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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

Visiting scientists
During the period of the project funded by EU, five scientists visited AUTH laboratory:

1st year (2002) 

i) Mr. Julio Crespo from University de Los Lagos, Chile (INCO partner 14) for 2¼ months 

ii) Dr. Horst Kaiser from Rhodes University, South Africa (INCO partner 9) for 1½ month 

2nd year (2003)

iii) Dr. Marcos Camara from Universidade Federal do Rio Grande do Norte (INCO partner 13) for 2¾ months 
iv) Mrs. Nguyen Thi Hong Van from Can Tho University, Vietnam (INCO partner 7) for 2¾ months 

3rd year (2004)

v) Dr. Horst Kaiser from Rhodes University, South Africa (INCO partner 9) for 1½ month

vi) Dr. Petermarian from Manonmaniam Sundaranar University, India (INCO partner 15) for 10 days
Total duration of the visits in AUTH laboratory was more than 11 months. Furthermore, Dr. A. Papeschi from Universidad de Buenos Aires (INCO partner 6) is expected at AUTH laboratory for a period of 1½ month in late autumn – winter of 2004.

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

i) Dr. Nguyen Van Hoa from Can Tho University, Vietnam (INCO partner 7) for 20 days in 2003 

ii) Mrs. Yu Haying from Salt Research Intsitute, China (INCO partner 10) for 1 month in 2004

iii) Dr. Tom MacRae from Dalhousie University, Canada for 10 days in 2004

iv) Mrs. Olga Ruiz Perez from Insituto de Acuicultura de Torre de la Sal, Spain (INCO partner 4) for 2 months in 2004

In total, four months were spent by the visiting scientists in AUTH laboratory.

Training on molecular techniques
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 period of the project were from Chile, South Africa, Brazil, Vietnam, China, Argentina, India, Iran and sites in the coastline of Mediterranean Basin. 

Deliverables

The investigation of Artemia biodiversity was one of the major objectives of this project. The basis for accomplishing this task is the multidisciplinary characterization of different Artemia strains. Molecular markers (such as 16S rDNA), cytogenetics, biometry of cysts and nauplli, morphometric analysis of adults, reproductive and lifespan characteristics, differential response of strains to different environmental conditions are useful tools for characterization of Artemia populations. In the framework of INCO project several papers and Theses have been published and presentations in international or national conferences have been produced. The published papers involved four INCO partners, while there are papers in preparation or to be submitted with the cooperation of INCO partners from Brazil, South Africa, China, Spain and Italy (this will increase the number of participating INCO members to 9). More specifically:

Papers in peer-reviewed journals

· Abatzopoulos, T.J., N. El-Bermawi, C. Vasdekis, A.D. Baxevanis & Sorgeloos P, 2003. Hydrobiologia, 492: 191-199.

· Abatzopoulos T.J., G.V. Triantaphyllidis, N. Roedaki, A.D. Baxevanis, Triantafyllidis A. & P. Sorgeloos, 2003. Belgian Journal of Zoology, 133(2): 103-109. 

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

· Baxevanis A.D., N. El-Bermawi, T.J. Abatzopoulos & P. Sorgeloos, 2004. Hydrobiologia, 513: 87-100.

· Gajardo G., J. Crespo, A. Triantafyllidis, A. Tzika, A.D. Baxevanis, I. Kappas & T.J. Abatzopoulos, 2004. Journal of Biogeography, 31(4): 547–555.  

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

· Kappas I., T.J. Abatzopoulos, N. Van Hoa, P. Sorgeloos & J.A. Beardmore, 2004. Genetic and reproductive differentiation of Artemia franciscana in a new environment. Marine Biology (in press).
Diploma theses

1. A. Tzika, 2003. Genetic identification of Artemia species based on mtDNA-RFLP analysis, Aristotle University of Thessaloniki.

2. E. Markatzinou, 2003. Detection of invasive species in Mediterranean Basin by using discriminant analysis, Aristotle University of Thessaloniki.

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

4. G. Deliopoulos, 2004. Artemia: differential response of two mitochondrially similar clones at various temperature-salinity combinations, Aristotle University of Thessaloniki.

Congresses – Symposia 

· Abatzopoulos T.J., G.V. Triantaphyllidis, N. Roedaki, A.D. Baxevanis, A. Triantafyllidis & P. Sorgeloos, 2002. Elevated salinity enhances the thermotolerance of hydrated Artemia cysts. (International Study on Artemia. LXV), 9th International Congress on the Zοοgeography and Ecology of Greece and Adjacent Regions (ICZEGAR), Thessaloniki, May 2002.
· Abatzopoulos T.J., A.D. Baxevanis, A. Triantafyllidis, 2002. The use of multidisciplinary approaches for characterizing and biomonitoring Artemia populations: uniformity of practices, NATO ADVANCED RESEARCH WORKSHOP (ARW) “Artemia biodiversity in the Newly Independent States: Current global resources and their sustainable exploitation”, Moscow, Russia, 17-19 July 2002.
· Markatzinou E., G. Athanasiadis, A.D. Baxevanis & T.J. Abatzopoulos, 2003. Characterization of two new Artemia parthenogenetic populations from Thrace (Greece): morphometrical analysis, 11th Panhellenic Congress of Ichthyologists, Preveza, 10-13 April 2003.
· Mura G., F. Amat, T. Abatzopoulos & S. Moscatello, 2004. First record of Artemia franciscana in an Italian saltwork, V International Large Branchiopod Symposium, Toodyay, Western Australia, 16-20 August 2004.
Furthermore, INCO project gave the opportunity for exchanging useful knowledge and expertise among – previously isolated – research teams around the world. This is the first step in order to obtain a common ground and uniformity of different techniques regarding Artemia studies. Interlinking among Artemia research teams can assist in describing Artemia biodiversity all over the world and exploiting of new Artemia resource on the basis of sustainable development. Visits of scientists belonging to different members of the INCO consortium produced significant results and initiated research on Artemia biodiversity such as:

i) Characterization of Artemia population from Chile by using molecular markers (16S rDNA) and RFLP analysis. The presence of A. franciscana and A. persimilis was confirmed by DNA analysis in Chile, while the species status of controversially characterized populations (such as Pichilemu) was clarified (A. persimilis) (collaboration of INCO partners 3 + 14)

ii) First attempt to report on newly found, uncharacterized Artemia populations in South Africa. Preliminary results unveiled the mixed nature in several Artemia populations in this region (based, not exclusively, on molecular markers) (collaboration of INCO partners 3 + 9).

iii) Confirmation of the fact that the feral populations of Artemia franciscana found in the state of Rio Grande do Norte (Ν.Ε. Brazil), belong to the A. franciscana superspecies. No genetic difference (according to 16S rDNA) was found among the populations studied. In addition, their proposed origin, from San Francisco Bay cysts, was clearly demonstrated (collaboration of INCO partners 3 + 13).

iv) Initiation of a study on finding markers that could separate A. franciscana from San Francisco Bay (SFB) from that of Vin Chau (VC). Preliminary results showed that the use of a part of p26 region could not separate these two strains (collaboration of INCO partners 1 + 3 + 7).

v) Characterization of four Artemia populations from Egypt by using morphometry, growth, survival, reproductive and lifespan characteristics and their response to different salinities. This study revealed the presence of A. salina in a carbonate soda lake for the first time (collaboration of INCO partners 1 + 3).

vi) The presence of A. franciscana in Mediterranean Basin was confirmed by using morphometric analysis and molecular markers (collaboration of INCO partners 3 + 4 + 5).

vii) First record of two new parthenogenetic Artemia populations from Northern Greece (populations of Mesi and Kessani). Morphometric analysis revealed that these two populations are very closely related but they differ significantly from the well studied populations of M. Embolon and Citros.

viii) AUTH team has already scored several Artemia populations by PCR-RFLP technique and a database of different restriction patterns produced has been set up.
Although invitees originated from different disciplines to those of molecular genetics and taxonomy, the problems anticipated during their adaptation were either minor or non-existent. Two major drawbacks have to be mentioned: 

(i) The rather limited period of their stay (most of them stayed for only 1 ½ month). This resulted in an awkward situation when the invitee had to leave at the time he/she was competent of producing results. 

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

Future perspectives
· Further determination of potential molecular markers for characterizing Artemia populations.

· More information on diverse Artemia habitats have to be collected focusing on areas where little is known.

· Build a database using mainly molecular markers based on the existing species or populations. This would be extremely useful in identifying “new” Artemia strains or tracking down invasive species. 

· Establish a frame for multidisciplinary approach in Artemia characterization. 

· Publish a manual which will contain analytical procedures/methods for determining Artemia biodiversity worldwide.
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Artemia urmiana Günther: reproductive and lifespan characteristics, cyst and naupliar biometrics, HUFA profiles, chorion structure and cyst buoyancy

Introduction

Urmia Lake is one of the biggest natural Artemia habitats in the world. It is a landlocked thalassohaline lake, located in the northwestern region of Iran at 1250 m above sea level and its geographic coordinates are 45o 10΄N and 30o 20΄ E (Cole and Brown, 1967; Azari Takami, 1993). Its surface ranges from 4750 to 6100 km2 and the average depth is 6 m with the deepest part measured at 16 m (Azari Takami, 1993; Van Stappen et al. 2001). Günther (1899) was the first to report the presence of Artemia in Urmia Lake. The species was designated as A. urmiana. In 1993, the Iranian government (through Iran Fisheries Company) decided to initiate a detailed hydrobiological study of Urmia Lake focusing on potential sustainable exploitation of the endemic A. urmiana population as a cyst and biomass resource. The first results (focusing mainly on field observations and describing Urmia Lake hydrology) of these efforts can be found in Van Stappen et al. (2001). 

The scope of this study is to further characterize A. urmiana focusing on its potential use to aquaculture purposes. Therefore, it reports on (i) the biometry of cysts and instar-I nauplii, (ii) the reproductive performance and lifespan characteristics of A. urmiana at different salinities, (iii) the poor floating capacity of Urmia Lake cysts samples by applying simple buoyancy tests and using Transmission Electron Microscopy to study cyst chorion structure and (iv) the fatty acid profiles of instar-I nauplii derived from five cyst batches. 

Materials and Methods
Artemia cysts were collected from seven sampling stations in Urmia Lake (sample codes: Urmia-1 to Urmia-7). Sampling was performed by dragging a 100 μm meshed size net over a length of 400 m in each of the designated transect stations. Cyst cleaning from debris was done according to Sorgeloos et al. (1986). A. franciscana cysts from Great Salt Lake were used as reference material and for comparison purposes.

Biometry of cysts and nauplii

Decapsulation of cysts was performed according to Sorgeloos et al. (1986). Prior to measurement, decapsulated and non-decapsulated cysts were hydrated in a 10 psu artificial Dietrich & Kalle (D&K) medium (Kalle, 1971). The hydrated cysts were measured under a microscope equipped with an eyepiece micrometer Leitz device containing a graticule.

Data were analysed following Sokal and Rohfl (1981) and the homogeneity of variances was tested using the Levene’s test (Norusis, 1993). ANOVA could not be applied because the Levene’s test showed that the variances were heteroscedastic; therefore, the mean values were compared by employing the approximate test for equality of means of Games and Howell (1976).

Reproductive and lifespan characteristics  

The reproductive performance of Urmia-2 sample was tested in three different salinities (100, 140 and 180 psu) at 25±1oC. The experimental procedure is described in Triantaphyllidis et al. (1995). Six reproductive and four lifespan characteristics were recorded: offspring per brood, broods per female, offspring per female per day during the reproductive period, percent of encysted offspring, total offspring per female, days between broods, pre-reproductive period (in days), reproductive period (in days), post-reproductive period (in days) and total lifespan (in days). As soon as males were observed clasping females (riding position) couples were isolated and transferred to 50 ml plastic cylindroconical Falcon tubes containing medium of the desired salinity. Twenty couples for each salinity experiment were observed daily for reproduction and survival. The results were analysed by standard single factor ANOVA, where variances are assumed to be homogeneous (Sokal and Rohlf, 1981). However, tests for homogeneity of variances (Levene’s test, Bartlett’s test and Hartley’s Fmaxtest) showed significant deviations from equal variances for most of the studied characteristics. Since log or square root transformations did not efface the problem, an approximate test for equality of means was contacted assuming variances to be unequal (Games and Howell, 1976). 

Buoyancy tests

A simple and practical buoyancy test was applied to observe cyst behaviour when hydrated in different salinities. The seven cyst samples collected from Urmia Lake (Iran) and two from Great Salt Lake (Utah, USA) with known chorion thickness were tested. Five grams of each sample were placed into small aluminum foil trays and oven dried at 37oC for 24 hrs. The dehydrated samples were placed into 50 ml glass test tubes containing D&K medium of 100, 150 and 200 psu salinity (in triplicates). The tubes were lightly shaken to mix and the proportion of floating cysts was determined (by weighing) after 1, 2, 3 and 72 hrs. 

Transmission Electron Microscopy (TEM) study
For the TEM study, cysts were fixed overnight in a glutaraldehyde-paraformaldehyde mixture (Karnovsky, 1965) according to the methodology of Criel (1992). Ultrathin sections were stained with uranyl acetate and lead citrate and examined with a Siemens Elmiscop 1A.

Lipid analysis

Fatty acid methyl esters (FAME) were prepared through direct acid-catalysed transesterification following the procedure described in detail by Triantaphyllidis et al. (1996). 

Results and Discussion
The hatching percentage of the seven samples studied (Urmia-1 to Urmia-7) was not satisfactory (less than 35% for most of them after 48-hr incubation) with the exception of Urmia-2 sample that had excellent hatching percentage (97.8% after 48-hr incubation). For this reason Urmia-2 sample was the only one used for studying the reproductive and lifespan characteristics of A. urmianα (see below).

Biometry of cysts and nauplii
The mean value of the diameter of non-decapsulated cysts ranged from 262.7 to 286.6 μm while for the decapsulated cysts varied from 258.6 to 274.4 μm and there were significant differences among samples (p<0.05). The diameter of non-decapsulated Urmia Lake cysts is  among the largest in bisexual Artemia species with the only exception of the cyst size recorded in A. tibetiana  (from Lagkor Co in the high Tibetan plateau) which is the largest ever recorded in Artemia bibliography (Abatzopoulos et al. 1998). Comparisons with other Artemia cyst sizes showed that Urmia cysts are considerably similar to those of some parthenogenetic populations from China, India, Italy (Vanhaecke and Sorgeloos, 1980) and Greek apomictic tetraploid parthenogens (Abatzopoulos et al. 1987, 1993; Triantaphyllidis et al. 1993). The wide range in cyst diameter could be attributed to the changing of environmental conditions and/or a possible co-existence of bisexual and parthenogenetics strains in Urmia Lake (Agh et al., 2004). Mean chorion thickness values ranged from 1.2 to 9.3 μm. Instar-I naupliar total length was measured from 466.3 to 505.0 μm showing statistically significant differences among samples (p<0.05) according to the method of Games and Howell (1976). The comparison with other Artemia strains revealed that the average size of instar-I nauplii from Urmia is larger than A. franciscana (which is mainly used in aquaculture activities) (Vanhaecke and Sorgeloos, 1980). Therefore, A. urmiana nauplii are suitable for use with predators where Artemia size is not critical (i.e. freshwater species) and of less value for marine fish and shrimp larvae, where they can be used only in later stages (Abatzopoulos et al., 1989). 

Reproductive and lifespan characteristics  

Table 1 summarizes the results from the six reproductive and four lifespan characteristics of A. urmiana (Urmia-2 sample) cultured at 100, 140 and 180 psu (cultures at 35 and 60 psu were also tested but showed very low survival – less than 5% after day 10 of culture period). Reproductive output of A. urmiana seems to be better at higher salinities (above 140 psu). This finding is corroborated by the recorded prevailing salinity in Urmia Lake, fluctuating between 150 and 180 psu for the period July 1994-January 1996 (Van Stappen et al. 2001). 

Buoyancy tests

A considerable small proportion of Urmia cysts (with the exception of Urmia-1 sample) floated even after 72 h at 200 psu (ranging from 10% to 40%), while for A. franciscana (GSL cysts, used as control material) this figure was well above 90%. For this reason, cysts were examined by means of Transmission Electron Microscopy to obtain information on chorion and the structure of various layers surrounding the encysted embryo. 

Transmission Electron Microscopy (TEM) study
TEM analysis showed that the total thickness of the shell (consisting of chorion and other four layers or membranes) was approximately the same in both A. franciscana (GSL) and A. urmiana (varying from 10 to 13 μm) cysts. However, electron microscopy revealed striking differences: GSL cyst shell showed a relatively thicker alveolar layer (8 μm, cortical layer included) with wide alveolae and a relatively thinner fibrous layer (3 μm) whereas in A. urmiana both alveolar and fibrous layers were of equal thickness (6 μm) with alveolae narrower and more compressed. 

Lipid analysis

All samples exhibited high levels of linolenic acid (18:3ω3) but low levels of eicosapentaenoic acid (EPA, 20:5ω3), ranging from 32.7 to 54.7 mg/g DW and 1.8 to 7.2 mg/g DW, respectively. Docosahexaenoic acid (DHA, 22:6ω3) was found only in traces. Urmia cysts had also low levels of highly unsaturated fatty acids ranging on average from 3.9 to 8.0 mg/g DW.  
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Table 1. Mean values (±standard deviation) of reproductive and life span characteristics of Artemia urmiana grown at different salinities (n=20 for each salinity)

	Characteristic
	100 psu
	140 psu
	180 psu

	Offspring per brood
	43.2 (±8.3)
	48.3 (±10.3)
	34.18 (±6.3)

	Broods per female
	7.2 (±5.9)
	11.4 (±3.9)
	10.5 (±6.1)

	Offspring per female per day
	13.8 (±14.6)
	8.54 (±2.6)
	6.91 (±1.4)

	Days between brood
	4.3 (±2.3)
	5.69 (±1.0)
	5.53 (±1.6)

	Percent offspring encysted
	58.2 (±38.5)
	75.9 (±28.5)
	80.7 (±22.7)

	Total offspring per female
	341.1 (±274.2)
	536.6 (±223.7)
	416.65 (±262.6)

	Pre-reproductive period (in days)
	31.2 (±3.9)
	32.0 (±2.8)
	31.0 (±3.8)

	Reproductive period (in days)
	38.4 (±36.3)
	65.5 (±27.8)
	65.9 (±43.8)

	Post-reproductive period (in days)
	0
	0.2 (±1.1)
	3.2 (±5.4)

	Total lifespan (in days)
	69.7 (±35.9)
	97.7 (±28.9)
	99.8 (±47.0)
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Laboratory analysis and calculation methods for resource assessment of Artemia.

Abstract:

Urmia Lake (approximately 5000 km2) is the second largest natural resource of Artemia after karaboghoz Lake in Turkmenistan. It seems this lake is the only reservoir of an old world Artemia urmiana. This paper explains the laboratory methods for resource assessment of Artemia based on samples collected by means of plankton nets.

Methods: 


1. Find the coordinates of the desired location with a GPS unit. 

2. Anchor the boat to remain stationary. 

3. Measure the depth of the water (this can be done using the Alpha bottle with depth markers on the line. A sample taken at 0.5 meters from the bottom will be used to measure temperature and salinity). 

4. Slowly lower the plankton net to 0.5m from the bottom of the lake. 

5. In a uniform manner, slowly raise the plankton net to the water surface. 

6. Using a pump or bucket, wash the outside of the net thoroughly with lake water to rinse all of the zooplankton into the sampling cup. 

7. Allow excess water to drain from sample cup. 

8. Remove the sampling cup from the net. 

9. Wash the contents of the cup into a sample bottle using filtered lake water (note: filter the lake water into a 15L storage container using the 3 different testing sieves. The water in the container can then be used to fill the wash bottle as it is emptied). 

10. Repeat steps 4-9 and combine with Artemia in the same sample bottle as the first net haul. 

11. Place bottle in a cooler filled with ice. 

Collection of samples from the Water Column using the Schindler-Patalas Plankton Trap 

1. Lower the trap to the bottom of the lake, the pressure of the water will allow water to freely pass through the trap. 

2. Close the sampler by bringing the trap to the surface of the water 

3. Wash the contents of the cup into a sample bottle using filtered lake water 

4. Place in cooler filled with ice. 

5. Repeat steps 1-4 at 1m intervals. 

Note: Alpha bottle can also be used to determine Artemia density in the water column. However, the Schindler-Patalas trap is recommended on lakes with low zooplankton density because it traps a higher volume of water. 


Lake Chemistry: 


Dissolved Oxygen: 

1. Calibrate the dissolved oxygen meter according to the manufacturers procedures. 

2. Place the probe into the lake 0.5m below the surface of the water. 

3. Record the temperature, % saturation and mg/L on the display. 

4. Repeat steps 1-3 at 0.5 m from the bottom of the lake. 

Temperature, Conductivity and Specific Conductance: 

1. Place the probe into the lake at 0.5m below the surface of the water. 

2. Record temperature, Conductivity, Specific Conductance and Salinity 

3. Repeat steps 1 and 2 at 0.5m from the bottom of the lake. 

Salinity and Temperature:

1. Collect a sample from the surface of the water in any container. 

2. Place the thermometer in container and record the temperature. 

3. Use disposable transfer pipette to place a small amount of water on the refractometer. 

4. Record salinity. 

5. Repeat steps 1-4 at .5 meters from the bottom of the lake (This water can be collected while determining the depth of the lake for use of the plankton net). 

6. Wash refractometer thoroughly after use. 

Water Transparency: 

1. Lower the secchi disc into the water until no longer visible. 

2. Record that depth while still keeping the disc in the water. 

3. Raise the disc until visible. 

4. Record that depth. 

5. Repeat steps1-4 three times. 

6. The mean of these depths is the estimated visible depth. 

Sample Preparation:

1. Pour contents of sample bottle through stack of testing sieves (850um on top, 500um in middle, and 125um on bottom) to separate size/age classes.

2. Carefully run water through the stack of sieves to facilitate complete separation of size classes.  This must be done very gently to avoid harming the sample.  To do this, run tap water over your hand and allow it to drop off your fingers and into the stack of sieves.

3. Remove and set aside 850um sieve from the stack, then rinse water through the 500 and 125 um sieves.

4. Set aside 500um sieve and rinse biomass from the 125um sieve into an Imhoff settling cone, taking care to remove all zooplankton from walls and screen.  This fraction will primarily consist of cysts, nauplii, and meta-nauplii.

5. Raise the volume of liquid in the cone to a known level with the appropriate density of zooplankton to count, then record this volume.

6. Aerate contents of cone for thorough mixing.

7. Once mixed properly, pipette 250ul sub-samples from the cone into each well of a 24-well microplate.  If the cone contains a low density, a higher volume of can be introduced into each well for counting.

8. Record the pipette volume and number of sub-samples to be counted.

9. Add one drop of concentrated Lugol’s iodine to each well in the plate and set aside to count when entire sample is prepared.

10. Rinse biomass from 500um sieve into Imhoff settling cone.  This fraction will contain primarily juveniles with some pre-adults and meta-nauplii mixed in.  When rinsing this sieve, the 125um sieve must be placed underneath it to avoid zooplankton loss as individuals are sometimes forced through the screen during this process.  After the initial wash, it is helpful to invert the 500um screen over the 125um sieve to force the remaining biomass from the screen.  A wash bottle may also be used to aid in rinsing zooplankton from the screen.

11. Raise the volume of liquid in the settling cone to a known volume with the correct density to count; then record this volume.

12. Aerate contents for thorough mixing.

13. Once properly mixed, pipette 5ml sub-samples into each well of a 6-well microplate using a Hensen-Stempel Pipette.  It is recommended that 5%-10% of the total sample be counted, usually resulting in 200-300 individuals being counted.  Thus, the number of 5ml sub-samples may vary depending on the density of brine shrimp in the cone.  If the cone contains a very low density of brine shrimp, the 10ml pipette attachment can also be used.

14. Add 2-3 drops of Lugol’s iodine to each well and set aside to count when entire sample is prepared.

15. Record the volume and number of sub-samples to be counted.

16. Repeat steps 10-15 with the 850um sieve.  This will primarily consist of adults and pre-adults with some juveniles.  Lugol’s iodine tends to cause adults to arch backwards making it difficult to see their reproductive organs.  If desired, 200 proof ethanol can be used.

Note:  

· Do not leave zooplankton in the testing sieves for extended periods of time.  It will quickly become desiccated and will be very difficult to remove and identify.  

· When there is only a small amount of biomass to count the 1L Imhoff settling cones are difficult to take sub-samples from because the volume in the cone will be low.  In this case, cutting off the top half of the cone so that it can only hold up to 500 ml will make sub-sampling much easier.

Sample Enumeration

1. Using a stereomicroscope and multicounter to keep a tally, count and record contents of the 24-well microplate (the contents of all 24 wells added together).

2. After counting the contents, add 5-10 drops of 5% sodium hypochlorite (household bleach) and 1 drop of sodium hydroxide (NaOH) into each well to dissolve the shells in the sample (If NaOH is not available bleach will work by itself but will take longer to dissolve the shells).

3. After about 10 minutes the shells will be dissolved, count and record the remaining full cysts.

4. Count and record the number of individuals of each age class in the other 2 microplates.  This can be done while waiting for the bleach to dissolve the shells.

Note:  Table 1 contains an example of the type of worksheet that can be used to keep track of the counts, Appendix 1 contains a blank data sheet.

Brood Size Enumeration

1. Randomly locate 10 females with brood sacs containing cysts, 10 with embryos, and 10 with nauplii from the adult fraction of the sample (if less than 10 are available just count what is there). 

2. Place females with brood sacks on a flat surface (a petri dish or microscope slide works well), each female being separated by space to avoid brood sack contents from mixing together.

3. Place 1 drop of water onto each female so they do not become desiccated.

4. Stain each female with 1 drop of Lugol’s iodine for easier counting.

5. With the aide of a stereomicroscope, tease apart the brood sac to expose all of the contents.  This can be done using a small razor blade, fine tweezers or a dissection probe.

6. Count and record the number of embryos, nauplii or cysts each female has in her brood sack

7. Calculate the average number of nauplii, average number of cysts, and average number of embryos per brood sack for the sampling location.

Note:  

· Females will begin to release the contents of their brood sacks when under stress, or just before death.  It is therefore best to count them as soon as possible, keeping them alive until just before counting.

· In many cases live transfer to the laboratory may not be possible, in this case it is best to kill the artemia in the collected samples using a strong anasthetizing agent like chloroform.

Biomass Estimation

1. Combine the contents of the 3 Imhoff settling cones by pouring them through the 125um testing sieve.

2. Carefully rinse this mixture back into one of the cones.

3. Add just enough liquid to allow adequate mixing with aeration and record the volume in the cone.

4. Aerate sample for thorough mixing.

5. Record the weight of one filter paper and place it into the Buchner funnel attached to filtering flask and vacuum pump.

6. Turn vacuum pump on and run a small amount of water through filter to establish the vacuum pressure.  (The wet filter paper must cover the entire funnel in order avoid loss of biomass and to create enough pressure to filter the water out.)

7. Using the Hensen-Stempel pipette with the 10ml attachment, introduce the biomass mixture from the cone into the Buchner funnel.

8. When no more water can be vacuumed from the sample turn off the pump and remove the filter with attached biomass.

9. Weigh the filter paper plus biomass then record the “wet weight” of this sample.  A “wet weight” of 5g is desired to avoid problems when trying to dry the biomass.

10. Place the filter paper plus brine shrimp into a drying oven with a temperature of 36oC and allow it to dry for a minimum of 24 hours.

11. After 24 hours, weigh the dried filter paper with biomass and record this weight.

Repeat sample preparation, enumeration, and biomass estimation for each sample collected.

Calculations

1. First calculate the number of individuals collected in your net haul.

· Sieve Volume ml = volume (in ml) of liquid in the Imhoff settling cone

· Sieve Count Volume ml = volume (in ml) of your sub-samples

· Sieve Count Replicates = number of sub-samples counted

Table 1 below contains a number code for each row in the first column, an equation for calculating the number using the appropriate code (where applicable), and an example of the calculations.  In addition, this table can be modified and used to keep track of counts while you are counting.

	
	
	
	

	Table 1:
	
	
	

	 
	Code
	Equation
	Example

	125 um Sieve Volume ml
	1
	 
	1000ml

	125 um Sieve Count Replicates
	3
	 
	24

	Sphere Count
	4
	 
	200

	Full Cyst Count
	5
	 
	52

	Nauplii Count
	6
	 
	244

	Meta-Nauplii Count
	7
	 
	104

	Combined Meta and Nauplii Count
	8
	6 + 7
	348

	Juvenile Count
	9
	 
	2

	Spheres Collected
	10
	(4 / (2*3)) * 1
	33333.3

	Full Cysts Collected
	11
	(5 / (2*3)) * 1
	8666.7

	Nauplii Collected
	12
	(6 / (2*3)) * 1
	40666.7

	Meta-Nauplii Collected
	13
	(7 / (2*3)) * 1
	17333.3

	Combined Meta and Nauplii Collected
	14
	(8 / (2*3)) * 1
	58000

	Juveniles Collected
	15
	(9 / (2*3)) * 1
	333.3

	500 um Sieve Volume ml
	16
	 
	450ml

	500 um Sieve Count Volume
	17
	 
	5.0ml

	500 um Sieve Count Replicates
	18
	 
	4

	Nauplii Count
	19
	 
	1

	Meta-Nauplii Count
	20
	 
	0

	Combined Meta and Nauplii Count
	21
	19 + 20
	1

	Juvenile Count
	22
	 
	344

	Pre-adult Count
	23
	 
	12

	
	
	
	

	Nauplii Collected
	24
	(19 / (17*18)) * 16
	22.5

	Meta-Nauplii Collected
	25
	(20 / (17*18)) * 16
	0

	Combined Meta and Nauplii collected
	26
	(21 / (17*18)) * 16
	22.5

	Juveniles Collected
	27
	(22 / (17*18)) * 16
	7740

	Pre-adults Collected
	28
	(23 / (17*18)) * 16
	270

	850 um Sieve Volume ml
	29
	 
	1000ml

	850 um Sieve Count Volume ml
	30
	 
	5.0ml

	850 um Sieve Count Replicates
	31
	 
	9

	Nauplii Count
	32
	 
	0

	Meta-Nauplii Count
	33
	 
	0

	Combined Meta and Nauplii Count
	34
	32 + 33
	0

	Juvenile Count
	35
	 
	0

	Pre-adult Count
	36
	 
	120

	Adult male Counts
	37
	 
	39

	Adult female Counts
	38
	 
	42

	Females with embryos
	39
	 
	1

	Females with cysts
	40
	 
	6

	Females with Nauplii
	41
	 
	0

	Ovi/Ova Females
	42
	 
	0

	Gravid Females
	43
	39 + 40 + 41 + 42
	7

	Nauplii Collected
	44
	(32 / (30*31)) * 29
	0

	Meta-Nauplii Collected
	45
	(33 / (30*31)) * 29
	0

	Combined Meta and Nauplii Collected
	46
	(34 / (30*31)) * 29
	0

	Juveniles Collected
	47
	(35 / (30*31)) * 29
	0

	Pre-adults Collected
	48
	(36 / (30*31)) * 29
	2666.7

	Males Collected
	49
	(37 / (30*31)) * 29
	866.7

	Females Collected
	50
	(38 / (30*31)) * 29
	933.3

	Females with Embryos Collected
	51
	(39 / (30*31)) * 29
	22.2

	Females with Cysts Collected
	52
	(40 / (30*31)) * 29
	133.3

	Females with Nauplii Collected
	53
	(41 / (30*31)) * 29
	0

	Ovi/Ova Females Collected
	54
	(42 / (30*31)) * 29
	0

	Gravid Females Collected
	55
	(43 / (30*31)) * 29
	155.6


Amat Francisco

Instituto de Acuicultura de Torre de la Sal (IATS-CSIC), (Consejo Superior de Investigaciones Científicas de España), 12595 Ribera de Cabanes (Castellón) SPAIN. 

Tel : 34-964-319500 ; fax : 34-964-319509 ; email : amat@iats.csic.es

Artemia biodiversity: 

current global resources and their sustainable exploitation

In accordance to the commitments established during the last workshop held in Puerto Varas  (Chile), and the results obtained in the research lines developed and bound to the current projects, during the INCO workshop in Urmia (Iran), the IATS-CSIC group is going to submit information dealing with:

1) Updated brine shrimp Artemia biodiversity in the Western Mediterranean 

Data submitted during the last INCO regional workshop showed a quite exhaustive inventory on the distribution of autochthonous brine shrimp populations in this geographical region facing the threatening development of A. franciscana populations behaving as an exotic invasive species (Amat et al., 2004a). The present development of collaborative research projects between Spain and Portugal (HP 2002005) and between Spain and Italy (HI 20020113) through the generic collaborative programme Acciones Integradas, produced updated information on this biodiversity, allowing the improvement of the knowledge on the distribution for autochthonous brine shrimp and for A. franciscana populations in the region, specially in Portugal and Italy.

The prospection developed in Italy during the present year allows to state the presence of introduced A. franciscana in Margherita di Savoia salterns (Apulia province), while the last prospection developed in the island of Sardinia (13-17 May, 2004) showed the presence of bisexual autochthonous A. salina populations in Su Pallosu (40º 02´ 51´´ N, 08º 24´23´´ E)  and Molentargius (39º 13´43´´ N, 09º 12´25´´ E) salt lagoons, free or co-occurring with parthenogenetic diploid populations, and allowed 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 that, once in the laboratory (IATS-CSIC), 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.

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

A recent (20-23 July, 2004) prospection developed in Portugal showed a generalized presence of A. franciscana in the salterns still working in the different geographical regions, with the exception of 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. This parthenogenetic autochthonous population could also be still present in Marinha Brito salterns (38º 44´ 44´´ N, 08º 58´ 37´´ W) in the area of Alcochete (Tejo estuary) co-occurring with A. franciscana. It is obliged to state the dramatic decrease of exploited salterns in Portugal during the last decade, most of them careless, or changed into rice fields or aquaculture facilities.

2) Brine shrimp in Argentina

The cooperation between the INCO partner 6 -Universidad de Buenos Aires, Argentina- 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., 2004b) 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.

· Naupliae 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 naupliae, 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 species (A. franciscana and A. persimilis) 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 INCO partner 3 (Aristotle University of Thessaloniki, Greece) 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).

3) Brine shrimp in Italy

In concertation with INCO partner 5 (Università di Roma “La Sapienza”, Italy) two scientists were invited to apply the morphometric characterization and to develop previous studies on fitness and life-history traits of Artemia populations found in Italy, especially those autochthonous from Margherita di Savoia salterns where the presence of A. franciscana as exotic invasive species was recently discovered, and the diploid parthenogenetic autochthonous from Torre Colimena salterns, also recently incorporated to the biodiversity census for the Western Mediterranean region (Moscatello et al., 2002).
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Biometrical variation of Artemia urmiana cysts from Urmia Lake    (West Azerbaijan, Iran)

Artemia urmiana has been reported from Urmia Lake by Günter in 1890. The objectives of this study were to investigate the diameter of hydrated, untreated and decapsulated cysts and chorion thickness in 26 stations in Urmia Lake. Tukey Test was used, for analyzing the data. Only 31 pair means of untreated cysts between 26 stations showed significant differences, but, on the other hand, 157 pair mean of decapsulated cysts between 26 stations showed significant differences. Based on this study, there is no variation between diameters of untreated cysts, but a high variation was observed in diameters of decapsulated cysts. For partitioning of 26 stations, Hierarchical Cluster Analysis was used. (Fig.1) Because diameters of decapsulated cysts showed high variation, mean of diameters of decapsulated cysts and C.V in each station were used in Hierarchical Cluster Analysis. With regard to this analysis, cyst samples from 26 stations were classified into seven categories. Results obtained indicate that diameter of decapsulated cyst is a natural character for the population and environmental factors do not influence it considerably, but it seems that environmental factors do considerably influence the diameter of untreated cysts that include chorion layer too. Therefore it could be finally concluded that biometrical studies of decapsulated cysts could probably be used as a tool for differentiating various Artemia populations.
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Fig.1- Classification of stations by Hierarchical Cluster Analysis
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Biometry of cysts and nauplii of Artemia urmiana and Artemia partenogenetica from Urmia Lake region

Morphological differences are widely used for isolation of Anostraca crustacean populations. It is well understood that in Artemia morphological traits have been the basis to describe populations and species.   

The purpose of the present study was morphological characterization of different Artemia populations from Iran. The biometrical parameters such as diameters of untreated and decapsulated cysts, chorion thickness and length of newly hatched nauplii from Urmia Lake (Artemia urmiana, Artemia partenogenetica) and lagoons around Urmia Lake (Rashakan) were investigated. Cysts of 3 Populations were hatched at standard lab condition.

Newly hatched nauplii were cultured in 80 ppt water. The adult Artemia were then transferred to 50 ml. falcon tubes and reproductive characteristics were recorded. Cysts produced by the adult females were collected and the diameter of untreated and decapsulated cysts and the length of nauplii hatched from these cysts were measured.

Tukey Test was used for data analyze and partition of samples. The diameters of untreated and decapsulated cysts, diameter of chorion, size of nauplii were used in Hierarchical Cluster Analysis (Fig. 1).
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Fig.1 – Partitioning of samples by Hierarchical Cluster Analysis
The analysis clearly shows that Artemia partenogenetica (Lagoon & Lake) are grouped in one collection and can be isolated from bisexual Artemia urmiana which is grouped separately.
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Artemia tibetiana: truth and errors on its species status

Introduction

Taxonomically tangled groups of organisms have always been a challenge for systematic assessments. Invertebrates, especially aquatic, have been particularly targeted as the issue of biodiversity in these taxa has largely been proven to be a unified approach of cryptic speciation (e.g. Gómez et al., 2002).

The genus of Artemia (Crustacea, Anostraca) consists of a number of bisexual species and a large number of parthenogenetic forms. Brine shrimps are found throughout the world (barring the Antarctic) in inland and coastal saline and hypersaline waters (Triantaphyllidis et al., 1998; Van Stappen, 2002), characterized by a striking physical, chemical and biotic diversity. The Artemia distribution is not only determined by natural means (high dispersal potential of diapausing cysts) but also by human activities. Consequently, the need for an adequate recording of its biodiversity, explicitly addressed originally by Beardmore (1987), has acquired more importance than initially thought. The Artemia genus may be relatively depauperate, however, the biological attributes and ecological aspects of this organism constitute a seedbed for taxonomic and evolutionary research (Abatzopoulos et al., 2002a).

The most recently described bisexual Artemia species occurring in the high-altitude lakes of the Tibetan plateau is A. tibetiana (Abatzopoulos et al., 1998). It has been characterized by biometrics of cysts and nauplii, cytogenetics, allozymes, RAPDs, cross-breeding tests (Abatzopoulos et al., 1998, 2002b), AFLP profiles (Sun et al., 1999), thermal tolerance of cysts (Clegg et al., 2001), temperature and media preferences and HUFA content (Van Stappen et al., 2003). The combined data so far strongly indicate that A. tibetiana represents a distinct lineage with a varying propinquity to either A. sinica or A. urmiana. Recent reports (Zhou et al., 2003, 2004) have questioned the specific status of A. tibetiana on the basis of morphometric and reproductive data, although insufficiently tackled. These authors favoured a closer relationship of A. tibetiana to A. sinica. 

In this study we have used morphometric and PCR-RFLP analyses of the 16S rDNA gene on the most well-studied, reference and, when possible, type locality material of all bisexuals identified so far in the genus, in an effort to assess and review the phylogenetic relationships of A. tibetiana with the rest of its bisexual congeners.

Materials and methods

Hatching of cysts, raising of animals (three replicates), feeding and water renewal followed standard conditions described elsewhere (Sorgeloos et al., 1986; Triantaphyllidis et al., 1995). Morphometric measurements of 12 and 13 parameters were taken on 30 males and 30 females per population, respectively. Data were treated by single factor ANOVA and LSD tests and results were processed with discriminant function analysis separately on males and females. For RFLP analyses, total genomic DNA extraction on 30 individuals per population was followed by PCR amplification of part of 16S and subsequent digestion of amplicons with 9 restriction endonucleases (see Baxevanis & Abatzopoulos, 2004). Site data of cleavage profiles were entered into REAP 4.0 (McElroy et al., 1992) and PHYLIP 3.6b (Felsenstein, 2004) for calculation of nucleotide divergence and construction of a Neighbor-Joining tree.

Results and discussion

Significant interspecific differences were observed for both male and female morphometric characters. More specifically, A. tibetiana males were markedly different in 8 out of 12 characters and Asian Artemia species (A. sinica, A. urmiana and A. tibetiana) were significantly larger compared with the European (A. salina) and American ones (A. franciscana and A. persimilis). The first three discriminant factors explained 92.8% of the variance whereas group membership contained 99.4% of original cases.

For females, A. tibetiana differed in 9 out of 13 parameters. Mean total length for Asian Artemia, as compared to European and American, showed a similar pattern of differentiation to that observed in males. The first three canonical discriminant functions were enough to explain 95.9% of the variance while the overall percentage of correctly classified original group cases by the discrimination model was 100.0%.

Generally, characters related to furca and length, as opposed to width, seem to be mostly responsible for species discrimination in both males and females. These two classes of characters also appear to be largely diagnostic in studies involving several populations per species and discriminations based on geographic locality as well as mode of reproduction in some cases (Hontoria & Amat, 1992; Triantaphyllidis et al., 1995, 1997a, b; Gajardo et al., 1998; Cohen et al., 1999; Zuñiga et al., 1999; Camargo et al., 2003). Such recurrence in these characters indicates the presence of a genetic basis and a phylogenetically informative signal.

The mitochondrial DNA analysis revealed six distinct composite genotypes, each private to the six bisexual species investigated. The absence of haplotype diversity and the presence of species-specific haplotypes render the tree of haplotypes identical to the tree of populations. Three different clusters were resolved: the first represented by A. persimilis, the second by A. franciscana and A. salina and the third by A. sinica, A. urmiana and A. tibetiana. The highest values of nucleotide divergence (0.140 - 0.154) were observed for the comparisons between A. persimilis and all other species. The NJ tree is completely resolved with the exception of A. urmiana and A. tibetiana which show a divergence estimate of zero (95% bootstrap support). This striking result, as assayed by the 16S region, most likely represents a very recent separation event. The possibility of gene flow can rather safely be ruled out. Apart from that, the divergence of A. tibetiana from the remaining bisexuals is also supported by AFLPs (Sun et al., 1999), allozymes and RAPD markers (Abatzopoulos et al., 2002b).

Taking all these and a large number of studies into consideration the following conclusions can be drawn: a) the A. urmiana - A. tibetiana split requires additional reference populations and genetic markers combined with character state analysis for a more decisive resolution, b) there is probably a large amount of cryptic biodiversity in Chinese bisexuals as well as considerable degree of sympatry (Pilla & Beardmore, 1994; Abatzopoulos et al., 2002b; Van Stappen et al., 2003), c) patterns of population differentiation in and around the Tibetan plateau are largely determined by ecological divergence (Xin et al., 1994; Van Stappen et al., 2003), d) provided ecological isolation is one of the driving forces of divergence in the area, the requirement of a degree of morphological difference for establishing separate species, as uncritically put forward by Zhou et al. (2003, 2004), is rather controversial. Also, cross-breeding tests in the first study did not include all possible crosses, they were devoid of significance tests to assess the strength of reproductive compatibility and disregarded ecological isolation and the possibility of divergence with gene flow in their conclusions. Reproductive isolation is a sufficient, though not necessary condition for recognizing species (Ferguson, 2002). Evaluating congruence and areas of agreement between data sets is considerably more effective and informative.
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Evaluation of mixed status of Asian Artemia populations through RFLP-analysis

Abstract

Fifteen Artemia cyst samples (30 individual cysts each), 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), 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.

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.

Finally 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.
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experimental development of molecular- genetic testing of different Artemia populations

Recent scientific work aims at the establishment of the mutual relations between various Artemia populations. These research works are based on the use of modern molecular methods.
Our work is devoted to the experimental development of molecular- genetic testing of different Artemia populations; we used methods based on PCR molecular markers and the polymorphism of a nuclear genome of Artemia strains from south western Siberian lakes, with application of the RAPD method (Random Amplified Polymorphic DNA), performing comparative analyses with other populations and known species of Artemia. 

The RAPD-analysis of total Artemia DNA has allowed finding polymorphic fragments at representatives of 50 samples belonging to various Artemia populations. In this case analysis of frame DNA allows finding interpopulation genetical distinctions between the analyzed samples. The resulting picture shows a high variation. In most samples it is illustrated through two basic fragments of amplification.

Differentiation was found between Siberian and non-Siberian Artemia populations, as shown by rate and number of fragments. All Siberian samples are characterized by the presence of two most intensive fractions. A similar regularity is observed in unidentified Artemia from Mongolia, China, Turkmenistan and Kazakhstan. A similar picture of fragments is observed in A. urmiana samples. RAPD-analysis of total DNA of Russian populations is very similar to the spectrum received for A. parthenogenetica. 

Despite the lack of a clear correlation between the characteristics of allocation of the DNA-fingerprinting in the dendrogram and the geographical location of the lakes, and also the assignment of the samples to certain species, there is a tendency of grouping populations, according to the geographical factor. This illustrates the necessity of more detailed analysis of the probability of the presence of a marker or group of markers in each separate Artemia group.
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Is small-scale Artemia farming a sustainable alternative to brine shrimp harvesting in Brazilian saltworks?

The genus Artemia (Crustacea; Anostraca) is a complex of sibling species and superspecies defined by the criterion of reproductive isolation. Two bisexual species are represented in the New World: Artemia persimilis and Artemia franciscana. Artemia persimilis is restricted to some localities in Argentina and Chile whereas the bisexual Artemia franciscana superspecies is endemic to the Americas and the Caribbean, with various populations established in South American countries, either by deliberate inoculation or natural dispersal. 

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

The feasibility of small-scale Artemia farming as a complimentary measure to augment the availability of cysts and biomass for use in local aquaculture is under evaluation in a pilot farm located in the municipality of Grossos (4º 58' S; 37º 09' W) in the State of Rio Grande do Norte (RN). In this paper, the challenges facing the implementation of such farming system as a sustainable alternative to massive brine shrimp harvesting in Brazilian saltworks are examined.
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CROSSBREEDING STUDIES IN SEVEN Artemia franciscana STRAINS FROM MÉXICO
[image: image5.jpg]T

h

Sl

oo, HORTH OF MEXICO
G”’“\"‘S” a—
.
o ®oume ot ¢
. ey
Baja California * ‘GULF OF MEXICO
EoaN @ st
WEST OF MEXICO [ e
iy foaLocias Qw.‘..
Pk A s Nemn  senas @
PACIFIC OCEAN — ool UCATAN PRSI
@ seamico OaacsSOUTH OF MEXICO



Crossbreeding experiments were performed on seven Mexican strains of Artemia franciscana to determine their status of reproductive isolation. The populations used in this study were: Yavaros (YAV), Ohuira (OHUI), Juchitan (JUCH), Real de las Salinas (R.SAL), Cuatro Cienegas (C.CIEN), Las Salinas de Hidalgo, San Luis Potosi (SLP) and Texcoco (TEX). Each population was cultured in a 40-l tank. Feeding consisted of a mixture of Tetraselmis sp. and Dunaliella sp. When the organisms had reached the pre-adult stage, males and females were separated. For crossbreeding experiments, one female, from one population and two males from another population were placed in a 250-ml flask; the same procedure was followed for the reciprocal crosses. Once the presence of nauplii (F1) was observed, they were placed in another flask until they were sexually mature.    From the 42 crossbreeding tests performed, only seven presented 100% reproductive success, while 15 were not successful. For F2, the number of successful crossbreedings dropped drastically, showed increased sterility. Only the crossbreeding involving female TEX/males R.SAL maintained high nauplii production in F1 and F2 (445 and 401 respectively).  We can conclude that the studied Mexican populations of Artemia franciscana are in the process of building post-zygotic reproductive isolation (hybrid breakdown), caused by the ecological preferences and/or adaptation of each population to its specific habitat. This might be reflected in their genotype, inducing pre- and post-mating alterations.  
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CONCLUSIONS FROM THE MORPHOMETRIC STUDY PERFORMED IN SEVEN  Artemia franciscana POPULATIONS IN MEXICO 
1. The seven Mexican populations of  Artemia franciscana (Yavaros (YAV), Ohuira (OHUI), Juchitan (JUCH), Real de las Salinas (R.SAL), Cuatro Cienegas (C.CIEN), Las Salinas de Hidalgo, San Luis Potosi (SLP) and Texcoco (TEX)) studied in either cyst stage, decapsulated embryo, nauplius, or adulthood (female and male) presented significant morphometric differences among them, independently from  the type of habitat (coastal or inland water) and geographical latitude (north, center, or south of Mexico) occupied by them. 

2. Regarding morphometry, nauplii and adults show more uniform values in the considered measures. 

3. From the studied Artemia franciscana populations, the largest in size was the SLP population, whereas the smallest was the YAV population.
4. Nauplii length was below the 500 (m range. 

5. The difference between the length of the abdomen in the male and the total length of the female is the determining morphometric factor for not mating. 

6. A discriminating analysis revealed that the phenotypically determined measures (total length, length of the abdomen, width of the ovisac) are the ones that differentiate populations.  
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A molecular (PCR-RFLP) and morphological study on floating cysts stocks of Artemia urmiana from Urmia lake

The brine shrimp Artemia offers a very interesting model for evolutionary studies such as speciation and genetic or morphometeric differentiation. In this study identification and explanation of genetic variation within and between Artemia populations in northern, median and southern areas of the Urmia Lake were investigated. Firstly, for the study of population differentiation in the upper and lower layers of Artemia urmiana cysts from three geographical stations (north, median, south) biometry were done using total 720 individual samples at salinity 170 ppt comprising a total of six treatments. Hatching percentage of different cysts under standard conditions were recorded for the quality assessment of selected cysts. Finally, genetic differentiation among floating cysts of Artemia urmiana populations were used based on PCR amplification on the investigation of 1564 bp mitochondrial ribosomal DNA fragment. A total of 210 samples were collected at salinity 170 ppt from the above mentioned stations including six treatments. The results were obtained using eleven restriction endonuclease. Four of the eleven enzymes investigated showed polymorphic patterns. Seventeen different composite haplotypes were detected among 210 specimens. Eight heliotypes were rare occurring only once in different layers of seawater. The RFLP patterns were processed making use of the REAP software and Monte-carlo simulation test. Using this method, average of nucleotide and haplotype diversity within  and among populations were estimated. The average of nucleotide divergence among populations was in the range of 0.0228%.A highly significant difference was observed in the distribution of haplotypes between the upper and lower layers of the three stations(X2=85.34,P<0.001). Our present results forms a basis for the management of populations with desirable characteristics for aquaculture and selective breeding programmes. In conclusion, the results suggest that rDNA-RFLP analysis maybe considered as a powerful tool in identifying different stocks of Artemia urmiana populations.      
Falahati A.; Moshtaghian M. and Mosavi M. 
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Inoculation of local Artemia Parthenogenetica (Maharlu) in the experimental ponds
Abstract:                                                                                                                                         
In recent decades Artemia has helped qualitative and quantitative improvements in world fisheries production in aquaculture area. In Iran, there are many parthenogenetic populations of Artemia in several hypersaline lakes and lagoons Use of local Artemia populations as inoculation stock is one of important aims of this research. In this work, the potential cyst production of Artemia parthenogenetica (Maharlu Lake) in ponds has been examined. For this purpose two one-quarter-hectar ponds for Artemia and a 1500m2 green pond were constructed at the vicinity of the Maharlu Lake. Ponds were filled with the lake water and the salinity were decreased to 80 ppt by adding brakish water pumped from a nearby well. Depth of the ponds were about 50 cm. and they were fertilized using chicken manor and chemical fertilizers, urea and di-ammonium phosphate. After attaining enough unicellular algae bloom, newly hatched Artemia parthenogenetica nauplii were introduced into the ponds at different density of nauplii. Inoculation on The first pond was inoculated with the density of 110 nauplii per litter and the second with 85 nauplii. Artemia were mainly fed with green water ( 2-3 hour day ). Also was profited from yeast and wheat bran when was needed. Physio-chemical factors (temperature, oxygen, PH, salinity, turbidity, depth) of water were recorded daily. The floating cysts were harvested 2-3 times in a day using a 150 um filter scoop net and were immediately washed and stored in saturated brine water. The production period was about 80 day and during the culture period 41.2 kg.ww of cyst was produced from pond one (59.5 kg/ww/ha/month) and 40/8 kg.ww in the second pond (54 kg/ww/ha/month). There were no significant differences in regard to PH, temperature and oxygen between the two ponds (1 and 2). The only significant difference was in the rate of cyst production, density and salinity. Since these factors are interactive, accurate analysis calls for further research and investigations. The results indicate that Artemia parthenogenetica (Maharlu) has high potential for cyst production, therefore it is essential to optimize the method for cyst and biomass production. 
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Evolutionary biology and Artemia biodiversity in Chile: how much do we know now?

During the Ghent workshop we stressed that speciation, the process of making a species, was critical to understand the origin and maintenance of biodiversity. Though speciation is a complex and mysterious (according to Darwin) process, studies in Artemia benefit from the increasingly large database available on different traits (morphology, karyology, physiology, nuclear and extra-nuclear DNA). Also from the extensive cyst bank (ARC), which offers a unique opportunity to compare populations and species from different environments and locations worldwide. By integrating field and laboratory information into a more coherent body, we have contributed to shed light on the amount and distribution of regional Artemia resources, and to overcome some misunderstandings and/or controversies (distribution, taxonomy and criteria for species validation). 

Focus has been placed on the two New World species, A. franciscana and A. persimilis, which are interesting models to evaluate the pattern of intraspecific genetic variation and differentiation, and genetic differences at the species level. Our pre-project picture on the status of Artemia biodiversity in Chile and adjacent countries, based on different features (Gajardo et al. 1995, 1998, 1999, 2001), have been greatly expanded within the project framework. Some important recent contributions have come from outside the project as well.  

The use of new genetic tools (DNA-markers) generated new results and insights to the problems investigated. The European partners (Ghent and Greece) provided these in the form of exchange visits for two young researchers. The DNA-markers transferred allowed testing old hypotheses on new grounds. For example, that A. persimilis is closer to the ancestral group of species evolved in the Mediterranean, and very likely appeared in Argentina by a founder event, whilst A. franciscana diverged from the former at a later stage. The finding of both species initially in Chile and then in Argentina, though geographically segregated, challenged the distribution paradigm and made possible new approaches. Their initial divergence in isolation and the likelihood that both could be co-existing (yet to be demonstrated) in Chile, Argentina and perhaps other countries in the continent resembles the basic premise of the allopatric speciation mode, e.g. populations separated by a geographic barrier come into contact and reinforce isolation mechanisms. Thanks to the new tools, the fitting of Artemia to this speciation mode is now amenable to testing in Chile and adjacent countries. Other aspects have been fine-tuned by the use of new tools, such as the past and actual distribution, the effect of the Andes Mountains as a geographic barrier between Chile and Argentina, and the time scale of the differentiation process. The divergence time of A. persimilis from the ancestral group of species in the Mediterranean has been estimated in 12.6 MY, while separation of A. franciscana and A. persimilis is about 3.7. MY (Gajardo, et al. 2004). This estimation is in line with results by other authors using different methods. Nevertheless, time of divergence will be better calibrated as new and more sensitive markers are currently developed.

The genetic database gathered by the ARC (Bossier et al. 2004) has become rather useful not only for authentication of Artemia strains, but also as a reference of the levels of differentiation among Artemia strains/species. This benefit from within the project will be expanded in our case thanks to external input. The further training of P. Beristain in London (Zoological Society, under Dr. Stephan M. Funk) made possible sequence analysis (preliminarily shown in Puerto Varas, Chile) of a 658 bp fragment of the mitochondrial DNA (cytochrome c oxidase subunit I, COI). This analysis has been completed and shows interesting results and new challenges ahead. A new phylogenetic analysis, including all Artemia species and types, will be presented. Interestingly, A. persimilis is at the root of the tree, and includes the Chilean samples from Laguna de Los Cisnes and Laguna Amarga (extreme south of Chile). All A. franciscana haplotypes cluster distinctively with two subclades, but all populations have haplotypes originating from both. 

The morphological work on the Chilean samples done in collaboration with Professor Graziella Mura, Italy, and some practical applications of the genetic data produced in an ongoing Artemia project on a salt work in Central Chile, a pioneering experience for Chile, are two additional consequences of the Artemia biodiversity project. 

The benefits of sharing a conceptual framework, analytical tools and results are discussed in relation to the objectives of the project.
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Contribution to the cytogenetic characterization of some Argentinean populations. Adjusting of a technique to evaluate the heterochromatin content in interphase naupliar nuclei
From the last workshop in Chili we have mainly emphasized the activities of our team in the cytogenetic research. In order to obtain more data on the geographical distribution of Artemia franciscana and A. persimilis in our country, to define the cytogenetic variability of both species and the potential existence of a hybrid zone, we analyzed new populations of Artemia. Our studies were concerned with the determination of the diploid and male haploid numbers, the male meiosis, the heterochromatin characterization and the genome affinity. We have confirmed by cytogenetic tools the specific assignation of several Argentinean populations. 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. The number and size of chromocenters has been considered some time ago as a good device for the specific assignation of the American populations. However, we propose that this technique shows a certain degree of uncertainty in the evaluation of the true content of heterochromatin as chromocenters tend to fuse in larger chromocenters, the lower size of a chromocenter for computing is not clearly defined, and sometimes the ranges of chromocenter numbers of some populations belonging to both species, overlap. Consequently, we are adjusting and evaluating an alternative method for measuring the heterochromatin content of interphase naupliar nuclei. Furthermore, in order 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 we performed preliminary assays of genomic in situ hybridization (GISH). We analyzed the following populations: Salinas Grandes, SGCor (Córdoba province); Mar Chiquita Lagoon, MCh (Córdoba province); Pampa de las Salinas, PSal (San Luis province); Salina La Antigua, LAn (La Rioja province); Salitral de la Vidriera, SalVi (Buenos Aires province) and Palos Blancos, PBl (Buenos Aires province). Mitotic and meiotic analyses revealed that the former four corresponded to A. franciscana, while the latter two corresponded to A. persimilis. The results of the number of chromocentres (N) and the percentage of heterochromatin (%) obtained are the following: Great Salt Lake (reference strain) N=2-26, %=8.97 + 4.74; SGCor, N=3-22, %=6.79 + 3.99; PSal, N=1-14, %=4.06 + 2.71; MCh, N= 3-13, %=4.16 + 2.38, all of them belonging to A. franciscana, and Salinas Grandes de Hidalgo (reference strain) N=1-6, %= 1.33 + 1.92 and PBl, N= 2-10, %= 2.36 + 1.30, belonging to A. persimilis. 

The statistical analysis revealed significant differences in the percentage of heterochromatin among populations. Our results suggest that the heterochromatin content measured as percentage of heterochromatin should be a more useful tool for intra and interspecific comparisons than the number of chromocentres. Furthermore, since the heterochromatin content varies within each species, and there is some overlapping between A. franciscana and A. persimilis populations it should not be considered as a reliable taxonomic trait. 

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. Besides, aiming to reinforce the tools for enlightening this hypothesized hybridization we have agreed with the Greek partner of the INCO Project (AUTH) in sending one person of our team for training in RFLPs technique, in the laboratory at the Artistotle University of Thessaloniki, Greece, during next November-December months.

Hafezieh M.
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Effects of environmental changes on reproduction mode of Artemia urmiana in Lake Urmia

Urmia lake is locatd at the northwest of iran and has an altitute of 1260 m above sea level. The lake is 130 km long and 40 km wide at its widest point with an area covering 463000 hectars and its shoreline is 460 km. The deepest point of the lake is 15 m and the average depth is 5 m.

The volume of water discharged into the lake by these rivers varies considerably during the year. During the spring the Talkheh River and Simineh River may each discharge about 57 m3 /s, while the rate drops to only 3.7 or  1.7 m3 /s in the dry summer. This variation and evaporation causes the lake itself to rise and fall, fluctuating by 0.6 to 0.9m.

 In addition to seasonal variations, there are also longer periods of fluctuations, lasting from 2 to 100 years, with water level fluctuations of 1.8 to 4 m.

Drought year was begun from 1999 because of low precipitation and preventing of freshwater input to lake Urmia with Dyke and Dam constructed on rivers. Therefore the average depth was decreased and the salinity was increased from 140 g/l in 1993 to 310 g/l in 2002. Water surface of Urmia lake from the sea level was 1277.80 m in 1994 and 1273.35 m in 2002

A comprehensive monitoring and analytical program begun in 1993, employs frequent surveys of Artemia populations, measurment of environmental data, and mathematical modeling to understand the dynamics of the Artemia population in Urmia lake. This information is then used to establish the timing and harvest limits for the commercial fishery in the lake. Since 1993, there  have been six years with large populations of Artemia and record cyst harvests, and three years with relatively poor cyst harvests.

In this study, watery years ( 1993- 1998) and drought years (1999-2002) were compared and following conclusions were obtained:

Artemia is stressed by high salinity but normally, the tendency of A.urmiana  is towards to oviparous.

 In Lake Urmia,  100% Oviparous mode reproduction were occurred in salinities more than 172 ppt.and  less than 40% Ovoviviparous mode reproduction were occurred in salinities less than 172 ppt.

High salinity not only directly , but also via decreasing  phytoplankton densities can effect on the oviparous reproduction and enhance cyst production.

In the 1st , six months of  the years( 1993-2002) there are correlation between salinity and percentage of Oviparous reproduction. 

In 1st , six months of 1993 , the averages salinity was 158 ppt and the oviparous was 64%( 36% Ovoviviparous were reported):

 In 1st , six months of 1994,  , the averages salinity was 165 ppt and the oviparous was 70%( 30% Ovoviviparous were reported):

  In 1st , six months of 1995,  , the averages salinity was 170 ppt and the oviparous was 

78%( 22% Ovoviviparous were reported):

In 1st , six months of 1996,  , the averages salinity was 183 ppt and the oviparous was 98.2%( 1.8% Ovoviviparous were reported):

In 1st , six months of 1997-2002,  , the averages salinities were more than  220 ppt and the oviparous percentages were almost 100%( No Ovoviviparous reproduction were reported) .

Since in the 2st , six months of  the years( 1993-2002), The averages of salinities were more than 177 ppt , the oviparous percentages were almost 100% ( No Ovoviviparous reproduction were reported)

According to analysis variance (one way) data concluded of sampling artemia and water salinity of urmia lake during 1993-2000 , there are significant differences <99%  (P<0.01) between salinities group (less than 172 ppt and more than 172 ppt ) and changes reproduction mode from  ovoviviparous to oviparous were obtained.

In salinities <172 ppt some populations of Artemia were produced nauplii but                 in salinities >172 ppt only cysts production were observed.  

Hami Tabari A. and poorsoofi T.
Ecology section, Fisheries Research Center of Golestan province (GFRC). p.o.box 139, Gorgan, Iran

E-mail: ahmad_tabari@yahoo.com   ,   poarhom@yahoo.co.uk
Role of Artemia (brine shrimp) in the nutrition of the 

mugil cephalus larvae

Abstract:

Artemia is one of the most important and valuable live food sources to feed the larvae of many kinds of aquatic animals (such as salt water, fresh water and decorative fishes, shrimp and other crustacean). So it is one of the most inseparable sections in the aquaculture industry in the world today. There are 13 different genus and 281 species of mugilidae family. However breeding of the grey mullet can be ideal. It can also provide us with a cheap source of protein. This kind of mullet can resist well against the changes of salinity. Moreover mullet feeds from the lower levels of the food pyramid it is a very popular fish among the consumers. Finally the major problem in cultivating this valuable species is that we have to collect their larvae (fry) from their natural environment so that we can stock and grow them in breeding ponds. Results show that the best time to start feeding fingerlings with Artemia nauplii is immediately after their hatching (however at first we should enrich the nauplii because of the lack of long chain, HUFA). For the first time artificial propagation and maintaining of the grey mullet was done quite successfully under the supervision and management of the Golestan Province Fisheries Research Center (GFRC) in the Gomishan shrimp breeding center in the winter 1382 (2004).

In this project nauplii were enriched by two enriching substances (super- selco and Algamag 3050). When the grey mullet larvae were eight days old, they were given the dead nauplii(enriched nauplii will killed or decreased their movement with putting 4_5 hours in freezing status) and then at the age of 14 days old they were given the live nauplii 3 times per day until the forty-five days old. Although the main role in mullet larvae belong to live food however using from artificial dry food with size 150_1000 micron after 25 days of hatching is necessary(Eds  et  al.,1990). Then they were taken to the green house ponds.

The achievement of present project is as follows:   

1_The best formula for combined food includes: enriched nauplii + rotifer witch has feed from nannochloropsis oculata algae and yeast + nannochloropsis oculata.

2_Larvae resistant against hypoxia test (15_20 second).

3_Increasing of larva’s resistance against the stress and handling in their environment as much as 60% fed by enriched nauplii.

4_ High survival rate of the grey mullet.

Hosseini Najde Geramy E.٭ & Agh N.
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Improvements in the  Decapsulation Technique of Artemia Parthenogenotica cysts from Urmia Lake region

Abstract:

As a result of its beneficial effects on the use of brine shrimp nauplii and decapsulated cysts in aquaculture hatcheries, the decapsulation of Artemia cyst is practiced more and more. Chemical decapsulation of Artemia cysts using hypochlorite is a widely applied technique in fish and crustacean hatcheries. Removing the chorion by means of a strong oxidant is believed to have beneficial effect on hatching and provide a complete disinfection of the cyst material. Furthermore it improves the separation of empty and non-hatched cysts from the Artemia nauplii after hatching.

Standard decapsulation procedure as described by Sorgeloos et al. (1977) is giving very good results for most of the commercial Artemia strains. Some Artemia strains sensible to this decapsulation procedure and require a modified technique. With respect to structural (chorion thickness,) and genetical differences of Artemia cysts improvement of standard procedure of decapsulation for bisexual and parthenogenetica cysts of Urmia Lake seems to be necessary.

In this research with altering the percentage of active hypochlorite in decapsulation solution as well as effective time, the optimum concentration and time for decapsulation of parthenogenetica cysts of Urmia Lake was measured. The treatments were 0.25%, 0.375% and 0.5% active hypochlorite with periods of 2, 3, 4 and 5 minutes. Variance analysis of data indicate that those have significantly differences and 0.5% concentration with period of 2 minute and 0.25% with 3 minute have high hatching percentage.

Table 1- Result of DUNCAN test of effect active hypochlorite percentage and effective time on the parthenogenetica Artemia cysts

	            time(min)                  Concentration     (%) 
	2
	3
	4
	5

	0.25
	63.47abc
	64.13bc
	69.67cd
	63abc

	0.375
	59.67ab
	57.57ab
	57.33ab
	57.07a

	0.5
	75.6d
	68.43c
	60.5ab
	60.67


Kaiser H. and  Hecht T. 
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African Artemia populations – Progress and future

During this three-year INCO-funded study we sampled and described southern African Artemia populations, i.e., populations from South Africa up to Namibia. At this meeting we provide an overview of progress made in sampling and characterising 17 populations, and we have a look at the research that should be done in the future.

In the first year we achieved two objectives: a) we gained a first insight into the genetics of three Artemia populations, and b) I was able to use the opportunity to become involved in the training program on Artemia genetics at Aristotle University of Thessaloniki, (AUTH) in Greece.

Sampling trips made during the first year of the project concentrated on three salt pans in the Eastern Cape of South Africa. Artemia cysts and adults from three populations were taken to AUTH in 2002. We identified both bisexual and parthenogenetic Artemia species. At some sites, both populations occurred together.

The second year of the project (2003) involved a comprehensive sampling trip during which Artemia were collected from 14 different sites in South Africa (11) and Namibia (3).

The material was taken to Greece in 2004, and with the help of the staff at AUTH we began characterising their mitochondrial DNA using the RFLP technique. The work is in progress and the results from the genetic analysis of all populations will be presented once all tests have been completed. However, since adult Artemia were available from some sites, we can present preliminary results using sex ratios from newly sampled sites and briefly discuss the importance of these findings for the study of Artemia biodiversity in southern Africa. Except for the site at Velddrif no characterisation of southern African Artemia populations has been published. However, since Velddrif encompasses a very large area of many different salt pans, even the new results from these salt pans can contribute to our understanding of Artemia in this area.

The sites visited, their names, local conditions, and Artemia sex ratios are as follows: 1) Brandvlei, South Africa is a man-operated inland saltworks of about 4 km2 at an altitude of 940 m. The average ambient temperature is 20.2°C (-8 - 42°C). The sex ratio (m/f) from the sample taken at this site was 10:47. 2) Henties Bay is located in Namibia. It is a coastal saltworks with a size of about 5 km2. Average temperature is 20°C (0 - 34°C). Artemia from this site had a sex ratio of 14:5. 3) Reynekespan belongs to the NU-Salt company of South Africa. It is a small inland saltworks (0.5 km2) at an elevation of 1149 m. The average temperature is 22.2°C (-6 - 40°C). Artemia adult sex ratio (m/f) was 30:17. 4) Swakopmund in Namibia has been reported on before. We sampled at the coastal saltworks site in July 2003 and found a sex ratio (m/f) of 0:30. 5) At the time of collecting, there had been no data available for Walvis Bay (Namibia). This is a coastal saltworks with a size at the time of sampling of about 10 km2. Average ambient temperature for this site is 20°C (0 - 34°C). The sex ratio (m/f) was 0:42. 6) A South African population was found at Yzerfontein. We are not sure about the commercial activities at this small site. Its approximate size, altitude, depth, temperature regimen were as follows: 0.5 km2; 80 m; < 1m; 20°C, (-2 - 38°C). The Artemia sex ratio (m/f) recorded here was 13:33. 7) Missionvale (Marina Salt Company) is a coastal saltworks in the Eastern Cape of South Africa with an average temperature of 18.3°C (0 - 35) and an adult Artemia sex ratio (m/f) of 3:10. 8) Close to Missionvale we collected Artemia at Swartkops Marina Salt (approximate size, altitude, depth, temperature: 4 km2; 3 m; < 1m; avg. 18.2°C, (0 - 35°C)) and found a sex ratio in the sample of (m/f) 9:5. 9) The site at Swartkops Cerebos in the Eastern Cape of South Africa had been sampled in 2002. Besides cysts being collected at this site, we also found a small sample of adults of a sex ratio (m/f) of 7:7 in 2003. 

Cysts were collected from several other sites and results will be reported once they become available.

These results are preliminary and we look forward to presenting the genetic characterisation of all sites once all laboratory work has been completed.

South Africa has a wide range of different climatic conditions, and, due its arid climate, we find large areas of potential Artemia habitat. In future projects more sampling trips should be done. They should also be done repeatedly as some pans will be either temporarily dry or difficult to access during the rainy season.

Karbasi A.

Directorate of Shahid Kalantari Free Way on Lake Urmia, Iran

Environment impact assessment of Urmia Lake causeway project  

Summary:

Shahid Kalantary free way’s project with regard to its economic and strategic importance as a connection between western and eastern Azerbaijan has always been recognized as a basic and necessary requirement of this region. So far the first phase of the study plane of the project has been accomplished by the consultant. 

One of the technically important points in the implementation of the project has been the free way’s crossing of Urmia Lake. This has attracted environmental organizations attention. Therefore in order to protect national park’s ecosystem in the lake and to minimize the ecological negative effects of the project on the environment, the environmental impact assessment of the Urmia –Tabriz freeways is under implementation.

This paper is the summary of the project evaluating the environmental and ecological effects of Shahid Kalantary causeway.

AT first the present situation of the area and its economic, social and cultural importance were analyzed and man-made activities in the lake and its surroundings have been discussed. The Causeway project and its components including the main Urmia – Tabriz Causeway and freeway have been explained in the second part:

A) The project

1- Main bridge 

2- Water way bride 

3- Embankment position

B) Urmia – Tabriz freeway

1- Upgrading of the present road to the lake

2- Completing the causeway on the lake 

3- Islamic island route

4- Construction and upgrading of the freeway from the lake to Tabriz.

The effects and outcomes of the project have been discussed in two parts: construction and operation: then its environmental, biologic, economic and social influences have been evaluated.

Kurtulas Ali
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AN UPDATE ON THE ARTEMIA AND ARTEMIA CYST PRODUCTION LAKES OF KAZAKHSTAN

Abstract

The purpose of this report was document the occurrence, distribution and characteristics of Artemia and Artemia cysts found in different lake systems throughout Kazakhstan.  In part, the knowledge gained from the field investigations were to evaluate the different lakes for their potential to provide Artemia cysts and/or Artemia biomass for use in aquaculture.  

To date, (Number of) lakes have been investigated throughout the Kazakh territory.  Lakes ranging is size from a few hectares to approximately the 30,000 km sq that make up the Aral Sea of which half resides in Kazakhstan and the other half in Karakalpakstan. This investigation is dynamic and ongoing and should not be interpreted as a completed, definitive work.

Introduction

Artemia cysts are the most widely utilized larval feed in shrimp and finfish culture and the success of aquaculture can be greatly attributed to the availability of this unique organism.  When the availability and cost for Artemia cysts are reasonable, utilization and consumption of cysts expand.  Conversely, when the price of cysts is high and become too significant of a factor in larval culture, the consumption drops and alternative feeds are sought and utilized.

Artemia biomass is mostly used in aquaculture as a component of maturation diets and fed to shrimp larvae in the later PL stages.  Artemia biomass, in addition, is an important component in the make up of compound particle diets.  Artemia biomass is offered to the aquaculture market as a frozen product although in some countries ponds are utilized to grow Artemia biomass where it is harvested and then fed live.

Kazakhstan, having 2,724,900 km sq is a very large territory that is home to a diverse collection of salt lakes.  We have attempted to study as many as possible for their commercial potential based on logistics, topography, biomass content and last but most important, cyst quality.

Discussion

Our investigations began in 1996 in Northern Kazakhstan close to Siberian Altai salt lakes that had been and are currently harvested for cysts.  This region is home to many lakes and the lakes with commercial potential are:

1.  Kizilkak

2.  Maraldey

3.  Kalatuz


4.  Kiziltuz/L

5.  Tuz/B

6.  TUZ/L

7.  Teytein

8.  Shoshkhali

9.  Bura

10.Barley

11.Kiziltuz/J

12.Slides

The next region we investigated is N.K. This region is home to 15 lakes and the most interesting from a commercial standpoint are:

1.  Quostonay

2.  Karaganda

3.  Pertovpalast

4.  Karaganda

5.  Others and slides.

Last but certainly not least is the Aral Sea.  This lake, due to anthropogenic factors, is becoming a suitable habitat for Artemia cyst harvest.  Investigations on the Aral were begun in 1997 and much accumulative data has been gathered.  The salinity is now …..

and is supporting a sizable Artemia population.  Although the Aral is a logistical nightmare, extremely difficult to work due to its isolation, it will nonetheless become a very important Artemia production center for the next 5-10 years, based on weather conditions and the rate of evaporation.  Slides of the Aral!

Summary and conclusions

This study as stated before, is ongoing and has taken place over the past 7 years.  It has led to commercial harvesting of cysts from numerous salt lakes with varying degrees of success.  Cysts from some of the lakes are in strong dormancy and the ability to bring them out of this has proven to be a challenge.  Some of the cysts are less hard diapausing and need only pre-processing techniques, time and cold to bring them out.

IMBR  has surveyed and evaluated the most important salt lakes in the various regions of Kazakhstan to commercially harvest.  It is estimated these present lakes can provide up to 2000 metric tons of wet cyst weight.  

Kazakhstan is positioned to be an important provider of quality Artemia cysts and Artemia biomass products.  It is a country with abundant resources and now with the processing capabilities locally established, poised to make these resources available to the world aquaculture market. KMAR is actively evaluating these different salt lakes and will begin offering quality cyst products from these resources from 2004 forward.
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Brine shrimp Artemia in Western Siberia Lakes

As a result of long-term researches by employees of the Gosrybcentre (SibrybNIIproject) Artemia populations was revealed in 79 lakes. The general area of these lakes is more than 1563 km2. Geographically, these lakes are located between 51-560 northern widths and 61-820 eastern longitudes. The majority of the investigated lakes are shallow (depth less than 2 m), small or average on the area (0.1-10 km2), chloride, with salinity varying from 40 to 250 g/l. The growing season of Artemia lasts 180 days from the middle of April up to the middle of October. Green and diatom algae: Dunaliella salina, Dunaliella viridis, Nitzshia angustata and Amphora coffeaeformis dominate in phytoplankton. The biomass of phytoplankton exceeded 1 mg/l seldom. Brine shrimp Artemia in lakes with salinity of water higher 70 g/l dominates in biotic community, more than 150 g/l it develops in monoculture. With increase of salinity the number of species in biota was realistically reduced. Analysis of the data has allowed to draw a conclusion, that salinity of water closed to 150 ‰ is an optimum for Artemia prosperity in natural reservoirs. In Siberian region Artemia populations have parthenogenetic type of reproduction, in rare cases they have bisexual type of reproduction. Analysis of seasonal and long-term-year changes of population density, an individual fertility and length of shrimps has shown high variability of productional characteristics, that, probably, is connected to instability of climatic conditions in shallow reservoirs. With the help of correlation analysis direct true dependence between density of the second and third shrimp generations and size of stored cysts has been revealed. On the average annual stores of cysts in researched region are equal 5 thousand tones. It is annually stored about 800 tones of cysts. During last years the tendency of increase of cyst stores and simultaneously decrease of yield volumes is observed.
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Successful pond culture of Artemia partenogenetica and Artemia urmiana at the vicinity of the Lake Urmia  

Abstract:

ِDrought period that started in 1998, seriously incresed the salinity level to the  critical point of saturation during 2000-2004. At the same time resource assessment of cyst and biomass at the Urmia Lake, revealed that the high salinity have critically effected life cycle and reproduction of Artemia urmiana. On the other hand use of Artemia in larviculture and aquaculture has been growing since last decade. Inoculation of local artemia on ponds and finding new cyst resources is one of the important aims of this project. We have many population of artemia in Iran that they have different abilities for  production of cyst. During this experiment we used two different local population of Artemia at the vicinity of the Lake Urmia. Artemia urmiana and Artemia partenogenetica was cultured in 6 one-quarter-hectar ponds besides Urmia Lake at Gobadloo region located in East Azarbayjan. Four ponds were inoculated with 70 –100 nauplii per liter and the others were used as green water ponds. For this purpose 160 ppt saline water was pumped from a well nearby the lake and salinity deceased by adding fresh water from another well.  Salinity in Artemia ponds were controlled between 80 to 120 ppt and in two Unicellular algae ponds it was maintained at 60 ppt. Little quantity of highly saline Urmia lake water (260-290 ppt) was used only for stoking of natural unicellular Algae. The ponds were fertilized with chicken manor and chemical fertilizers, urea and di- ammonium phosphate. Water depth in ponds were adjusted to 60 – 80 cm. Newly hatched Artemia urmiana nauplii and Artemia parthenogenetica (Urmia lake lagoons) were introduced into the ponds as soon as final blooms of unicellular algae were observed,. Green water was pumped into the Artemia ponds every day when we decreasing turbidity were observed. 

Artemia grew to adult within 18 days and cyst harvesting begun 5 day latter. Cysts were harvested 3 times a day as soon as concentration of the floating cysts at the wind direction sides of the pounds were observed. 150 um filter were used for harvesting the floating cysts, which were immediatly washed in saturated brine water and preserved in 60 l polyethylene containers filled with saturated brine water. The production period was about 3-4 month and results showed that Artemia parthenogenetica has high resistance than Artemia urmiana against bad conditions. During the culture period 141 ww/kg cyst were harvested fro the two parthenogenetic ponds (36.9 kg/dw/ha/month) and 115 ww/kg of cyst from bisexual’s ponds (28.8 kg/dw/ha/month). Also biometrical measurements between samples showed that there are no significant different on cyst and nauplii length. Artemia parthenogenetica’s cysts were of 245-255 um in size with hatching percentage of 75 - 85% whereas diameter of bisexual Artemia urmiana cysts were 250-257 um with 73-84.5% hatching percentage. That means, Artemia parthenogenetica has higher potential for pond culture and cysts production than of Artemia urmiana. Production of high quality cyst with higher hatching percentage, small diameter and higher level of EPA and DHA is a very promising results the extension of which activity in thousands of hectares of lands at the vicinity of Urmia lake at least during five month of the year could bring work opportunities and production of large quantities of high quality Artemia cysts.
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Artemia resource assessment: population dynamics, production estimates, and management strategies
Abstract:

Artemia resources have been commercially exploited from salt lakes throughout the world for more than five decades.  The Great Salt Lake, Utah, USA has been the leading producer of processed Artemia cysts for the worldwide aquaculture industry.  Salt lakes in China, Central Asia, and Russia are producing significant quantities of Artemia cysts and are strong competitors in the market place. Market fluctuations exert tremendous influence on efforts to exploit novel sources of Artemia cysts. Interest in developing additional sources of Artemia has fueled the need for accurate resource assessment and effective management strategies. Exaggerated estimates of potential production have resulted in significant economic losses and have served to further illustrate the need for systematic resource assessments.

Methods used to document Artemia population dynamics, evaluate cyst characteristics, identify critical ecosystem functions and interactions, and to estimate potential production of Artemia populations is discussed.  Appropriate technology and baseline methods that are applicable for a wide size range of lakes and geographical locations is presented.  Management strategies for optimizing economic efficiency and achieving sustainable resource exploitation are examined.
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Biodiversity and distribution of Artemia in Uzbekistan

In Central Asia artemia was recorded in western Turkmenistan (Karabogaz Gol), in lakes of northern Kazakhstan (Matmuratov and Stuge, 2002), in mountainous lakes of Pamir in Tajikistan (Akhrorov, 2002). Data on artemia in Uzbekistan are very poor. The only previous record of artemia (“Artemia salina”) is concern to lake Kalajik in Khorezm province (Kharberdiev et al., 1978).

However, the data collected in 1989-2004 shows that artemia is much more widely distributed in Uzbekistan. We found 18 artemia waterbodies in 7 of 12 provinces of Uzbekistan (Table).

Table. Some water bodies in Uzbekistan inhabited by artemia

	Waterbody
	Regions
	reproduction
	Salinity, ppt

	Aral Sea
	Karakalpakistan

(north)
	Parthenogenetic
	58-112

	Pond at west shore of the Aral Sea
	Karakalpakistan

(north)
	Bisexual
	122-243

	Pond at west shore of the Aral Sea
	Karakalpakistan

(north)
	Parthenogenetic
	41

	Pond at south shore of the Aral Sea
	Karakalpakistan

(north)
	Parthenogenetic
	54

	Small lake Arikbalik
	Karakalpakistan

(south)
	Parthenogenetic
	225

	Small lake
	Karakalpakistan (south)
	Parthenogenetic
	110

	Lake Kalajik
	Khorezm Province
	Parthenogenetic
	66-85

	Pond Tengeli
	Khorezm Province
	Parthenogenetic
	150-204

	Lake near Chernayevka
	Tashkent Province 
	Parthenogenetic
	51

	Pools near Karshi
	Kashkadarya

Province
	Parthenogenetic
	?

	Pool 
	Ferghana province
	Parthenogenetic
	?

	Small lake near Tuzkan
	Jizzak province
	Parthenogenetic
	?

	Pool near Bukhara
	Bukhara Province
	Parthenogenetic
	?


Almost all populations of artemia revealed in Uzbekistan were parthenogenetic and so have to be determined as Artemia parthenogenetica. Only 2 artemia populations in 2 ponds in Plateau Ustyurt were bisexual. For their taxonomic determination detailed morphological, and biochemical researches, as well as breeding experiments are needed. While most habitats of A. parthenogenetica are probably ephemerous or newly colonized waterbodies (as the Aral Sea), the ponds with bisexual artemia can be a relict biotopes. The ponds are situated among cliffs between Plateau Ustyurt and the Aral Sea.

Usually artemia populations reach a significant density only in waterbodies where competitors and predators are absent because the only its “weapon” in the struggle for existence is artemia’ exclusive haloresistance (Van Stappen, Sorgeloos, 1993). In some instances we recorded co-existing of artemia with other aquatic invertebrates. For example, in a temporary pool in Kashkadarya Prov. artemia co-existed with rotiferans Brachionus plicatilis and Hexarthra oxyuris. In Bukhara Prov. artemia was recorded to co-exist with copepod Arctodiaptomus salinus, in Ustyurt with  Branchinella salina, Moina salina, A. salinus, Clethocamptus retrogressus, ostracods. Co-existed with artemia in plankton of the Aral Sea cladoceran Moina salina, harpacticoids, ostracods, larvae of Nereis, bivalvean mollusks and chironomids.
Artemia was not known for the open part of the Aral Sea, although it was reported from the saline lakes of the southern Aral Sea region. In the 1980-1990’s, artemia was repeatedly recorded in shallow coastal water bodies separated from the Aral Sea and in small lakes in the eastern margin of the Ustyurt Plateau.

In 1998 artemia for the first time was recorded in pelagial of the Aral Sea (Joldasova et al., 2000). Since 2000 artemia became constant element of the Aral ecosystem, becoming a dominant planktonic species (Mirabdullayev et al., 2001). Its numbers and biomass was growing during last years. In 1998-2002 artemia co-existed with fishes Atherina boyeri caspia and Platichthys flesus luscus. Last years as mineralization reached more than 70 ppt fishes were extincted in Big Aral.

Now salinity of deep west part of the Big Aral exceeds 80 ppt, and salinity of shallow east part exceeds 100 ppt. Zooplankton is represented almost only by Artemia parthenogenetica. At low density also Turbellaria gen. sp., rotiferan Hexarthra fennica, and apparently spirotrichous ciliates have been recorded. Cysts of artemia are sometimes covered by suctorian ciliates Acineta sp.
Since 2003 in Eastern Aral began experimental harvesting of artemia cysts. Potential and volume of harvesting of artemia in the Aral Sea will be determined mainly by productivity of phytoplankton.
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Recognition of Natural Habitats of Artemia in Namak lake basin in Iran  (Qom region)

 Artemia is a small crustacean that live in hyper saline biotopes such as salt lakes and saline basins. This study was carryout during 1999 to 2001 for recognition of Artemia resources and determining their production potentials  in  salty lagoons of Qom region.

There are several salt lakes and saline basin in Namak lake basin. Qom namak lake is biggest of them with 2000 km2 after that Hose Soltan with 120-140 km2.The height of this region is 790-900 meter and Longitude is from 34 0,10’ to 35 0 15’ N and latitude from 50 0 40 ’  to 51 0 15’ E.

For Finding habitats of Artemia were used aerial photograph, Satellite Image and local people informations. During different season up to 15 basins were recognized and sampled for evaluating of  water salinity and temperature. Finally 10 Natural habitat of Artemia were found which mainly were in region of Hoze soltan, Namk lake, Shor river, Moshk Abad, Massileh, Qom countryside’s  and laq-shoar river. All of this regions are in North and Northeast of qom   province. Many of this basin have permanent and some of them are seasonal so that in winter and spring have water that contains artemia population.  

Salinity  in permanent basin was between 30-150 ppt and in seasonal basin 20-280 ppt. in 3 habitats same factors such as Biomass weight  density and population characteristics  were recorded monthly. 

Biomass range between 5-35g/m3 was measured. study of Artemia population showed that in autumn and early winter we have maximum rate of cyst and maximum rate of cyst in ovisac in autumn.In several years of study  salinity in Namak lake and Hose soltan was from 280-300ppt  and only cyst observed. Acording  to resalts , whole of the region that study were suitable for live and culture of Artemia. . Artemia species in province were parthenogenetic strains, some male  individuals were also seen.
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General remarks on the usefulness and limits of morphological characters in species separation within the genus Artemia

Among the objectives and concrete actions identified by the Consortium members at the occasion of the Gent workshop  there was the updating of information on Artemia sites and resources as well as  the promotion of multidisciplinary approach of Artemia characterization (based on morphology, biometry, physiology, genetic markers, life span and reproduction etc).

During these 3 years existing information about Artemia world wide distribution has been implemented and organized into a data base settled according INCO standard , to produce an updated map. In the meantime  more information on reproduction mode and species has been gathered. Previous list  (Triantaphyllidis et al., 1998 ) compiled on the base of existing literature and personal comunications listing about 500 Artemia sites, was then  expanded to more than 600 sites (Van Stappen, 2002) and is still in progress due to  by ongoing  Consortium data collection. As it was to be expected, however, in spite of the great joint efforts, there is still a large number of question marks (i.e.a large number of strains and taxa ) in need of identification. This is particularly evident for some areas of the globe,such as  North Africa, Canada, Central America and the Caribbean.

Among the different tools to be used in telling species apart, morphology was supposed to be the simplest and most immediate criterion for species separation within the genus Artemia and for reconstruction of phylogenetic relationships among the increasingly numerous taxa, many of them discovered during the last decade (Mura & Brecciaroli, 2004).

Frontal knobs shape and ornamentation ( Tyson & Sullivan, 1980; Wolfe, 1980; Mura et al., 1989 a, b; Mura, 1990; Cai & Gao, 1992), molar surface of the mandibles ( Tyson & Sullivan, 1981; Mura & Del Caldo,1992), cyst morphology ( Gilchrist, 1978; Hill & Shepard, 1997), morphology of the male (Linder, 1941; Piccinelli & Prosdocimi, 1968; Beardmore & Abreu-Grobois, 1983; Torrentera & Dodson, 1995; Triantaphyllidis et al., 1997; Torrentera & Belk, 2002; Mura & Brecciaroli, 2004), and female genitalia (Amat, 1980;  Torrentera & Dodson, 1995; Mayer, 2002; Torrentera & Belk, 2002) were the characters considered.

However, the studies performed during these 3 years have shown that the validity of the above characters is relative and depends on the cases considered.

As to frontal knobs,  shape and profile only enable to tell Mediterranean from non-Mediterranean species apart, whereas ornamentation is questionable, due to the difficulty to quantify differences observed in the number and distribution of spines and sensory setae. Moreover, rare males of parthenogenetic strrains exhibit the same pattern as non-Mediterranean bisexuals (Mura & Brecciaroli, 2002).

An attempt to compare the patterns of mandibles molar surface within Artemia bisexual species was unsuccessful due to the high variation recorded in mandibles ornamentation,  even at individual level.

As to cysts, recent interspecific comparison (Mura, unpublished), made it clear that no difference exist among species, in contrast to the observations of Hill and Shepard (1997).

Concerning male genitalia, the presence of a spine-like outgrowth on basal penis enabled separation between A.salina and the rest of bisexual species, but a closer view to the ornamentation pattern of the rosette at the tip of this spine, first described by Triantaphyllidis et al., showed that ornamentation differs only in A .persimilis among the non-Mediterranean bisexuals (Mura & Brecciaroli, 2004), all characterized by marked variability.  Distal retractile portion of the penis, recently investigated by Torrentera & Belk (2002), seems also to be questionable and in need of further studies. In fact, these authors found clear differences between A. franciscana and A. persimilis but they did not examine other species. A still unpublished study (Zheng Bo & Sun Shichun, submitted) considering  all of the Artemia bisexual species partly contrasts with previous results. Furthermore number and position of the spines ornamenting retractile penis are not always easily detectable, and variation at individual and strain level is still to be quantified.

In spite of these considerations, there are examples of the usefulness of the above characters as taxonomical tools, particularly in combination with other criteria such as morphometrics and molecular analysis. Joint research performed with  Theodore Abatzopoulos (University of Thessaloniki, Greece) and Francisco Amat (Instituto de Acuicultura de Torre de la Sal, Castellón, Spain), as well as with Gonzalo Gajardo (University of Los Lagos, Chile), showed that using different techniques in combination,produced more robust results than each one separately.
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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


Nasiri Sufian K. and Taghreed Al-Obaydi

University of Baghdad, Baghdad, Iraq

sknasiri39_2004@yahoo.com
Brine shrimp Artemia spp. In Iraq

Abstract:

Artemia are small creatures, hardly seen in nature from a distance. Gurney (1921) who mentioned the existence of Artemia for the first time in Iraq, but stayed out of reach of scientists for a long time.

Recently more interest appeared in Artemia, after culturing table and ornamental fishes, and more artificial rations needed. Artemia can be used as a rich food of low cost to fishes and other animals.

Artemia live in temporal pools on sides of roads and near cultivated lands when there is no drainage system, in middle and south of the country. Pools are small and shallow because of high rate of evaporation around the year. Artemia adults can survive for few months when factors are suitable.

There are two species of Artemia: one is reproducing bisexually and the other is parathogentic.

Some research projects have been directed to culture brine shrimp in laboratory to study biological and ecological aspects, plus mass productions of larvae to after natural food for small fishes. Pilot man-made ponds to culture Artemia is urgent. We need suitable land and well-trained personals. 

Private sector is collecting and selling adults and cysts.

Fish hatcheries are in need of natural food to overcome the low survival rate of their carp’s larvae.

Introduction:

There are species of all kind of invertebrates in the local habitat. Artemia spp., are small creatures, hardly seen from distance in nature, so needed a close observation.

Recently, more information is needed about invertebrates to be used as natural food for ornamental and table fishes.

Artificial rations are expensive because some of their ingredients are imported with hard currency. Artemia are collected as adults and eggs and often cultured and sold by aquarium dealer as fish food (Storer, 1972).  

Fish hatcheries are loosing much of their production of fish larvae and small fishes because they depend on local food materials instead of natural food. Giving larvae of brine shrimp, can save and raise the survival rate for thousands of small fishes.

Depending on live food can help in saving part of gonads-hormones used to induce spawning, so need less parents to produce eggs and sperms (to hatch more fish larvae).

In near future, we might get interested in culturing more aquatic animals like: marine fishes, prawn and cancer, so we need more natural food and for teaching and scientific they need alive materials too.

Review of literature:

Gurney 1921, was the first author to report the presence of Artemia animals in the country. After a half-century Al-Uthman, 1971, studied some of the ecological factors of Artemia habitat. Few years later Khalaf, et.al 1976. Collected Artemia from around Baghdad, while Sarker, et.al 1977, collected the animals from Basrah area. Sultan and Abdul Sahib, 1992, studied the generation alternation in Artemia cultured in laboratory from Basrah area. Recently, Maknoon , 2001, studied some biological and ecological aspects of Artemia in field (from south and middle of Iraq) and laboratory.

Al-Obaydi (2004 personal communication) is working on mass production in laboratory to feed small carps. Tarik (2004, personal communication) is culturing Artemia in laboratory to find best factors for producing alive materials for research and teaching purposes. 

Field work:

Natural habitat for Artemia are consisted to south and middle of the country, because northern part (upper than 35 latitude) gets more rain and fresh water and cooler most of the months, also the land is more sloped, so  pools can not stand for long time.

Temporal pools are formed around roads and cultivated lands where there is no drainage system. Size and duration of pools may differ according to source of water. Small ones depend on rainfall only, while larger depend on seepage. Most of the pools are shallow and may not exceed one meter in depth. Most of soil samples have silt and less have sand. 

Summer season comes early in south and middle and lasts up to about six months. Month of July is very hot with air temperature may exceeds upper forties (40 c) in shade, but still there were some very shallow pools surrounded with salt piles, without life. During June 2002, some sample has been collected from area north of Baghdad (map of the country). Samples were collected monthly (sometime irregular) during late 2000 to late 2002, from three sites around Baghdad:

Rashdya – 20 km northeast,

Latifya – 30 km south west and 

Soyra – 50 km southeast. 

Pools were shallow with depth less than 60 cm. Artemia have been collected from near shore, adults with red color. There were very few adult males and young animals. May be young passed through mesh of the nets.

Water was clear with brownish color, may be due to organic matters. Higher plants grow on shore (Typha and Phragmites).  There were many kinds of organisms; mostly insects belong to Diptera in the early samples when salinity was low. Later samples did not contain organisms.

Information about, sun and wind and temperature of air and water were recorded. 

Refractometer was used to determine salinity

Adults Artemia were carried alive in plastic containers to the laboratory, few kilos of top soil and salt too. Tanks were prepared with soil on bottom, then water from pools added with animals. Water of 3.5% salinity was added (using coarse table salt) to keep level in tanks constant.

Samples of soil and salt were washed with tap water and sieved to retain cysts and stored in dry jars.

Field data collected during the period of late December 2000 to late December 2002, close enough to data collected by Maknoon (2001) as following:

Temperature                   air      (Feb.) 9-46 (Aug.) C    water (Feb.) 7-38 (June)  

pH                                    7.2 – 8.6 

Specific Gravity              1.0186

O2 mg/l                            (June)  0.55 – 12.5        (Nov.)

Salinity  ppt                     2.5 – 320

Phytoplankton                diatoms        0.2 – 4.0    mg/l 

                                          Decreased when salinity increased

Density               adults    (Feb.)       1.07 – 46.2  (May)  individual/l

Laboratory work:

Air condition was maintained, when electricity was available. Glass tank (40 liter) and plastic tubs (60 liter) were used with soil from field on bottom of containers. To keep level of water constant, saline water (35 ppt) was added. Aeration was available for at least 8 hours per day.

Animals soon lost their red color. Mature female can carry as medium 48 eggs, then increase with body increase in length. Longer females (10.92 and 11.70 mm) had more than one hundred eggs, with diameter of 240 – 255 u. Those eggs will develop in larvae and otherwise to cysts when environmental factors are less suitable.

Paired uterus females were common in the cultured population. The few males can be recognized at length more than 2.34 mm and females of length 5.85 mm carry egg-sac after (11-17) day, changes in water temperature or the decrease of the food supply as a result of population increase, induce the appearance of males (Barnes, 1966).

Females deliver larvae, usually when conditions are in favor, but some time eggs been noticed on surface of the water or on sides of tanks, probably when there crowded or changes in ionic concentration or there is a lot of feces or organic materials, and sometime when water temperature dropped to 16 c .

Light used to enhance the growth of algae, in some small tanks of size less than 10 liters. Red color algae were developed and used as food, but we couldn’t culture them.

We get cysts from soil and salt of diameter (135- 210) u. They hatched after three days with low rate. Body length of the larvae ranged from 405 to 450 u.

Once awhile larvae were scooped to feed small table and ornamental fishes, and they could reach maturity with in five day.

Male’s number increased in the second and third generation of hatching cysts, and some of them did not show sexual activity.

Thinning of population is to be done continuously because of the generation over lapping and crowded individuals. Higher water temperature (31 c) for short time, caused death to animals.

Different food source were tried ranged from small particles of 50 u (ricebran, fish meal, poultry feed) and juices of (lettuce, parsley, yeast and alfa alfa and animal  manure). Algae were used to feed animals (green algae, clamedomonas and red-color algae ).

Water in tanks was replaced on short intervales, partely or completely. Delaying of change caused filamentous algae to grow on bottom and sides , besides heavy growth of diatoms. They were of harm effects on adults.

After three months of culturing Artemia, clusters of fungus appeared on apendages of females, made them move slowly and died Maknoon (2001) reported a classification to species of Artemia  in the country, but still there are some difficulties to be solved in form and size of adults in cultivated population. Gajewski (1922) mentioned that the forms of European and Asian animals (Artemia) varies greatly according to salinity.

To have Artemia around the year, we proposed pilot man-made ponds. There are three sites could be used :

1. Old fish farm-south of Bashra (70 km) on the gulf in the tide area.

2. Central fish hatchery- south of Baghdad (70 km).

3. Collage of agriculture, west Baghdad. Cemented ponds could be constructed (50 X 50) m.

Private sector used cheap labor to collect adults of Artemia from near-by cities around end of spring season (April to June) when season is good, extra adults sold frozen. During summer and fall they collect salt and extract cysts. Artemia products are sold to people interested to grow ornamental fishes.
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Stock assessment of Artemia in Urmia Lake

Abstract:

In order to assess stock of Artemia Urmiana 12 sites were chosen, 5 at the northern part and 7 at south. Three replicate samples were collected every month from September 2000 until september2001. Sampling was continued with 8 sites (3 north, 5 south) until October 2003. In each site 3 deep (surface, 2.5, 5 m) were sampled. Frequency and weight of cyst, biomass of Artemia were measured. A high salinity period started from 2000 and continued until 2003. This has resulted in a sharp (10 fold) decline in biomass of Artemia of Urmia Lake. A slight recovery was noticed in 2003. A mean biomass of 7.4 thousand tones if cyst is estimated for Urmia Lake. Its predicted that the biomass of Artemia in Urmia Lake will increased when drought finishes and salinity of Urmia Lake decreases to a desirable level. Results are discussed in order to assess temporal and spatiality of stock of Artemia in Urmia Lake.    
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Introducing a different enrichment material for improving HUFA levels in juvenile Artemia urmiana
Abstract:

Studies on n-3 highly unsaturated fatty acids (n-3 HUFA), such as EPA and DHA, shows that they play a key role for the normal growth, survival of many species of marine finfish. Artemia is used as a carrier for these essential fatty acids. Therefore since over two decades bioencapsulation of Artemia (nauplii) is widely applied at marine fish and crustacean hatcheries all over the world.

In this experiment Artemia urmiana nauplii and seven days old juveniles were enriched using standard HUFA emulsions (INVE Technologies), Cod liver oil and local fish oil extracted from the ovary of sturgeon fishes. Enrichment with fatty acid emulsion was done according to standard procedure, but lecithin was used as emulsification agent for enrichment with code liver and local fish oils. The results for some important and essential fatty acids are shown in table 1. 

Results of the experiment show that enrichment with code liver oil and local fish oil shows is as good as enrichment with standard fatty acids emulsions in most cases except for DHA. Therefore it seems in absence of the imported fatty acid emulsions, local fish oil could provide sufficient enrichment effect with regards to fatty acid profile.

Table 1: fatty acid profile of unenriched and enriched juvenile of Artemia urmiana
	fatty Acids
	Unenriched
	emulsion
	code liver oil
	sturgeon Oil

	C14:0
	0.41
	1.42
	0.98
	2.62

	C14:ln5
	0.55
	1.40
	0.63
	0.75

	C16:0
	0.57
	12.22
	10.31
	14.97

	C16:ln7
	4.17
	5.31
	5.10
	6.03

	C18:0
	5.36
	0.08
	4.47
	0.00

	C18:ln9
	28.10
	32.78
	36.85
	35.97

	C18:ln7
	4.10
	7.76
	6.11
	0.00

	C18:2n6ci;
	2.14
	6.08
	4.65
	3.97

	C18:3n3
	2.29
	5.41
	3.10
	9.12

	C20:0
	0.00
	0.36
	3.28
	0.11

	C20:ln9
	0.00
	0.60
	2.74
	2.71

	C20:2n6
	0.34
	0.28
	0.49
	0.77

	C20:4n6
	1.38
	2.48
	1.51
	0.00

	C20:3n3
	0.75
	0.22
	2.83
	1.03

	C20:5n3
	3.14
	3.52
	3.41
	4.23

	C22:ln9
	1.41
	0.75
	0.57
	0.00

	C22:6n3
	0.00
	4.70
	0.62
	1.00
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Threat  to the  Indian  Artemia Bio diversity  by Aquaculture and Chemical industries : Need for Artemia genome conservation

In the South Indian salt works only parthenogentic population of the brine shrimp, Artemia parthenogetica  was observed till  1996.  Our recent survey revealed that the bisexual brine shrimp population of   Artemia franciscana were observed except in the . southern salt works, Thamarikulam and Puthalam (SMGN and SS.Allom). The main reason for the mixing of bisexual population is due to the aquaculture activities  in the Tuticorin and Chennai region. The cyst diameter and the biometirc study of the Artemia population  are given.

Salt works of Tuticorin region contains heavy  metals such as copper, zinc, mercury cadmium and lead to the range of Cu- 0.003 ug/ml; Zn - 0.035 to 0.279 ug/ml; Cd - 2.093 - 6.052 ug/ml; Hg- 4.183 - 462 ng/ml; Pb - 0.697- 1.8 ng/ml. The effects of the above heavy metals  on the  reproductive performance were tested and found that the  number of broods and offspring    / brood were also reduced. This will affect the biodiversity of Artemia. The need for biodiversity conservation and the possible conservation  measures are discussed.
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Biological and biochemical characterisation of Artemia
from Tunisian wetlands

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

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

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

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

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

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

Lipids were extracted from decapsulated cysts using the method of Folch et al 1957 after transmthylated overnight (Christie, 1982) and analysed by chromatography.

linolenic acid (18:3n-3) is present for the whole populations with 4.33mg/g in Sijoumi, 4.08 mg/g in Elathibet and 5.37 mg/g in Sahline, 20.66mg/g in Moknine it is the same for the Eicosapentaenoic acid (20:5n-3) with a higher levels: 22.48 mg/g at Sijoumi, 20.19 mg/g at Elathibet and 7.66 mg/g at Sahline .

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

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

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

This study of genetic differentiation showed big similarities between the populations considered, in fact, the dendrogram obtained which enabled us to consider the distances separating the populations studied showed that the populations of Korsia, Elathibet and Sahline would belong to the same group, the population of Moknine to a second group separated from the first one by a distance of 0,019. 
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Effects of low intensity He-Ne laser on hatching characteristics of Artemia urmiana

Although low intensity laser light, like sunlight, is non-ionizing, it has unique properties that can influence biological activities under certain conditions (Karu1 , 1988). Laser irradiation of fertilized poultry eggs has been reported to increase hatchablity rate and improve chick survival (Bessarabov et al.2 , 1986; ; Popov et al.3, 1984).

After years of research on the use of laser light in medicine and for enzyme modeling studies , there has been significant progress towards understanding its biological effects. The anti-oxidant enzymes (superoxide dismutase , catalase and ceruloplasmin) are among those having maximum light absorption in the red spectrum range and whose activities can be initiated by it(Gorbatenkova et al.4, 1989 ;Grossman et al.5, 1998). Considering the important  role anti-oxidant enzymes serve in maintaining cellular homeostasis , we can predict the importance of red laser light to the entire living organisms. 

Another important biological effect of low intensity red laser is to accelerate proliferative processes in irradiated tissues (Mester E. and Mester A. 6, 1985)

Our experiment were designed to examine the effects of laser irradiation on Artemia urmiana cyst and to determine optimum conditions for improving hatching pecentage (H%) and hatching efficiency(HE).

Low intensity red light (He-Ne laser light  , wave length = 6328 A) was used on hatching characteristics of Artemia urmiana cyst to determine its influence on hatching percentage and hatching efficiency , and to obtain an optimum conditions to improve these characteristics.

In order to achieve this purpose six experiments were performed:

1.12 mW, He- Ne laser irradiation for 1 hour of Artemia urmiana cyst.

2.12 mW, He- Ne laser irradiation for 2 hours of Artemia urmiana cyst.

3.12 mW, He- Ne laser irradiation for 3 hours of Artemia urmiana cyst.

4.15 mW, He- Ne laser irradiation for 1 hour of Artemia urmiana cyst. 

5.15mW , He- Ne laser irradiation for 2 hours of Artemia urmiana cyst. 

6.15mW , He- Ne laser irradiation for 3 hours of Artemia urmiana cyst.          

Experiments 1 to 3 were performed with good quality cyst( with hatching percentage of about %73), and experiments 4 to 6 were peformed with low quality cyst ( with hatching percentage of nearly %20).

Each treatment with its control ( each of them with three replicates) seperately was performed (of course results for regimens were normalized).

The results of the first experiment showed no significant difference in %H and HE between treatment and its control, while in the second case (12mW, 2 hours), there was increasing in H%(about 4%) and HE(about 5000 nauplii/g cyst). In the third experiment(12mW, three hours) we encountered with decreasing in hatching characteristics(about 1%,and 5000 nauplii/g cyst) ( tables 1,2 and diagrams 1,2).

Results for the fourth , fifth and sixth experiments (performed with low quality cysts) demonstrated considerable increase in H% and HE(about 2-5% and 3000-7000 nauplii/g cyst respectively) (tables 3,4 and diagrams 3,4).

The important points in this investigation were these two points :

1) We repeated the second experiment in aeration tension codition i.e. aeration interruption overnight, and the results was unbelievable as hatching percentage and hatching efficeincy have been increased several times in comparison with its control(approximately 29% and 18000 nauplii/g cyst), (tables 5, 6 and  diagrams 5, 6)

2) Also in experiments 4,5, and 6 although the intensity of used laser power relatively was high, we observe increasing in the parameters ( compare with experiment 3).

Then we can conclude that low intensity He-Ne laser  light on hatching characteristics in aeration tension (during  incubation of the cysts) is very effective in comparison with normal conditions , and the affect of the He-Ne laser irradiation in cyst with low H% is more than that of good quality cyst (cyst with high H%).
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ON THE ARTEMIA POPULATION FROM PAKISTAN

Abstract

Keeping in view the immense importance of Artemia in larval feeding and salt production, work has been initiated to inoculate Artemia nauplii in coastal saltpans.  During the survey work a first ever record of native parthenogenetic population of Artemia was found.  This population was recorded from coastal salt works of Korangi Creek in 1991. The population was parthenogenetic and well established having nauplii, pre-adults and adults. Studies were undertaken for a period of two years from May 1991 through May 1993 for some of its biological characteristics, seasonal occurrence and abundance.  According to this study the natural population of Artemia appeared by large scale hatching of cysts already present in intermediate salinity ponds. The appearance of population took place in the last week of October; the population increased rapidly by ovoviviparous mode of reproduction and reach to its maximum density of 13 individuals per liter in November – December. It was observed that temperature is the single important factor that determined the appearance and disappearance of Artemia population in salt works. The maximum densities of Artemia were found at temperatures from 20-28 0C. The upper tolerance limit for Artemia survival was found to be 37 0C.  Temperature never reaches below 8 0C, and Artemia survived well at this minimum temperature, though switch over to the oviparity below 10 0C, but as soon as the temperature increased the population became ovoviviparous.

From 1995 onward the population gradually declines and completely disappeared from this locality since 1997, which was the only record of Artemia occurrence from Pakistan coast up till now. There were several man-made factors, which were found to be responsible for the disappearance of Artemia in the salt works.  The most important one was the expansion of the salt works in which the previous intermediate salinity ponds (where Artemia inhabits) were converted into the crystallization ponds, the cysts present there could not be hatched due to the excessively high salinity, which crossed the hatching threshold for cyst. Moreover, these crystallization ponds were later also lined with high density polyethylene sheets, which totally eliminate the possibility of hatching of cyst, found in the mud. The other factor may be the untreated effluents of tanneries from adjacent areas, which contained toxic chemicals.  

As soon as the decline was started in natural population of Artemia, efforts were made to re-inoculate the Artemia in the new intermediate salinity ponds of the same saltworks, which were not successful. To save Artemia from total decline, Artemia population was maintained in three small ponds (1.5 m2) at PCSIR Laboratories Complex, through out the year by increasing the depth to about 0.75 meter, which prevented the sudden increase in water temperature; hence no temperature dependent mortality was occurred.  The population was maintained for six years from 1998-99 to 2003-04. Each year Artemia nauplii were inoculated @ five/ liter in October and the experiment concluded in September by draining the ponds for re-inoculation. Average maximum population density / liter was ranged between 1175 ± 138.6 to 2290 ± 113.1 (average of three ponds), whereas average minimum density of the three ponds was found between 645 ± 149.2 to  21 ± 8.5  during six years study period.  The average cyst and adult size was also found variable. The average size of adult Artemia varied between 10.08 ± 1.07 mm to 11.09 ± 0.85 mm, whereas the cyst size (hydrated untreated) varied between 240 ± 13.1 μm to 258 ± 09.7 μm during the period under study The cyst produced naturally were collected, dried and stored for future use.  

The year wise and steady increase in population density during 1998-99 to 2003-04 may be attributed to better management evolved from previous experiments, such as addition of mono cultures of microalgae like Tetraselmis chuii, Isochrysis galbana, and Chaetoceros sp. Maximum population density on monthly basis (i.e seasonal abundance) was found during November to March, whereas minimum in May-June.  The population density was mainly temperature dependent.  The population thrives well below 28 0C. Temperature was not controlled in ponds but never allowed to rise above 33 0C during the six years period.  Minimum average values of maximum, minimum, and average temperature were found in January, whereas maximum value of 33 0C was found during May to August and then in October.

Experiments were conducted in the laboratory to determine the optimal salinity for Artemia production in coastal salt ponds, suitability of algal species as feed has also been studied. The suitable salinity range was from 50 to100 ppt for growth and survival of Artemia. 100 % population died at 10, 20, 140 to 250 ppt levels.  The suitability of four species of microalgae was assessed for feeding Artemia; Tetraselmis chuii gave the best result in terms of growth, population density, spawning interval, no. of nauplii/ brood, and average size, followed by Chaetoceros sp Isochrysis galbana, and Skeletonema tropicum . 

Artemia are being propagated by semi-intensive method in a comparatively large (93 m2) outdoor pond.  The experiment is being conducted with an objective to develop methodologies and to produce adequate stocking material either in the form of cyst or adults to re-inoculate the Artemia in coastal ponds.  The experiment is still in progress and data included in this paper is for seven months (February to August).  The experiment was initiated on February 12, 2004 by inoculation of nauplii @ three/liter. The stocking density was kept low, since the pond was not covered and water temperature could rise abruptly up to 40 0C (air temperature 44-45 0C) in April. May and June. Population reached to a density of 2540 Artemia (at different stages) / liter in exactly two months after inoculation. There was a rapid increase in population during March and April; it increased roughly 35 times from February (10 individual/L) to March (346 individual) and about 4 times from March to April (1222 individual/L). The population was declined in May (655 individual/L) and again increased in June (1058 individual/L), it negligibly decreased in July (1024 individual/L), and again increased in August (1322 individual/L).  
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The effect of different HUFA enrichment emulsions on the

 nutritional value of Artemia urmiana
The objective of the present study was to determine the influence of three types of standard enrichment emulsions on the Artemia urmiana nauplii (Urmia lake, Iran).Three separate enrichment trials compared the n-3 highly unsaturated fatty acid (HUFA) levels were tested for Artemia urmiana nauplii as a function of the n-3 HUFA level in the emulsion (0%, 30% and 50%n-3 HUFA).The standard emulsions were distributed by the International council for the Exploration of the Sea, Working Group on the Mass Rearing of Juvenile Fish(ICES).For this aim decapsulated cysts of A.urmiana were incubated and then the nauplii at stage of instar-1 harvested and transferred into 1.5 liter cylindro-conical glass cones and stocked at density of 200 individual/ml of filtered sea water.A.urmiana nauplii enriched for 24-h using three standard emulsions. Fatty acid profiles were monitored after 24-h enrichment and analyzed by a one-way ANOVA followed by Duncan’s multiple range tests. After 24-h enrichment, the content of Docosahexaenoic acid(DHA),Eicosapentaenoic acid(EPA) and total n-3 HUFA increased to 17.1,28.4 and 45.5 mg/g DW,respectively,in Artemia enriched with ICES50 (50% n-3 HUFA) and to 16.8,12.2 and 29.0 mg/g DW in nauplii enriched with ICES30 (30% n-3 HUFA).During 24-h of enrichment, the nauplii increased their content of n-3 HUFA level between 10 and 16 times compared to the unenriched control. After the 24-h enrichment, a significant difference in n-3 HUFA levels was found among the ICES0 (0% n-3 HUFA), ICES30 and ICES50 treatment. The content of total n-3 HUFA in nauplii enriched with ICES30 and ICES50 were 10 and 15 times higher than nauplii enriched with ICES0, respectively. The content of total n-3 HUFA in nauplii enriched with ICES50 was 1.5 times higher than nauplii enriched with ICES30.After 24-h enrichment, no significant difference in the content of DHA in nauplii was found between the ICES30 and ICES50 treatment, but there was a significant difference in the content of EPA in nauplii enriched with ICES30 and ICES50 treatment. The content of EPA in nauplii of the ICES50 treatment was two times higher than in the ICES30 treatment. 

In conclusions: (1) Artemia urmiana nauplii can successfully be enriched with n-3 HUFA emulsion (2) The high retention of n-3 HUFA in the A.urmiana nauplii following transfer to fish and shrimp tanks shows that it is possible to offer larvae a feed with a high level of n-3 HUFA, based on enrichment of Artemia nauplii. 
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Adaptation of Artemia franciscana to the natural conditions in the Mekong Delta coincides with distinctive changes in sds-page profile
Abstract:

Since 1986 cysts of Artemia SFB (USA) was introduced into the saltfields of Vinh Chau district, Soc Trang province in the Mekong Delta of Viet Nam. In this region, there are two distinct seasons per year, during rainy season (from May to November) Artemia were often eliminated by predators such as shrimps, fish, zooplankton while in dry season (from December to April) only Artemia could survive under stress conditions, particularly in high water temperature condition. Thus, re-inoculation for next season from cysts released was in need for every dry season to initiate new Artemia populations; there were 2 to 3 generations per dry season recruited in the saltfields depending on the weather conditions. Almost 20 years for propagation, we obtained a well adapted population of Artemia in this area, so-called Artemia in Vinh Chau, better than that of the SFB origin. By using a tool of molecular bio-technology,  protein electrophoresis SDS-PAGE, we detected that  Artemia from Vinh chau displays a distinctive protein profile, showing some protein bands that seem to be unique to the VC population. This suggests that under the naturally eco-agrobiological conditions at Vinh chau, strong selection is taking place (eventually a combination with mutation), through which individuals with adapted life history characteristics (such as survival at high temperature) have emerged.    
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Resource Assessment of Artemia in Lake Urmia

In the period 1994-1997, a project was launched in cooperation between the Aquaculture Department of the Iran Fisheries Company (Shilat), and the Laboratory of Aquaculture & Artemia Reference Center of the Ghent University, Belgium. This cooperative study had two main objectives: a) to determine and identify the biological characteristics of Artemia urmiana for application in aquaculture (biometrics, lifespan and reproductive characteristics, hatching and diapause behaviour, nutritional profile....), and b) to assess the Artemia cysts and biomass resources of Lake Urmia in view of their possible exploitation.

For this purpose a sampling campaign was organized in the period July 1994-January 1996: 36 fixed sampling stations, distributed over the entire lake's area, were sampled weekly to determine abiotic conditions and to obtain quantitative and qualitative information on the Artemia population. First conclusions were drawn regarding the population dynamics of Artemia in Lake Urmia, the standing crop and recommendations for harvestable quantities were given. Through laboratory tests with collected Artemia cyst samples their potential for use in larviculture was evaluated. 

In another effort during 2003-2004, resource assessment was conducted by Artemia & Aquatic Animals Research Center in the framework of a project supported by the Iranian Environment Protection Organization. During this period monthly sampling was performed from 19 sites. Physio-chemical conditions were recorded both at surface and at depth. The collected samples were transferred to the laboratory and calculations were done according the standard method applied for resource assessment in Great Salt Lake. The results indicate that Artemia density has decreased considerably during the drought condition. Average number of cyst/l in the lake was 13 during 2003 and 11 during 2004. The results of population density and population composition are discussed in details.
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Fig. 1. Geographical locations of Artemia sites in Mexico.
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