia urmiana cysts naturally produced in the lake may be food dependent. In the second experiment Artemia urmiana was cultured at south of Iran, but without considerable achievement so far. This experiment will be carried out once again from 15th Feb. 2003.

3.4. Comparing pond production values for Artemia urmiana and Artemia parthenogenetica at the vicinity of the Lake Urmia 

In another experiment during 2003 Artemia urmiana and parthenogenetica Artemia at the vicinity of the Lake Urmia. Nine quarter hectare ponds were used for this purpose. Three ponds were used for culture of bisexual Artemia urmiana, three others for culture of local Artemia parthenogenetica and still 3 more ponds were used to culture unicellular algae. The project resulted in very good yield of cyst (25 kg/dw/h/m bisexual A. urmiana and 35 kg/dw/h/m A. parthenogenetica). Algae were produced in a continuous flow through system that resulted in a very dense production of D. tertiolecta (3.75 * 106/ml pond water). It was very interesting to observe the spontaneous emergence of a dominating parthenogenetic population of Artemia in the ponds which where inoculated with nauplii hatched from Urmia Lake cysts just in previous season. This once again proves the mixed nature of the Artemia from the Lake Urmia.

3.5.  Resource assessment of Artemia in Lake Urmia

A project was proposed to the Iranian Organization for Environment Protection to assess the Artemia at Lake Urmia. The project was approved and IOEP accepted to provide the funds necessary for that. The resource assessment began from May 2003. During this project monthly sampling was performed from 19 sampling sites (12 at south and 7 at north arm of the lake). Sampling were done using plankton nets by collecting water columns, from 0.5 meter below the surface and 0.5 mete above the bottom (2 replicates from each depth). Physio-chemical conditions of water are recorded at all sites and the collected samples are studied qualitatively and quantitatively. Population composition tests were carried out in order to determine different age categories in each collected sample. Results indicated that Artemia cysts hatch in Lake Urmia in end of March every year initially at far south and towards the areas where rivers terminate to the lake. Artemia density reaches to maximum by end of July/early August, gradually decreasing to very low levels towards winter. Maximum total biomass at surface was observed to be 660 animals/m3 and at whole water column the density was 365 individuals/m3 during late July and early August. Samplings also indicated that there are average of 4500 cysts/m3 lake water at south and about 2500 cysts/m3 at north arm of the lake. Due to high salinity level of the lake water, no significant differences in Artemia production was observed since 2001. But a shift to improved climatological changes and increasing levels of rain fall during the last two years are promising although there has not been much change in the salinity level. Lake salinity has decreased from over 300 ppt in 2002 to 280 ppt in 2004. 

3.6.  Coexistence of bisexual and parthenogenetic Artemia population at lake Urmia region
Many experiments were carried out in order to determine the presence of coexisting parthenogenetic Artemia at the lake Urmia. It was finally confirmed that both bisexual and parthenogenetic Artemia live in Lake Urmia. The lake is dominated by bisexual Artemia while the asexual population is found to be restricted to particular areas of the lake. Artemia apperaing seasonally in the lagoons at the peripheries of the lake, both in west and east Azerbaijan, are exclusively parthenogenetic. Experiments showed that parthenogenetic population could grow, mature and reproduce at very low salinities (15-33 ppt), whereas higher salinities (above 50 ppt) are required for the bisexual Artemia urmiana to attain sexual maturity. Moreover it was found that a very low percentage of the larvae hatched from the cysts harvested in coastal areas could give rise to parthenogenetic Artemia, but  the larvae hatched from the cyst samples collected from interior regions of the lake gave rise to bisexual Artemia only. Newly hatched nauplii from the cyst samples collected from the lagoons grew to exclusively parthenogenetic females. 

3.7.  Salinity competition test with Artemia populations from the Lake Urmia region

Our experiments based on competition tests at different salinities ranging from 15-80 g/l proved presence of both bisexual and parthenogenetic populations of Artemia in the Lake Urmia. The animals were compared on the basis of morphometeric and reproductive characteristics. Salinity based competition test was found to be a suitable and easy method for isolating parthenogenetic Artemia from bisexual species in a mixed cyst sample. This experiment on the other hand showed that lagoons close to the Lake Urmia are dominated by exclusively parthenogenetic population. The parthenogenetic population perform much better than the bisexuals at low salinities.  

3.8.  Life cycle studies of 6 Artemia populations from Iran

During this work we studied the life cycle characteristics of six Artemia populations, one bisexual and five parthenogenetic, from Iran. The cysts of asexual strains were collected from Maharlu Lake (from Fars province, south Iran near Shiraz), Incheh Lake (from Golestan province, north-east Iran near Gonbad-e-Kavous), Varmal Lake (from Sistan & Bluchestan province, south-east Iran near Zabul city), Qom salt lake (from Qom province, central Iran near Qom City), Lagoons at periphery of Lake Urmia (from West Azerbaijan province, north-west Iran near Urmia City) and the cyst of bisexual Artemia urmiana from the Lake Urmia. They were transferred to the laboratory and hatched according to the standard procedures. The results showed that survival and growth rates decreased with increasing salinity. Reproductive characteristics such as total number of broods, total offsprings, number of offsprings in each reproduction and number of offsprings in each day of reproduction period reduced with increasing in salinity. Moreover higher salinity prolonged the pre-reproductive period but shortened the total reproductive period. Higher salinities also had some impacts on the percentage of encystment, post-reproductive period and life span, but any logic relationships between salinity and these parameters could not be proved.
  4.   Collection of cyst samples for the Cyst Bank

Efforts were put to collect cyst samples from Urmia Lake at different times of the year and also from other biotopes of Artemia from Iran during last 3 years in order to set up a cyst bank. The cyst samples are vacuum packed and preserved at -25°C. The list of the cyst samples gathered so far and are available at the cyst bank of Artemia and Aquatic Animals Research Center are as follows: 

	No.
	Name of sample
	Code No. 
	Date of sample
	Quantity (g)

	1
	A.urmiana (Kaboodan)
	URM /99/1
	1999
	24

	2
	A. Parthenogenetica-Zanbil
	PAR/99/2
	1999
	11

	3
	A.urmiana (Islami Island)
	URM/99/3
	1999
	120

	4
	A.urmiana (Ashk island)
	URM/99/4
	1999
	6

	5
	A.urmiana (Islami island)
	URM/99/5
	1999
	6.5

	6
	Maharlu lake
	Mah/99/6
	1999
	27

	7
	Varmal lake
	Var/99/7
	1999
	5.5

	8
	A. Parthenogenetica (no.2)-Zanbil
	Par/99/8
	1999
	3

	9
	A.urmiana (Arezoo island)
	URM/99/9
	1999
	11

	10
	A.urmiana
	URM/99/10
	1999
	100

	11
	Maharlu lake
	Mah/00/1
	2000
	3.5

	12
	A.urmiana
	URM/01/2
	30/2/2001
	54

	13
	A.urmiana
	URM/01/3
	11/3/2001
	60

	
	14
	A.urmiana
	URM/01/4
	11/3/2001
	67

	
	15
	A.urmiana
	URM/01/5
	21/2/2001
	65

	
	16
	A.urmiana
	URM/01/6
	8/3/2001
	83

	
	17
	A.urmiana
	URM/01/7
	12/2/2001
	83

	
	18
	A.urmiana
	URM/01/8
	6/03/2001
	77

	
	19
	A.urmiana
	URM/01/9
	30/2/2001
	62

	
	20
	A.urmiana (Kazem Dashi)
	URM/00/10
	2000
	100

	21
	Rafsanjan
	GSL/01/1
	2001
	2200

	22
	Rafsanjan
	GSL/01/2
	2001
	1300

	23
	Hendijan (ser 2)
	SFB (VN-IR)/01/3
	2001
	277

	24
	Hendijan
	SFB (VN-IR)/01/4
	2001
	65

	25
	A.urmiana
	URM/01/5
	2001
	91

	26
	A.urmiana
	URM/01/6
	2001
	23

	27
	A.urmiana (Dam-Toosheh)
	URM/01/7
	2001
	144

	28
	A.urmiana (Dam-Toosheh)
	URM/01/8
	2001
	85

	29
	A.urmiana (Ghobadloo)
	URM/01/9
	2001
	280

	30
	A.urmiana (North Arm)
	URM/01/10
	2001
	80

	31
	A.urmiana 
	URM/01/11
	2001
	100

	32
	A.urmiana 
	URM/01/12
	2001
	30

	33
	Hendijan
	SFB/01/13
	2001
	502

	34
	Hendijan (sample no.2)
	SFB/01/14
	2001
	870

	35
	A.urmiana
	URM/01/15
	3/5/2001
	84

	36
	A.urmiana
	URM/01/16
	2/4/2001
	80

	
	37
	A.urmiana
	URM/01/17
	16/03/2001
	63

	
	38
	A.urmiana
	URM/01/18
	24/03/2001
	60

	
	39
	A.urmiana
	URM/01/19
	15/3/2001
	62

	
	40
	A.franciscana
	SFB/01/20
	2001
	20

	
	41
	Rafsanjan 
	GSL/02/1
	2002
	88

	
	42
	A.urmiana 
	URM/02/2
	2002
	4

	
	43
	A.urmiana (pond ghobadloo)
	URM/02/3
	2002
	100

	44
	A.urmiana 
	URM/02/4
	2002
	44

	45
	A.urmiana 
	URM/02/5
	2002
	28

	46
	A.urmiana
	URM/02/6
	2002
	38

	47
	A. urmiana (Ghobadloo ser B)
	URM/02/7
	2002
	1700

	48
	A. urmiana (pond no.6-Ghobadloo)
	URM/02/8
	2002
	150

	49
	A. urmiana
	URM/02/9
	2002
	5

	50
	A. Parthenogenetica (Miandoab)
	Par/02/10
	2002
	68

	51
	Sample from ARC
	RHI1407/11
	2002
	50

	52
	Sample from ARC
	RHII1382/12
	2002
	272

	53
	Sample from ARC
	Yuncheng/13
	2002
	110

	54
	Sample from ARC
	M88yimeng/14
	2002
	29

	55
	A.franciscana (ARC)
	GSL/1423/15
	2002
	65

	56
	INVE
	Inve/02/16
	2002
	70

	57
	Hendijan (NO.3)
	SFB (VN-IR)/02/21
	2002
	2

	58
	Bohai Bay
	B.B/2002/17
	2002
	5


5.  Organizing Iran regional workshop 

We organized the concluding workshop in the framework of the project from 21 to 25 Sep. 2004 at Artemia & Aquatic Animals Research Center, Urmia University, Urmia, Iran. This workshop was different from the earlier ones as it was declared open for all interested. We supported participation of scientists from non-member countries, UK, USA, Russia, Iraq, Pakistan, Kazakhstan and Uzbekistan to assist the workshop and or present about the status of Artemia in their respective countries in order to add more scientific inputs to the workshop and collect more information about Artemia biodiversity in the Middle East and other non-member countries. Many Iranian scientists and enthusiastic young students also participated in the workshop. 37 papers were presented in the workshop, 14 by the Iranians and 23 by other INCO member and other participants from non-member countries. The workshop was supported financially by the Iranian Center for Research and International Collaborations, Iranian Research Organization for Science and Technology, Iranian Organization for Protection of Environment and Urmia University. The workshop was attended by over 150 people from 20 countries and was organized very successfully, as quoted by most of the participants and audience.

Problems encountered

i. Could not participate in the Chile regional workshop due to absence of Chilean embassy in Iran.

ii. Due to time restrictions it was not possible to make enough use of funds which we could receive for training at EU member partners.

iii. Instability of Iranian currency and very large reductions in currency value on one hand and two fold increase in the salaries in Iran during the course of the project created some problems to adjust some of the expenses according to what was defined at the time of approval of the project.

Publications and papers

The papers submitted for publication and those in prep are as follows:

i. Biogeography of Artemia in Iran, accepted for publication in the Journal of Biogeography

ii. Coexistence of  bisexual and parthenogenetic populations of Artemia from Lake Urmia region, submitted to the Journal of Biogeography

iii. Effects of Salinity on Survival rate, Growth rate, Reproductive and life span characteristics of the Artemia populations from Urmia lake region, being submitted to the Journal of Marine Biology and Ecology

iv. Life cycle characteristics of six Artemia populations from Iran, in prep.

v. Morphometeric and genetic characteristics of Artemia populations from Iran, in prep.

Conclusions

It was an excellent experience to be a partner in the project. It provided us with a number of unique opportunities to know about the facilities and support that EU provides to the international projects that involves participation of scientists both from EU and the developing countries. It also provided us opportunity to come to know many Artemia experts and scientists from many different countries and provided ground for exchange of ideas.

Receiving advanced training on biology and genetics of Artemia and providing support to PhD and MSc students were other advantage of being a partner in the project. As a result of which a number of research activities were directed by AAARC Urmia University on Artemia biodiversity which were partially supported by the project. Results obtained from these research and study programs added considerably to our knowledge about Artemia populations in Iran. Participation in the workshops organized in different countries was another opportunity to witness the ongoing research project on Artemia. It provided ground for further bilateral cooperation between the partners on more specialized research topics. In the process of the project many other activities were directed by the coordinator and assisted by the partners in order to establish cyst bank database and plan for joint publications of a handbook of protocols and guidelines. We established contacts with the Artemia experts in the neighboring countries; invite them to participate in the workshop and present papers about Artemia resources in their countries. This indeed added a lot of scientific inputs with regard to the objectives of the project as Central Asia and countries of Middle East are concerned and prepared ground for establishment of a regional consortium of Artemia experts.


PERSONNEL: Scientific    
Jorge Castro Mejía

Aida Malpica Sánchez

Germán Castro Mejía

Ramón de Lara Andrade

OBSERVATIONS ON OUR PARTICIPATION
· According to the Project goals, we devoloped research on the morphological, biometric and reproductive characterization of seven Mexican Artemia populations. These studies gave rise to one MS dissertation and four undergraduate theses.

· Regarding the objective on sustainable preservation and exploitation of the resource, the Mexican team provided counseling on Artemia cultivation in the State of San Luis Potosí, México.

· With respect regarding exchange of techniques, in the meetings organized through the Project, we presented and discussed with colleagues the techniques used in our research.

· The first collaboration was with the Agricultural Research Center (Inco Partner 2), for the DNA analysis of Artemia cysts from nine Mexican populations.

· We also donated Artemia cysts from nine Mexican populations to the ARC cysts bank at the Ghent University in Belgium (Inco Partner 1).

· In relationship to the goals set during the Workshop in Puerto Varas, Chile, the Mexican group fulfilled this by participating in two chapters of the collective book: 

1. Collecting and handling of Artemia samples (with Partner 1).

2. Statistical handling of Artemia in the adult stage (with Partner 3), also the information on nauplii biometrics was sent to Dr. F. Amat (Partner 4) and the information regarding reproductive studies on Artemia was also delivered to Dr. G. Gajardo (Partner 14).

· On the other side, goals were also fulfilled by participating in the delivery of information on the geographic localization of populations and biometric characteristics of nauplii and cysts to Dr. G. Gajardo (Partner 14).

· We collaborated in the translation into Spanish of the headings of the pages of the Project for the WEB site.

REFLECTIONS

In the following, we present the reflections that are worthwhile expressing at the end of the Project so that if there is the possibility to work in another joint Project, these are taken into account to improve the work in regard to participant and production.

· Regarding the organization of Workshops, we consider that the participation would have been more dynamic if a specific subject to be discussed had been proposed for each session (for example, “Morphological, genetic and speciation characterization; sustainable exploitation”). This would have allowed for a better integration of those involved in the subjects to achieve faster joint products.

· We consider that as in any joint international project, in which diverse researchers participate, with different languages and academic backgrounds, it takes some time to interrelate, know each other, and start to interact.  Therefore, we believe that these four meetings have given rise to collaborations among the integrating partners that will yield good results, such as the jointly compiled book. Hence, the project, wich is reaching its end, should give rise to a new one that will undoubtedly yield better results, since much of the road has been already paved.

· One of the deficiences of the Project was not having financing for equipment and reagents to be able to fulfill the goal of intercalibration of techniques.

· Another goal that was not fulfilled, in conjunction, was that of Artemia cultivation to achieve a sustainable exploitation.  This might be a goal to be developed in a next project, should there be one.

· Another problem that arose in the project was the lack of clarity in the budget assignation as several of the participants suffered the lack of travel money, delivered in advance, and their Institutions could not finance them so they had to defray personally those costs, since assignations were given based on expenditures; a policy that was not clearly stated at the beginning.

· A next problem was posed by currency exchange rates when presenting the finnancial report since differences arose between the information obtained through the Internet or newspapers and the information sent by the Coordinator. We recommend that the Coordinator should inform on the exchange rate to be used at the start of the financial report.

YEAR 2002

1. Dissemination activities

a) Communications in conferences (Published)

“Estudio de la estructura externa de quistes y huevos descapsulados de seis poblaciones mexicanas de Artemia franciscana, con microscopio electrónico de barrido” Malpica, S. A., Valiente, M.E., Castro, B.T., De Lara, A.R., Castro, M.J. y Castro, M.G.  12ª Reunión Nacional de la Sociedad Mexicana de Planctonología y 5ª Internacional Meeting of the mexican Society of Planktology (Jalapa, Veracruz, México. 6-9 de Mayo, 2002).


“Artemia, un organismo planctónico utilizado como agente bioencapsulante de pefloxacino para el tratamiento de infecciones por Pseudomona aeruginosa”. Castro, M.G., De Lara, A.R., Castro, M.J., Malpica, S.A. y Castro, B.T. 12ª Reunión Nacional de la Sociedad Mexicana de Planctonología y 5ª Internacional Meeting of the Mexican Society of Planktology (Jalapa, Veracruz, México. 6-9 de Mayo, 2002).

“Composición del contenido de ácidos grasos en tres poblaciones mexicanas de Artemia franciscana (Kellog, 1906) de aguas epicontinentales”. Thalía Castro*, Aída Malpica, Horacio Sandoval, Jorge Castro, Germán Castro y Ramón de Lara. Aquamar Internacional. 6th Latin American Conference and Exposition. Cancún, Quintana Roo, México. 3-6 de septiembre 2002.

“Concentración de Fe, Cu, Mn y Zn en nauplios de Artemia franciscana de México y su relación con los requerimientos del bagre, trucha y de camarones peneidos. Thalía Castro*, Juan Castro, Benjamín Miramontes, Jorge Castro**. Aquamar Internacional. 6th Latin American Conference and Exposition. Cancún, Quintana Roo, México. 3-6 de septiembre 2002.

“Composición química de quistes y huevos descapsulados de seis poblaciones mexicanas de Artemia franciscana”. Malpica, S.A., Castro, B.T., Sandoval, H., Castro, M.J., Castro, M.G. y De Lara, A.R. Aquamar Internacional. 6th Latin American Conference and Exposition. Cancún, Quintana Roo, México. 3-6 de septiembre 2002.

“Manejo del Recurso Artemia para la Acuicultura”  Castro, B.T., Castro, M.J., Castro, M.G., Malpica, S.A. y De Lara, A.R. Primer Congreso Internacional “Ecología y Procesos Productivos”. Universidad Autónoma Metropolitana-Xochimilco. México, D.F. 10-11 Octubre 2002.

“Artemia research in the Universidad Autonoma Metropolitana-Xochimilco, México. Castro, B.T., Castro, M.J., Castro, M.G., Malpica, S.A. y De Lara, A.R. Artemia Biodiversity. Ghent Global Workshop. February 5-7, 2002.

“Cataloge of Artemia franciscana populations in Mexico” Castro, B.T., Castro, M.J., Castro, M.G., Malpica, S.A. y De Lara, A.R. Artemia Biodiversity. China Regional Workshop. September 23-26, 2002, Beijing, China.

b) Number of articles/books


“Alimento Vivo para organismos Acuáticos” Castro, B.T., Castro, M.G., Castro, M.J., De Lara, A.R. y Malpica, S.A. AGT Editor, S.A. México. (in press).

“A bio-ecological and distributional database on the brine shrimp Artemia from Latin American and caribbean sites”Castro, B.T., Castro, M.J., Gajardo, G., Vera, V. y Gallegos, L.M.A. Hidrobiología.  (In press: Identification number HYDR-S-5, Salt Ecosystems Section).

2. Training

a) Number of MScs


Aida Malpica Sánchez. “Estructura y Composición Química de los Quistes de Artemia franciscana de Diferentes Poblaciones Mexicanas” Thesis. Facultad de Ciencias, UNAM, México. 52 p. 2 de Mayo del 2002.

b) Number of visiting scientist

Gillian Robynne Young and David Jenoure. Scientists from Scientific Research Council, Kingston, Jamaica. Visit period 7-19 July, 2002.

3. Achieved results

Number of production processes:

"Biological and ecological studies towards the recovery of the Yallahs habitat and the estabishment of an Artemia cultura for sustainable production for Jamaica”. Internacional cooperation:  Secretary of Foreign Affaire, Mexico (Mexican Institute for International Cooperation) and Scientific Council Research, Jamaica. Consultantship to the project.


“Consultantship to the project “Production of Artemia franciscana biomass and cysts in Salinas de Hidalgo, San Luis Potosí.” Mr. Arturo Ruedas (Salt work owner). 

4.  Comments

a) Cysts samples from 9 Artemia franciscana population from Mexico were given to Dr. Peter Bossier from the Agricultural Research Center (INCO Partener 2) Department of Sea Fisheries, Oostende, Belgium in september, 2002 in order to have the DNA analisys.  The analysis has been done and we are interpretate the results. 


b) Artemia cysts from 9 mexican populations were given to the cysts bank of ARC, Ghent, Belgium (INCO Partner 1).

YEAR 2003

1. Dissemination activities

a) Communications in conferences (Published)

We presented the paper “Evaluation of crude protein in three stages of development of Artemia franciscana from different Mexican populations XXXIV National Congress of sciences and technology in foods. September, 2003 Pachuca, Hidalgo, México.

Another talk was presented in Puerto Varas, Chile in November 2003 in the Wokshop of Artemia Biodiversity the title: “Morphological and biochemistry characterization of mexican populations of Artemia franciascana as well as reproductive isolation and bioencapsulation of medications”

b) Number of articles/books

Title. “Life food in the acquaculture” Rev. Contenidos. No.48 2003 UAM. Authors: T. Castro B., R. de Lara A., G.Castro M., J. Castro M.,. &. A Malpica S.

2. Training

a) Number of MScs

In this semester Jorge Castro Mejía is concluding the manuscript of his Master thesis about the biometry of cysts, nauplii and adults, females and males from seven mexican populations' of Artemia (Yavaros, Ohuira, Juchitan, Real de las Salinas, Cuatro Ciénegas, San Luis Potosí and Texcoco) as well as the data of reproductive isolation. The title is “Morphometrical characterization of seven populations of Artemia franciscana in Mexico, in relation to its latitude, habitat, as well as its hybridization.” 

In this semester Aída Malpica Sánchez is working with cysts, embryos and nauplii, to extract and to determine the protein content through electrophoretic profiles, in policrilamida gels under desnaturalized conditions for her doctoral thesis, which title is “The use of molecular and biochemical techniques in the characterization of mexican populations´of Artemia franciscana.” 

During this semester, Germán Castro Mejía also finished his working in the incorporation of antibiotics (cloroanfenicol, Ciprofloxacina, Furadoine) in three stages of development of Artemia (metanaupliu, juvenile and adult) to inhibit the growth of the bacteria Aeromonas hydrophila and later on determine the necessary number of organisms that act against the bacteria. for his Master thesis which title is “Incorporation of antibiotics in Artemia franciscana, for the inhibition of the growth of Aeromonas hydrophila” and is writing the discussion of his thesis. 

3. Achieved results

a) Number of production processes

"Biological and ecological studies towards the recovery of the Yallahs habitat and the estabishment of an Artemia cultura for sustainable production for Jamaica”. Internacional cooperation:  Secretary of Foreign Affaire, Mexico (Mexican Institute for International Cooperation) and Scientific Council Research, Jamaica. Consultantship to the project.


“Consultantship to the project “Production of Artemia franciscana biomass and cysts in Salinas de Hidalgo, San Luis Potosí.” Mr. Arturo Ruedas (Salt work owner). 

4. Comments

Cyst Bank

During this semester we updating our cysts database and sent the information to ARC.

Biotopes information

Also we sent to ARC and Gonzalo Gajardo, from Chile (Inco partner 14) the information about the Mexican Artemia biotopes.

YEAR 2004

1. Dissemination activities

a) Communications in conferences (Published)
“Crossbreeding studies in seven Artemia franciscana strains from Mexico” Castro, B.T., Castro, M.J., Castro, M.G., Malpica, S.A. y De Lara, A.R. Artemia Biodiversity. 5th International Workshop on Artemia. September 21-25, 2004, Urmia,Iran.

“Conclusions from the morphometric study performed in seven Artemia franciscana populations in Mexico” Castro, B.T., Castro, M.J., Castro, M.G., Malpica, S.A. y De Lara, A.R. Artemia Biodiversity. 5th International Workshop on Artemia. September 21-25, 2004, Urmia,Iran.

“Fraccionamiento de las proteínas de embrión descapsulado de Artemia franciscana por extracción secuencial con disolventes”  Soriano-Santos, J., Malpica, S.A., García, C.V. & Castro, B.T.III Congreso Internacional y XIV Congreso nacional de Ingeniería Bioquímica. Marzo 31-2 de Abril, 2004. Veracruz, México.

“Historia de Vida reproductiva del charal del alto Lerma, Chirostoma riojai (Solórzano & López, 1965) (Atheriniformes:Atherinopsidae). Congreso latinoamericano de Acuicultura. 23-26 de noviembre, 2004. Villahermosa, tabasco, México.

“Cultivo de Artemia para la acuicultura” Castro, B.T. Ciclo de Conferencias de la VII Semana de Hidrobiología. Mayo, 2004. UAM-Iztapalapa, DF, México.

b) Number of articles/books
Castro, M.J., T.Castro,B, J.L. Arredondo, G.Castro, M., R. De Lara, A. Y A. Malpica, S. 2004. “Crossbreeding studies in seven Artemia franciscana strains from México”. Journal of Biological Research. Aristotle University of Thessaloniki, Greece.

Figuero, L.G., R. M. C. Meza, G.L.Arredondo, F., T.Castro, B., I. Barriga, S. & C. A. Rodríguez 2004. “Effect of food on growth and survival of Chirostoma riojai (Solorzano & Lopez, 1965) (Atheriniforme:Atherinopsidae) during early development”. Journal of Biological Research. Aristotle University of Thessaloniki, Greece.

2. Training

a) Number of MScs
M.Scs. Jorge Castro Mejía. Caracterización morfométrica y reproductiva (Hibridación) de siete poblaciones de Artemia franciscana en México en relación a su hábitat y latitud. 20 de mayo, 2004. Universidad Autónoma Metropolitana-Iztapalapa. DF, México.

Ph. D. Aida Malpica Sánchez. (In process). 2004. Técnicas moleculares y bioquímicas para determinar poblaciones mexicanas de Artemia franciscana, México. Universidad Autónoma Metropolitana. DF, México.

Ph. D. Luis Vinatea Arana. Agreement between México and Brazil about aquaculture-Artemia. Universidad Federal de Santa Catarina, Florianópolis, Brazil. June 1-30, 2004. A course about water quality in aquaculture. 

3. Achieved results

a) Number of production processes

"Biological and ecological studies towards the recovery of the Yallahs habitat and the estabishment of an Artemia cultura for sustainable production for Jamaica”. Internacional cooperation:  Secretary of Foreign Affaire, Mexico (Mexican Institute for International Cooperation) and Scientific Council Research, Jamaica. Consultantship to the project.


“Consultantship to the project “Production of Artemia franciscana biomass and cysts in Salinas de Hidalgo, San Luis Potosí.” Mr. Arturo Ruedas (Salt work owner).

	4. Comments

a) Cysts samples from 9 Artemia franciscana population from Mexico were given to Dr. Peter Bossier from the Agricultural Research Center (INCO Partener 2) Department of Sea Fisheries, Oostende, Belgium in september, 2002 in order to have the DNA analisys.  The analysis has been done and we are interpretate the results. 

b) Artemia cysts from 9 mexican populations were given to the cysts bank of ARC, Ghent, Belgium (INCO Partner 1).

c) Cysts samples from 6 Artemia franciscana population from Mexico were given to Dr. Gonzalo Gajardo (INCO Partner 14) Laboratory of Genetics and aquaculture, Universidad de Los Lagos, Osorno, Chile for chromosoms analysis. 

d) There are two Scientists Manuscripts in procces: 1) A Bio-ecological comparision of Artemia strains from Mexico and Chile (INCO partner 12 and 14). 2) Morphometric characteristics of cysts and nauplii of seven Artemia franciscana populations from Mexico.

e) Participation in the Book: “Artemia Biodiversity: Protocols and Guidelines for study and sustainability” (Colective Book among the INCO Partners). Chapters: Sampling and collecting; Crossbreeding; Statistical analysis and Nauplii morphology

Cyst Bank

During this semester we updating our cysts database and sent the information to ARC

Biotopes information

Also we sent to ARC and Gonzalo Gajardo, from Chile (Inco partner 14) the information about the Mexican Artemia biotopes.


	
	



Objectives

In Brazil, Artemia franciscana is found on a year-round and permanent basis in the State of Rio Grande do Norte (RN) as a result of inoculations made in Macau in April 1977 with cysts from a San Francisco Bay (California, U. S. A.) stock. Through the years, introduced Artemia dispersed to over 40,000 ha of saltworks and became an important asset in the development of a successful shrimp (Litopenaeus vannamei) culture industry in northeastern Brazil. On a yearly basis, all Artemia biomass (~ 250 tons) and a substantial part (~ 20%) of the 16 tons of cysts used by the Brazilian shrimp culture industry are harvested in local saltworks. However, there are growing concerns about the long-term sustainability of current harvesting practices. Not only Artemia is being collected in a reduced area (several hundred hectares of saltworks have been converted to shrimp grow-out ponds), but most importantly, carrying capacities of salt ponds inhabited by Artemia are still largely undetermined.

The Universidade Federal do Rio Grande do Norte (UFRN) has long placed an emphasis on both aquatic ecology and aquaculture. Thus, in the scope of INCO project Artemia Biodiversity, UFRN focussed on studying current Artemia practices and their implications for the sustainable exploitation and biodiversity of Artemia franciscana in the State of Rio Grande do Norte (RN), northeastern Brazil.
Activities

INCO project specific activities at UFRN dealt with the reproductive characterization of populations of Artemia franciscana in the coastal saltworks of RN. In addition, studies on Artemia reproductive biology, pond ecology, and aquaculture techniques were carried out in the municipality of Grossos (RN), where a pilot farm for Artemia Research & Development was designed and operated by UFRN in partnership with the Brazilian Shrimp Farmers Association (ABCC).

In the framework of the INCO project training courses, a study visit of Marcos R. Camara to the Department of Genetics, Development and Molecular Biology, Aristotle University of Thessaloniki, Greece (AUTH) was carried out in the period February-May 2003. His work focussed on the analysis of Artemia populations from RN using molecular (DNA) techniques. Genetic diversity (variability) of such populations was assessed by Restriction Fragment Length Polymorphism (RFLP) analysis of PCR amplified mitochondrial DNA (mtDNA). 

In January 2004, in a collaborative action with INCO partner 14 (Universidad de Los Lagos), UFRN hosted a visit of a Chilean delegation led by Dr. Gonzalo Gajardo to the pilot Artemia farm operated by UFRN and ABCC in Grossos (RN). 

Information derived from the above mentioned activities was presented to INCO partners during the Artemia Biodiversity workshops held throughout the INCO project. Thus, a summary of Artemia research at UFRN was presented in the Global Workshop held in Ghent (Belgium) in February 2002; a presentation on the ecological threats to Artemia franciscana populations in the coastal saltworks of RN was made in the First Regional Workshop (Beijing, China) in September 2002; the genetic diversity (variability) of Brazilian Artemia franciscana populations by means of mtDNA RFLP analysis was presented to INCO partners during the Chile Regional Workshop (Puerto Varas, Chile) in September 2003; and finally, the importance of small-scale Artemia farming as a sustainable alternative to brine shrimp harvesting in Brazilian saltworks was presented to INCO partners during the International Workshop on Artemia Biodiversity held in Urmia (Iran) in September 2004. 

Results achieved

The molecular genetic diversity of three Artemia franciscana populations (Macau, Galinhos and Areia Branca/Grossos) from northeastern Brazil, by means of RFLP (Restriction Fragment Length Polymorphism) analysis of their mtDNA, was made during a three-month stay at the Laboratory of Genetics, Department of Genetics, Development and Molecular Biology of the Aristotle University of Thessaloniki, Greece. Data were achieved through several steps. First, these feral populations were screened in order to confirm if they all belonged to the Artemia franciscana superspecies. Following, their northern (San Francisco bay, California, USA) or southern (South America) origin was determined. And finally, the resulting composite genotypes were established. The RFLP data obtained in this preliminary characterization confirmed that the feral populations of Artemia franciscana found in the state of Rio Grande do Norte, northeastern Brazil, belong to the Artemia franciscana superspecies. In addition, their proposed origin, from San Francisco Bay cysts, was clearly demonstrated. This second information corroborated a previous report based on allozyme evidence derived from the Macau population.

Aiming at the reduction of harvesting pressure in Brazilian saltworks, the feasibility of small-scale Artemia farming as a complimentary measure to augment the availability of cysts and biomass for use in local aquaculture is under evaluation in a pilot farm located in the municipality of Grossos (4º 58' S; 37º 09' W) in the State of Rio Grande do Norte (RN) (Camara et al., 2004). 

Conclusion

UFRN largely benefited by the dissemination of information, techniques and methodologies made available by different INCO partners. Of special assistance was the study stay at the Laboratory of Genetics, Department of Genetics, Development and Molecular Biology of the Aristotle University of Thessaloniki, Greece. Artemia conservation in northeastern Brazil also profited from formal (workshop discussions) and informal (e-mail communication) exchange of information with INCO partners. As an additional benefit from the project, a closer scientific relationship with Latin American INCO partners was achieved. These regional links should be intensified in future scientific projects.  

Publications and papers
In scientific journals:

Camara, M. R. 2004. Biomassa de Artemia na carcinicultura: repercussões ambientais, econômicas e sociais. Panorama da Aqüicultura 82(14): 40-45. 

Camara, M. R. 2004. Cistos de Artemia: oscilações globais de produção, mistérios científicos e desafios tecnológicos. Panorama da Aqüicultura 63(14): 24-29. 

Camara, M. R., P. A. B. C. Monteiro, Ligia G. Reis, and M. A. F. da Costa Júnior. 2004. Farming Artemia in a multi-cycle culture system in northeastern Brazil. World Aquaculture 2(35): 40-42. 

In general presentations in conferences:
Camara, M. R. 2002. Artemia research at Universidade Federal do Rio Grande do Norte (UFRN), Natal, Brazil.  In: Book of Abstracts, Artemia Biodiversity, Global Artemia Biodiversity Workshop, Gent, 2002,  p. 23, Gent: Laboratory of Aquaculture & Artemia Reference Center.
Camara, M.R.2002. Ecological threats to Artemia franciscana Kellogg (Crustacea;Anostraca) populations in the coastal saltworks of Rio Grande do Norte, northeastern Brazil.  In:  Artemia Biodiversity, China Regional Artemia Workshop, Beijing, 2002, pp. 27-28, Tanggu, Tianjin: Salt Research Institute.

Camara, M. R. 2003. Towards a sustainable Artemia industry in northeastern Brazil. In: Book of Abstracts, Aquaculture 2003, Salvador, Brazil, p. 148, World Aquaculture Society, Baton Rouge, Louisiana, USA.  

Camara, M. R., A. Triantafyllidis, A. D. Baxevanis, and T. J. Abatzopoulos. 2003. Preliminary characterization of Brazilian Artemia franciscana populations by means of mtDNA RFLP analysis. In: Book of Abstracts, Artemia Biodiversity, Chile Regional Artemia Workshop, Puerto Varas, Chile. 

Camara, M. R. 2004. Is small-scale Artemia farming a sustainable alternative to brine shrimp harvesting in Brazilian saltworks? In: Book of Abstracts, Artemia Biodiversity, International Workshop on Artemia Biodiversity, Urmia, 2004, pp. 38-39, Urmia: Urmia University.

Camara, M. R. 2004. Caracterização da produção de cistos e biomassa de Artemia na região salineira do Rio Grande do Norte (Brasil).  In: Resumos, VI Simpósio Brasileiro sobre Cultivo de Camarão, Natal, 2004, p. 30, Associação Brasileira de Criadores de Camarão.
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I. Objectives

1. Exchange of expertise and technical inter-calibration of Artemia strains

2. Definition and harmonization of current species/strain concepts

3. Promotion of multidisciplinary approach

4. Improve cohesion in Artemia study among EU partners 

5. Infer evolutionary processes and patterns (speciation mode) either from local or global results

6. Standardise procedures, protocols and methods of analysis, and set a suitable framework for data analysis

7. Promote EU-DC and DC-DC collaboration

8. Disseminate results through scientific and extension publications as well as in meetings

9. Contribution to Artemia biodiversity preservation and sustainable exploitation

10. Use Artemia as model organism, with principles applicable to other animals facing similar risks

II.   Activities 

· Two Chilean young researchers trained in Belgium (Patricia Beristain, PB) and in Greece (Julio Crespo) (1st year) (objectives 1, 2, 3, 6, 7). Additional training (P. Beristain) in London (Zoological Society of London, Institute of Zoology. Two times, two-month stays), in collaboration with non-project members (dr. Stephan M. Funk). Funding provided by The Darwin Initiative. 

· Attendance to all scheduled (n=4) workshops. Local responsible Chile Regional Workshop, Puerto Varas (17-19 November) (1, 4, 8). Workshop talks specifically oriented to objectives 2, 5 & 10. As a additional event to the project’s workshops, a national meeting on "Exploitation and management of exotic and naturalised aquatic genetic resources in relation to native biodiversity" was organised in Puerto Varas, 24-26 September 2003. 

· Pre-project database available on Chilean Artemia resources (A. franciscana, A. persimilis) expanded with new data and markers/traits. Current hypothesis regarding species found in Chile and their distributional range tested with new data/markers, or traits ( 2, 3, 5, 7).

· Local database compared in relation to global Artemia biodiversity (5).

· EU-DC and DC-DC collaboration (ongoing collaboration with Mexico).

· Result dissemination. Emphasis put on the value of local Artemia biodiversity (heterogeneity among local populations, and between Chilean and global locations). While Artemia was referred as a model organism to study speciation, Chile was highlighted as an interesting scenario to provide insights on the process of creating biodiversity (speciation) and its importance to restore the natural biodiversity base (see annual report 2004). 

III.  Results achieved (see also annual report 2004).

1) New genetic markers (RFLP and mitochondrial DNA sequences) were assessed; hence the genetic tools available for analysis and the existing database on Chilean resources were expanded. 

2) A key new morphological trait has been also added (scanning microscopy of frontal knobs), hence the Chilean database now includes information from DNA sequences to 3D-morphology. 

3) Progress in molecular analysis revealed high haplotype diversity of Chilean populations as well as population-specific haplotypes. Interestingly, some parthenogenetic samples showed higher haplotype variation than bisexual samples.
4) According to data produced by the project, A. persimilis would have diverged from the ancestral group of species in the Mediterranean 12.6 MY ago, while separation of A. franciscana from A. persimilis occurred about 3.7. MY ago. The calibration of the molecular clock on which this extrapolation is based, is arguable, but this estimation is in agreement with results by other authors and using different methods 
5) Populations of A. franciscana are genetically heterogeneous as revealed by the two independent groups resulting from the cluster analysis based on mitDNA sequences. Chilean populations are even separated from those in other locations. 

6) A preliminary phylogeny based on mit DNA sequences was shown at the Urmia workshop, including data on haplotype variability for parthenogenetic types. This result is open to discussion in view of the lack of purity of samples available in the ARC cyst bank. This latter is also an important result of the project.

7) Scientific (ISI) and extension publications were produced, together with dissemination of results at different meetings. New manuscripts are in the making.

8) Two draft chapters (Crossbreeding and Artemia Conservation) were contributed as an initial template for what will turn out in a collectively authored Artemia Manual.  

9) As expected, Chile resulted in an interesting study case from an evolutionary biology perspective, and the various results listed above benefited from the chance of having the two New World species (quite genetically distant) in the country.

10) The separation of both species is not related with the Andes formation (a significant barrier that explains their posterior differentiation), at least in the southern end of the continent (Chile & Argentina). 
11) The hypothesis that A. persimilis, appeared in Argentina by a founder event, and is close to the ancestral group of species that evolved in the Mediterranean was confirmed with our data. On the other hand, the hypothesis that A. franciscana originated at a later stage from A. persimilis, it is a derivate species, was also confirmed by the data. 
12) Both species offer good chances to test the premise of the allopatric mode of speciation, e.g. populations initially separated by a geographic barrier come into contact and at this stage reinforce reproductive isolation mechanisms originated in geographic separation. Having this as a framework, lack of reproductive isolation observed in some highly genetically divergent populations makes sense, if one thinks that Artemia populations have not completed the second step of the allopatric mode (sympatry).
IV. problems encountered
None

V. Publications (and papers delivered in meetings)
· Gajardo, G., Crespo, J., Triantafyllidis, A., Tzika, A., Baxevanis, A. &, Abatzopoulos, TJ 2004. Species identification of Chilean Artemia populations based on mitochondrial DNA RFLP analysis. Journal of Biogeography, 31: 547-555 (ISI)
· De Los Ríos, P. & Gajardo, G. 2004. The brine shrimp Artemia (Crustacea: Anostraca): a model organism to evaluate management policies in aquatic resources. Rev. Chilena Historia Natural, 77: 3-4 (ISI).
· Gajardo, G. 2005 (in press). An academic look to the sea monkeys, a crustacean extreme-tolerant. L’ Imaginaire. (Magazine of the Alliance Francaise School, Concepcion. Chile) (Extension magazine, in Spanish).

· Crespo, J., Gajardo, G., Abatzopoulos, Th, & Triantafillidis, A. 2002. Artemia in Chile: genetic characterisation of mitochondrial DNA by PCR-RFLP). Proceedings XXXV Annual Meeting of the Chilean Genetics Society, Antofagasta, October 28-30 (abstract: 47).

· Beristain, P., Gajardo, G., Sorgeloos, G. & Sagredo, B. 2002). Preliminary molecular characterization of Chilean Artemia strains. Proceedings XXXV Annual Meeting of the Chilean Genetics Society, Antofagasta, October 28-30 (abstract: 74)

· Beristain, P., Stephan M. Funk & Gajardo, G. 2004. Genetic divergence among Chilean populations of the crustacean Artemia inferred from sequences of the COI mitochondrial gene. Proceedings XXXVII Annual Meeting of the Genetics Society, Vina del Mar, October 27-29. (Abstract: 66).


A. Research Activities
1.  Ecological study of parthenogenetic Artemia population in  Thamaraikulam  and  Puthalam area  of  South India

2.   Molecular study - Genetic polymorphisms and mitochondrial  RFLP of Artemia  from selected South  Asia regions

3. Characterization of the mixed population of Artemia  from  Tuticorin  

4. Heavy metal pollution in Tuticorin salt works and its effect on Artemia 

5. Survey of Artemia population in in Sri Lanka 

6. Survey of the Artemia population in Sambar lake, Rajastan, India 

1.  Ecological study of parthenogenetic Artemia population in Thamaraikulam and Puthalam area  of  South India

An asexual population of brine shrimp Artemia parthenogenetica from two commercial salinas at Puhalam and Thamaraikulam of South India was sampled weekly during the  2002 - 2003. The ecological aspects of the salt works and the population fluctuation during the period of study is given. 

Appendix - I

2.  Molecular study - Genetic polymorphisms and mitochondrial  RFLP of  Artemia  from selected South Asia regions

Artemia spp distributed in three selected regions of two South Asian countries Viz.  Sri Lanka (Puthalalam), India  (Tuticorin and Puthalam) were compared with  the Artemia  of the North American and Chinese  sp. for  its genetic and  biochemical diversity using enzyme markers, metabolism and mitrochondrial DNA. Among four strains selected from Asian strain the China strain exhibited the better stock quality and swift adaptation to changing environment. This phenomenon was assessed by metabolic enzyme expressions during hatching period of its cyst. In all experiments the strain selected from Tuticorin exhibited quite similar phenomenon with control, which states the intermixing of native strain with North American strain. Mitrochondrial RFEL shows the maximum agreement on restriction site of BstXI between North  American strain and Tuticorin. LDH polymorphisms were observed between five strains showing monomeric LDH patterns in control, Tuticorin and Srilanka. Dimprphic LDH in Puthalam and China states that there is an adaptation of carbohydrate metabolism in these strains. From the overall studies, China strain seems to be better stock and Tuticorin and Sri Lanka strains were under threat for its genetic purity since the intermixing phenomenon was observed with North American strain. Further studies such as Microsatellite studies needed to establish the degree of intermixing of native with North American strain and the genetic purity of native strains of South Asia. 

Appendix II

3.  Characterization of the mixed population of Artemia  from Tuticorin  

Study conducted at  Tuticorin region on the  presence of the Artemia population reveled that in all the places in around the Tuticorin regions are having a mixed population  measuring  the cyst diameter of  190 to 310 um . Till 1998, A. parthenogenetica was observed. Our survey conducted during 2002 to 2004 revealed that the populations have been mixed with A. franciscana strain due to the aquaculture activities. Interesting information on the population survey revealed that the A. parthenogentica population is gradually decreasing.  

The details are given in Appendix III

4. Heavy metal pollution in Tuticorin salt works and its effect on Artemia 

Tuticorin area is polluted with heavy metals such as Copper, Zinc, Cadmium, Mercury and Lead   Appendix  IV.

5.  Artemia from Sri lanka

In Sri Lanka only bisexual population was identified in the Puthalam salt works. Artemia franciscana  was inoculated in the salt works : The detail study on the characterization of the Artemia population is given in Appendix  V

6. Disappearance of native Artemia from the inland hypersaline salt lakes of India 

The brine shrimp Artemia salina was reported both from Sambhar (Baid, 1958) as well as Didwana (Bhargava and Alam,1980) playas which was a parthogenetic strain. 

Sambhar was reported to become totally devoid of Artemia during 1977-78 (Alam,1980). 

In 1987, Bargava et al have reported the existence of the  brine shrimp Artemia  in the Didwana.

Presently, Didwana playa also appears to be devoid of Artemia (Personal observation). Surveys of both Sambahr and Didwana playas were conducted during 2000-04 to note the presence of Artemia and also to test their  suitability to again support the succession of Artemia.    Appendix   VI

B.  International Training 
1. International training at the Institute de Aquicultura de Tore de la Sal (CSIC ) Castellon de la Plana, Spain  during  June, 2003  by M. Peter  Marian on the  characterization of the Artemia strains from  India . 

2. Training at  Aristotle University of Thessaloniki, Department of  genetics, Development  & Molecular Biology, Faculty of Sciences, School of Biology,Thessaloniki, Greece  - September 5 to 17

C. INCO - Artemia workshop
Participation of the Artemia workshop during  September 2002 at China

Participation of the Artemia workshop during November  2003 at Chile

Participation of the Artemia workshop during  September 2004 at Iran

D. Artemia Seminar / Workshops organized by IART 

1. National Seminar on Status of Artemia Research in India

A national seminar on "Status of Artemia research in India" was organized by IART, Manonmaniam Sundaranar University during March 22- 23, 2002. 79 papers were presented in the form of oral and posters. The sessions were on 

1. Genetics, Biochemistry, Toxicology and Radiology

2. Ecology, Aquaculture and Commercial production of Artemia
3. Artemia as a tool in biomedical esearch and biotechnological role of Artemia and Aquaculture and commercial production of Artemia

2. Workshop Programme on Characterization of Artemia from the salt works

December 7- 13,2004

Supported by M.S. University, India

Training programme on the characterization of Artemia from the salt works was conducted to the scholars, teachers and students during December 7 to 13. Students from the Kanyakumari District were trained on  the Characterization,  culture and use of  Artemia.  

3. Indo-Ukraine symposium on "Biotechnology of hypersaline salt work system"  was  organized  on 14.12. 2004.

Supported by Department of Science and Technology, Govt. of India. Ukraine Academy of Sciences and N.I. College of Engineering, Thuckalay, India

168 participants  participated from India and Ukraine

E. Thesis / Dissertation 

Ph.D Thesis: 

1. Studies on the use of  marine algae and ayurvedic products  as feed for the brine shrimp Artemia  franciscana.  By Mary Josephine Punitha Ph.D Thesis submitted to M. S.  University (2003) pp. 182

2. Studies on the effectss of heavy metals  on Artemia spp from Tuticorin by  M. Vimala  Lesly  Josephine  Ph.D Thesis  submitted to  M. S.  University (2004) pp. 214

3. Studies on the natural and inoculated Artemia  fransciscana population in different  salt pans  of K.K. District. by  D. Malar . Ph.D Thesis submitted to M.S. University (2004) pp. 199

F. Publications  

1. Characterization of Artemia parthenogenetica (KKT1 strain) from the salt works of Thamaraikulam, K.K. District, South India, J.A. Christopher John , M. Peter Marian and  Theodore J. Abatzopoulos  J. Bio Sciences ( In press)

2. Life history characteristics of Artemia parthenogenetica (KKT1 strain) under laboratory conditions  M. Peter Marian and  C.S. Mony (under preparation)

3. Stress protein in the brine shrimp Artemia parthenogenetica (KKT1 ) exposed to salinity, temperature and  chemical  stress.   A. Benedictal, M.Krishnan and M.Peter Marian  (under preparation)

G.  South Asian Center for Artemia Research   (SACAR)  development programme
The department of Biotechnology, Govt. of India has sanctioned Rs. 20.8 lakhs  = EUR 45,000. Using this money we are developing a field laboratory and model salt work of 2 ha area for an integrated production of Artemia and salt. It is a preliminary funding for the establishment of the IART as the  South Asian Centre for Artemia Research  (SACAR).  

We have also developed the algae culture facility (600 sq.ft,) with air conditioned facility, Cyst cleaning ,  Cyst  processing  unit, Cyst and biomass packing  unit etc. 

Personnel :

Research Scholar  - 4 (University + DBT Project)

Manager - 1  (University) 

Field  Assistant - 2 (University  + DBT Project)

Technician  - 1 (DBT project)

DBT, Govt of India will also support to the tune of 2 crores Rs. for strengthening the programme in 2006 after having visit of the experts.  

History of development:

South Asian Centre for Artemia Research  (SACAR)

First Meeting held during February 8, 2002 at Ghent, Artemia reference Center during the First meeting on Global Biodiversity Workshop. During the meeting Naser from Iran, Hoa from Vietnam and Peter from India were present.

Discussion

1. Collection of information regarding Artemia locations in the South Asian Countries area

2. Identifying the new sites if any for the Artemia resources
3. Collection of cysts samples for regional cyst bank
4. Establishing cyst bank in the IART (South Asian Center for Artemia Research)
5. Characterization of Artemia – biological, life history and molecular level

6. Identifying the scientific resources with regard to Artenia  research and their research capacities
7. Preparing research proposals for funding from international and national donars
8. Members representing the South Asian countries will be selected; they must involve in any one of the aspects of Artemia research 
9. The following countries are come under the centre: Srilanka, Maladives, Pakistan, Bangladesh, Burma
Follow up meetings

February 9, 2002
Discussion with Dr. P. Sorgeloos regarding the development of the IART as the South Asain Center for Artemia Research. Received  recommendation  letter  from  him  regarding  the  same.

March, 2002

The second meeting was held during the  National seminar on " Status of Artemia Research in India" at  Nagercoil, M.S. University. Project proposal was prepared for funding. 

Members from other South Asian Countries: 

Sri Lanka:  P. Ethamparam , Manger , Production Research and Development Puthalam 

                     Salt Limited, Palavi, Sri Lanka

                    Dr. Aruna dissanayake, Fisheries Extension Officer, Ministry of Fisheries, 

                    Chilaw, Sri Lanka 

Maledives :  Aysha Himmath , G. Galeena ,Mageedhee Magu, Male’, Rep. Of 

                   Maldives

Bangladesh:  Dr. M.G. Mustafa, Fisheries Co- Ordinator, ICLARM, The World Fish  

                      Center, Dhaka, Bangladesh

Pakistan:      Dr. Razia Sultana, Senior Scientific Officer , Food and Marine Resources 

                      Research Center, PCSIR Laboratories Complex, Karachi 75280, Pakistan

Burma  

Committee members to develop South Asian Center for Artemia Research

Patrons:

Prof. Dr. P.Sorgeloos, Director, Artemia Reference Center, Ghent University, Ghent , Belgium  

Prof. Dr. M. Lakshmanan, Ex Vice Chancellor, M.K. University, Madurai, India

Dr. M. Sakthivel, Ex Chairman, MPEDA, Ministry of Commerce, Cochin

Director:

Dr. M. Peter Marian

Advisors

Dr. A.S. Ninawe, Director, Dept. of Biotechnology, Govt. of India, New Delhi

Dr. J. Bojan, Director, MPEDA, Govt. of  India, Cochin, India

Dr. V. Sundarasan, Salt Commissioner, Govt. of India, India

Dr. T.J. Pandian, National Professor, M.K. University, Madurai

Dr. M. Sakthivel, Ex Chairman, MPEDA,Cochin

Dr. E.G. Silas,   Ex Vice Chancellor ,Kerala Agricultural University

Dr. M. Devaraj, Ex Director, CMFRI, Cochin

Dr. T. Subramoniam, Professor, Madras University, Madras

Dr. P. Natarajan, Head, Aquatic Biology, Kerala University, Trivandrum, India

Dr. Chandrasekar, Dept. of Marine Chemistry, VOC College, Tuticorin, India

Dr. M.Miachel Babu, M.S. University, India

Dr. Mary Josephine Punitha, P.K. College, Nagercoil

Dr. N. Agh, Artemia and Aquatic Animal Research Center, Urmia University, Urmia, Iran

Dr. Hoa, Institute of Marine Aquaculture, Can Tho, Vietnam

Dr. A. G. Ponniah, ICLARM, Malaysia

Dr. S.Mathavan, Genomic Institute of Singapore, Singapore

Dr. J.A.C. John, Zoologica Academica, Taiwan

Members from South Asian Countries involved/interested in Artemia Research

From Bangladesh, Burma, Maledives, Pakistan, SriLanka

Appendix I. 

Characterization of parthenogenetic Artemia from Thamaraikulam, K.K District, India

In India, Artemia has been identified in 19 biotopes; of which Thamarakulam (80 04’N 770 68’E) is the new site identified during the present study (Table 1a)

Table 1a Artemia Biotopes in India
	S.No
	Locality
	Geographical Co-ordinates
	Reproduction
	Reference

	1.
	Didwana, Rajasthan
	270 03’N
	740 05’E
	
	Bhargava et al, (1987a)

	2. 
	Gulf of Kutch, Gujarat
	230,20’N
	710,00’E
	P
	Royan (1979)

	3.
	Sambhar Lake, Rajasthan
	
	
	
	Baid (1958)

	4.
	Balamba Salterns
	230 42’ N
	70017’E
	P
	Royan et al, (1987)

	5.
	Mithapur
	230 00’N
	700 10’E
	P
	Royan (1979), Royan (1980b)

	6.
	Jamnagar, Gujarat
	220 30’N
	70230 08’N
	
	Royan (1979) Royan (1980b)

	7.
	Vadala, Bombay
	180 55’N
	720 50E
	
	Royan et al., (1978)

	8.
	Bhayander, Bombay
	180 55’N
	720 50E
	P
	Kulkarni (1953), Bohra (1980)

	9.
	Bahinder, Bombay
	180 55’N
	720 50E
	
	Dwivedi et al., (1980)

	10.
	Kelambakkam
	130 05’N
	790 07’E
	
	Kulasekarapandian et al., (1992)

	11.
	Vedaranyam
	100 01’N
	790 50’E
	
	Basil et al., (1987a)

	12.
	Veppalodai, Tuticorin
	80 59’N
	780 08’E
	
	Royan et al (1970)

	13.
	Pattanamaruthur, Tuticorin
	80 59’N
	780 08’E
	
	Ramamoorthi and Thangaraj (1980)

	14.
	SPIC Magar, Tuticorin
	80 50’N
	780 08’E
	
	Ramamoorthi and Thangaraj (1980)

	15.
	Thirespuram
	80 50’N
	780 08’E
	
	Ramamoorthi and Thangaraj (1980)

	16. 
	Karsewar Island, Tuticorin
	80 50’N
	780 08’E
	
	Achari (1971)

	17.
	Saltwater springs, Tuticorin
	80 50’N
	780 08’E
	P
	Royan et al (1970),

Royan et al (1978)

Ramamoorthi and Thangaraj (1980)

	18.
	Harbour, Tuticorin
	80 50’N
	780 08’E
	
	Ramamoorthi and Thangaraj (1980)

	19.
	Tamaraikulam, Kanyakumari
	80 04’N
	770 68’E
	P
	Present Study


P - Parthenogenetic

The total area of Thamaraikulam Extension II salt factory was about 69.39 ha (Table 1.b).  The total area of reservoir, common condenser, condenser, and crystallizer were about 20.24, 8.5, 17 and 10.12 ha, respectively.  The depth of water in the common condenser ranged between 1.5 and 2m.  The depth of water in the condenser recorded during this study period ranged between 0.35 and 0.40 m (Table 2). Artemia occurrence was observed in the common condenser.  Artemia was usually more abundant and found surfacing upward in the early morning and in the late evening hours in the daytime, they go to the bottom.  The Artemia were examined and found to feed on micro-algae (Table3) which were probably the most important food source for Artemia.

Table 1b: Details of the saltpan area of Thamaraikulam where Artemia population was observed  
	                                                             Ha

Reservoir


20.24

Common Condenser

  8.5

Condenser  I, II and III
               17.0

Crystallizer


10.12


Table 2: Depth of common condenser, in Rajakkamangalam, Thamaraikulam and Kovalam saltpans 

	S.No
	                Site
	Depth of Common Condenser (m)
	Depth of Condenser


	Water retention             time in the condenser   (days)
	    Artemia



	1.
	Rajakkamangalam
	        Nil
	    0.15-.02
	      3-4
	    Absent

	2.
	Thamaraikulam
	    1.5-2.0
	   0.35-0.40
	      18-20
	    Present

	3.
	Kovalam
	        Nil
	   0.12-0.13
	      2-3
	    Absent


Table 3: Micro-algae present in the saltpan of Thamaraikulam  
	            Strain
	                 Status
	               Size (um)

	ALGAL CLASS

Cyanophyceae

Oscillatoria

Nostoc

Lyngbya

Chroococcus

Bacillariophyceae

Pleurosigma

Achnanthes

Gyrosigma

Navicula

Pinnularia

Diatoma

Chlorophyceae

Cladophora
	                Major

                Minor

                Minor

                Minor

                Major

                Minor

                Major

                Minor

                Minor

                Minor

                Minor
	                  30

                  30

                 30

                  60

                  30

                  30




Physico-chemical Parameters of the Site

The physico-chemical parameters measured during the study period are given in table 4.  The average atmospheric temperature ranged between 22 and 35.1 c. In common condenser, the water temperature ranged between 25.6 and 36.4 C the average salinity ranged between 60 and 120 ppt and the average pH ranged between 6.3 and 6.7. The average humidity ranged between 68 and 74%.  

Table 4: Average temperature, salinity, pH and humidity recorded in Thamaraikulam saltworks 

    (Data collected during Feb & March , May 2002  and Sept. & Oct. 2002)

	                                                            Reservoir                C. condenser         Condenser     Crystallizer         

                                                                       Range                 22.0 - 35.1

                        Atmosphere               Mean                  28.5

                                                           SD                        4.20

Temperature (°C)

                                                           Range                 24.1 - 36.0          25.6 - 36.4              26.1 - 36.9       28.9  - 40.8

                         Water                        Mean                  30.0                     30.06                      31.1                  34.1

                                                           SD                      3.88                     3.58                        3.45                  3.89

Salinity (ppt)                                     Range                 30 - 65                60 - 120                   88 - 168          150 - 275

                                                           Mean                  48.8                     96.0                        141.1               248.0

                                                           SD                      13.94                   22.84                        28.0                 49.03

pH                                                      Range                 6.3 - 6.7                             

                                                           Mean                  6.48                       6.51                         6.51                  6.50

                                                           SD                      0.13                       0.15                         0.14                  0.14

Humidity (%)                                    Range                  68.3 - 74.3

                                                           Mean                   72.33

                                                           SD                       2.19


The rainfall data recorded at Thamaraikulam Extension II salt factory is given in Table 5.

Table 5: Rainfall data recorded at Thamaraikulam extension II Salt Factory 

	Month
	2003

(in mm)

	January
	-

	February
	-

	March
	1.2

	April
	7.2

	May
	27.8

	June
	51.0

	July
	9.3

	August
	2.3

	September
	-

	October
	106.2

	November
	68.6

	December
	49.8


Density and biomass of Artemia KKT1

Table 6 gives the data on the density and biomass of Artemia KKT1 in Thamaraikulam collected during 2002.  The population of Artemia KKT1 varies widely; the lowest number of population was 4 per litre and the maximum number of Artemia KKT1 was 650/1.Correspondingly the biomass of Artemia KKT1 also fluctuated widely and the lowest value obtained was 0.02 g/l and the highest was 1.32 g/l.

Table 6: Density and biomass of Artemia in Thamaraikulam 

	Sites
	
	   Density 
	(No./1)
	
	Biomass
	(g/l)

	
	Range
	Mean
	SD
	Range
	Mean
	SD



	Common Condenser
	15-650
	239.33
	286.75
	0.03-1024
	0.329
	0.426

	Condenser I
	6-620
	203.33
	265.50
	0.02-1.13
	0.407
	0.517

	Condenser II
	5-420
	133.66
	169.64
	0.02-1.32
	0.612
	0.723

	Condenser III
	4-342
	111.66
	141.21
	0.03-1.21
	0.384
	0.474


Biometrics of Artemia KKT1
Cyst diameter and weight:

The diameter of the hydrated cysts ranged between 217 and 279 um.  The average diameter of the cyst was 244.9 + 7.40 um (Table 7).The chorion thickness of this strain averaged to 8.4 + 0.61 um. The individual cyst dry weight recorded was 3.5 + 0.28 ug.

Table 7: Diameter, chorion thickness and nauplius length of the cysts

	Strain
	Range
	Mean
	SD

	Diameter of hydrated cyst (um)
	217-279
	244.9
	7.40

	Diameter of hydrated decapsulated cyst (um)
	196-257
	228.1
	8.40

	Chorion thickness (um)
	8-10
	8.4
	0.61

	Nauplius Length (um)
	409-539
	492.8
	21.43

	Individual cyst dry weight (ug)
	-
	3.5
	0.28

	Individual naupliar dry weight (ug)
	-
	2.87
	0.16


Appendix II. 

Table 1. Characteristics of the Artemia cysts from Tuticorin region 

	Location
	Year /month
	Cyst diameter 

(um)
	Nauplius  Length 

(um)
	Hatchability

(%)

	1.Melmanthi


	1996

1997

1998
	288

278

282
	536

524

531
	36.6

49.5

42.6

	2. Vembar 


	Mar, 2002

2003

2004
	254

265

248
	448

452

441
	56.4

54.6

63.5

	3. Vaipar


	1996

1997

1998
	282

286

278
	528

534

531
	28.6

43.7

36.8

	4. Vepalodai
	1996

1997

1998

2002

2003

2004


	283

279

286

269

254

249


	516

534

529

456

432

439
	32.6

46.7

37.0

45.6

38.9

43.7

	5. Arasaradi


	2002

2003

2004
	269

248

253
	463

446

451
	45.7

53.5

48.6

	6.Levingipuram
	2002

2003

2004
	256

246

251
	439

434

442
	36.5

41.6

51.4

	7. Karapad
	1996

1997

1998

2002

2003

2004
	272

278

293

263

253

249

272 
	543

514

551

454

438

429
	36.8

53.6

47.8

53.5

48.6

47.6

	8.Urani
	
	
	
	

	9.Kayalpatinum


	1996

1997

1998

2002

2003

2004
	282

276

_

_

_

_
	521

517

-

-

-

-
	43.7

36.8

-

-

-

-


Table  2. Sex ratio of Artemia  population  from the salt works  of  Tuticorin province

	Location
	Year /month
	Male 
	Female 

	 1.Melmanthi


	1996

1997

1998
	-
	100

100

100

	2. Vembar 


	Mar,2002

2003

2004
	46

49

48
	54

51

52

	3. Vaipar


	1996

1997

1998
	
	100

100

100

	4. Vepalodai
	1996

1997

1998

2002

2003

2004
	44

48

49
	100

100

100

56

52

51

	5. Arasaradi


	2002

2003

2004
	43

48

49
	57

52

51

	6.Levingipuram
	2002

2003

2004
	41

48

49
	59

52

51

	7. Karapad
	1996

1997

1998

2002

2003

2004
	38

48

49
	100

100

100

62

52

51

	8.Urani
	
	
	

	9.Kayalpatinum


	1996

1997

1998

2002

2003

2004
	
	100

100

-

-

-

-


Table 3. Percentage distribution of different size range of Artemia cysts collected from the salt works of  Tuticorin  province   during 2002 to 2005

	Size (um)
	Year 2002


	Year  2003
	Year  2004

	200- 220
	8
	5
	30

	221-240
	15
	35
	57

	241-260
	44
	8
	9

	261-280
	9
	2
	4

	281-300
	17
	1
	0

	301-320
	4
	0
	0
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Table 1. Characteristics of the Artemia cysts from Tuticorin region 
	Location
	Year /month
	Cyst diameter (um)
	Nauplius 

Length (um)
	Hatchability

(%)

	1.Melmanthi


	1996

1997

1998
	288                   

278                                                                          282
	536

524

531
	36.6

49.5

42.6

	2. Vembar 


	Mar, 2002

2003

2004
	254   

265

248        
	448

452

441
	56.4

54.6

63.5

	3. Vaipar


	1996

1997

1998
	282 

286 

278                                       
	528

534

531
	28.6

43.7

36.8

	4. Vepalodai
	1996

1997

1998

2002

2003

2004
	283

279

286                                                                                                               269

254

249
	516

534

529

456

432

439
	32.6

46.7

37.0

45.6

38.9

43.7

	5. Arasaradi


	2002

2003

2004
	269 

248

253                     
	463

446

451
	45.7

53.5

48.6

	6.Levingipuram
	2002

2003

2004
	256

246

251
	439

434

442
	36.5

41.6

51.4

	7. Karapad
	1996

1997

1998

2002

2003

2004
	272

278

293 

263

253

249                          
	543

514

551

454

438

429
	36.8

53.6

47.8

53.5

48.6

47.6

	8.Urani
	
	
	
	

	9. Kayalpatinum


	1996

1997

1998

2002

2003

2004
	282                  276                                              _

_

_

_
	521

517

-

-

-

-
	43.7

36.8

-

-

-

-


Table  2. Sex ratio of Artemia  population  from the salt works  of  Tuticorin province

	Location
	Year /month
	Male 
	Female 

	1.Melmanthi


	1996

1997

1998
	-
	100

100

100

	2. Vembar 


	Mar, 2002

2003

2004
	46

49

48
	54

51

52

	3. Vaipar


	1996

1997

1998
	
	100

100

100

	4. Vepalodai
	1996

1997

1998

2002

2003

2004
	44

48

49
	100

100

100

56

52

51

	5. Arasaradi


	2002

2003

2004
	43

48

49
	57

52

51

	6. Levingipuram
	2002

2003

2004
	41

48

49
	59

52

51

	7. Karapad
	1996

1997

1998

2002

2003

2004
	38

48

49
	100

100

100

62

52

51

	8.Urani
	
	
	

	9. Kayalpatinum


	1996

1997

1998

2002

2003

2004
	
	100

100

-

-

-

-


Table 3 Percentage distribution of different size range of Artemia cysts  collected from the salt works of  Tuticorin  province   during 2002 to 2005

	Size (um)
	Year 2002
	Year  2003
	Year  2004

	200- 220
	8
	5
	30

	221-240
	15
	35
	57

	241-260
	44
	8
	9

	261-280
	9
	2
	4

	281-300
	17
	1
	0

	301-320
	4
	0
	0


Appendix IV.

Table 1. Concentration of heavy metals in the reservoir of the saltpans from Tuticorin

	Saltpan
	Metal

	
	Copper ((g/ml)
	Zinc

((g/ml)
	Cadmium ((g/ml)
	Mercury (ng/ml)
	Lead ((g/ml)

	Vembar
	BDL
	0.096
	5.042
	14.439
	1.484

	Veppalodai
	BDL
	0.132
	6.052
	4.815
	1.800

	Arasadi
	BDL
	0.128
	4.952
	43.316
	1.605

	Threspuram
	0.003
	0.297
	4.902
	48.128
	1.319

	Karapad
	BDL
	0.035
	2.093
	52.941
	0.697


BDL stands for below detection limit

	Saltpan
	Metal

	
	Copper ((g/ml)
	Zinc

((g/ml)
	Cadmium ((g/ml)
	Mercury (ng/ml)
	Lead ((g/ml)

	Vembar
	BDL
	0.114
	6.535
	462.03
	1.779

	Veppalodai
	BDL
	0.095
	5.059
	4.813
	1.529

	Arasadi
	BDL
	0.114
	5.078
	4.810
	1.484

	Threspuram
	BDL
	0.162
	5.982
	24.064
	1.799

	Karapad
	BDL
	0.093
	7.494
	4.183
	1.770


Table 2. Concentration of heavy metals in the condenser pond of the saltpans from Tuticorin

       BDL stands for below detection limit

Table 3.: Effect of heavy metal on the life history characteristics (♀) of Artemia population (from Arasadi, Tuticorin) reared in combined sublethal concentrations of Copper (0.005 ppm; 0.01 ppm) Zinc (0.0125 ppm; 0.025 ppm) Cadmium (0.0125 ppm; 0.025 ppm) Mercury (0.0005 ppm; 0.001 ppm) and Lead (0.25 ppm; 0.50 ppm) at 80 ppt salinity. Each value is the average of 5 to 6 individuals.

	S.No
	Characteristics
	Control
	Combined Lower Concentrations
	Combined Higher Concentrations

	1
	Maturation period (day)
	10.7(0.58
	13.0(0.00
	15.0(1.73

	2
	Gestation period (day)
	8.0(2.64
	7.0(2.82
	6.6(4.72

	3
	Pre-reproductive period (day)
	18.7(2.30
	20(2.82
	21.7(5.25

	4
	Total brood per individual (No.)
	6.3(0.58
	3.5(0.58
	1.3(0.58

	5
	Larvae per brood (No.)
	116.3(2.10
	73.4(24.88
	47.8(17.13

	6
	Cyst per brood (No.)
	0
	0
	0

	7
	Total offspring per brood (No.)
	116.3(2.10
	73.4(24.88
	47.8(17.13

	8
	Interbrood duration (day)
	3.8(0.64
	4.4(1.14
	4.6(1.94

	9
	Larvae per individual (No.)
	736.3(64.06
	250.3(72.66
	76.0(12.72

	10
	Cyst per individual (No.)
	0
	0
	0

	11
	Total offspring per individual (No.)
	736.3(64.06
	250.3(72.66
	76.0(12.72

	12
	Percentage of offspring encysted (%)
	0
	0
	0

	13
	Reproductive period (day)
	21.7(9.07
	10.8(2.21
	2.7(2.8

	14
	Post-reproductive period (day)
	7.3(2.08
	5.3(2.21
	8.3(4.04

	15
	Total life span (day)
	47.0(8.08
	36.0(1.63
	32.6(4.04


Appendix V.  Characteristics of Artemia cyst from Sri Lanka

The cysts from Puthalam salt work was bisexual in nature. 

Cyst diameter : 229.8 um (12.45)

Nauplius length : 552.3 um (38.67

Hatching characteristics:

H % : 76.7 % (5.67)

HE: 22812 n/g (13,453)

Appendix VI.

Brine shrimp Artemia disappears from its only inland saline resource in Thar Desert.   

Atul Kumar Jain and M.Peter Marian 

Sambahr and Didwana are two inland hypersaline playas located at eastern margin of the Thar Desert (Western Rajasthan, India) and known for inland salt production (Fig.1). Both, these playas are characterized by centripetal drainage of ephemeral type with absolutely no outflow. Sambhar (26o50’ N-27o04’N, 74o52’ E-75o15’E) is the largest inland saline playa in India located at an altitude of 350 m above the mean sea level (m.s.l.). It covers an area of 190 sq.km at full capacity with a catchments area of 7560 sq.km. It is a shallow basin with a maximum and average depth of 3.00 and 0.61 m respectively. It is fed by four ephemeral streams, several rivulets and surface run-off. The average rainfall in the region is 500 mm. 

Didwana (27o19’-27o25’ N, 74o27’-74o39’ E) playa is another salt water depression about 50 km north-west of Sambhar.  It covers an area of 16.5 sq.km at full capacity. It is located at an altitude of 339 m above m.s.l. The maximum depth of the lake is 5 m. It is mainly fed by rainwater. The average annual precipitation in the region is 330 mm. 

The occurrence of rich population of brine shrimp Artemia salina was reported both from Sambhar (Baid, 1958) as well as Didwana (Bhargava and Alam,1980) playas which was a parthogenetic strain. Sambhar was reported to become totally devoid of Artemia during 1977-78 (Alam,1980). Thereafter, Didwana was reported to be the only existing natural inland biotope of the brine shrimp in India (Bhargava et al., 1987). Presently, Didwana playa also appears to be devoid of Artemia (Personal observation). Surveys of both Sambahr and Didwana playas were conducted during 2000-04 to note the presence of  Artemia and also to test their  suitability to again support the succession of Artemia.   

The samples of the soil as well as zooplanktons were collected both from Sambhar and Didwana playa  in different seasons (Monsoon, winter and summer) randomly during 2000-2004. Salinity of the water was recorded at the time of sample collection. The water was hyposaline (2-16 ppt) during good monsoons (August-September), mesosaline during winters and hypersaline (250-300 ppt) during summers (May-June).Zooplankton samples were collected by filtering 25 l basin water through a plankton net (bolting silk No.25). Every time a minimum of 3 samples were collected from different locations. Samples were fixed with 5% formalin. No traces of the presence of Artemia were observed in both Sambhar and Didwana playas. All the samples were devoid of any stages of Artemia life cycle. The dominant zooplanktonic forms observed were Cyclops, Brachionus, Moina etc. at salinity <70-80 ppt.  

Soil samples were collected both from the shore (dry soil) as well as submerged bottom (wet soil). Wet soil samples were allowed to dry in an enamel basin covered with a thin cloth. All the samples were examined for the presence of Artemia cysts. About 100 g soil of each sample was vigorously dissolved in  500 ml of 35 ppt seawater for  about ½ an hour. Thereafter, it was allowed to settle for 5-10 minutes. Supernatant was passed through a 200 micron sieve to discard the macro particles. Filtrate was taken in a conical jars used for Artemia cyst hatching. The soil solution was aerated vigorously in the presence of light for 48 hours. But, no nauplii were recorded. In few of the samples seawater was replaced with individual lake water diluted to 35 ppt but no presence of any nauplii was recorded. Settled soils were also collected in separate hatching jars and dissolved in fresh seawater, kept under light and aerated. But, no traces of Artemia nauplii were recorded. Some of the soil samples were also washed with 5% Sodium hypochlorite to allow decapsulation of cyst. However, no traces of the presence of Artemia were recorded in any of the soil samples. The examination of soil and water samples of both Sambhar and Didwana Playas indicates that Artemia has not reoccurred in Sambhar playa and also disappeared from Didwana playa where it was present during 1984-85 (Jakher et al., 1990). We are further trying to evaluate the cause of its disappearance form both these playas of Thar desert.
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Southern Chile


Laguna Amarga  and Torres del Paine are both characterized by a similar appearance, close to “persimilis” but somewhat “particular”in that they differ in the details of the apical end of the spine-like projection compared to the specimens from Argentina.


Laguna Amarga closely resembles to Pichilemu, whereas Torres del Paine exhibit smoth spine-like projection provided with thin, long spines. Laguna de los Cisnes is the closest to the previously described “persimilis pattern” (Mura & Brecciaroli, 2004).


This confirms previous data (Gajardo 2004) and provides additional information 





Central Chile 


The populations of El Convento, La Villa, Cahuil and Pichilemu were available


The first three exhibit a “franciscana pattern”, Pichilemu is closer to “persimilis pattern”but has multiple smooth spines on basal penis. This confirms De Los Rios 2000 as to El Convento and provides an additional support to Gajardo 2004 as to Pichilemu 





Northern Chile 


The populations of Chaxas (never previously studied), and Iquique, Llamara, Los Vilos, Rinconada, previously analysed by means of other criteria (morphometrics and molecular) were available for study.. The group exhibits a “franciscana” pattern, though interpopulation variation in pattern and ornamentation is evident, also as compared to the populations from North America.





Shtormovoye





Kizyl-Yar





Russia: Mirabilit: parthenogenetic according to Van Stappen (2002), 


bisexual according to us (sex ratio 1:1)























controversial











  parthenogenetic





 undetermined





Insular Italy





Sardinia: all previously described (Mura, 1987, 1999, 2003) A. salina  and A. parthenogenetica sites confirmed. A controversial datum (INCO 4): Carloforte (nowadays dismissed saltworks).  Studies are in progress.


 Sicily


Trapani, Marsala and Paceco saltworks: under study in order to confirm the absence/presence of the invader A.franciscana. 





Margherita di Savoia saltworks 


The coexistence of the authochthonous A. parthenogenetica strains with  A. franciscana in the 


saltworks of Margherita di Savoia (Apulia, southern Italy) was assessed  by using morphological, morphometrical and molecular criteria (Mura et al., in  press. Studies on partitioning in progress. Still to be assessed if both parthenogenetical forms persist.
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In cooperation with the teams of Theodore Abatzopoulos (Thessaloniki University) (INCO 3) and Francisco Amat  ( C.S.I.C, Castellon, Spain) (INCO 4) the following results were obtained:








Peninsular Italy 


Comacchio saltworks: probably  extinct


Cervia saltworks: authochthonous parthenogenetic population + some males in a very low number. A. franciscana ? 


Tarquinia saltworks : A.salina is confirmed. its persistence seems to be under threat , due to dismission of the salt operations.





 Last  survey, partly  supported  by  a cooperative program of Italian Ministry (Azioni Integrate 


 Italia-Spagna) gave the following results:





	Locality		Species


1.	Cervia (Forlì)		 A. part.


2. 	Comacchio (Forlì)		 A. part.


3. 	Torre Colimena (Taranto)	 A. part.


4.	 Margherita di Savoia (Foggia) A. part.


5. 	S. Gilla (Cagliari)		 A. part.


6. 	*Salina di Tarquinia (Viterbo) A. sal.	


7. 	*Sale Porcus (Oristano)	 A. sal.


8. 	*Sa Mesa Longa (Oristano) 	 A. sal. 	


9. 	*Mari Ermi (Oristano) 	 A. sal. 	


10. 	*Piscaredda (Oristano) 	 A. sal. 	


11. 	*Su Pallosu (Oristano)	 A. sal. 	


12.	 *S. Antioco (Cagliari)	 A. sal. 	


13. 	*Carloforte (Cagliari) 	 A. sal. 	


14. 	*Cagliari		                 A. sal. 	


15. 	*Notteri (Cagliari)		 A. sal. 	


16. 	*Isola Longa (Trapani)	 A. sal. 	


17. 	*Torre Nubia (Trapani)	 A. sal.











INCO partner 5: LA SAPIENZA


Partner name: Dipartamento di Biologia Animale é dell’Uomo, Laboratorio di Zoologia Applicata, Università La Sapienza, Viale dell’ Università, 00185 Rome, Italy


tel.: 39-6-49914769; fax: 39-6-4958259; email: graziella.mura@uniroma1.it


Responsible scientist: Graziella Mura





INCO partner 4: CSIC


Partner name: Instituto de Acuicultura de Torre de la Sal (Consejo Superior de Investigaciones Científicas de España), Larval Food (Artemia), Larviculture and Ecotoxicology group, 12595 Ribera de Cabanes (Castellón), Spain


tel.: 34-964-319500; fax: 34-964-319509; email: amat@iats.csic.es


Responsible scientist: Francisco Amat
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Partner name: Aristotle University of Thessaloniki, Department of Genetics, Development & Molecular Biology, Faculty of Sciences, School of Biology, 541 24 Thessaloniki, Greece


tel.: +30-231-099 83 01; fax. +30-231-099 82 56; email: abatzop@bio.auth.gr


Responsible Scientist: Theodore J. Abatzopoulos
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INCO partner 2: CLO-DVZ


Partner name: Agricultural Research Center-Ghent/Department of Sea Fisheries (CLO-DVZ), Ankerstraat 1, 8400 Oostende, Belgium


tel. 32-9-34 22 66; fax: 32-9-33 06 29; email: daan.delbare@dvz.be


Responsible scientist: Daan Delbare
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Responsible scientist: Patrick Sorgeloos
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