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INTRODUCTION 

 
The genus Artemia Leach, 1819, known as the 

brine shrimp, is distributed world-wide in inland and 
coastal hypersaline waters, characterized by variable 
chemical and hydrological conditions (Van Stappen, 
2002; Maniatsi et al., 2011). Besides its central role 
in lacustrine foodwebs, itis also of high economical 
importance, being heavily used in aquaculture (Van 
Stappen et al., 2020). It was first described in 982, by 
an unknown Iranian geographer (Asem, 2008), and 
the two sexes were only pictured clearly by Schlösser 
(1756). Linnaeus described it as Cancer salinus in 
1758, but Leach transferred it to Artemia salina in 
1819, this being the firstArtemia species to be 
described (Asemet al., 2010). 

The genus is comprised of a few sibling 
species and superspecies, generally separated by 
reproductive isolation or characterized as clusters of 
populations (Browne and Bowen, 1991, Asem et al., 
2010). The current taxonomic classification of the 
genus is:Subphylum Crustacea Brünnich, 1772; Class 
Branchiopoda Latreille, 1817; Subclass Sarsostraca 
Tasch, 1969; Order Anostraca Sars, 1867; Family 
Artemiidae Grochowski, 1896; Genus Artemia 
Leach, 1819(Browne and Bowen, 1991). 

The species of this genus are distributed 
globally, apart from Antarctica (Vanhaecke et al., 
1987). Artemia salina (Linnaeus, 1758) is distributed 
in the Mediterranean basin and South Africa (Muñoz 
et al., 2008; Asem et al., 2010), along its asexual 
counterpart, Artemia parthenogenetica Bowen & 
Sterling, 1978 (Barigozzi, 1974).  

The latter is distributed in Europe, Africa, 
Asia and Australia. The origin of A. 
parthenogenetica in Australia is discussed in 
McMaster et al. (2007) and Muñoz et al. (2010) with 
the spread being linked to migratory flyways and to 
the Asian populations. On the American side, 
Artemia franciscana Kellogg, 1906 is considered a 
superspecies (Browne and Bowen, 1991; Gajardo et 
al., 2002), Artemia persimilis Piccinelli & 
Prosdocimi, 1968 is confined toSouth America, and 
Artemia monica Verrill, 1869 is particular to Mono 

Lake, California (Asem et al., 2010). A. franciscana, 
with the native range in America, Caribbean and 
Pacific islands, is responsible for massiveinvasionsin 
Europe and Asia, due to the commercial use of cysts 
(Muñoz et al., 2013, Muñoz et al., 2014, Horváth et 
al., 2018). The Asian populations are comprised of 
Artemia sinica Cai, 1989 in Central and Eastern Asia, 
Artemia tibetiana Abatzopoulos, Zhang & 
Sorgeloos,1998 in China (Tibet), Artemia urmiana 
Günther, 1899, endemic to Urmia Lake in Iran (West 
Azerbaijan Province) (Asem et al., 2010), and 
Artemia sp. Pilla & Beardmore, 1994 from 
Kazakhstan (Pilla and Beardmore, 1994). 

The species of this genus are split between 
bisexual and asexual species. Based on genetic 
studies, Abreu-Grobois and Beardmore (1980, 1982) 
postulated that the ancestral bisexual form originated 
in the Mediterranean and in the Middle East. Old 
World and New World species are split accordingly: 
bisexual species: A. salina,A. urmiana, A. tibetiana 
and A. sinicain Eurasia; A. franciscana and A. 
persimilisin the Americas; and the asexual species A. 
parthenogenetica, found exclusively in the Old 
World and Australia (Maniatsi et al., 2011; Hontoria 
et al., 2012).  

The bisexual species are diploid, with 2n=42 
(except forA. persimilis with 44), and the asexual 
species vary from 2n to 5n (Perez et al., 1994; 
Maniatsi et al., 2011). A. parthenogenetica, an 
obligate parthenogenetic form, has its origin, 
phylogeny and distribution still under analysis. 
(Muñozet al. (2010) suggested that the origin of 
parthenogenesis in Artemia is in Central Asia, and 
that the maternal sexual ancestor of A. 
parthenogenetica is A. urmiana together with an 
undescribed species in Kazakhstan (Artemia sp.). It 
was also hypothesized that shortly after their origin, 
parthenogens underwent a rapid expansion in Central 
Asia and towards the Mediterranean Basin, reaching 
its current distribution.  

This is thought to be caused by their 
adaptability to critical conditions (described in 
Gajardo and Beardmore, 2012) and the capacity of 
single females to establish an entire population. On 
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the issue of polyploidy in A. parthenogenetica, 
Maniatsi et al. (2011) analysed its origin and purpose 
in Artemia, and concluded that it occurred multiple 
times during its evolution and it gives evidence for 
the geographical distribution of parthenogens. 
Furthermore, they proposed that due to current 
inferences on multiple origins of parthenogenesis and 
polyploidy, as well as levels of diversity within 
parthenogens, the binomen A. parthenogenetica, 
suggested by Barigozzi (1974), should be abandoned, 
in favour of the concept of agamospecies (Mayr, 
2001).  

Since these closely related asexual lineages are 
identified on the basis of certain diagnostic or 
derived traits, the absence of sexual reproduction 
means that the biological species concept cannot be 
applied (Maniatsi et al., 2011). 

Another issue in Artemia taxonomy is the 
description of all individuals as A. salina, especially 
in older literature (Browne and Bowen, 1991; Asem 
et al., 2010), thus making it difficult to rely on 
previous information on the species.  

Due to the taxonomical issues described 
above, there is a lot of confusion regarding the real 
distribution of the genus in hypersaline lakes from 
Eastern Europe, Romania included. In this context, 
the aim of this paper is to review all the records of 
genus Artemia in Romania. 

 
ARTEMIA DISTRIBUTION IN EUROPE 

 
The distribution of Artemia in Romanian salt 

lakes is closely tied to that of Europe and the 
Mediterranean Basin. Many studies have described 
its biology (Barigozzi, 1974; Criel and Macrae, 2002; 
Gajardoand Beardmore, 2012, Zhang et al. 2013), 
morphology (Hontoria and Amat, 1992), 
biogeography (Vanhaecke et al., 1987; Brtek and 
Thiéry, 1995; Triantaphyllidis et al., 1998; Van 
Stappen, 2002), biodiversity (Amat et al., 2007; Van 
Stappen, 2008; Eimanifar et al., 2014), 
phylogeography ((Muñozet al., 2008; Muñoz et al., 
2010; Eimanifar et al., 2014) and phylogeny 
(Baxevanis et al., 2006; Maniatsi et al., 2011).  

Vanhaecke et al. (1987) describes over 350 
Artemia sites, on 5 continents.  Later, 
Triantaphyllidis et al. (1998), reviewed the 
distribution sites of Artemia worldwide, specifying 
the manner of reproduction and, where known, the 
species. For Europe and the Mediterranean, 
Triantaphyllidis et al.(1998) reportedalmost 
exclusivelyA. parthenogenetica, the Old-World 
asexual species, together with several records of A. 
salina in Cyprus, Italy and Spain. Subsequently, 
many studies described local populations of Artemia, 
from: Macaronesia (Hontoria et al., 2012), Algeria 
(Selselet et al., 2011); Portugal (Pinto et al., 2013); 

Crimeea (Shadrinet al., 2012), some along other 
branchiopods.  

In recent years, an increasing number of 
articles documented the dispersal of the invasive 
American species, A. franciscana. These invasions 
have been linked to both migratory flyways and to 
the commercial use of cysts (Muñoz et al., 2013; 
2014). Populations of A. franciscana have been 
described in Portugal, Spain, France, Italy (Scalone 
and Rabet, 2013; Muñoz et al., 2014) and recently in 
the Balkans, in Zadar Peninsula, Croatia (Horvath et 
al., 2018). 

 
RECORDS OF ARTEMIA IN ROMANIA 

 
First records of Artemiain Romania (Table 1) 

date back to the eighteenth century, and were made 
from the hypersaline lakes from Transylvania (Alexe 
et al., 2018). Other early descriptions of Artemia sp. 
were also made from Transylvanian lakes (Maxim, 
1931, 1937, 1943, from Ionescu et al., 1998), but also 
from Lake Techirghiol (Bujor, 1900, 1928, 1930, 
from Ionescu et al., 1998). 

Botnariuc and Orghidan (1953) systematized 
the Phyllopod fauna from Romania, and cited A. 
salina as the only species present in all hypersaline 
lakes from the country (Table 1). Pora etal. 
(1960,1962) and Onea et al. (1967,1968) describedA. 
salinain Lakes Techirghiol and Lacul Sărat Brăila, in 
the context of researches made on sapropels - 
sediments with therapeutic value. The following 
records, from 1978 to 1998, referred either to A. 
salina or to Artemiasp. (Table 1).  

Triantaphyllidis et al. (1998)placed for the 
first time A. parthenogenetica in the Romanian 
hypersaline lakes outside Transylvania, based on 
personal communications and not published research. 
Van Stappen (2002) replaced A. parthenogenetica 
with ”Artemia parthenogenetic strains” in the same 
lakes as Triantaphyllidis et al. (1998). 

Demeter and Stoicescu (2008) mentioned A. 
salina once again, but did so based on the fact that it 
was the only species officially recorded in the 
Phyllopod fauna from Romania (Botnariuc and 
Orghidan, 1953).  

Since no molecular studies were conducted on 
specimens from the Romanian salt lakes, as far as we 
know, the confusion remains: what species inhabit 
our saline lakes? A. salina, A.parthenogenetica, or 
the invasive A. franciscana? Due to the rapid 
expansion of this invasive American species (Muñoz 
et al., 2014; Van Stappen et al., 2020), and its arrival 
in the vicinity of Romania (Horvath et al., 2018), we 
must be prepared to preserve our native lineages and 
species. It is therefore paramount to correctly identify 
and characterize our Artemia populations. 
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Table 1. Records of Artemia sp. from the Romanian salt lakes 
 

Year Taxa cited References Location and details 

1794-1885 A. salina,  
Artemia sp. 

J. Grossinger (1794) cited by J. 
Daday (1884) and G. Entz 
(1886); J. Hankó (1844) and V. Sill 
(1861), E. von Friedenfels (1880, 
1885), from Alexe et al., 2018 

First observations, documented records and exhausitve 
description of Artemia sp. from Transylvanian lakes, part of the 
historical Hungary kingdom at that time (e.g. Lakes Turda and 
Ocna Sibiului). 

1900-1930 Artemia sp. Bujor, 1900, 1928, 1930 
from Ionescu et al., 1998 

Records in Lake Techirghiol. 

1931-1943 Artemia sp. Maxim, 1931, 1937, 1943, 
from Ionescu et al., 1998 

Records in Lakes Ocna Sibiu, Turda, Sic. 

1953 
 

A. salina Botnariuc and Orghidan, 1953 Record of A. salina as the only species in Romania, found in 
Lakes: Techirghiol, Tuzla (Constan�a County), Telega 
(Ploieşti County), Ocna Sibiu, Turda, Sovata, Cacica (Suceava 
County), and others. 

1960-1962 A. salina Pora et al., 1960, 1962 Records in Lake Techirghiol. 
1967-1968 A. salina Onea et al., 1967, 1968 Records in Lacul Sărat Brăila. 
1978 Artemia sp. Bulgăreanu et al., 1978, 

from Ionescu et al. 1998 
Records in Baia Miresii, Slănic Prahova. 

1980 
 

Artemia sp. Trică, 1980, 
from Ionescu et al. 1998 

Records in Lakes from Slănic Prahova:Baia Baciului, Baia 
Neagra, Baia Verde 1, Baia Verde 2 and Baia Verde 3. 

1982 Artemia sp. Ionescu et al., 1982,  
from Ionescu et al. 1998 

Record in Lake Ursu. 

1987 Artemia sp. Vanhaecke et al. 1987 (data source: 
Caspers, 1957; Pora et al., 1960, 1962) 

Record in Lake Techirghiol, parthenogenetic reproduction. 

1996 A. salina Bulgăreanu, 1996 Considered a frequent taxa with a major contribution to 
peloidogenesis (formation of muds with therapeutic value), in 
anthroposaline lakes (i.e. lakes formed by abandoned salt mine 
collapse or of mixed origin) from: Coştiui, Ocna Şugatag, Ocna 
Dej, Sic, Cojocna, Turda, Ocna Mureş, Sovata, Ocna Sibiu, 
Ocnele Mari, Slănic, Telega. 

1998 Artemia sp.  Ionescu et al., 1998 Review of previous Romanian records and original data: Lakes 
Ursu, Bătrân Ocna Şugatag;Cloşca Ocna Sibiu, Crişan Ocna 
Sibiu; Baia Baciului Slănic Prahova; Baia Neagră Slănic 
Prahova; Baia Verde 1 Slănic Prahova;  Baia Verde 2 Slănic 
Prahova;  Baia Verde 3 Slănic Prahova;  Baia Miresii Slănic 
Prahova. 

1998 A. 
parthenogenetica 

Triantaphyllidis et al., 1998 
(data source: Liliana Pana, personal 
communication) 

First mention of A. parthenogeneticain: Lake Techirghiol, 
Lacul Sărat, Brăila; Baia Baciului Slănic Prahova; Baia Neagra, 
Slănic Prahova; Baia Verde I, Slănic Prahova; Baia Verde II, 
Slănic Prahova; Baia Verde III, Slănic Prahova; Baia Roşie, 
Slănic Prahova; Telega Băi; Telega II; Telega III. 

2002 Artemia 
parthenogenetic 
strains 

Van Stappen, 2002 
(data source: Liliana Pana, personal 
communication) 

Artemia parthenogenetic strains: Lake Techirghiol, Lacul Sărat, 
Brăila; Baia Baciului; Baia Neagra, SP; Baia Verde I, SP; Baia 
Verde II, SP; Baia Verde III, SP; Baia Roşie, SP; Telega Băi; 
Telega II; Telega III; species status unknown: Ocna Sibiului; 
Movila Miresii; Sovata. 

2007-2008 A. salina Demeter and Stoicescu, 2008 Review of previous records in lakes from: Sic, Turda, 
Techirghiol, Tuzla, Sângiorgiu Mureş, Sovata, Slănic Prahova, 
Telega, Ocna Sibiu, Cacica Suceava. Year of last 
record in Romania: 2007. 

2018 Artemia sp. Alexe et al., 2018; personal data Records of parthenogenetic populations in lakes from: Ocna 
Dej, Jucu, Cojocna, Turda, Ocna Mureş, Ocna Sibiu, Sovata, 
Techirghiol, Slănic Prahova, Lacul Sărat Brăila. 

 
 

CONCLUSION 
 

The present paper reviewed the previous 
records of genus Artemia in Romania, listing the 
references and the locations known in the literature. 
Future studies are strongly required in order to clarify 
the taxonomic issues associated with this genus in 
our region. Artemia species must be correctly 
identified and their ecology re-assessed, for better 
understanding the hypersaline lakes, extreme 
environments in desperate need for protection. 

 

ABSTRACT 
 

The genus Artemia, known as the brine 
shrimp, represents an important inhabitant of 
hypersaline lakes of Romania. Worldwide, the genus 
consists of six well-characterized bisexual species 
and several clonal lineages described with the 
binomen Artemia parthenogenetica. Despite its 
conspicuous appearance and numerous records in the 
literature, dating back to the eighteenth century, no 
positive identification can be provided for Artemia in 
Romania: the citations change from Artemia salina, 
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to Artemia sp, Artemiaparthenogenetica, or 
parthenogenetic strains of Artemia. The present paper 
represents a review of previous records of the genus 
in Romania. Further studies are mandatory to clarify 
all taxonomic issues associated with this genus. 
 

REFERENCES 
 

1. ABREU-GROBOIS, F.A., BEARDMORE, J.A., 
1980 - International Study on Artemia. II. 
Genetic characterization of Artemia populations - 
an electrophoretic approach, In: Persoone G., 
Sorgeloos, P., Roels, O., Jaspers E. (Eds.), The 
brine shrimp Artemia. Vol. 1. Morphology, 
Genetics, Radiobiology, Toxicology. Universa 
Press, Wetteren, Belgium, pp. 133-146.   

2. ABREU-GROBOIS, F.A., BEARDMORE,J.A., 
1982 - Genetic differentiation and speciation in 
the brine shrimp Artemia, In: Barigozzi, C. (Ed.), 
Mechanism of speciation. Progress in clinical 
and biological research, Alan R. Liss, Inc., New 
York, USA. pp. 245-376. 

3. ALEXE, M., ŞERBAN, G., BARICZ, A., 
ANDREI, A. Ş., CRISTEA, A., BATTES, K.P., 
CÎMPEAN, M., MOMEU, L., MUNTEAN, V., 
PORAV, S.A, BANCIU, H.L., 2018 - 
Limnology and plankton diversity of salt lakes 
from Transylvanian Basin (Romania): A review, 
Journal of Limnology, 77(1), 17-34. 

4. AMAT, F., HONTORIA, F., NAVARRO, J. C., 
VIEIRA, N., MURA, G., 2007 - Biodiversity 
loss in the genus Artemia in the Western 
Mediterranean Region. Limnetica, 26(2), 387-
404. 

5. ASEM, A., 2008 - Historical record on brine 
shrimp Artemia more than one thousand years 
ago from Urmia Lake, Iran. Journal of Biological 
Research-Thessalonik, Thessalon, 9, 113-114. 

6. ASEM, A., RASTEGAR-POUYANI, N., DE 
LOS RÍOS-ESCALANTE, P., 2010 - The genus 
ArtemiaLeach, 1819 (Crustacea: Branchiopoda). 
I. True and false taxonomical descriptions. Latin 
American Journal of Aquatic Research, 38(3), 
501-506. 

7. BARIGOZZI, C., 1974 -Artemia. A survey of its 
significance in genetic problems,In: Dobzhansky, 
T. (Ed.), Evolutionary Biology, 7, Springer, pp. 
221–252. 

8. BAXEVANIS, A.D., KAPPAS, I., 
ABATZOPOULOS, T.J.,2006 - Molecular 
phylogenetics and asexuality in the brine shrimp 
Artemia. Molecular Phylogenetics and Evolution, 
40, 724–738. 

9. BOTNARIUC, N., ORGHIDAN, T., 1953 - 
Phyllopoda. In: Fauna Republicii Populare 
Române, Vol. 4, Fasc. 2, 1–98. 

10. BROWNE, R.A., BOWEN, S.T., 1991, 
Taxonomy and population genetics of Artemia, 
in: Browne, R.A., Sorgeloos, P., Trotman, 

C.N.A. (Eds.), Artemia Biology, CRC Press 
Taylor & Francis Group, 221-235. 

11. BRTEK, J., THIÉRY, A., 1995 - The geographic 
distribution of the European branchiopods 
(Anostraca, Notostraca, Spinicaudata, 
Laevicaudata). Hydrobiologia 298, 263–280. 

12. BUJOR, P., 1900 - Contribution à la fauna des 
lacs salés de Roumanie. Ann. Scient. Univ. Iaşi 
I/2, 1–40. 

13. BUJOR, P., 1928 - Nouvelle contribution à 
l’étude de la biologie du lac salé de Tékirghiol. 
Viaţa Românească, Iaşi, 1–85 [In Romanian with 
French abstract]. 

14. BUJOR, P., 1930 - Nouvelles contributions 
àl’etude de la biologie du lac Tekirghiol. I 
Congr. Nation. Natur. Rom., Cluj (1928), 139–
145 [In Romanian with French abstract]. 

15. BULGĂREANU, V.A.C., 1996 - Protection and 
management of anthroposaline lakes in Romania, 
Lakes & Reservoirs: Research and Management 
2, 211-229. 

16. BULGĂREANU, V.A.C., IONESCU-
ŢECULESCU, V., NĂSTASESCU, M., 
RACLARU, P., CEHLAROV, A., HANNICH, 
D., MOZA, D., 1978 - On the limnology of the 
hypersaline lake Baia Miresii (‘Muntele de sare’ 
Slănic-Prahova). Acta Botanica Horti 
Bucurestiensis (1977-1978), 67–87 [In Romanian 
with English abstract]. 

17. CASPERS, H., 1957 - Black Sea and Sea of 
Azov, In: Hedgpeth J.W. (Ed.), Marine ecology 
and paleoecology. Vol. 1. Geol. Soc. Amer. 
Mem. 67, pp. 801-890.  

18. CRIEL, G.R.J., MACRAE, T.R., 2002 - 
Reproductive biology of Artemia, In: 
Abatzopoulos, T.J., Beardmore, J.A., Clegg, J.S., 
Sorgeloos, P. (Eds.), Artemia: Basic and Applied 
Biology. Kluwer Academic Publishers, 
Dordrecht, The Netherlands, pp. 39–128. 

19. DADAY, J., 1884 - [Újabb adatok Kolozsvár és 
Erdély Crustacea-faunájának ismeretéhez].Orv. 
Term. Tud. Ért Term. Szak 6, 305-310[In 
Hungarian]. 

20. DEMETER, L., STOICESCU, A., 2008 - A 
review of the distribution of large branchiopods 
(Branchiopoda: Anostraca, Notostraca, 
Spinicaudata, Laevicaudata) in Romania, North-
Western Journal of Zoology, 4(2), 203-217. 

21. EIMANIFAR, A., VAN STAPPEN, G., 
MARDEN, B., WINK, M., 2014 -Artemia 
biodiversity in Asia with the focus on the 
phylogeography of the introduced American 
species Artemia franciscana Kellogg, 1906. 
Molecular Phylogenetics and Evolution, 79, 392-
403. 

22. ENTZ, G., 1886 - [Az erdélyi sós vizekben élő 
Artemiákról] Orv. Term. Tud. Ért.Term. Szak 8, 
101-113.[In Hungarian]. 

23. FRIEDENFELS, E., 1880 - [Über Artemia salina 
und andere Bewohner der Soolteiche in Salzburg 



  100

(Vizakna)]Verhandl. u. Mitteil, des siebenbürg. 
Vereins f. Naturwiss. In Hermannstadt. 30, 112-
177 [In German]. 

24. FRIEDENFELS, E., 1885 - [Weitere 
Beobachtungen über Artemia salina und die 
Salzburger Soolteiche] Verhandl. u. Mitteil, des 
siebenbürg. Vereins f. Naturwiss. in 
Hermannstadt. 35, 24-31[In German]. 

25. GAJARDO, G.M., BEARDMORE, J.A., 2012 - 
The brine shrimp Artemia: adapted to critical life 
conditions, Frontiers in physiology, 3, 185, doi: 
10.3389/fphys.2012.00185. 

26. GAJARDO, G., ABATZOPOULOS, T.J., 
KAPPAS I., BEARDMORE, J.A., 2002 - 
Evolution and speciation, In: Abatzopoulos, T.J., 
Beardmore, J.A., Clegg, J.S., Sorgeloos, P. 
(Eds.), Artemia: Basic and Applied Biology. 
Kluwer Academic Publishers, Dordrecht, The 
Netherlands, pp. 225–250. 

27. HANKÓ, J., 1844 - [Torda városának helyirata, 
melyei a magyar orvosok és természetvizsgálók 
ötödik nagy gyűlésére irt. Kolozsvárit (Cluj-
Napoca)] [In Hungarian]. 

28. HONTORIA, F., AMAT, F., 1992 - 
Morphological characterization of adult Artemia 
(Crustacea, Branchiopoda) from different 
geographical origin. Mediterranean populations. 
Journal of Plankton Research, 14(7), 949-959. 

29. HONTORIA, F., REDÓN, S., MACCARI, M., 
VARÓ, I., NAVARRO, J. C., BALLELL, L., 
AMAT, F., 2012 - A revision of Artemia 
biodiversity in Macaronesia, Aquatic 
Biosystems, 8(1), 25. 

30. HORVÁTH, Z., LEJEUSNE, C., AMAT, F., 
SÁNCHEZ-FONTENLA, J., VAD, C. F., 
GREEN, A. J., 2018 - Eastern spread of the 
invasive Artemia franciscana in the 
Mediterranean Basin, with the first record from 
the Balkan Peninsula. Hydrobiologia, 822(1), 
229-235. 

31. IONESCU, V., BULGĂREANU, V.A.C., 
NĂSTĂSESCU, M., VAIDA, V., HANNICH, 
D., 1982 - A biological stratification pattern of 
heliothermic and pelogenous lake Ursu (Sovata, 
Romania). Acta Botanica Horti Bucurestiensis 
(1981–1982), 185–195. 

32. MANIATSI, S., BAXEVANIS, A.D., KAPPAS, 
I., DELIGIANNIDIS, P., TRIANTAFYLLIDIS, 
A., PAPAKOSTAS, S., BOUGIOUKLIS, D., 
ABATZOPOULOS, T.J., 2011 - Is polyploidy a 
persevering accident or an adaptive evolutionary 
pattern? The case of the brine shrimp Artemia. 
Molecular Phylogenetics and Evolution, 58(2), 
353-364. 

33. MAXIM, I.A., 1931 - Kontribution zur 
Erklärung des Erwärmungsprozesses der 
Salzteiche von Siebenbürgen. II. Die Teiche von 
Ocna-Sibiului. Rev. Muzeului Geologic-
Mineralogic al Univ. din Cluj (1930). IV/1: 47–
111 [In Romanian with German abstract]. 

34. MAXIM, I.A., 1937 - Kontribution zur 
Erklärung des Erwärmungsprozesses der 
Salzteiche von Siebenbürgen (Rumänien). III. 
Die Teiche von Turda. Rev. Muzeului Geologic-
Mineralogic al Univ. din Cluj (1936). IV/1–2: 
209–320 [In Romanian with German abstract]. 

35. MAXIM, I.A., 1943 - Kontribution zur 
Erklärung des Erwärmungsprozesses der 
Salzteiche von Siebenbürgen (Rumänien). IV. 
Die Teiche von Sic (Somes) Rev. Muzeul 
Mineralogic-Geologic al Univ. din Cluj la 
Timişoara (1940–1941). VII/1–2: 153–208 [In 
Romanian with German abstract]. 

36. MAYR, E., 2001 - What Evolution Is. Basic 
Books, New York, pp. 318. 

37. MCMASTER, K., SAVAGE, A., FINSTON, T., 
JOHNSON, M.S., KNOTT, B.,  2007 - The 
recent spread of Artemiaparthenogenetica in 
Western Australia. Hydrobiologia, 576(1), 39-48. 

38. MUÑOZ, J., AMAT, F., GREEN, A. J., 
FIGUEROLA, J., GÓMEZ, A., 2013 - Bird 
migratory flyways influence the phylogeography 
of the invasive brine shrimp Artemia franciscana 
in its native American range, PeerJ, 1, e200. 

39. MUÑOZ, J., GÓMEZ, A., GREEN, A. J., 
FIGUEROLA, J., AMAT, F., RICO, C.,2008 - 
Phylogeography and local endemism of the 
native Mediterranean brine shrimp Artemia 
salina (Branchiopoda: Anostraca), Molecular 
Ecology, 17(13), 3160-3177. 

40. MUÑOZ, J., GÓMEZ, A., GREEN, A. J., 
FIGUEROLA, J., AMAT, F., RICO, C., 2010 - 
Evolutionary origin and phylogeography of the 
diploid obligate parthenogen Artemia 
parthenogenetica (Branchiopoda: Anostraca), 
PLoS One, 5(8), e11932. 

41. MUÑOZ, J., GÓMEZ, A., FIGUEROLA, J., 
AMAT, F., RICO, C., GREEN, A. J., 2014 - 
Colonization and dispersal patterns of the 
invasive American brine shrimp Artemia 
franciscana (Branchiopoda: Anostraca) in the 
Mediterranean region, Hydrobiologia, 726(1), 
25-41. 

42. ONEA, E., CĂRĂUŞU, F., CĂRUNTU, V., 
CRISTEA, V., 1968 - Quelques dates 
quantitatives sur la variation des dimensions et 
de la biomasse du Crustacé Artemia salina (L) de 
Lacul-Sărat Brăila. Inst. Pedagogic Galaţi. Lucr. 
ştiin�ifice. II, 239-262 [In Romanian with 
French abstract]. 

43. ONEA, E., CĂRĂUŞU, F., CĂRUNTU, V., 
CRISTEA, V., OLARU, V., 1967 - 
Contributions to the study of the biology of 
Lacul Sărat from Brăila. Societ. Ştiinţe Natur. şi 
Geogr. din RSR. Comunic. de Zoologie. IV, 47-
60 [In Romanian with Russian and English 
abstract]. 

44. PEREZ, M.L., VALVERDE, J.R., BATUECAS, 
B., AMAT, F., MARCO, R., GARESSE, R., 
1994 - Speciation in the Artemia genus: 



  101

mitochondrial DNA analysis of bisexual and 
parthenogenetic brine shrimps. Journal of 
Molecular Evolution, 38(2), 156-168. 

45. PILLA, E.J., BEARDMORE, J.A., 1994 - 
Genetic and morphometric differentiation in Old 
World bisexual species of Artemia (the brine 
shrimp). Heredity, 73(1), 47-56.  

46. PINTO, P.M., AMAT, F., ALMEIDA, V.D., 
VIEIRA, N., 2013 - Review of the biogeography 
Artemia Leach, 1819 (Crustacea: Anostraca) in 
Portugal. International Journal of Artemia 
Biology, 3(1), 56-56 

47. PORA,E.A., STOICOVICI, F., RUSDEA. D., 
1962 - Influenta factorilor osmitic si rapic asupra 
fixarii p32 de către Artemia salina din Lacul 
Techirghiol, Acad. Rep. Popul. Romîne Stud. 
Biol. Ser. Zool. 13, 337-345. 

48. PORA, E.A., STOICOVICI, F., RUSDEA, D., 
WITTENBERGER, C., KOLASOVITCH,H., 
1960 - La durée de survie et la consommation 
d’oxygène chez Idothea baltica de la Mer Noire 
et chez Artemia salina du Iac sursalé de 
Techirghiol en fonction du rapport ionique du 
milieu, Rapp. Proc.-Verb. Comm. Int. Explor. 
Mer Médit. 15(3), 189-198. 

49. SCALONE, R., RABET, N., 2013 - Presence of 
Artemia franciscana (Branchiopoda, Anostraca) 
in France: morphological, genetic, and biometric 
evidence, Aquatic Invasions, 8(1), 67-76. 

50. SCHLÖSSER, D.,1756 - Extrait d'une lettre de 
M. le Docteur Schlosser concernant un insecte 
peu connu. Observation periodique sur la 
physique, l'histoire naturille et les beaux arts, de 
Gautier, 58-60. 

51. SELSELET, G.S., AMAT, F., GHOMARI, M.S., 
HONTORIA, F., 2011 - Artemia biodiversity in 
Algerian sebkhas. Crustaceana, 84(9), 1025-
1039. 

52. SHADRIN, N., ANUFRIIEVA, E., 
GALAGOVETS, E., 2012 - Distribution and 
historical biogeography of Artemia Leach 1819 
(Crustacea: Anostraca) in Ukraine. International 
Journal of Artemia Biology, 2, 30-42. 

53. SILL, V., 1861 - [Über die in den 
Salzsoolteichen Siebenbürgens vorkommende 
Artemia] Verhandl. u. Mitteil, des siebenbürg. 
Vereins f. Naturwiss. in Hermannstadt 12, 118-
122[In German]. 

54. TRIANTAPHYLLIDIS, G., ABATZOPOULOS, 
T.J., SORGELOOS, P., 1998 - Review of the 
biogeography of the genus Artemia (Crustacea, 
Anostraca), Journal of Biogeography,25,213–
226. 

55. TRICĂ, V., 1980 - Hydrobiological 
investigations of salt lakes in the Slănic 
(Prahova) area, Hidrobiologia 16, 227–233 [In 
Romanian with Englsih abstract]. 

56. VAN STAPPEN, G., 2002 - Zoogeography. In: 
Abatzopoulos, T.J., Beardmore, J.A., Clegg, J.S., 
Sorgeloos, P. (Eds.), Artemia: Basic and Applied 
Biology. Kluwer Academic Publishers, 
Dordrecht, The Netherlands, pp. 171–224. 

57. VAN STAPPEN, G., 2008 -Artemia biodiversity 
in Central and Eastern Asia. Ghent University. 

58. VAN STAPPEN, G., SUI, L., HOA, V.N., 
TAMTIN, M., NYONJE, B., DE MEDEIROS 
ROCHA, R., SORGELOOS, P., GAJARDO, G., 
2020 - Review on integrated production of the 
brine shrimp Artemia in solar salt ponds. 
Reviews in Aquaculture, 12(2), 1054-1071. 

59. VANHAECKE, P., TACKAERT, W., 
SORGELOOS, P., 1987 - The biogeography of 
Artemia: an updated review. In: Sorgeloos, P., 
Bengtson, D.A., Decleir, W., Jaspers E. (Eds), 
Artemia research and its applications. 
Morphology, Genetics, Strain characterization, 
Toxicology,  Universa Press, Wetteren, Belgium, 
pp. 129-155. 

60. ZHANG, H., LUO, Q., SUN, J., LIU, F., WU, 
G., YU, J., WANG, W., 2013 - Mitochondrial 
genome sequences of Artemia tibetiana and 
Artemia urmiana: assessing molecular changes 
for high plateau adaptation. Science China Life 
Sciences, 56(5), 440-452. 

 
ACKNOWLEDGEMENTS 

 
The research was partly financed by the 

excellence scholarship awarded by the Babeş-Bolyai 
University, Cluj-Napoca, Romania to the authors. 
 

AUTHORS` ADDRESS 
 

BERINDEAN ALEXIA, BATTES KARINA 
PAULA (correspondent), CÎMPEAN MIRELA - 
Babeş-Bolyai University, Faculty of Biology and 
Geology, Department of Taxonomy and Ecology, 
Cluj-Napoca, Romania; Center of Systemic Biology, 
Biodiversity and Bioresources "3B", Advanced 
Hydrobiology and Biomonitoring Laboratory 
(LabHAB), Babeş-BolyaiUniversity, Cluj-Napoca, 
Romania; e-mails: alexia.berindean@stud.ubbcluj.ro, 
karina.battes@ubbcluj.ro, 
mirela.cimpean@ubbcluj.ro; 

KELEMEN BEATRICE - Babeş-Bolyai 
University, Faculty of Biology and Geology, 
Department of Molecular Biology and 
Biotechnology, Cluj-Napoca, Romania; Molecular 
Biology Center, Interdisciplinary Research Institute 
on Bio-Nano-Sciences, Babeş-Bolyai University, 
Cluj-Napoca, Romania, e-mail: 
beatrice.kelemen@ubbcluj.ro.

 


