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Artemia Biodiversity:

 

Current global resources and 

 

their sustainable exploitation

 

 

 


1. Status of realization of deliverables
1.1. Deliverable 4: Participation to 3nd Regional Workshop (Urmia, Iran, September 21-25, 2004) 

At the occasion of the 3nd Regional Workshop, the 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). 

1.2. Deliverable 5: Training of visiting scientists 
The following training visits at RUG were organized:

· Hachem Ben Naceur, INAT (INCO partner 8): 1-23 December 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): 6 October-15 November 2004

terms of reference: preparation of joint papers

· Ramin Manaffar (INCO partner 11): 10 December 2004 - 15 January 2005

terms of reference: genetic characterisation of Lake Urmia Artemia

2. Research on Artemia Biodiversity: action plans and partnerships; other tasks

2.1. Central Asian regional partnership and dissemination of INCO activities towards ‘associated’ INCO members: Study of Artemia colonization of the Aral Sea (Uzbekistan)

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) Inve Aquaculture, Inc., USA.

Cooperation with the above mentioned laboratories was continued 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.

2.2. Chinese regional partnership

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

In cooperation with CLO-DVZ (INCO partner 2) the contamination of Bohai Bay with the allochthonous A. franciscana was further assessed. A series of ten samples from the Bohai Bay were analysed by HpaII analysis of the 1500 bp rDNA fragment. Some samples displayed a uniform pattern, characteristic for parthenogenetic Artemia. Other samples contained a mixture of parthenogenetic patterns and the typical pattern for A. sinica. Other samples contained a mixture of parthenogenetic patterns and the typical pattern for A. franciscana. One sample contained a mixture of four HpaII haplotypes, representing parthenogenetic Artemia, A. sinica, A. franciscana and a pattern new for the database. Finally one particular sample (ARC1261) only contained A. franciscana. 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 report partner 2 for further details. 

2.2.2. Characterization of Artemia from Tibet-Qinghai plateau: evaluation of mixed status of Artemia populations through RFLP analysis

Fifteen Artemia cyst samples (30 individual cysts each; see Table 1), originating from thirteen different lakes on the Qinghai-Tibet Plateau, PR China, were subjected to 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.

Table 1. Overview of Qinghai-Tibet Artemia samples used for RFLP analysis


2.2.3. Study of of Artemia populations from Lake Urmia area, Iran
Study of genetic variability

In a parallel study, two samples from Urmia lake, Iran, have been investigated making use of RFLP analysis of the same 1500 bp fragment, namely ARC 1505 and 1511. The result on 34 individual cysts with some restriction enzymes are shown below.
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Apart from three individuals, which display an HpaII haplotype new to the current database, 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 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 1.2.)

Further characterization of Artemia resources from Lake Urmia area

In collaboration with RUG, Naser Agh of UU (INCO partner 11) is in the process of submission of the following papers:

· 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

2.3. 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.

2.4.  Artemia-related publications
BOSSIER, P.; XIAOMEI, W.; CATANIA, F.; DOOM, S.; VAN STAPPEN, G.; NAESSENS, E.; SORGELOOS, P.-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
CAMARGO, W.N.; ELY, J.S.; DURAN-COBO, G.; SORGELOOS, P.-2004. Influence of some physicochemical parameters on Artemia biomass and cyst production in some thalassohaline aquatic environments in the Colombian Carribean. Journal of the World Aquaculture Society, 35(2): 274-283

2.5. Creation of global Artemia database

The Artemia site database has been uploaded with information from the following countries (presently 307 sites introduced): Argentina, China, Chile, Greece, Iran, Italy, Mexico, Namibia, South Africa, Spain, Tunisia. The database contains both information on topological and ecological characteristics of the site, and on the Artemia population found in this habitat.

2.6. Website

General items of the website were translated into Spanish by INCO partners 6 (UBA) and 12 (UMAX). Website was further updated with information on 3rd Regional Workshop, latest publications, and the draft chapters of the manual “Artemia Biodiversity: Protocols and Guidelines for Study and Sustainability”.

Partner 2 is involved in the following actions plans and partnership agreed upon at the Gent workshop:

Regional partnership: China, Iran, Central Asia and Latin America.

Thematic partnership: Adaptation and speciation.

Scientific activity 

As mentioned in the second year report, partner 2 was going to focus 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 1 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 nauplii 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 inbetween 9 to 57% of the cyst hatched and gave rise to adult individuals. 

· Two samples were dominated by females, indicating that the cyst were taken from a parthenogenetic population (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 represents 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 cysts 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.


Table 1. Samples investigated. 

 Table 2. Species identification in various samples from the Bohay Bay. See text for more information



Collaborating scientists: A. Triantafyllidis, I. Kappas, A.D. Baxevanis, G. Deliopoulos, G. Kosmidis

During the course of the third year of the project five scientists visited the AUTH laboratory: 

i) Dr. Horst Kaiser from Rhodes University, South Africa (INCO partner 9) from May 25th until July 7th, 

ii) Dr. Peter Marian from Manonmaniam Sundaranar University, India (INCO partner 15) from September 6th until September 17th, 

iii) Dr. Alba Papeschi from Universidad de Buenos Aires, Argentina (INCO partner 6) from November 14th until December 16th, 

iv) Dr. Graziella Mura from La Sapienza University, Italy (INCO partner 5) from December 3rd until December 7th, and

v) Dr. Gudraz Sadeghi from Urmia University, Iran (INCO partner 11) from December 9th until December 12th.

In the framework of INCO project, several scientific collaborations have been established and led to visits of three scientists to AUTH laboratory (funded by other projects):

i) Mrs. Yu Haying from Salt Research Institute, China (INCO partner 10) for 1 month 

ii) Dr. Tom MacRae from Dalhousie University, Canada for 10 days 

iii) Mrs. Olga Ruiz Perez from Insituto de Acuicultura de Torre de la Sal, Spain (INCO partner 4) for 2 months

The invitees focused on the genetic characterization of Artemia populations using molecular (DNA) techniques. During their stay in AUTH the visiting scientists gained experience in the following techniques: i) DNA extraction (both with classical phenol/chloroform procedures and with quick procedures such as Chelex extraction), ii) PCR amplification of a 16S rRNA mitochondrial DNA gene region iii) agarose gel preparation and electrophoresis of DNA samples and iv) Restriction Fragment Length Polymorphism (RFLP) analysis of this segment using various restriction enzymes. Also, information was given on analysis of sequences deposited in GenBank and on choice of restriction enzymes to be used for RFLP analysis. RFLP data were statistically treated with different packages (i.e. REAP, Arlequin, Phylip). All molecular work was done at the level of individual scoring. The visiting scientists during their stay were also able to come into contact and discuss with the scientists in the laboratory about numerous other techniques such as sequencing, microsatellite genotyping, genetic identification of species using molecular markers, etc. They were also able to take advantage of internet and library facilities concerning mitochondrial DNA analysis and population genetics of Artemia. The Artemia populations scored molecularly during the 3rd period of the project were from South Africa, China, Argentina, India, Iran, Peru and sites from the Mediterranean Basin coastline.
More specifically, Dr. Horst Kaiser continued the genetic characterization of Artemia populations which started during the 1st year of the project (see 1st and 2nd year AUTH Scientific Report). Thirteen new/unidentified Artemia populations from South Africa were brought to AUTH laboratory and six of them were partially characterised using molecular techniques (PCR-RFLP) by the invited scientist (for more information, see individual report of INCO partner 9). Preliminary results revealed that the majority of the sampled sites had mixed Artemia populations (parthenogenetic and bisexual strains). It should be noted that the existing literature on Artemia biodiversity in South Africa is very limited and this effort is expected to provide new and valuable information. The genetic characterization of South African Artemia populations will carry on in AUTH laboratory.

Dr. Alba Papeschi and Mrs. Olga Ruiz collaborated in order to characterise genetically ten Artemia populations from Argentina and one population from Peru (see Annex I and II). This study was based on previous knowledge on the species status of Artemia populations from South America acquired during the 1st year of the project with the visit of Mr. Julio Crespo (see 1st year AUTH Scientific Report). The Artemia populations scored were distributed over a large part of Argentina in inland and coastal lakes. Preliminary results showed that eight out of eleven populations examined so far belong to A. persimilis while the rest belong to A. franciscana species. 

Mrs. Yu Haiying scored genetically five commercial Artemia cysts samples from Chinese companies in order to check the presence of A. franciscana in the Chinese region (see Annex III). In total, two out of five samples contained exclusively A. franciscana cysts, while other two samples contained mixed populations (parthenogenetic strains, autochthonous A. sinica and A. franciscana). Only one sample contained cysts that belong to parthenogenetic Artemia. This study reinforced the idea of the presence of allochthonous A. franciscana in East Asia.

According to the conclusions and recommendations in Scientific Annual Report (Year 1, see section 3.4.2.) regarding the possible threats to Artemia biodiversity by the uncontrolled spreading of invasive Artemia species, AUTH (in collaboration with CSIC – INCO partner 4 and La Sapienza – INCO partner 5) continued the screening of Mediterranean Basin Artemia populations, especially after the confirmation for the presence of A. franciscana in the Spanish region (see 2nd year Annual Report). The presence of allochthonous A. franciscana was demonstrated in an Italian region (Margherita di Savoia) using different techniques (morphometry, biometry, morphology, molecular markers). 

Our team also participated in the fourth regional INCO meeting that took place in Urmia (Iran) with 3 presentations (AUTH Annex IV): 

1. “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.
2. “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.
3. “Artemia tibetiana: truth and errors on its species status” by A.D. Baxevanis, G.V. Triantaphyllidis, A. Triantafyllidis, Kappas I. & T.J. Abatzopoulos.
One Diploma Thesis has been completed and defended (see AUTH Annex V):

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

In the framework of this project the following publications and presentations were produced: 

· Publications:
1. 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 (see AUTH Annex VI)
2. 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 (see AUTH Annex VII) 

3. 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 (see AUTH Annex VIII)

4. 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 (see AUTH Annex IX)

5. 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 (see AUTH Annex X)

6. 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)

· Presentations in congresses:
1. 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 (see AUTH Annex XI)

According to the guidelines appointed during the Puerto Varas (Chile) and Urmia (Iran) workshops the activities of this group during year 2004, concerning the INCO A.C. priorities and previous research commitments, were focused on the following research tasks :

Tasks

1) Updating the presence of brine shrimp in the Western Mediterranean and the incidence of Artemia franciscana as exotic invasive species. Additional information on its dispersal by waterbirds

The tasks developed during 2003, and the results submitted into the preceptive report presented to the Puerto Varas (Chile) workshop, were based on the availability in our cysts bank of cyst samples collected in the Western Mediterranean area from the beginning of the 80´s until then. This availability, together with the prospection and recovering of brine shrimp cysts from waterbirds (Dunlin Calidris alpina and Godwit Limosa limosa) faeces and 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. This research provided evidence on the present distribution of autochthonous brine shrimp populations as well as of foraneous A. franciscana populations in the Western Mediterranean basin. Autochthonous populations were obviously facing the threatening development of A. franciscana populations behaving as an exotic invasive species (Amat et al. 2005; Green et al., in press)

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 special 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. It was also possible 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).

The prospection developed in Portugal (20-23 July, 2004) 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 estaury) 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 (Amat et al. 2005).

The current research developed in cooperation with the Estación Biológica de Doñana (CSIC, Spain – not INCO partner), that previously allowed to demonstrate the Artemia cysts dispersion via water birds in the south of Spain and Portugal (Green et al., in press), 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 (Larus genei, L. ridibundus, L. cachinnan), avocets (Recurvirostra avosetta), flamingos (Phoenicopterus ruber), shelducks (Tadorna tadorna), etc, which show the presence of cysts in their faeces and regurgitated pellets, belonging to the autochthonous species (A. salina) and strains (parthenogenetic diploid) as well as to the exotic invasive Artemia franciscana

2) Brine shrimp in Argentina

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:

· 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.

· 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), what should allow 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 hypothesise 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 hypothesise on the present distribution and biogeography of both species in this region.

· 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).

This research on different topics on the common basis of Argentinean Artemia species and populations appoints for two Ph. D. research projects and thesis in progress in the IATS-CSIC, to be concluded feasibly in 2005 and 2006, respectively.

3) Brine shrimp in Italy

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 parthenogentic 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). 
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· Updating Artemia distribution: all of the saltworks from Italy (insular and peninsular) were again surveyed in order to collect animals and cysts for analysis and updating of cystbank and distribution. The results are in progress, a part of being submitted for publication (Margherita di Savoia and Torre Colimena). As to Emilia Romagna, for Cervia, where the presence of A.franciscana is still doubtful experimental rearing from cysts collected in the field are in progress, some males found are submitted for analysis. Comacchio is mainly freshwater; due to hurricanes and floodings no Artemia was found.

· Sicilia seems to be free from invasive species as far as weobserved.

· Sardinia too seems to be free of A.franciscana, although some changing has been observed: Santa Gilla seems to be extinguished and in the saltworks nearby (Conti Vecchi) the population is under study. The same is true for the population of Carloforte, a saltwork now abandoned.

· In Latium, Tarquinia was submitted to serious floodings too and does not work. A.salina seems to persist although a new study on population dynamics would be worthwhile.

· Apulia, Torre Colimena and Margherita di Savoia were studied by a multidisciplinary approach and the presence of Artemia franciscana was detected in Margherita.

Cooperation among different expertises and search for allochthonous species

Started with the study of Torre Colimena and Margherita di Savoia populations, as far as Mediterranean area is concerned. The population from Torre Colimena was characterized, while in Margherita di Savoia we analysed a number of samplings performed in different periods, for the presence of A, parthenogenetica and A. franciscana. The results have been presented at the occasion of the ILBS 5 in Perth (posters) and are now submitted for publication.
Morphological studies by means of SEM

As to Dr.Nagorskaya, on Artemia population from ex URSS a paper is in progress. The study of the Chilean populations is ended and we have now to coordinate joint efforts with Dr,Gajardo to publish the results.

Excessive costs for use of SEM discouraged any other idea, although a study on the rare males and the search for characters telling them apart from the bisexual males would be very interesting.


During the present year our team has been working in:

a) SPECIFIC ASSIGNATION OF NEW Artemia POPULATIONS RECORDED FROM ARGENTINA

In 2003 we have sampled in collaboration with the Spanish team directed by Dr. Francisco Amat nine new Artemia locations in the Argentinean Patagonia. During 2004 we have worked in their characterization. All of them were assigned to A. persimilis by means of morphology, biometry of cysts and nauplii and morphometry of adults. 

Sampled populations:

• Lagoon near Rada Tilly (Chubut Province)                                    45° 55' 42,5" S, 67° 34' 21,0"  W

• Primera Lagoon from Caleta Olivia (Santa Cruz Province)            46° 27' 01,5" S, 67° 31' 48,3" W

• Segunda Lagoon from Caleta Olivia  (Santa Cruz Province)          46 °27' 02,0" S, 67° 32' 18,8" W

• Saline in Estancia La Pava (Santa Cruz Province)                          47° 32' 43,6" S, 66° 38' 06,9" W

• Lagoon in Estancia El Caburé (Santa Cruz Province)                    47° 34' 57,0" S, 66° 31' 44,0" W

• Salitral Bajo Pichinini (Est.Cerro Pancho, Santa Cruz Province)   47° 45' 44,1" S, 66° 14'5 0,9" W

• Salitral in Nat. Route 3, km 2035 (Santa Cruz Province)                47° 28' 50,4" S, 67° 16' 18,0" W

• Salitral in Velódromo from San Julián (Santa Cruz Province)         49° 18' 10,4" S, 67°44' 39,1" W

• Laguna Seca, near San Julián (Santa Cruz Province)                       49° 17' 20,3" S, 67°46' 47.0" W

Diffusion of the results: We have planned a conjoint paper with the Spanish team about the specific identity of the Argentinean populations from Patagonia.

b) COMPARATIVE ECOLOGICAL REQUIREMENTS AND PHYSIOLOGICAL TOLERANCES BETWEEN SEVERAL ARGENTINIAN POPULATIONS BELONGING TO Artemia persimilis (FROM SALINAS GRANDES DE HIDALGO, SGH AND COLORADA CHICA SALINE, CCH) AND A. franciscana (FROM MAR CHIQUITA LAGOON, MCH).

Phenotypic plasticity and response of the different populations (species) to static environmental conditions have been studied in these populations. The results obtained would allow us 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.

Diffusion of the results:  On the basis of the results obtained during the MSc.Thesis of C. Arbasetti (2002) and the stay of training of J. Goenaga in the CSIC, Spain (2003) we are preparing a conjoint manuscript with the Spanish team about the ecological requirements and physiological tolerances of several Argentinian populations belonging to A. persimilis and A. franciscana. 

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.”

c) STAY OF TRAINING IN GREECE

During a month (15 November-17 December) Dr. Alba Papeschi, a member of our team, has visited the Dept. of Genetics, Development & Molecular Biology, Faculty of Sciences, of the Artistotle University of Thessaloniki, Greece (AUTH partner), for training in the RFLPs technique. She has trained in the technique and completed the studies, started by a member of the Spanish team, on several Argentinean populations. These populations were assigned by other methodologies to A. franciscana (Santiago del Estero; Las Tunas; Mar Chiquita) and A. persimilis (Buenos Aires; Algarrobo; Hidalgo; Palos Blancos; El Inglés; Caleta Olivia; San Julián) 

Previously, on the basis of our observations we had hypothesized a case of hybridization in Las Tunas population (Papeschi et al., 2000). With this technique we would expect to give support or an alternative explanation for the cytogenetic abnormalities observed in male meiotic cells of this population. 

Aiming to confirm the specific identification of populations and to knowledge the distributional pattern of A. persimilis in South America, Dr. Papeschi has also worked on two other non-Argentinean populations, supposedly belonging to this species: the Peruvian Arequipa (out of the limits of the distribution area of the species) and the Chilean Los Cisnes. 

The studied populations are shown in Table 1 (Buenos Aires and San Francisco Bay are considered as reference strains for A. persimilis and A. franciscana, respectively):

	Locality
	Coordinates
	Abbreviation
	Species status

	Buenos Aires
	34 30'S 58 20'W
	PER
	A. persimilis

	Algarrobo
	40 36'S 62 56'W
	ALG
	A. persimilis

	Hidalgo
	37 13'S 63 26'W
	HID
	A. persimilis

	Palos Blancos 
	39 S 62 30'W
	PB
	A. persimilis

	El Inglés
	40 43'S 62 28'W
	ING
	A. persimilis

	Caleta Olivia
	46 27'2''S 67 32'18.8''W
	CO
	A. persimilis

	San Julián (Lag.Seca)
	49° 17' 20,3" S, 67°46' 47.0" W
	SJU
	A. persimilis

	Cisnes
	53 18'S
	LCI
	A. persimilis

	Arequipa
	16 21'S
	AQ
	A. persimilis

	Mar Chiquita
	30 20'-31 S 62 10'-63 10'W
	MCH
	A. franciscana

	Las Tunas
	33 44'S 62 32'W
	LTU
	A. franciscana

	Santiago del Estero
	28 02'01.4''S 62 07'41.6''W
	SET
	A. franciscana

	San Francisco Bay
	37 28'N 122 30'W
	SFB
	A. franciscana


Table 1. List of Artemia populations used in this study 

The following restriction enzymes were used: Alu I, Hae III, Dde I, Not I, Dpn II, Rsa I and Msp I.

Since the samples from Arequipa, Palos Blancos and Caleta Olivia were incompletely studied, they were not included in the following analysis. A specific letter was used to identify the different restriction patterns and each individual was assigned a multi-letter code that described its composite mtDNA genotype. Haplotype and nucleotide diversity values within populations, and nucleotide divergence between haplotypes and populations were computed using the statistical package REAP 4.0. Dendrograms for haplotypes and populations were obtained with Fitch-Margulich.

The RESULTS obtained during the training are summarized in Table 2.

	 Locality
	NotI
	AluI
	DpnII
	DdeI
	HaeIII
	RsaI
	MspI

	Buenos Aires
	B
	B
	B-A
	B
	B
	B
	B

	Algarrobo
	B
	B
	A
	B
	B
	B
	A

	Hidalgo
	B
	B
	B
	B
	B
	B
	A

	Palos Blancos 
	B
	B
	A
	B-C
	
	B
	

	El Inglés
	B
	B
	A
	B
	B
	B
	A

	Caleta Olivia
	B
	B
	A
	B
	
	B
	A-B

	San Julián
	B
	B
	B
	B
	B
	B
	B

	Cisnes
	B
	B
	A-B
	B
	B
	B
	A-B

	Arequipa
	B
	B
	
	
	B
	
	

	Mar Chiquita
	A
	A
	A
	A
	A-B
	B
	A

	Las Tunas
	A
	A
	A
	A
	A
	B
	A

	S. del Estero
	A 
	A
	A
	A 
	A
	B
	A

	San Francisco Bay
	A
	A
	A
	A
	 A
	 A
	 A


Table 2. Fragment pattern obtained with restriction enzymes in the different populations of Artemia. 

Grey cells correspond to the results of the present contribution, while white cells are previous results obtained in the laboratory of Dr. Abatzopoulos.

Populations without underscore have been assigned to A. persimilis, while the last four, underscored, correspond to A. franciscana. The dendrogram resulting from the distance matrix between haplotypes revealed two clusters (Fig. 1). Cluster A is comprised of four haplotypes (including those of the Buenos Aires reference sample of A. persimilis) and cluster B is comprised of three haplotypes (including that of San Francisco Bay reference sample for A. franciscana). Accordingly, the dendrogram resulting from the distance matrix between populations shows two clusters (Fig. 2). One of them comprises all the populations assigned to A. persimilis (Buenos Aires reference strain, Hidalgo, Cisnes, San Julian, El Inglés and Algarrobo) and the other one, those populations assigned to A. franciscana (San Francisco Bay reference strain, Santiago del Estero, Las Tunas and Mar Chiquita).
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Figure 1. Tree clustering of the seven Artemia mtDNA composite haplotypes.
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Figure 2. Tree clustering Artemia populations
Diffusion of the results:
We have planned with the Spanish and Greek teams two conjoint publications:

1) about the RFLPs of some Argentinean populations belonging to A. persimilis and A. franciscana.
2) about the distributional pattern of A. persimilis populations in South America.

d) CYTOGENETIC CHARACTERIZATION OF SOME ARGENTINEAN POPULATIONS.

One of the essential components of the genome is the heterochromatin, depending its biology not only on the repetitive DNA sequences that characterize it but also on its specific DNA binding proteins. Although many of its structural and functional characteristics are poorly known, its presence interferes with DNA replication, and contributes to chromosome structure, gene expression, genome organization and evolution. Differences in heterochromatin content and distribution would be related to karyotype evolution and genetic differentiation among related species. In the genus Artemia heterochromatin varies between and within species, and it has been suggested that this genomic trait would be correlated to some extent with genetic differentiation. Furthermore, in order to determine the genome affinity between A. franciscana and A. persimilis we performed preliminary assays of genomic in situ hybridization (GISH) (see item e). 

We analyzed the following populations: Salinas Grandes (NW Córdoba province), Pampa de las Salinas (San Luis province), Salina La Antigua (La Rioja province), Mar Chiquita (Córdoba province), Salinas Grandes de Hidalgo (La Pampa province), Salitral de la Vidriera and Palos Blancos (Buenos Aires province). Mitotic and meiotic analyses revealed that the former four corresponded to A. franciscana, while the latter three corresponded to A. persimilis.

The statistical analysis revealed significant differences in the percentage of heterochromatin among populations. Our results (Table 3) suggest that the heterochromatin content measured as percentage of heterochromatin should be a more reliable trait for intra and interspecific comparisons than the number of chromocentres. However additional studies have to be carried out in order to validate the use of this parameter as a more reliable cytogenetic marker.  Furthermore, it is also suggested that the amount of heterochromatin could be related to environmental (geographical or ecological) conditions rather than to taxonomic categories.


Table 3. Mean, mode and range of the number of chromocentres/cell and heterochromatin percentage of the analyzed populations

Diffusion of the results:

· We have presented some of our results in the XXXIII Congreso de la Sociedad Argentina de Genética (26 al 29 de September, 2004, Malargüe, Mendoza Province).

TITLE: “Variación en el contenido de heterocromatina en cinco poblaciones de Artemia (Crustacea, Branchiopoda, Anostraca)”

AUTHORS: Lipko, P., A.G. Papeschi and R.G.Cohen

ABSTRACT

El género Artemia se distribuye mundialmente, a excepción de la Antártida, y habita ambientes hipersalinos. Artemia franciscana  es la especie dominante en el continente americano, mientras que A. persimilis está restringida a la Argentina y unas pocas localidades chilenas. Algunos investigadores han sugerido la utilización del número de cromocentros en células interfásicas  de nauplii como un marcador citogenético para evaluar la diferenciación genética, tanto intra como interespecífica, de las especies americanas. En este trabajo se ha determinado el contenido de heterocromatina C positiva en diferentes poblaciones argentinas de Artemia, utilizando las poblaciones de Great Salt Lake, GSL (EEUU) y Salinas Grandes de Hidalgo, SGH (Argentina) como poblaciones de referencia para A. franciscana y A. persimilis, respectivamente. El número de cromocentros (N) y el porcentaje de heterocromatina (%) determinados en núcleos interfásicos de nauplii de las diferentes poblaciones fueron los siguientes: GSL, N=2-26, %=8.97 + 4.74; Salinas Grandes, N=3-22, %=6.79 + 3.99; Pampa de las Salinas, N=1-14, %=4.06 + 2.71; Mar Chiquita, N= 3-13, %=4.16 + 2.38, todas ellas pertenecientes a A. franciscana, y SGH, N=1-6 ,%= 1.33 + 1.92 y Palos Blancos, N= 2-10, %= 2.36 + 1.30, pertenecientes A. persimilis. El análisis estadístico revela la existencia de diferencias significativas en el porcentaje de heterocromatina entre las poblaciones, y no encontramos ninguna correlación entre N y %. A partir de este análisis concluimos que la cuantificación del contenido de heterocromatina medido como porcentaje sería un dato más preciso que el número de cromocentros.

- We have in press in Caryologia (manuscript 1278) a paper with some of these results.

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

Artemia brine shrimps inhabit hypersaline ecosystems all over the world except Antarctica. In South America two bisexual diploid species are encountered: Artemia franciscana Kellogg distributed along America and Artemia persimilis Piccinelli and Prosdocimi restricted to Argentina and a few Chilean localities. A. franciscana was recently cited for the first time in our country and our results suggested a possible hybridization in Las Tunas Lagoon (Córdoba province) between both species. In the present work four new Argentinean populations of Artemia have been cytogenetically analyzed by conventional staining, silver staining, and C and DAPI banding. The populations Salina La Antigua (La Rioja province), Salinas Grandes (Córdoba province) and Pampa de las Salinas (San Luis province) gave similar results compatible with A. franciscana (2n=42, n=21). Conversely, Salitral de la Vidriera population (Buenos Aires province) would correspond to A. persimilis (2n=44). While in Salitral de la Vidriera only one or two small chromocenters C positive and DAPI bright were detected, in Pampa de las Salinas and Salinas Grandes many chromocenters C positive and DAPI bright were observed. Nevertheless, both populations presented less heterochromatin than the Artemia franciscana reference strain from Great Salt Lake. These results constitute further evidence to the occurrence of heterochromatin variations not only between both species but also within each one. Last but not least, with the present contribution A. franciscana is now cited in three new Argentinean localities.

· This research has lead to the following MSc. Thesis (Tesis de Licenciatura), currently in progress:

TITLE: “Estudios citogenéticos en poblaciones de Artemia de la República Argentina”.

AUTHOR: P. Lipko
DIRECTED by A. G. Papeschi and R. G. Cohen

e) ADJUSTMENT OF THE PROTOCOLS FOR THE GENOME IN SITU HYBRIDIZATION

(GISH) TECHNIQUE:  

We go on working in this line aiming to determine the genome affinity between A. franciscana and A. persimilis, and to obtain a better characterization of the heteromorphic bivalents in supposedly hybrid individuals.

The morphological characterization of the chromosomes of the genus Artemia is a very difficult task because the number of chromosomes is high, they are small, and they frequently show non-specific chromosome associations. The fact that we have not yet been able to obtain very high quality chromosome spreads (absolutely indispensable for GISH assays) constitutes a hindrance for the in situ research. We obtained good results on interphase nuclei of A. franciscana, but on A. persimilis the hybridization signal was rather weak. Our next steps are aimed at improving the results with A. persimilis, to perform the cross hybridization between both species (i.e. A. franciscana DNA hybridized on A. persimilis slides and viceversa) and to perform the hybridization procedure on mitotic and/or meiotic chromosomes of the species. 

f) CHARACTERIZATION OF SOME Artemia franciscana POPULATIONS FROM THE CÓRDOBA PROVINCE. We have performed in collaboration with the Spanish team directed by Dr. F. Amat the characterization of the populations of Mar Chiquita Lagoon, Las Tunas Lagoon and Salinas Grandes from Córdoba, by means of Morphology, Biometry of cysts and nauplii, Morphometry of adults, Cross-breedings and Lipid profiles. 
Diffusion of the results:

These results have been published in the Journal of Biogeography 31: 1735-1749  (2004)

TITLE: “Further evidence and characterization of A. franciscana (Kellog, 1906) populations in Argentina.”

AUTHORS: F.  Amat*,   R. G. Cohen**, F. Hontoria*,  J. C. Navarro*.  

*Spanish team; ** Argentinian team.

ABSTRACT: This paper reports the presence of Artemia franciscana (Kellog, 1906) in Mar Chiquita salt lake and in Las Tunas lagoon, as well as at a shallow lake in Salinas Grandes (province of Córdoba). The results endorse its morphometric assimilation to other American populations of this “super-species”, together with its morphometric differentiation from the species A. persimilis (Piccinelli and Prosdocimi, 1968). The more conspicuous population from Mar Chiquita shows cross fertility with A. franciscana original from San Francisco Bay (California-USA). Both populations from Mar Chiquita and Las Tunas show cross fertility between them and reproductive isolation with A. persimilis from Hidalgo (province of La Pampa), which up today is considered to be endemic or exclusive of hypersaline ecosystems in Argentina.  The reproductive  characteristics displayed by the population from Las Tunas lagoon provide an approximation to the existence of an occasional hybridization between A. franciscana and A. persimilis (Papeschi et al., 2000). Artemia cysts from Mar Chiquita and Las Tunas  show a fatty acid profile rich in eicosapentaenoic acid (EPA) differing markedly from the fatty acid profiles found in A. persimilis cysts.

g) MORPHOLOGICAL STUDIES

1) Studies on the morphology of the amplexial zone. Comparisons between A. persimilis and A franciscana. Male and female structures involved in the amplexus in pairs of both species were described; also, the different position of the female respect to the male during the amplexus was shown using thin histological cross sections. 

These observations have been carried out during the development of the PhD. of a member of our team:

TITLE of the THESIS:  “Caracterización morfológica y reproductiva de Artemia persimilis (Crustacea Branchiopoda: Anostraca) de la laguna Colorada Chica (provincia de La Pampa).”

AUTHOR: Ximena Inés Pastorino. 

DIR. by  Dr. R. G.Cohen

Defended: 11 August, 2003.

Deposited in Hemeroteca of the Library of the Facultad de Ciencias Exactas y Naturales, UBA.

Diffusion of the results:

The results of these morphological observations have been submitted to Hydrobiologia (manuscript number Hydr 861) and now are under review.

TITLE: “Comparative microscopic and histological studies of the amplexus in American Artemia populations.”
AUTHORS: X. I. Pastorino and R. G. Cohen
ABSTRACT:
In order to help in the specific identification of American Artemia populations, the morphology of the structures of both sexes involved in the amplexus was studied and compared between specimens of A. franciscana and A. persimilis by means of microscopic and histological observations. Differences between both species in female cuticular projections and in the frontal knobs of the male antenna led to differences in the shape of the embrace and in the degree of squeezing of the female during the amplexus. The usefulness of the shape and size of the frontal knob as morphological and morphometrical characters in specific taxonomy of the Artemia populations is confirmed, and the shape of the distal article of the male antenna is added as a reliable specific character.

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).

h) STUDIES ABOUT THE NUTRITIONAL VALUE OF SOME ALGAE ON THE FEEDING OF ARGENTINEAN POPULATIONS BELONGING TO A. persimilis and A. franciscana.
We want to evaluate and compare the effect of two monoalgal diets, Euglena gracilis and a wild heterotrophic mutant of E. gracilis, on: survival, size of adults, sexual maturity, offspring and biochemical profiles, in two Artemia populations belonging to A. franciscana and A. persimilis. We will try to establish relationships between the nutritive value of the diets and differences in the assimilation of the food, linked to species.

· This research has lead to the following MSc. Thesis (Tesis de Licenciatura), currently 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.".

AUTHOR: P. Nannavecchia

DIRECTED by R.G.Cohen and V.T.D. Conforti. 


1. Introduction

Artemia is a live food that has been widely used in aquaculture, especially for shrimp and fish larvae. Presently, Artemia has become one of an important candidate for Aquaculture in the coastline of the Mekong Delta, especially in Baclieu-Soctrang area where it was firstly inoculated 20 years ago. The major problem on production of this species is that the cyst yields was decreasing by year due to the lack of knowledge in culture techniques and bioprocesses that used to happen in the culture ponds of Artemia farmers. Our research activities are aiming to fill this gap; the main task of this phase tries to improve the cyst yields in order to raise the annual income of the farmers who is living in this region. 

- Objectives:

· 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.
2. Research activities (continuing the activities of previous year) 

To have better comprehension of environmental conditions for Artemia pond culture.

I. Research on the bio-control of algae bloom due to unwanted algal species by stocking Artemia at high densities
II. To study the effect of algal quality/quatitity on the growth and reproduction of Artemia
III. To study the factors (salinity, temperature, food availability, genetics…ect.) that effect Artemia cyst production during successive generations.
IV. To study thermo-tolerance of Artemia (heat –shock protein, fatty acid profiles…ect.).

V. Socio-economic analysis of Artemia culture in the studied areas.

VI. Investigation on of soil parameters predicting N, P released from the pond bottom to prevent the problem of algal bloom in Artemia ponds.
VII. Study on the relation between soil parameters, nutrient and algae growth.

VIII. Investigation and search for solution for clay turbidity in Artemia ponds.

IX. Quantification of fertilizers (phosphorus and nitrogen) to be applied for optimal algae biomass as a food supply for Artemia.

3.  Extension programme for 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 in the year 2004. 

· A training course on Artemia pond Management and use of fertilizer sources in Artemia culture also organized by our group in December 2004 for more than 30 selected farmers from Bac Lieu – Soctrang provinces

4. Training and education

· Two technical staffs in our group are continuing the third year with in-service classes of Baclieu community College to get their bachelor in aquaculture.
· One staff in our group 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 under funding of Vlir project.
5. Collaborative research 
· 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. 
6. Other activities

· Dr. Nguyen Van Hoa had visited ARC (Gent University) from 9-15 September, 2004 for preparing and discussed on future research on Artemia between ARC and CTU.
· Dr. Nguyen Van Hoa and Ms. Nguyen Thi Hong Van had attended Artemia biodiversity workshop in Urmia from 20-25 September, 2004.


The activities done by the INAT Group were essentially focusing onto the sampling and the characterisation of Artemia around various sites in Tunisia, in parallel with some scientific exchange and contribution.

Sampling activities:

The cysts sampling and environment measurement has been continued around Tunisian Salinas and salt marshes, nevertheless the hydrologic season 2003/2004 was too rainy; then some sebkhas reveal a drastic change from saline to fresh water, and less cysts are collected.  

Scientific stay:
A second scientific stay has been realised at the Artemia Reference Center where some Tunisian cysts are used to developed some FAME analysis and comparison with others cysts from ARC, during this scientific training are done:  morphologic and morphometric studies for 3 Tunisian artemia cysts (Eladhibet, Sijoumi et Sahline), as some other analysis.

Scientific product:

During this period, four master degree were accomplished, concerning successively Artemia morphology and genetic population (Tunisian strain 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). Caractérisation biochimique et electrophoretique de quatre populations d’Artemia de Tunisie (Msc. Hamrouni Souhir), Contribution a la caractérisation biologique et biochimique de trois populations tunisiennes d’Artemia (Msc Ben Naceur Hachem ,  Caractérisation biochimique de la microalgue Dunaliella des salines de Tunisie (Bourigua Nawzet). Valorisation de la plante de bourrache (Burago officinalis) en tant qu’adjuvant aquacole d’enrichissement d’Artemia (Msc Ben Taarit Mouna)

One communication presented at the Fifth Maghrebian Congress of Marine Science in Tripoli Libya (Fatty acid composition of three Artemia populations from Tunisia), two communications on Artemia biochemical characterisation, are presented during the “Journée Scientifique de l’Institution de la Recherche et de l’Enseignement Superieure Agricole” (Evaluation de la qualité et amélioration des performances des cystes de trois souches Tunisiennes  d’Artemia.  Valorisation des cystes de l’Artemie (Artemia salina) en prevenance d’un site tunisien: La Sebkha d’El Adhibet) and three other communications at the 7 congress of the Tunisian Association for Marine Sciences” (Etude morphométrie de quatre populations tunisiennes d’Artémia et test de croisement entre différentes espèces tunisiennes, espagnoles et marocaines. L’effet de salinité et de l’intensité lumineuse sur la composition lipidique de Dunaliella salina de sebkha El Adhibet. Essais de séchage de cystes d’Artemia salina: effets sur la qualité et les performances).


Researcher: Horst Kaiser
Introduction and program objectives

By the time the Department of Ichthyology and Fisheries Science of Rhodes University joined the INCO Artemia Biodiversity project, very little information was available about the biodiversity of Artemia on the African continent. In particular, southern Africa had hardly been researched and very few expeditions had been made in order to collect Artemia from previously unstudied areas. Of the few Artemia populations that had been sampled up to the initiation of the INCO project, genetic characterization was still due or had not been done, and the species composition for this part of Africa remained ambiguous. It was, for example, not clear if or to what extent Artemia franciscana had inhabited southern Africa, or if Artemia salina had established populations in sub-Saharan Africa. No study had been available on the distribution and genetic characteristics of several southern African populations.

This project comprised several objectives in line with the INCO program goals. The main objective of this project was to gain a better understanding of the distribution of Artemia populations in selected parts of southern Africa. These were South Africa, Namibia, Madagascar and Mozambique. The first two countries were sampled during the research years 2002/3.

In addition to studying the distribution of Artemia in southern Africa, genetic characterization of the available material was conducted at Aristotle University in Greece under the leadership of Prof. A. Abatzopoulos. In 2002, three populations from the Eastern Cape of South Africa were studied, and in 2004, material from 17 new populations was taken to the Greek lab, where genetic analyses commenced. At the time of writing this report, not all populations had been analyzed, but it is expected that this very large task will be completed in 2005.

Several of the other objectives set out in the INCO Annex were addressed as well. For example, the work in Greece improved cohesion between partners and we expect that this working relationship will lead to future projects, that there will be at least two papers presented from this study, and that we can conduct research in South Africa based on the expertise that we have established during the visits. In addition, the study made a long-needed contribution to our understanding of the Artemia biodiversity in southern Africa. Also, the study visits to Greece as well the attendance of all three conferences contributed considerably to the harmonization of assessment methods for Artemia populations, their dynamics, and biomass estimates, and to gaining expertise with the genetic methods. It is, for example, envisaged that a field study will be conducted on one of the South African populations. Such a study area would become a reference area for future work on the continent, and methods will be established to survey the population and control its exploitation. Thus, the concerted effort of the INCO program will have laid the foundation for work to be conducted in Africa.

Results and activities

During a sampling trip in 2002 we collected Artemia from three salt pans in the Eastern Cape. Two of these sites were sampled for the first time. One of the sites belong to the Coega salt works (here referred to as “Coega”). No genetic characterization of these populations had been conducted before. Using several Greek sites as reference samples for comparison of genetic markers, Coega Artemia were analyzed during a six-week study visit in Greece. We used RFLP-derived genetic markers.  For the first time, we were able to report that the population at Coega consisted of two populations. One of these was probably Artemia salina, and the other one is a parthenogenetic strain. Thus, there appears to be a co-existence of two reproductive modes within one system.

This first year of the program period provided us with the opportunity to learn the genetic techniques in Greece. These first six weeks should thus be viewed as a training period according the general objectives set out in the contract.

In 2003 a sampling trip was conducted through large parts of South Africa and Namibia. During this trip 33 potential Artemia sites could be visited. At 14 sites Artemia cysts or adults could be sampled and preserved for further genetic analysis. To address the INCO objective to study Artemia biodiversity the information from the sampling expedition was complemented by a literature review for the African continent. Such a review had been done in 1998, but data for more sites had become available since then. As a result 67 new sites could be added to the list of African Artemia sites. There are another 26 sites that are potential Artemia habitat, but require further investigations. Many of these were dry at the time of the visit.

A brief description of the sites sampled (Table 1) shows that many sites are salt works, while two sites appeared to be natural salt pans or lagoons. Cyst material was not available for all sites, but adult Artemia could be collected and taken for analysis.

The sex ratio data available for the adult Artemia must be viewed with caution, since sample sizes were small and sampling could be done only once. Repeated sampling for southern Africa is likely to be too costly and time consuming. Thus, funding should be obtained for more trips.

Therefore, rather than interpreting the sex ratios, it is suggested to only hypothesize which populations are most likely sexually reproducing Artemia and which are probably parthenogenetic. The data showed that two of the Namibian populations recorded thus far appear to reproduce parthenogenetically. The most recent record from the population at Swakopmund suggested the existence of a parthenogenetic population thus confirming this record for both this site and the site at Walvis Bay. However, the population in Henties Bay is bisexual thereby providing the first record of this reproductive mode for Namibian Artemia. The species status of the population at Henties Bay has not been described yet. In South Africa six populations exhibited sexual reproduction and, except for the population at Velddrif which has been described by Amat and Hontoria (1995), this is the first such survey of several South African populations. The fact that no parthenogenetic population has been recorded does not exclude the possibility that some Artemia populations in South Africa may have a parthenogenetic component.

Summary of results and outcomes

· Three Artemia populations from the Eastern Cape of South Africa were characterised for the first time using RFLP techniques. The population at Coega appeared to comprise both a sexually reproducing Artemia species and a parthenogenetic population. (2002)

· A comprehensive survey of southern African populations was conducted (2003) and biological material could be collected from 17 different sites, 14 in South Africa and 3 in Namibia.

· During a second study visit in Greece genetic markers were tested on Artemia from six sites, three from Namibia and three from South Africa (2004).

· Further tests on the genetics of southern African populations are ongoing (2005), as it was not possible to characterize 17 populations within the scope and the budget of this project.

· Preliminary studies indicate that both parthenogenetic and sexually reproducing Artemia populations occur in southern Africa. However, the determination of the species status will only be presented once all genetic tests have been completed. (2005)

· A comprehensive survey of Artemia populations on the African continent combined with an excursion to more than 33 sites added 65 new sites to our database of African Artemia (2003/4).

· The Ghent database for sites was updated using the information from the survey.

· Using the information obtained so far, funding was applied for from different sources, nationally and internationally (2004).

Recommendations for future work

· Due to the dynamics of Artemia populations, repeated sampling of selected sites will be required. This study has, however, highlighted which sites should be studied further.

· One or two sites should be chosen to conduct studies of Artemia population changes.

· Collaboration with other African institutions should be initiated in order to better understand the distribution of African Artemia.

Table 1: Summary of sites visited and samples taken to Greece for genetic analysis.

	Site name
	Province
	Cysts / Adults
	Size
	Elevation
	Site description

	Brandvlei
	Northern Cape
	A
	~ 4 km²
	940 m
	Inland saltworks (man operated)

	Henties Bay
	Swakopmund Provinvce
	A
	~5 km²
	Sea level
	Coastal saltworks (man-operated)

	Klipfontein salt works
	Western Cape
	C
	~ 5 km²
	15 m
	Coastal saltworks (man-operated)

	Missionvale
	Eastern Cape
	C / A
	5 km²
	4 m
	Coastal saltworks (man-operated)

	Reynekespan
	Free State
	C / A
	~ 0.5 km²
	1149 m
	Inland saltworks (man operated)

	Saldhana
	Western Cape
	C
	~ 0.5 km²
	40 m
	Other (see notes)

	Swakopmund
	Swakopmund Province
	C / A
	~ 4 km²
	Sea level
	Coastal saltworks (man-operated)

	Swartkops Salt Pan
	Eastern Cape
	C / A
	~4 km²
	10 m
	Inland saltworks (man operated)

	Velddrif Cerebos
	Western Cape
	C
	~ 5 km²
	12 m
	Coastal saltworks (man-operated)

	Walvis Bay
	Swakpomund Province
	A
	~ 10 km²
	Sea level
	Coastal saltworks (man-operated)

	Yzerfontein
	Western Cape
	A
	~ 0.5 km²
	80 m
	Other (see notes)

	Velddrif Salt Works
	Western Province
	C
	~ 5 km²
	12 m
	Coastal saltworks (man-operated)

	Kleinzee Yacht Club
	North-West Province
	C
	800*400 m
	0 m
	Natural coastal lagoon or saltpan

	Sundays River
	Eastern Cape
	 
	5 km²
	30 m
	Inland saltworks (man operated)

	Coega Salt Works
	Eastern Cape
	 
	~ 10 km²
	1 m
	Coastal saltworks (man-operated)

	Swartkops Marina Salt
	Eastern Cape
	C / A
	~ 4 km²
	3 m
	Inland saltworks (man operated)



Research work
1. Strain Characterization of Artemia from 9 Inland Salt lakes of China

The Artemia cysts used in the experiment are sampled from the following 9 inland salt lakes of the People’s Republic of China: Aibi lake (AB), Balikun lake (BLK), Dabancheng lake (DBC), Gahai lake (GH), Xiaocaidan Lake (XCD), Ejinor lake (EJN), Xiechi lake (XC). The following characteristics of different strains are analyzed: Biometrics: diameter of hydrolic cysts and decapsulated cysts, chorion, length of nauplii, dry weight of decapsulated cysts and nauplii, weight loss during hatching. (2) Hatching characteristics: hatching percentage, hatching efficiency, hatching rate. (3) Nutrition analysis: protein content, fatty acid composition.

Significant difference (P<0.01) on the measurement of biometrics was found among different strains. All parthenogenetic Artemia strains have larger diameter of cysts and decapsulated cysts, nauplii length, dry weight of decapsulated cysts and nauplii compared to bisexual strains. The strange relations between different biometric characteristics except chorion are present in different strains. The chorion range is 4.2-12.2(m, while the weight loss during hatching is 11.7%-27.7%.

The hatching characteristics fluctuate widely from strain to strain. The hatching percentage of different strains was 13.5%-83.6% under the hatching condition (25(C, 3.5% Salinity, pH8.5, continued aeration and illumination). The T90 of all the strains, except BLK and HHT is less than 24 hours.

The protein and total lipid content of all the strains are within 45%-57% and 125.68-177.94mg/g respectively. The strains of GH, XCD, and BLK have high EPA (20:5(3) content, while strain from Inner Mongolia have the lowest EPA content. No DHA was present in all strains.

Table 1. Specification of 9 strains

	Strains
	Code
	Province
	Location
	Reprod.
	Abb.

	Aibi
	1101
	Xinjiang
	N44.5(,E85.5(
	P
	AB

	Balikun
	1103
	Xinjiang
	N43.3(,E93.0(
	P
	BLK

	Dabancheng
	1102
	Xinjiang
	N43.5(,E88.3(
	P
	DBC

	Gahai
	1301
	Qinghai
	N37.0(,E97.5(
	P
	GH

	Xiaocaidan
	1302
	Qinghai
	N37.4(,E95.1(
	B
	XCD

	Wuqianqi
	1507
	Inner Mongolia
	N41.0(,E108.7(
	B
	WQQ

	Huhetaolegainor
	1514
	Inner Mongolia
	N37.0(,E110.0(
	B
	HHT

	Ejinor
	1504
	Inner Mongolia
	N45.2(,E112.3(
	B
	EJN

	Xiexhi
	1801
	Shanxi
	N35.0, E110.8(
	B
	YC


Table 2. The biometrics of different Artemia strains

	Strains
	Diameter of hydrated cysts

((m)
	Diameter of decapsulated cysts

((m)
	Chorion

((m)
	Length of nauplii

((m)
	Dry weight of decapsulated cysts

((g)
	Dry weight of nauplii

((g)
	Weight loss

(%)

	AB
	280.0(10.9
	266.8(13.0
	6.6
	514.5(45.1
	5.37
	4.55
	15.2

	BLK
	273.0(17.8
	262.6(16.8
	5.2
	517.6(46.9
	3.24
	2.86
	11.7

	DBC
	282.5(10.8
	274.2(11.1
	4.2
	539.0(46.1
	4.77
	3.88
	18.7

	GH
	267.1(10.8
	255.1(9.5
	5.7
	499.6(45.5
	4.49
	3.29
	26.6

	XCD
	267.0(12.7
	242.7(9.1
	12.2
	501.1(37.7
	3.48
	2.57
	26.2

	WQQ
	244.4(11.1
	223.6(9.2
	10.4
	462.7(43.1
	3.78
	3.27
	13.5

	HHT
	239.8(9.8
	223.8(8.5
	8.0
	465.8(47.2
	2.61
	1.84
	29.8

	EJN
	233.9(9.7
	214.7(9.2
	9.6
	493.6(34.0
	2.35
	1.70
	27.7

	YC
	240.4(10.2
	225.5(8.8
	7.5
	460.0(36.0
	2.59
	2.03
	21.8


Table 3. Statistical comparison among different strains ((=0.01)

	Biometrics
	Results

	Diameter of hydrated cysts
	EJNa
	HHTb
	YCbc
	WQQc
	XCDd
	GHd
	BLKe
	ABf
	DBCf

	Diameter of decapsulated cysts
	EJNa
	WQQb
	HHTb
	YCb
	XCDc
	GHd
	BLKe
	ABe
	DBCf

	Length of nauplii
	YCa
	EJNb
	HHTb
	WQQb
	GHbc
	XCDbc
	BLKbc
	ABc
	DBCd

	Dry weight of decapsulated cysts
	EJNa
	YCa
	HHTa
	BLKb
	XCDbc
	WQQc
	GHd
	DBCd
	ABe

	Dry weight of nauplii
	EJNa
	HHTa
	YCa
	XCDb
	BLKb
	WQQc
	GHc
	DBCd
	ABe


Table 4. Hatching characteristics of Artemia cysts (salinity: 3.5%, T: 25 (1(C, pH:8.5, continuous illumination: 1000lux)

	Strains
	Hatching percentage
	Hatching efficiency
	Hatching rate (hrs)

	
	(%)
	(nauplii/g)
	T0
	T90
	Ts

	AB
	36.3
	54000
	14
	30
	15

	BLK
	28.6
	46200
	14
	26
	11

	DBC
	80.9
	118800
	10
	24
	13

	GH
	29.6
	48200
	12
	24
	10

	XCD
	79.8
	126400
	9
	24
	16

	WQQ
	82.7
	128690
	14
	21
	7

	HHT
	13.5
	28169
	16
	28
	8

	EJN
	83.6
	157000
	5
	15
	10

	YC
	55.8
	108400
	10
	24
	12


Table 5.Fatty acid composition and protein content of decapsulated cysts 

	Fatty acid

(mg/g, d.w)
	AB
	BLK
	DBC
	GH
	XCD
	WQQ
	HHT
	EJN
	YC

	16:0
	11.06
	9.58
	13.87
	11.02
	14.21
	6.74
	8.82
	8.70
	7.76

	16:1(7
	10.54
	12.28
	3.56
	16.11
	23.64
	8.40
	12.97
	1.13
	3.10

	18:0
	4.61
	4.66
	3.23
	5.49
	3.88
	4.03
	4.84
	2.72
	6.26

	18:1(9
	19.62
	12.87
	20.54
	18.73
	9.29
	11.61
	13.08
	10.13
	11.24

	18:1(7
	7.22
	11.70
	5.67
	11.09
	6.67
	8.74
	11.29
	1.64
	7.81

	18:2(6
	5.25
	4.24
	6.96
	4.23
	2.22
	11.09
	13.28
	6.33
	4.33

	18:3(6
	0.50
	0.40
	2.43
	0.47
	0.45
	0.11
	0.10
	0.63
	2.97

	18:3(3
	15.96
	4.00
	28.95
	8.41
	6.80
	2.63
	2.33
	18.58
	10.57

	20:4(6
	0.17
	1.63
	
	1.02
	0.85
	0.45
	0.12
	
	2.46

	20:5(3
	8.79
	14.14
	2.24
	15.20
	10.78
	1.01
	2.41
	0.25
	5.29

	Total lipid
	190.19
	277.94
	217.00
	178.42
	188.56
	125.68
	187.90
	143.92
	137.15

	Protein (%)
	51.58
	56.5
	45.96
	49.74
	47.53
	48.46
	51.76
	49.99
	54.07


2. A rDNA-RFLP databases for identifying commercial Artemia samples (cooperated with INCO partner 1 and INCO partner2)

Two Researchers of Salt Research Institute had been in ARC and CLO-DVZ for working on A rDNA-RFLP databases for identifying commercial Artemia samples (one researcher from November, 2003 to October, 2004 and another researcher from June to November, 2004)

Participation of Urmia workshop

1 scientist from Salt Research Institute participated Urmia regional workshop (Urmia, Iran, September 21-25, 2004), 1 paper was presented during the workshop.

Training in Eu laboratory

1 SRI researcher got training in Partner 1 (Laboratory of Aquaculture & Artemia Reference Center, University of Gent, Belgium) for 6 months (June to November, 2004)

1 SRI researcher got training in Partner 3 (Department of Genetics, Development and Molecular Biology, Aristotle University of Thessaloniki, Greece) for 1 month (January, 2004)
Contribution to the global Artemia site databases and cyst bank

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

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.

Joint publication 

Evaluation 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, 831 Yingkou Road, Tanggu, Tianjin, PR China): Urmia, Iran, September 21-25, 2004


Activities of Artemia and Aquatic Animals research Center, Urmia University (Partner No. 11) in the framework of INCO-DEV Project on Artemia Biodiversity are summarized below:

1. Study stays as visiting scientists for 1.5 months during Oct-Nov 2004 at ARC, Belgium:

Visiting scientists: Naser Agh and Ramin Manaffar
Aim and activity: 

1.1. 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.

The submitted paper and those in prep are as follows:

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

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

3. 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

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

5. Morphometric and genetic characteristics of Artemia populations from Iran, in prep.

1.2. 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. Research Activities:

2.1. Resource assessment of Artemia at Lake Urmia:

Resource assessment of Artemia was carried out 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, 0.5 meter below the surface and 0.5 meter above the bottom (2 replicates from each depth). Population composition was done 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. High salinity level of the lake water still continues, therefore no significant differences in Artemia production was observed during last four years. But climatological changes and increasing levels of rainfall during last two years are promising although there has not been much changes in the salinity level. Lake salinity has decreased from over 300 ppt in 2002 to 280 ppt in 2004. 

2.2 Enrichment of Artemia urmiana nauplii and its use in Larviculture of Sturgeon fishes.

Use of enriched Artemia urmiana as live feed for sturgeon larvae were continued during 2004 too. During this year tests were carried out with 8 feed treatments on Huso Huso and Asipenser persica. Better results were obtained when the larvae were fed nauplii enriched with HUFA and Vit. C especially in compare to those fed decapsulated cysts. 

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

3. Other activities:

3.1. Collection of cyst samples for the Cyst Bank

Cyst samples collection campaign from the Lake Urmia was continued during 2004. The cyst samples are vacuum packed and preserved at -20°C. 

3.2. Iran regional workshop: We organized the concluding workshop in the framework of the project from 21-25 Sep. 2004. 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 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. 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 non-member participants from other 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.


PERSONNEL: Scientific: Jorge Castro Mejía, Aida Malpica Sánchez, Germán Castro Mejía, Ramón de Lara Andrade

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, 2: 35-41. 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.

b) Number of visiting scientist


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 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. 


b) 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.


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


UFRN Annual Report 2004

In the scope of INCO project Artemia Biodiversity, Universidade Federal do Rio Grande do Norte (UFRN) focused 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. 

Specific activities 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 January 2004, in a collaborative action with INCO partner No. 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 International Workshop on Artemia held in Urmia (Iran) in 21-25 September, 2004. 

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., Paulo Alberto Bento Carneiro Monteiro, Ligia Garcia Reis, and Marcos Antônio Freire 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. 2004. Is small-scale Artemia farming a sustainable alternative to brine shrimp harvesting in Brazilian saltworks? In: Book of Abstracts, International Workshop on 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.

Cabral, T. de M., D. D. F. Dantas, I. S. de Souza, P. H. de O. Cavalcante, M. R. Camara, and Eliane M. Soriano. 2004. Avaliação do potencial da macroalga Gracilaria cervicornis na dieta alimentar do camarão Litopenaeus vannamei.  In: Resumos, VI Simpósio Brasileiro sobre Cultivo de Camarão, Natal, 2004, p. 29, Associação Brasileira de Criadores de Camarão.

Cavalcante, P. H. de Oliveira, I. S. de Souza, M. F. Costa, F. R. S. de Souza, T. de M. Cabral, and M. R. Camara. 2004. Utilização da macroalga Gracilaria cervicornis e da cianobactéria Spirulina maxima como dietas complementares no cultivo de Artemia franciscana Kellogg (Crustacea; Anostraca) em escala laboratorial. In: Resumos, VI Simpósio Brasileiro sobre Cultivo de Camarão, Natal, 2004, p. 31, Associação Brasileira de Criadores de Camarão.

Cavalcante, P. H. de O., I. S. de Souza, M. F. Costa, F. R. S. de Souza, T. de M. Cabral, and M. R. Camara. 2004. Reprodução de Artemia franciscana Kellogg (Crustacea) em cultivo à base de Gracilaria cervicornis e Spirulina.  In: Resumos, XXV Congresso Brasileiro de Zoologia, Brasília, 2004, pp. 55-56, Sociedade Brasileira de Zoologia. 

Costa, M. F., L. G. Reis, P. A. B. C. Monteiro, and M. R. Camara. 2004. Avaliação da performance reprodutiva de Artemia franciscana (Crustacea, Anostraca) em sistema de cultivo multifásico.  In: Resumos, VI Simpósio Brasileiro sobre Cultivo de Camarão,  Natal,  2004,  p. 33,  Associação Brasileira de Criadores de Camarão.

Costa, M. F., F. R. S. de Souza, and M. R. Camara. 2004. Utilização da macroalga Gracilaria cervicornis e da cianobactéria Spirulina maxima no cultivo de Artemia franciscana (Crustacea) em escala laboratorial.  In: Resumos, XV Congresso de Iniciação Científica da UFRN, Natal, 2004, Universidade Federal do Rio Grande do Norte.

Souza, I. S. de, P. H. de O. Cavalcante, M. F. Costa, F. R. S. de Souza, and M. R. Camara. 2004. Utilização da levedura Saccharomyces cerevisiae e da cianobactéria Spirulina maxima como dietas complementares no cultivo laboratorial de Artemia franciscana Kellogg (Crustacea; Anostraca).  In: Resumos, VI Simpósio Brasileiro sobre Cultivo de Camarão, Natal, 2004, pp. 51-52, Associação Brasileira de Criadores de Camarão.

Souza, F. R. S. de, M. F. Costa, and M. R. Camara. 2004. Utilização da levedura Saccharomyces cerevisiae e da cianobactéria Spirulina maxima no cultivo de Artemia franciscana (Crustacea) em escala laboratorial.  In: Resumos, XV Congresso de Iniciação Científica da UFRN, 2004, Universidade Federal do Rio Grande do Norte.

Souza, I. S. de, P. H. de O. Cavalcante, M. F. Costa, F. R. S. de Souza, and M. R. Camara. 2004. Utilização da levedura Saccharomyces cerevisiae no cultivo de Artemia franciscana Kellogg (Crustacea; Anostraca). In: Resumos, XXV Congresso Brasileiro de Zoologia, Brasília, 2004, p. 55, Sociedade Brasileira de Zoologia.


This progress report describes the major achievements of LGA for the period December 2003- December 2004, and these are summarised as follows: I) ongoing research and results produced; ii) participation in the Urmia workshop; iii) collaboration among INCO partners and dissemination of results; iv) other activities. 

i) Ongoing research and results produced. 

Artemia offers a somewhat different approach to biodiversity that is often evaluated as species richness. Although the genus is not relevant in terms of species number (only 5 bisexual species in different continents, except the Antarctic), it represents a good example of how biodiversity can be distributed in the highly structured population genetic architecture of species. The Chile case is an example of this. Thus, our focus has been to highlight the relevance and uniqueness of Chilean biodiversity in relation to global Artemia resources. By describing and understanding the factors causing population genetic differences within a species, over time and space, we approach the making of new species (speciation), in other words, the origin of biodiversity.  Both the species concept (important to cataloguing biodiversity) and the speciation process have been then the framework for analysis. The latter should be taken into consideration for restoring and/or conserving natural Artemia biodiversity. This is particularly important as Artemia gene pools are often perturbed by man as a consequence of the species aquaculture importance. 

The initial expectation that Chile might have interesting opportunities to offer in relation to speciation and biodiversity studies (see previous Chile reports, and 2003 consolidated group report) have been confirmed. A short listing of the main 2004 results follows. 

1) New genetic markers (RFLP and mitochondrial DNA sequences) were assessed, and so the genetic tools available for analysis as well as the existing database on Chilean resources have been 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 and population-specific haplotypes. 

4) 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. 

5) A preliminary Phylogeny based on mit DNA sequences was shown at the Urmia workshop, including data on haplotype variability for parthenogenetic types. Among the surprising results, A. urmiana, described so far as bisexual, cluster together with a parthenogenetic sample, and the same occurs with A. tibetiana. This result are open to discussion in view of the lack of purity of samples available in the ARC cyst bank, which can be quoted as an important result of the project.

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

7) Writing of two draft chapter Crossbreeding, Conservation) for the Consortium Manual.   

 ii) Urmia workshop. 

A paper entitled Evolutionary biology and Artemia biodiversity in Chile was presented at the Urmia workshop, which summarised much of the results and framework discussed in this report. Despite the workshop focused on local Artemia resources, the Chilean perspective was presented as an example of how local Artemia resources and problems can be of global interest, if they are put in a common conceptual framework.

iii) Collaboration and dissemination of results
Europe-DC collaboration. 

· Addition of new molecular techniques (RFLP) is consequence of training visits to Greece and Belgium early in the project. The new markers allowed testing old hypothesis and the validity of previous data.

· Chilean samples have been added to the RFLP database managed by the ARC.

· The Italian partner (Dr. Graziella Mura) got a new set of morphological data by scanning microscope of taxonomically relevant sexual traits (frontal knobs). 

· The ARC cyst bank provided samples of all Artemia species, for comparison, estimation of time of divergence, and for establishing evolutionary relationships between the samples assessed.

DC-DC collaboration. 

· The Pichilemu and the equivalent Argentinean location (Salitral de la Vidriera) have been identified as key latitudes for the north-south distribution of A. franciscana and A. persimilis in both countries. Consequently, the need to devote special attention to them has been on the table for discussion since the China workshop. Collaboration between the Chilean and Argentinean partners (Dr. Graciella Cohen) should be encouraged (see China workshop recommendations).

· Samples of Mexican samples were received in Chile by the end of 2004 for chromosome analysis. This is expected to produce a joint DC-DC publication. 

Other relevant collaboration to the project..

Collaboration with the Zoological Society of London (ZSL) allowed further training on molecular markers of LGA personnel (Patricia Beristain) in London (two visits of 1-2 months during 2004), thanks to the financial support provided by The Darwin Initiative. As a result Chilean and other relevant populations of most species were compared.

iv) Other relevant activities.

An ongoing Artemia project in a salt work of central Chile (Pichilemu) has benefited from the collaboration among project members (especially with the ARC), The project is an interesting opportunity to extend the benefits of the sustainable Artemia exploitation to low-scale salt producers. The idea is to offer Artemia biomass and cyst as an alternative source of income in this economically deprived region of Chile. 


1. Scientific annual report

1. Mixed Artemia population from South India 

The Artemia population studied in Tuticorin (8° 50'N 78' 08'E ) area  have mixed population of parthenogenetic and bisexual  Artemia. In 1996, the area had parthenogenetic population only. Now the population is mixed with bisexual population. The native population structure is gradually decreasing  and the bisexual population is gradually increasing  in the salt works of  Tuticorin. The detail study on the characterization of the Artemia population is given in Annexure   I 

2. Effect of heavy metal pollution on Artemia population 

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

3.  Artemia from Sri Lanka:

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

4. Disappearance of native Artemia from the inland hyper saline 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.  Annexure  IV

5. 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 (Puthalalm), 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 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 wwere observed between five strains showing monomeric LDH patterns in control, Tuticorin and Srilanka. Dimorphic LDH in Puthalam and China states that there is a 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. 

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

Dr. M. Peter Marian  and  Dr. A. S. Ninawe

3. Participation in the workshop  - Workshop: Urmia , Iran : September 19- 27

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

December 7- 13,2004

Supported by M.S. University

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.  

5. 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

168 participants participated from India and Ukraine

6.  Publications
1. Characterization of a new parthenogenetic Artemia population from Thamaraikulam, India. J.A. Christopher John, M. Peter Marian and Theodore J. Abatzopoulos. Journal of Biological Research, 2: 63-74  

2. Life history characteristics of Artemia parthenogentica (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)

PhD Thesis:

1. 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

2. 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

Annexure I : 

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 2  
	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




Annexure  II

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

Table 2. Concentration of heavy metals in the condenser pond of the saltpans from Tuticorin

	Saltpan
	Metal

	
	Copper ((g/ml)
	Zinc

((g/ml)
	Cadmium ((g/ml)
	Mercury (ng/ml)
	Lead ((g/ml)

	Vembar
	BDL
	0.114
	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


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


Annexure III.  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)

Annexure IV

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 saltwater 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 from both these playas of Thar desert.
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INCO partner 6: UBA
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Responsible Scientist: Theodore J. Abatzopoulos
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INCO partner 7: CTU


Partner name: Institute of Science for Aquaculture, 3rd February Street, Campus II,


Can Tho University, Can Tho, Vietnam


tel.: 84-71-834307; fax: 84-71-830323; email: nvhoa@ctu.edu.vn; nvhoa.ct@bdvn.vnd.net


Responsible scientist: Nguyen Van Hoa
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INCO partner 11: UU


Partner name: Artemia and Aquatic Animals Research Center (AAARC), Urmia University,  Shahid Beheshty Av., P.B. 57153-165, Urmia, Iran


tel: 98-441-3440295; fax: 98-441-3443442; email: n.agh@mail.urmia.ac.ir


Responsible scientist: Naser Agh
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Responsible scientist: Thalía Castro Barrera
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Responsible scientist: Gonzalo Gajardo
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tel.: 91-4652-33680; fax: 91-4652-21457; email: petermar@md5.vsnl.net.in


Responsible scientist: Peter Marian
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