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ABSTRACT

This study is aimed to find out possible differences or
similarities of growth rates of two bisexual species of
Artemia from Mexico and Iran. Through the obtained
results, the suitable strain of Artemia will be introduced
for possible application in aquaculture industry.. An
amount of 0.5 g of Artemia cysts from each population
was hatched and inoculated into 200L plastic beaker with
160L (60 gL salinity), pH 8-10 and a temperature of 26
+ 2°C. Each third day, animals were fed with 50mL of
rice bran, 1 L Tetraselmis sp. microalgae (500,000 cel
mL™), for 21 days. Each third day, total body length of
animals was measured for each population. A tendency
curve analysis was performed for growth values.
Absolute growth rate (AGR), instantaneous growth rate
(IGR) were obtained for comparison between
populations. CCl population showed significant
differences (P<0.05) with other Artemia populations. A.
urmiana population did not show any significant
differences with ZAC, LSLP and TEX populations. The
knowledge of growth rate of different species of Artemia
which is cultivated in the same temperature, salinity,
food type and food concentration, are of a great
importance for understanding of growth development.
There is a little information regarding to know growth
rate responses among different populations of Artemia.
This information is valuable for making predictions of
Artemia size and biomass production of different
populations of Artemia for commercial application in
aquaculture industry.

Key words: Artemia urmiana, Artemia franciscana, Growth
rates, absolute growth rate, instantaneous growth rate.

INTRODUCTION

The genus Artemia comprises a complex of
sibling species and superspecies defined by a
criterion of reproductive isolation (Browne and
Bowen 1991). A group named “New World”
species is composed of Artemia franciscana
Kellogg, 1906 (North, Central and South America),
Artemia persimilis Piccinelli & Prosdocimi, 1968
(Argentina) and Artemia monica Verrill, 1869
(USA). Another group named “Old World” species
is represented by Artemia salina (Linnaeus, 1758)
(Mediterranean basis), Artemia urmiana Gunther,
1900 (Lake Urmia, Iran), Artemia sinica Cai, 1989
(China and neighboring countries), Artemia
tibetiana Abatzopoulos, et al., 1998 (Tibet's high
Plateau), Artemia sp. Pilla and Beardmore 1994
(Kazakhstan) and parthenogenetic lineages which
are distributed in the OIld World, i.e., A.
parthenogenetica (Abatzopoulos et al. 2002).

These brine shrimp organisms are largely
distributed in inland and coastal hypersaline body
waters (Triantaphyllidis et al. 1998, Castro et al.
2000, Van Stappen 2002, EI-Bermawi et al. 2004).
Artemia may inhabit chloride, sulphate or carbonate
waters and combinations of more than two anions
(Bowen et al. 1985, Lenz et al. 1987). Artemia are
among a few organisms which adapted to survive in
a very diverse living conditions, including salinities
as low as 10g/L (Abatzopoulos et al. 2006g;
Abatzopoulos et al. 2006b) and as high as 340g/L
(Post and Youssef 1977).

Growth rate of two bisexual species of Artemia
Castro-Mejia J, Eimanifar A, Castro-Mejia G, Alcantara-Mufiiz NF, Wink M.

Recibido: 01 de Junio de 2012.

Aceptado 01 de Agosto de 2012.

Publicado: 01 de Diciembre de 2012


mailto:camj7509@correo.xoc.uam.mx

Revista Digital del Departamento
El Hombre y su Ambiente
ISSN: 2007-5782

2012. Vol.1 (1): 13-20

There are handful information concerning to
survival and growth rate characteristics of bisexual
and parthenogenetic populations cultivated in
different salinities (Vanhaecke et al. 1984, Browne
et al. 1984, Wear et al. 1986, Browne et al. 1991,
Triantaphyllidis et al. 1995, Triantaphyllidis et al.
1997a, Triantaphyllidis et al. 1997b, Browne and
Wanigasekera 2000, Abatzopoulos et al. 2003,
Baxevanis et al. 2004, Castro 2004, El-Bermawi et
al. 2004, Abatzopoulos et al. 2006b, Agh et al.
2008), owing to dropping rate of cyst harvesting
from Great Salt Lake, Utah, USA from 1977
(Lavens and Sorgeloos, 2000), the needs for
alternative resources have been extensively
intensified. This is understood especially in inland
saline lakes which have a natural source of Artemia
and can be used for commercial exploitation.

The aim of the present study is to make a
comparison of growth rates of two bisexual species
Artemia from inland saline water. Through the
present study we are able 1) to find differences or
similarity of growth rate from each population and
2) to choose Artemia strain for possible application
in aquaculture industry.

MATERIAL Y METODOS

Sampling localities

This study was conducted at Live Food
Production Laboratory of Autonoma Metropolitana
Xochimilco University, Mexico. Artemia population
with their partial localities on the map and
geographical coordinates are litsed in Table 1 and
Fig. 1.

Experimental conditions

An amount of 0.5 g of Artemia cysts from
each population was hydrated for one hour in tap
water and decapsulated with hypochlorite sodium
solution to remove the external cyst shell (Castro et
al. 2001). Mexican and Iranian populations were

hatched in a 4L plastic beaker with 35gL™ salinity,
pH 8-10, temperature of 23 + 2°C with continuous
illumination and aeration.

Nauplii collected for each population were
inoculated into 200L plastic beaker with 160L (60
gL salinity), pH 8-10 and a temperature of 26 *
2°C. Each third day, the organisms were fed with 50
mL of rice bran (100 gL™ solution) and every day
with a 1 L Tetraselmis sp. microalgae (500,000 cel
mL™). The organisms were maintained at these
conditions during 21 days.

Each third day, total length body of
organisms was measured for each population
(Fig.2).

A database in Excel 2010 was constructed
to obtain mean values and standard deviation for
total body length of each population (Tatsuoka
1970, Kachigan 1991). A tendency curve analysis
was performed for growth values of each population
using Excel 2010 program.

Table 1. Sampling localities and geographical
coordinates of Artemia populations examined in the

study.
Species Localities Country Geogra}phlcal
coordinates
Artemia . 37°36" N
urmiana Lake Urmia Iran 45°30°E
Artemia Cuatro Cienegas _ 26°56°N
franciscana de C""r.fanza' Mexico 102°05"W
Coahuila (CCI)
Artemia Santo Domingo, Mexico 23°19°N
franciscana Zacatecas (ZAC) 101°43'W
Las Salinas de
Artemia Hidalgo, San Mexico 22°37°N
franciscana Luis Potosi 101°43'W
(LSLP)
Artemia Texcoco, state of Mexico 19°33'N
franciscana Mexico (TEX) 99°00°'W
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(a) Mexico

Fig.1. Map sites of Artemia populations from Mexico and Iran.

Nauplius total Juvenile total length Adult total length
length

Fig.2. Diagram of total body length biometry considered in the experiment.

Absolute growth rate (AGR) was obtained Instantaneous growth rate (IGR) was
using the following formula (Wooton 1991): obtained using the following formula (Soriano y
Hernandez 2002):

Lenghtfinpa — Lenghtpiria

LN Lenghtgppa — LN Lengthypy
Timegnna — Timejgiya Instantaneous growth rate = _E fond - i x100
Timeginng — Timepirig)

Absolute growth rate =
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RESULTS

The mean values of total body length with
standard deviation are shown in Table 2. After 21
days culturing period, CCI population showed a
significant difference (P<0.05) compare to other
inland water populations. A. urmiana did not show
any significant differences with ZAC, LSLP and
TEX Artemia populations.

The tendency curve analyses are depicted in
Fig.3. The best curve tendency used to explain
Artemia growth rate for all populations was a
logarithmic curve.

Total body length and growth rates values
are summarized in Table 3. CCI population showed
significant differences (P<0.05) with other Artemia
populations. A. urmiana population did not show
any significant differences with ZAC, LSLP and
TEX populations.

DISCUSSION

Many studies of different species of Artemia
indicate differences in survival, growth and
reproductive patterns characteristics (Castro et al.
2011). Triantaphyllidis et al. (1995), EI-Bermawi et
al. (2004), Agh et al. (2008) and Castro et al.
(2011), reported that growth rates in brine shrimp
Artemia is inversely proportional to salinity and
each Artemia strain has different response to salt
concentration. In this case, salinity was maintained
at 60gL™ during all experiments to eliminate this
physic-chemical variable in the growth rate values
from each population. This can be observed clearly
in the growth rate values, i.e. AGR and IGR did not
show any differences in millimeters and percentage
values. The best growth value is observed in Cuatro
Cienegas population which is actually because of
bigger size of nauplius rather than the rest Artemia
populations. The bigger nauplius size increased at
the same rate in millimeters and percentage in the
same culture medium, which consequently gave
bigger adult organisms.

Forster and Hirst (2012), confirmed that
adult size is an effect a product of growth rate
(increase in size and weight per time) and the
possible differences can show at final life stages and

the time taken to reach this mature stage (Stillweel
and Fox 2005).

Considering to feeding rate, Artemia was
considered a continuous, non-selective, obligate
phagotrophic filter feeding organism (Evjemo and
Olsen, 1999), which ingested food using larval
antennae in star development stage, but during post-
embryonic development the feeding function is
gradually taken over by multifunctional thoracopods
(Evjemo and Olsen, 1999). These morphological
structures changes at same rate in all these
populations which was the reason they can increase
their body size at the same rate. The food was not a
variable factor, because the same concentration was
incorporated to culture medium of Artemia,
considered the same energy transfer in all
experiments.

Another variable factor which could have
effect on growth rate of Artemia populations was
temperature. Sorgeloos et al. (1986) mentioned that
for most Artemia species the optimum temperate
range were 25-30°C. Temperature value in this
experiment was kept at (26x2°C). Figueiredo et al.
(2009), and Anger (2001), mentioned that
temperature has been recognized as a key
environmental  factor influencing  crustacean
development and growth. The growth rate increased
with temperature, which may be explained by
metabolic acceleration and consequently greater
moult frequency. The growth rate also increases
with salinity, but the literature agrees that
temperature regulates Artemia growth much more
than salinity (Narciso 2000).

Another variable factor that can be modified
the results must be the microalgae species. The
digestibility and the nutritional value of the algae
will also affect the growth rate potential of these
organisms (Evjemo and Olsen 1999). These authors
mentioned that it is necessary to maintain stable
microalgae type, concentration of microalgae and
density of organisms which also maintained in this
experiment in order to avoid changes in growth rate.
They mentioned growth rate in Artemia franciscana
populations decrease when they are in pre-adult
stages (5.2-5.8 mm), but they show the same growth
curve. In this experiment, we can observe the same
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Table 2. Mean values (£S.D.) of total body length values of Artemia populations studied.

Artemia populations studied

Sampling Cuatro Cieneaas Santo Domingo, Las Salinas, San ~ Texoco, State of ~ Lake Urmia,
9 Zacatecas Luis Potosi Mexico Iran
0 0.468° 0.430° 0.425" 0.423" 0.469"
D.S. +0.013 +0.010 +0.007 +0.018 +0.012
3 2.039 1.868 1.837 1.825 1.835
D.S. +0.121 +0.114 +0.148 +0.167 +0.117
6 5.310 4,864 4,784 4,750 3.771
D.S. +0.162 +0.287 +0.257 +0.120 +0.485
9 5.536 5.071 4,987 4,952 5.172
D.S. +0.136 +0.139 +0.232 +0.118 +0.912
12 7.932 7.266 7.146 7.096 7.605
D.S. +0.143 +0.273 +0.271 0.270 +0.726
15 9.864 9.036 8.885 8.822 8.968
D.S. +0.099 +0.103 +0.126 +0.137 +0.062
18 11.166 10.227 10.057 9.985 10.175
D.S. +0.165 +0.144 +0.099 +0.116 +0.104
21 12.175° 11.152° 10.966" 10.888° 11.110°
D.S. +0.094 +0.065 +0.078 +0.110 +0.118

Note: Same letters in the row, shows no significant differences (P<0.05)

Table 3. Total body length and growth rates values of Artemia populations.

Artemia populations Total body length Absolute growth rate (AGR)  Instantaneous growth rate

(mm) (mm) (IGR) (%)
Lake Urmia, Iran 10.64 0.507 11.261
Cuatro Cienegas, Coahuila 11.71 0.557 11.715
Santo Domingo, Zacatecas 10.72 0.511 11.297
Las Salinas, San Luis Potosi 10.54 0.502 11.215
Texcoco, State of Mexico 10.64 0.507 11.261
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Fig.3. Curve tendency analysis of growth values of Artemia populations studied.

rate growth value not only with A. franciscana but
also with A. urmiana species.

Sayg (2004) mentioned that geographical
isolations of populations in specific biotopes with
different temperature and salinity conditions can
result in different tolerance ranges for each Artemia
strains and their different responses can be
attributed to local adaptation, but considered the
same variable conditions for all studied populations.
It is important to obtain the same negative or

positive growth response and compare the biometry
rate results.

The knowledge of growth rate of different
species of Artemia which is cultivated in the same
temperature, salinity, food type and food
concentration, are of a great importance for
understanding of growth development. There is a
little information regarding to know growth rate
responses among different populations of Artemia.
This information is valuable for making predictions
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of Artemia size and biomass production of different
populations of Artemia for commercial application
in aquaculture industry.

BIBLIOGRAPHY

Abatzopoulos TJ., N El-Bermawi, C. Vasdeskis, AD
Baxevanis and P. Sorgeloos (2003). Effects of
salinity and temperature on reproductive and life
span characteristics of clonal Artemia. (International
Study on Artemia. LXVI), Hydrobiologia 492 (1-3):
191-199.

Abatzopoulos TJ, N Agh, G Van Stappen, SM Razavi-
Rouhani and P Sorgeloos. (2006a). Artemia sites in
Iran. Journal of Marine Biology Association 86:
229-307.

Abatzopoulos TJ, AD Baxevanis, GV Triantaphyllidis, G
Criel, EIl Pador, G Van Stappen and P. Sorgeloos.
(2006b). Quality evaluation of Artemia urmiana
Giinther (Urmia Lake, Iran) with special emphasis
on its particular cysts characteristics (international
study on Artemia, LXIX). Aquculture 254: 442-454.,

Agh NG, G Van Stappen, G Bossier, H. Sephri, V Lofti,
SMR Rouhani and P. Sorgeloos. (2008). Effects of
salinity on survival, growth, reproductive and life
span characteristics of Artemia populations from
Urmia Lake and neighboring lagoons, Pakistani
Journal of Biology Science 11: 164-172.

Anger K. (2001). The biology of decapod crustacean
larvae. In: Vonk, R. (Ed.), Crustacean Issues, vol.
14. A. A. Balkema Publishers, Lisse. 419 pp.

Baxevanis AD, N. El-Bermawi, TJ Abatzopoulos and P.
Sorgeloos. (2004). Salinity effects on maturation,
reproductive and life span characteristics of four
Egyptian Artemia populations (International Study
on Artemia. LXVIII), Hydrobiologia 513: 87-100.

Bowen ST, EA Fogarino, KN Hitchner, Gl Dana, VHS
Chow, MR Buoncristiani AN JR Carl. (1985).
Ecological isolation in Artemia: population
differences in tolerance of anion concentrations.
Journal of Crustacean Biology 5: 106-129.

Browne RA and G Waniwasekera (2000). Combined
effects of salinity and temperature on survival and
reproduction of five species of Artemia. Journal
Experimental Marine Biology Ecology 244: 29-44.

Browne RA., M. Li, G. Wanigasekera, S. Simoneck, D.
Brownlee, G. Eiband and J. Cowan (1991).
Ecological, physiological and genetic divergence of
sexual and asexual (diploid and polyploid) brine
shrimp (Artemia). Advances Ecol., 1: 41-52.

Browne RA and ST Bowen. (1991). Taxonomy and
population genetics of Artemia. pp. 221-235.

Browne RA, P Sorgeloos, CNA. Trotman (Eds.).
Artemia Biology. CRC Press, Boca Raton, Florida,
USA.

Browne RA., SE Sallee, DS Grosch, WO Segreti and SM
Purser.  (1984).  Partitioning  genetic  and
environmental components of reproduction and
lifespan in Artemia. Ecology 65(3): 949-960.

Castro BT., MG Castro, MJ Castro, AR De Lara and SA
Malpica. (2001). Alimento vivo para organismos
acuaticos. Editorial AGT. S.A. México. 146 p.

Castro BT, SA Malpica, JM Castro, GM Castro and AR
de lara. (2000). Environmental and biological
characteristics of Artemia ecosystems in México:
and updated review. pp. 191-202. In Munawar M,
SG Lawrence, IF Munawar and DF Malley (eds.).
Aquatic Ecosystems of México. Status and scope.
Backhuys Publishers, Leiden, The Netherlands.

Castro MJ. (2004). Caracteristicas morfométricas y
reproductivas (hibridacién) de siete poblaciones de
Artemia franciscana en México, en relacion a su
habitat y latitud. Tesis de Maestria. Universidad
Auténoma Metropolitana lIztapalapa. México. 114
p.

Castro-Mejia J, T Castro-Barrera, LH Hernandez-
Hernandez, JL Arredondo-Figueroa, G Castro-
Mejia and R. De Lara-Andrade (2011). Effects of
salinity on growth and survival in five Artemia
franciscana (anostraca:Artemiidae) populations
from Mexico pacific coast. Rev. Biol. Trop. (int. J.
Trop. Biol.) 59(1): 199-206.

El-Bermawi N, AD Baxevanis, TJ Abatzopoulos, G Van
Stappen and P Sorgeloos. (2004). Salinity effects on
survival, growth and morphometry of four Egyptian
Artemia populations (International Study on
Artemia. LXVII). Hydrobilogia 523: 175-188.

Eviemo JO and Y. Olsen (1999). Effect of food
concentration on the growth and production rate of
Artemia franciscana feeding on algae (T. iso).
Journal of experimental marine Biology and
ecology 242: 273-296.

Figueiredo J., R van Woesik, J Lin and L. Narciso.
(2009). Artemia franciscana enrichment model-
How to keep them small, rich and alive?
Aquaculture 294: 212-220.

Forster J. and AG Hirst. (2012). The temperature-size
rule emerges from ontogenic differences between
growth and development rates. Functional Ecology
26: 483-492.

Kachigan SK. (1991). Multivariate statistical analysis. A
conceptual introduction. Radius. New York, EEUU.

Growth rate of two bisexual species of Artemia
Castro-Mejia J, Eimanifar A, Castro-Mejia G, Alcantara-Mufiiz NF, Wink M.

Recibido: 01 de Junio de 2012.

Aceptado 01 de Agosto de 2012.

Publicado: 01 de Diciembre de 2012

19



Revista Digital del Departamento
El Hombre y su Ambiente
ISSN: 2007-5782

2012. Vol.1 (1): 13-20

Lavens P. and P Sorgeloos. (2000). The history, present
status and prospects of the availability of Artemia
cysts for aquaculture, Aquaculture 181: 397-403.

Lenz PH. (1987). Ecological studies on Artemia: a
review. pp. 5-18. In: Sorgeloos P, DA Bengtson, W
Decleir and E Jaspers. (eds.). Artemia Research and
its Applications, Vol. 3. Ecology, Culturing, Use in
Aquaculture. Universa Press, Wetteren, Belgium.

Narciso L. (2000). Biologia e Cultivo de Artemia sp.
(Crustacea, Branchiopoda): sua Utilizagdo em
Aquacultura. Prémio do Mar Rei D. Carlos 1998.
Céamara Municipal de Cascais. 94 p.

Post FJ and NN Youssef (1977). A prokaryotick
intracellular symbiont of the Great Salt Lake brine
shrimp Artemia salina (L.). Canadian Journal of
Microbiology 23: 1232-1236.

Sayg YB (2004). Characterization of phartenogenetic
Artemia population from Camalti (Izmir, Turkey)
and Kalloni (Lesbos, Greece): survival, growth,
maturation, biometrics, fatty acid profiles and
hatching characteristics. Hydrobiologia 527: 227-
239.

Sorgeloos P, P Lavens, PH Leger, W Tackaert and D
versichele (1986). Manual for the culture and use of
brine shrimp in aquaculture. Ghent University,
Belgium, 319 p.

Soriano SMB and OD Hernandez (2002). Tasa de
crecimiento del pez angel Pterophyllum scalare
(perciformes:  Cichlidae) en condiciones de
laboratorio. Acta Universitaria 12(2): 28-33.

Stillwell RC and CW Fox (2005). Complex patterns of
phenotypic  plasticity: interactive effects of
temperature during rearing and oviposition. Ecology
86:924-934.

Tatsuoka MM. (1970). Selected topics in advanced
statistics. An  Elementary  Approach. No.6.
Discriminant Analysis, IPAT. lllinois, EEUU. 57 p.

Triantaphyllidis GV, K. Poulopoulou, TJ Abatzopoulos,
CAP Perez and P. Sorgeloos (1995). International
study on Artemia XLIX. Salinity effects on survival,

maturity, growth, biometrics, reproductive and
lifespan characteristics of a bisexual and a
parthenogenetic population of Artemia.
Hydrobiologia. 302: 215-227.

Triantaphyllidis GV., GRT Criel, TJ Abatzopoulos and P.
Sorgeloos (1997a). International study on Artemia.
LI1I. Morphological study of Artemia with emphasis
to Old World strains. |. Bisexual populations.
Hydrobiologia 357: 139-153.

Triantaphyllidis GV., GRT Criel, TJ Abatzopoulos, KM
Thomas, J Peleman, JA Beardmore and P.
Sorgeloos (1997b). International study on Artemia.
LVII. Morphological and molecular characters
suggest conspecificity of all bisexual European and
North African Artemia populations. Marine Biology
129: 477--487.

Triantaphyllidis GV, TJ Abatzopoulos and P. Sorgeloos.
(1998). Review of the biogeography of the genus
Artemia  (Crustacea,Anostraca).  Journal  of
Biogeography 25: 213-226.

Van Stappen G. (2002). Zoogeography. Chapter 1V. p.
171-224. In. Artemia Basic and Applied Biology.
Abatzopoulos TJ, JA Beardmore, JS Clegg and P
Sorgeloos (eds.). Kluwer Academic Publishers, The
Netherlands, 286 p.

Vanhaecke P., SE Siddall and P. Sorgeloos. (1984).
International study on Artemia. XXXII. Combined
effects of temperature and salinity on the survival of
Artemia of various geographical origins. Journal of
Experimental Marine Biology and Ecology 80:
259-275.

Wear RG., SJ Haslett and NL Alexander (1986). Effects
of temperature and salinity on the biology of
Artemia fransiscana Kellogg from Lake Grassmere,
New Zealand, 2. Maturation, fecundity, and
generation times. Journal of Experimental Marine
Biology and Ecology 98 (1-2): 167-183.

Wooton RF (1991). Ecology of teleost fishes. Fish and
Fisheries Series. Chapman Y and Hall 2-6. Bodanz
Row. London SE. 1 8HN 404 p.

Growth rate of two bisexual species of Artemia
Castro-Mejia J, Eimanifar A, Castro-Mejia G, Alcantara-Mufiiz NF, Wink M.

Recibido: 01 de Junio de 2012.

Aceptado 01 de Agosto de 2012.

Publicado: 01 de Diciembre de 2012

20



