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ABSTRACT 

The brine shrimp, Artemia thrives in sea water salinity. In such condition, high survival and nauplii production 

rather than cysts should be expected. In this study, low salinity (0-32 gL
-1

) was tested for its effect on survival and 

some reproductive traits of four Artemia strains: Artemia franciscana from the Great Salt Lake (GSL) and Vinh 

Chau as well as parthenogenetic strains from Tuz and Balikun. Survival at instar I and II developmental stages was 

tested in axenic condition over 48 h, while that of two inoculation ages (0 and 8 days) was tested in xenic condition 

over nine days. Reproductive traits were also assessed xenically. Results showed that in the xenic test, the GSL 

strain had significantly (p<0.05) higher survival at 20 and 32 gL
-1

.  No difference (p>0.05) was found between the 

two instar developmental stages tested. Similarly, no significant differences (p>0.05) were observed among the 

inoculation ages at the different salinities except at 5 gL
-1

. The GSL strain had significantly (p<0.05) higher 

offspring produced as nauplii. We conclude that 20 gL
-1

 salinity and the GSL strain are the most suitable when 

considering biomass culture for the purpose of nauplii production as live food for aquaculture species. 
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INTRODUCTION 

Artemia populations existing naturally in the wild 

inhabit environments with a wide range of salinity. 

Artemia have been found in salinities as low as 3 gL
-1

 

and as high as 340 gL
-1

 (Gajardo & Beardmore, 2012). 

Consequently, their culture either in large artificial 

ponds for commercial purposes or in the laboratory for 

experimental purposes has also been conducted in 

media at varying levels of salt concentrations. Several 

investigations, particularly in terms of survival and 

growth characteristics have been conducted at ranges 

between sea water salinity to levels which are well 

above it (Browne & Wanigasekera, 2000; 

Abatzopoulos et al., 2003; El-Bermawi  et al., 2004; 

Agh et al., 2008; Castro-Mejia et al., 2011; Aalamifar 

et al., 2014). Generally, Artemia perform efficiently at 

a salinity range 30 – 80 g L
-1

 (Lavens & Sorgeloos, 

1991). Physiologically, Artemia has been regarded to 

thrive well at sea water salinity (Van Stappen, 1996a). 

Considering that high caloric cost for osmoregulation 

occurs at higher salinity (Wedemeyer, 1996), other 

physiological functions will consequently occur less 

optimally and conversely, better physiological 

performances are expected at low salinity. 

Studies have shown that certain strains of Artemia, 

however, thrive better at low salinity. During a nine-

day study for the combined effects of temperature and 

salinity on the survival of Artemia from various 

geographical origin, high survival was recorded at 

salinities ranging from 35 to 110 gL
-1 

in twelve out of 

thirteen strains tested. Significant differences in 

response to lower salinities between 5 and 15gL
-1 

revealed that some strains such as the Artemia 

persimilis strain from Buenos Aires, Argentina, could 

perform considerably better than the others tested 

(Vanhaecke et al., 1984).  A laboratory study using 

parthenogenetic and bisexual Artemia from India 

(exact strains not specified) cultured over 20 days in 

freshwater (2 g L
-1

), brackish water (28 – 33 gL
-1

) and 

seawater (34 – 55 gL
-1

) showed that high survival of 

both strains was achievable with the brackish water 

(75 % survival) and seawater (80 % survival), but 

survival was low in the freshwater (Soundarapandian 

& Saravanakumar, 2009). A parthenogenetic 

population in small temporary lagoons around Lake 
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Urmia, Iran, was monitored in the field over a period 

of two years, and was observed to reach maturity at 

very low salinity of 10 gL
-1

, and to reproduce at 

salinity between 15 -20 gL
-1

 (Agh et al., 2007). 

Within the overall scope of this research work, the 

culture of Artemia biomass for the purpose of nauplii 

production by utilizing the ovoviviparous reproductive 

mode was considered. Artemia nauplii are mainly used 

as live food for the larvae of many aquaculture species. 

Nauplii production using ovoviviparously reproducing 

biomass has previously been described, using a 

technique which involves diet manipulation, optimal 

culture water exchange and high constant oxygen 

levels (Lavens & Sorgeloos, 1987). The culture was 

conducted at 50 gL
-1

 salinity and the system yielded up 

to 30 g wet weight nauplii day
-1 

100 L
-1

 culture tank at 

a stocking density of 5,000 adults L
-1 

over a culture 

period of 35 days. Therefore, the present study further 

considered culturing Artemia at low salinity. Contrary 

to the practice of culturing in high salinity for the 

purpose of cyst production (oviparity), low salinity 

was considered to support good physiological 

condition, and consequently to result in high survival 

and ovoviviparity. 

In addition to the low salinity treatment and in 

order to ensure that high survival is achieved during 

culture, the test also considered the responses of 

Artemia at some selected growth stages. It has been 

reported that different growth stages in Artemia are 

affected differently by salinity (Clegg & Trotman, 

2002). According to these authors, the enzyme Sodium 

Potassium Adenosine triphosphatase (Na, K-ATPase) 

is known to be involved with the osmoregulatory 

mechanism in both nauplii and adult stages of Artemia. 

However, the level of the enzyme found in the nauplii 

is based on a programmed mechanism which is 

independent of environmental salinity. This 

programmed mechanism has been considered to occur 

only for a short-term, mainly from the period of 

emergence of the embryo to the first nauplii 

development stage. In contrast to the apparently 

independent osmoregulatory mechanism of the nauplii, 

the Na, K-ATPase in adult Artemia seems to be 

influenced by the environmental salinity (Clegg & 

Trotman, 2002). Conversely, Vanhaecke et al. (1984) 

asserted that mortality rate in Artemia reduces as they 

grow to adult stages, while other studies (Wear & 

Haslett, 1986; Wear et al., 1986) reported that adult 

Artemia are more tolerant than juveniles. On these 

premises, two hypotheses were formulated. Firstly, we 

assumed that if the independent osmoregulatory 

mechanism in the nauplii is limited only to the instar I 

stage (Clegg & Trotman, 2002), then there is a 

likelihood of increased mortality rate when the instar II 

stage is used for inoculation of culture. Secondly, if 

mortality rate reduces in adult Artemia and if the adults 

are more tolerant than the juveniles (Vanhaecke et al., 

1984; Wear et al., 1986), then it will be more 

beneficial to inoculate the culture with the adults rather 

than with the nauplii. 

As salinity preference and tolerance in Artemia 

may be strain-specific and influenced by growth stages 

respectively, laboratory tests are indispensable before 

mass culture, with the aim to select a suitable low 

salinity level, an Artemia strain with high rates of 

survival and ovoviviparity, and an appropriate 

inoculation age of Artemia. The objective of the study 

was to investigate the effect of low salinity on the 

survival of a number of Artemia strains at different 

growth stages, and on their reproduction and life traits. 

 

MATERIALS AND METHODS 

A total of four strain, two strains belonging to the 

species Artemia franciscana (Kellogg, 1906) and two 

parthenogenetic strains were used in the study (Table 

1). Cysts of the four strains were obtained from the 

cyst bank of the Laboratory of Aquaculture & Artemia 

Reference Center (ARC), Ghent University, Belgium. 

The cysts had been under storage in air tight packs 

under cold conditions (+4 ˚C). 

 

Experimental Design 

Three different experiments were conducted to test 

for the performance of Artemia at low salinities (0 – 32 

gL
-1

). In Experiment 1 and 2, Artemia were hatched in 

standard seawater salinity (32 gL
-1

), and incubated into 

lower salinity at different developmental stages: in 

experiment 1 were instar I and instar II; in Experiment 

2 were instar I and 8 days-old pre-adults. In both cases 

survival was recorded. In Experiment 3, animals from 

Experiment 2 (those exposed to low salinity from 

instar I onwards), after termination of the previous test, 

were taken for subsequent observation of their 

reproductive behaviour at low salinity. 

 

Experiment 1: The effect of low salinity on the 

survival of instar I and II developmental stages of 

the different strains in axenic conditions  

The survival of nauplii of the different Artemia 

strains at instar I and II developmental stages was 

tested at 0, 5, 10 and 32 g L
-1 

salinity over a 48 h 

experimental period, whereby the highest salinity was 

used as control. The different culture media (except 0 g 

L
-1

 which was fresh municipal water) were prepared by  
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Table 1:  Species/strain, origin, reference number, mode of reproduction and abbreviations of Artemia used in the 

study. 
1
 = Van Stappen (2002) 

Species / Strain 
Country of 

origin 

ARC reference 

number 

Reproductive 

mode 

Abbreviations 

Used 

A. franciscana / Great Salt Lake USA 1768 B
1
 GSL 

A. franciscana / Vinh Chau Vietnam 1787 B VC 

Parthenogenetic / Tuz Kazakhstan 1761 P
1
 TUZ 

Parthenogenetic / Balikun China 1781 P
1
 BLK 

B= Bisexual; P= Parthenogenetic 

 

mixing natural sea water of 32 g L
-1

 salinity with fresh 

municipal water and the desired salinity was checked 

with a digital refractometer (Hanna Instruments: HI 

96822) to the nearest 1 g L
-1

. 

The test was conducted axenically (Baruah et al., 

2010). In order to maintain axenicity of cysts and 

nauplii, all manipulations were performed under a 

laminar flow hood. Sterilized Falcon tubes (FT) were 

used for hydrating the cysts and aeration was supplied 

through disinfected (using a solution of ethanol and 

denaturol) air tubes fitted with sterilized air filters and 

connected to an external air source.  To neutralize the 

disinfectant, air was allowed to pass through the tubes 

for a few minutes. Air tubes were then inserted to the 

bottom of the FTs containing 18 mL distilled water, to 

ensure cysts were suspended within the water column 

during hydration and decapsulation. For each strain a 

small quantity of cysts (0.2 g) was added into the FTs 

and was allowed 1 h hydration period to ensure 

adequate decapsulation. In order to prevent pH from 

dropping below the desirable range, 660 µL NaOH was 

added into each FT while cysts were still being 

aerated. Subsequently, 10 mL NaOCl was added to 

decapsulate the cysts. Approximately 2 min was 

allowed until cysts colour changed to orange, after 

which 14 mL sodium thiosulphate (Na2S2O3) was 

added to neutralise the hypochlorite. At this point, 

cysts were sieved over a filter of 50 µm mesh size and 

thoroughly rinsed with 35 g L
-1 

filtered autoclaved sea 

water (FASW). Rinsed decapsulated cysts of each 

strain were transferred into two FTs filled with FASW 

for hatching. The FTs were placed on a rotor (to ensure 

cysts were kept in continuous suspension) at a rotating 

speed of 5 rpm in a temperature-controlled room (28 

˚C) and exposed to a constant illumination of 

approximately 27 µEm
-
²sec.  

The FTs were checked regularly from 16 h of 

incubation onwards for appearance of first instar 

nauplii.  One FT per strain was retrieved from the rotor 

at the sight of adequate amounts of free swimming 

nauplii. Batches of small amounts of instar I were 

taken and rinsed with autoclaved solutions of the 

different salinity concentrations over a 150 µm sterile 

filter before the nauplii were transferred into sterile 

petri dishes containing medium of the same salinity. 

Twenty individuals each were pipetted under the 

binocular microscope from the respective petri dishes 

into triplicate autoclaved screw cap bottles containing 

20 mL of the respective experimental salinities, which 

was adjusted to 30 mL final volume. Feeding was done 

once with autoclaved Aeromonas harveyi (LVS3) at 

10
7 

CFU mL
-1

 before bottles were tightly covered and 

placed randomly on a rotor in the temperature-

controlled room as described above. LVS3 was 

prepared according to standard procedures (Defoirdt et 

al., 2006) and the density was determined using the 

following equation: 

 

Concentration (CFUmL
-1

) = [1200 x 10
6
 x OD] x d 

Where: OD = Optical density; d= Dilution factor 

 

The second batch of FTs containing the different 

strains was retrieved from the rotor approximately 8 h 

later, which is the approximate period for molting of 

nauplii from instar I to II (Van Stappen, 1996b). All 

further experimental procedures were exactly as 

described for instar I above. Survival of each batch 

was scored at the end of 48 h. This was achieved by 

pouring the entire content of each FT into a petri dish 

and counting surviving animals under the binocular 

microscope. 

 

Experiment 2: The effect of low salinity on the 

survival of instar I and pre-adults in xenic 

conditions  

Artemia were incubated in low salinity medium at 

two different ages (i.e. at 0 days representing freshly 

hatched nauplii and at 8 days representing the pre-adult 

stage) and their survival was recorded over a period of 

nine days. The different salinities (0, 5, 10, 20 and 32 g 

L
-1

, with the highest salinity used as control) were 
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prepared and checked as described in the axenic test. 

The test was conducted xenically. Cysts were 

incubated and hatched following standard procedures 

as described by Sorgeloos et al. (1986). Experimental 

procedures were adapted from Vanhaecke et al. 

(1984). For the animals incubated into low salinity at 0 

days, 50 freshly hatched nauplii for each of the 

different strains were pipetted under the binocular 

microscope into triplicates of 500 mL bottles filled to 

the 300 mL mark with the different experimental saline 

media. Animals in each bottle were immediately fed 2 

mL (at a concentration of approximately 27.5 million 

cells mL
-1

) fresh Tetraselmis suecica algae and 

subsequently feeding was done ad libitum based on 

visual observation. Bottles containing nauplii were 

placed randomly into a water bath in a temperature 

(28 °C) controlled room and aeration was supplied 

using tubes inserted into each of the bottles. 

Illumination (2,000 lux) was provided using 

fluorescent tubes. Every third day, culture water was 

changed with freshly diluted water of the same salinity 

and survival was scored after nine days. This was done 

by gently pouring the entire content of the glass vessel 

through a 100 µm mesh filter; trapped animals were 

immediately rinsed into a petri dish containing freshly 

prepared medium of the same salinity. Culture bottles 

and filter were carefully checked and properly rinsed 

to ensure no animal was lost. Animals were then 

pipetted back into the bottles and were fed and 

returned to the water bath. As for the animals 

incubated at the age of 8 days, a portion from the same 

batch of hatched nauplii, used for the 0-day incubation 

treatment, was reared for eight days in 32 g L
-1

 sea 

water before they were inoculated into the different 

experimental salinities. All further procedures were 

exactly as described for the 0-day incubation 

treatment. 

 

Experiment 3: Testing the effect of low salinity on 

reproductive and life traits of the different Artemia 

strains  

Reproductive and life traits of the different 

Artemia strains were assessed at the five low salinities 

used in the xenic test (Experiment 2). The group of 

animals which were incubated in low salinity at the 

nauplius stage (0 days incubation age) and grown to 

pre-adults in the xenic survival test were pooled 

according to the different salinity treatments after the 

nine days test period, and were used for further 

monitoring of their reproduction. Experimental 

procedures were adapted according to Browne & 

Wanigasekera (2000). For each strain, 35 mL culture 

volume of each of the salinity treatments, filled into 

ten replicates of 50 mL total volume FTs was used. For 

the bisexual strains (GSL and VC), a pair of copulating 

individuals was inoculated into each of the FT 

replicates while a single individual was used for the 

parthenogenetic strains (BLK and TUZ). The brood 

pouch in the females and hooked graspers in males 

aided to distinguish between the two sexes in the 

bisexual species (Van Stappen, 1996b). After the 

animals were inoculated, 1 mL (at a concentration of 

approximately 27.5 million cells mL
-1

) of fresh 

Tetraselmis suecica algae were added as feed into each 

FT; the FT were placed in water baths in a temperature 

controlled room at 28 
o
C. Subsequent feeding was 

done ad libitum based on visual observation. FTs were 

monitored daily for mortality and reproduction. In the 

case of any mortality, the dead animal was replaced 

with a living individual from the stock population of 

the same strain and salinity. For the sexual strains, 

dead males were replaced continually as long as the 

females were alive and a culture replicate was 

terminated once the female died. For the 

parthenogenetic strains, a culture replicate was 

terminated after the death of a reproductive female 

(Agh et al., 2008). As for reproduction, all free 

swimming nauplii and cysts sighted in FTs were 

counted. This was achieved by pouring the entire 

content of the FT into a petri dish and offspring were 

pipetted under the binocular microscope. Parent 

animals were returned into fresh medium of the same 

salinity, fed and placed back into the water bath. Data 

collected were used to compute: i) female pre-

reproductive period (days), ii) female reproductive 

period (days), iii) female post-reproductive period 

(days), iv) total lifespan of reproductive females 

(days), v) offspring as cysts, vi) offspring as nauplii, 

vii) offspring per day as cysts, viii) offspring per day 

as nauplii, ix) total offspring per female, x) total 

offspring per female per day, xi) number of broods per 

female, xii) offspring per brood, xiii) inter brood 

interval (days) and xiv) percent offspring encysted. 

 

Statistical Analysis 

Analyses were performed using the SAS (SAS for 

Windows version 9.3) software. Data were arcsine 

transformed and the assumptions of normality and 

homoscedasticity were checked. The effects of three 

factors in Experiment 1 and 2 (salinity, strain and 

developmental stage at incubation) were included in a 

full model (ANOVA) analysis with their interactions. 

The dependent variable in both tests was the survival 

of the animals. Where interaction existed, one-way 

analysis of variance (ANOVA) between one main 

effect at each level of a second main effect was 
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performed. For the reproductive and life traits 

ANOVA was employed to determine the effect of 

salinity and strain, respectively, on the reproductive 

parameters tested. For all the respective tests, where 

heteroscedasticity was observed, Welch’s ANOVA 

was performed instead. Where ANOVA results 

indicated significance between the treatments, 

Bonferroni post-hoc test was performed to compare 

and identify differences between the means. P-values 

of less than 0.05 were considered significant. As 

100 % mortality was recorded at 0 g L
-1 

salinity for all 

the strains tested in Experiment 1 and 2, it was 

excluded from the analyses.  

 

RESULTS 

Effect of low salinity on the survival of instar I and 

II developmental stages of the different strains in 

axenic condition  

Generally, a high survival of the different strains 

used was observed. And highly significant interaction 

existed among the three factors assessed (salinity, 

strain and developmental stage) (F = 5.12, P = 0.0001). 

Salinity contributed most to the explanation of the 

result; hence, the data were sorted by salinity. When 

the interaction effect was removed and the data were 

further analysed using the one-way ANOVA, the 

results revealed that salinity had significant effect on 

survival with respect to the strain factor, whereas on 

the contrary, salinity had no significant effect on 

survival with respect to the instar developmental stage 

(Table 2). The post-hoc analysis showed that at 5 g L
-1

, 

the BLK strain had significantly higher survival (96.7 

± 2.6 %; p<0.05) than the TUZ strain (71.7 ± 25.8 %), 

whereas the two sexual strains showed intermediate 

survival, not significantly different from either BLK or 

TUZ (Figure 1). At 32 g L
-1

, it was the TUZ strain 

which had significantly higher survival (100.0 ± 0.0 

%) than the BLK strain (94.2 ± 3.8 %), with again the 

sexual strains in-between. No significant difference 

(p>0.05) was observed between strains at 10 g L
-1 

(Figure 1) with minimum survival of 95.0 ± 3.2 % for 

the TUZ strain and highest survival 99.2 ± 0.8 % for 

the BLK strain. Differences in survival between the 

two instar stages were not significant (p > 0.05) at each 

salinity concentration (Figure 2). 

 

Effect of low salinity on the survival of instar I and 

pre-adults in xenic conditions  

Similar to the axenic test, high survival rate was 

also observed at most of the salinities tested during the 

xenic test, except at 5 g L
-1

. Highly Significant 

interactions also occurred between salinity, strain and 

incubation age (F = 13.53; P = 0.0001). Notably, 

salinity had significant effect on survival with respect 

to other factors: strain and incubation age (Table 3). 

Differences in survival were observed between strains 

at 20 and 32 g L
-1

 (P < 0.05), but not at 5 and 10 g L
-1 

(Figure 3). Highest survival at 20 g L
-1 

(97.8 ± 2.1 %) 

and at 32 g L
-1 

(98.0 ± 2.0 %) was observed with the 

GSL strain, while the lowest survival (87.4 ± 10.4 %; 

57.4 ± 35.9 % respectively), was observed with the 

BLK strain. At these two salinities GSL values were 

significantly higher (P < 0.05) than both TUZ and 

BLK values. Differences between both incubation ages 

were observed only at 5 g L
-1

 (Figure 4). The highest 

survival (93.6 ± 4.6 %) was observed when the animals 

were inoculated at 8 days at 20 g L
-1

; however, this did 

not significantly differ from survival when inoculated 

at 0 days at the same salinity (P>0.05). This pattern 

was also observed at 10 and 32 g L
-1

 salinities where 

survival was also high. 

 

Effect of low salinity on reproductive and life traits 

of the different Artemia strains  

Due to total mortality of the animals at 0 g L
-1

 

salinity during the xenic test (Experiment 2), only 5, 

10, 20 and 32 g L
-1

 salinity were included in 

experiment 3. Mortality also persisted among the two 

parthenogenetic strains at 5 g L
-1

, whereby no animal 

reproduced. Furthermore, although these two strains 

were observed to reproduce at 10, 20 and 32 g L
-1

, 

neither had all animals reproducing in any of the 

salinities. As for the sexual strains, reproduction 

occurred at all the salinities tested, including the lowest 

5 g L
-1

. Generally, the two sexual strains had a higher 

number of reproducing females than the 

parthenogenetic strains. The lowest percentage (20 and 

30 %) of females that reproduced was recorded with 

the BLK and TUZ strains, respectively, at 10 g L
-1

 

salinity. On the other hand, the highest percentage (100 

%) of females that reproduced was observed with GSL 

at 20 and 32 g L
-1

 and with VC at 32 g L
-1

 salinity.  

Salinity and strain had a significant effect on a 

number of reproductive and life traits tested. Out of the 

fourteen traits considered, salinity had a significant 

effect (P < 0.05) on five (Table 4), whereas the strain 

factor had a significant effect (P < 0.05) on 11 traits 

(Table 5). Salinity and strain each had a significant 

effect on three among the traits, i.e. female 

reproductive period, total lifespan of reproductive  
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Table 2: ANOVA results performed for the survival of four Artemia strains and two instar developmental stages in 

three salinities during the 48 h axenic test 

Salinity (gL
-1

) 
Strain Instar developmental stage 

F-ratio P-value F-ratio P-value 

    5  4.04 0.021 0.64 0.433 

    10 1.73 0.193 3.36 0.081 

    32 3.62 0.031 0.000 1.00 

 

 

Figure 1: Survival of four Artemia strains cultured at different low salinities during a 48 h axenic test. (Different 

superscripts show significant difference (p<0.05) between means ± standard deviation per salinity) 

 

 

Figure 2: Survival at instar I and II developmental stages of four Artemia strains cultured at different low salinities 

during a 48 h axenic test. (Different superscripts show significant difference (p<0.05) between means ± standard 

deviation per salinity) 
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Table 3: ANOVA results performed for survival of four Artemia strains and two incubation ages in four salinities 

during a nine day xenic test 

Salinity (g L
-1

) 
Strain Inoculation age 

F-ratio P-value F-ratio P-value 

5 2.67 0.054 26.96 0.0001 

10 2.89 0.052 0.17 0.685 

20 4.40 0.007 2.56 0.114 

32 10.44 0.0001 0.23 0.636 

 

 

Figure 3: Survival of four Artemia strains cultured at different low salinities during a nine day xenic test. (Different 

superscripts show significant difference (p<0.05) between means ± standard deviation per salinity) 

 

 

Figure 4: Survival at inoculation age 0 and 8 days of four Artemia strains cultured at different low salinity during a 

nine day xenic test. (Different superscripts show significant difference (p<0.05) between means ± standard 

deviation per salinity).  
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Table 4: Effects of different salinity levels on the reproductive and life traits of the different Artemia strains.  

Reproductive and Life Traits 
Salinity (g L

-1
) 

5 10 20 32 

Female reproductive period* 0.70±2.4
b
 1.2±2.2

b
 4.4±5.1

a
 4.4±3.8

a
 

Parameters 1.0±1.2
b
 3.5±3.4

ab
 4.7±4.1

a
 2.4±1.8

b
 

Total lifespan of reproductive females* 20.3±4.1
b
 24.7±4.1

ab
 27.9±8.1

a
 23.7±3.3

b
 

Total offspring per female 56.6±101.6
b
 110.3±95.9

ab
 174.5±203.2

ab
 214.4±203.2

a
 

Interbrood interval 0.3±1.1
ab

 0.2±1.2
b
 2.0±3.3

ab
 2.7±2.9

a
 

Values represent mean ± standard deviation (n = 10). Different superscripts show significance between means in rows. Traits 

with significant differences are shown. * = In days 

 

Table 5: Effect of strain types on the reproductive and life traits of Artemia  

Parameters 
Strain 

BLK TUZ VC GSL 

Female pre-reproductive period* 23.1±4.9
a
 19.5±2.9

a
 15.6±4.2

b
 13.5±3.9

b
 

Female reproductive period* 0.5±1.5
c
 1.2±3.3

bc
 3.5±3.8

b
 5.5±4.6

a
 

Total lifespan of reproductive female* 28.1±11.6
a
 23.8±4.0

ab
 22.5±3.1

b
 22.2±4.5

b
 

Offspring as cysts 16.1±30.8
b
 6.4±29.2

b
 104.5±119.4

a
 67.0±63.0

ab
 

Offspring as nauplii 12.5±69.4
b
 41.4±52.8

b
 115.5±198.2

ab
 200.5±191.8

a
 

Offspring per day as cysts 26.2±29.4
ab

 10.2±24.5
b
 61.3±67.5

a
 21.72±41.7

b
 

Offspring per day as nauplii 40.4±48.2
ab

 66.3±38.5
a
 23.1±28.6

b
 62.5±53.1

a
 

Total offspring per female 36.6±68.9
b
 58.2±42.5

b
 188.9±179.9

a
 272.1±207.0

a
 

Broods per female 1.0±0.5
b
 1.0±0.4

b
 1.7±1.0

ab
 2.0±1.3

a
 

Offspring per brood 50.4±31.6
b
 71.9±21.3

b
 116.9±64.9

a
 135.8±64.9

a
 

Percent offspring encysted 49.3±43.0
ab

 22.4±35.6
b
 66.1±41.8

a
 26.1±23.1

b
 

Values represents mean ± standard deviation (n = 10). Different superscripts show significance between means in rows  

TUZ = Tuz strain, BLK = Balikun strain, GSL = Great Salt Lake strain, VC = Vinh Chau strain.  

Traits with significant differences are shown.  * = In days 

 

females and total offspring (P < 0.05). Analysis for 

strain effect on female pre-reproductive period 

revealed that the GSL A. franciscana started 

reproduction significantly earlier at 13.5 ± 3.9 days 

compared to the parthenogenetic strains. Generally, 

more reproductive days were observed as salinity 

increased. A significantly longer reproductive period 

(4.4 days) was recorded at 20 and 32 g L
-1 

than at 5 and 

10 g L
-1 

with 0.7 and 1.2 days respectively. BLK had 

the shortest period of reproduction (0.5 ± 1.5 days), 

while GSL reproduced significantly in more days (5.5 

± 4.6; P < 0.05). 

 The two parthenogenetic strains BLK and TUZ 

had a longer total lifespan of 28.1 ± 11.6 and 23.8 

± 4.0 days respectively than the sexual ones. BLK was 

significant different from the sexual (P < 0.05) with to 

total lifespan whereas no significant difference was 

found between the two parthenogenetic strains. 

Similarly, no significant difference was observed in the 

total lifespan of the two sexual strains VC (22.5 ± 3.1 

days) and GSL (22.2 ± 4.5 days). With respect to the 

effect of salinity, significantly longer total lifespan 

(27.9 ± 8.1 days) was observed at 20 g L
-1 

than at 5 and 

32 gL
-1 

however the difference with 10 g L
-1

 was not 

significant. GSL produced significantly more nauplii 
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per female (200.5 ± 191.8) than the two 

parthenogenetic strains (P<0.05) (the difference with 

VC was not significant). The BLK strain had the 

lowest number of nauplii (12.5 ± 69.4) produced per 

female. The percentage offspring produced as cysts 

was the lowest in GSL and TUZ strains at 26.1 ± 23.1 

and 22.4 ± 35.6 percent respectively. 

 

DISCUSSION 

In nature, Artemia are inhabitants of varying saline 

environments. Different populations are adapted to 

certain specific salinity conditions, whereby some 

strains are found in environments with very high 

salinity (Gajardo & Beardmore, 2012). Nevertheless, 

when salinity tends towards high levels, Artemia 

becomes physiologically stressed (Van Stappen, 2008). 

This could affect normal body functions such as 

reproduction and may ultimately lead to mortality. On 

the other hand, it is known that this organism thrives 

well at sea water salinity (Van Stappen, 1996a). In the 

present study, it was hypothesized that low salinity 

levels could support good physiological functions in 

the animals which may result in high survival and 

ovoviviparity. Ovoviviparity in Artemia has always 

been considered to occur only when conditions are 

favourable and particularly at relatively lower salinity. 

Hence, different low salinity levels (0 - 32 g L
-1

) were 

used to test the survival, reproductive and life traits of 

four Artemia strains (Great Salt Lake and Vinh Chau 

strains of Artemia franciscana; Tuz and Balikun strains 

of parthenogenetic Artemia). However, it has been 

reported that the instar I (Artemia nauplius) stage is 

more tolerant to high salinity shocks than later stages 

(Vanhaecke & Sorgeloos, 1980), but it has never been 

tested if this is also the case for low salinity shocks. 

Therefore, the performance of instar II and pre-adult 

Artemia was tested, after incubation in lower salinity, 

in comparison with instar I nauplii. Four different 

strains were used as it was assumed that low salinity 

tolerance might be strain-specific. Additionally, the 

reproductive and life traits of the strains used in the 

study were also assessed at the different low salinities. 

The aim of the study was to select the most suitable 

low salinity level and strain, as well as to obtain 

information on the most appropriate developmental 

stage for the purpose of inoculation during mass 

culture for continuous ovoviviparous nauplii 

production. 

The selection of the strains for the test was based 

on their availability on the global cyst market and their 

stress tolerance.  The Great Salt Lake is known to be a 

native North American strain of Artemia franciscana 

(Lavens & Sorgeloos, 2000). Artemia franciscana has 

an invasive ability; as a result, intentional and 

unintentional inoculations have been carried out 

related with aquaculture activities (Ruiz et al., 2008). 

The Vinh Chau strain of Artemia franciscana, whose 

origin is from the San Francisco Bay strain, is an 

example of such inoculations into Vietnam (Kappas et 

al., 2004). Investigations from multidisciplinary 

perspective, using reproductive characteristics, 

allozyme and mitochondrial DNA analyses, have 

shown an evident divergence between the SFB and VC 

strains, with the VC strain showing high tolerance to 

stress such as for example induced by temperature 

(Kappas et al., 2004). Cysts of Artemia franciscana 

from the coastal saltworks in San Francisco Bay, 

California, USA and from an inland biotope, the Great 

Salt Lake, Utah, USA have been exported worldwide 

since 1950 making them of high commercial relevance 

(Lavens & Sorgeloos, 2000). As for the two 

parthenogenetic strains, they are also harvested, but of 

more limited commercial relevance. They were 

included because according to Browne & 

Wanigasekera (2000), parthenogenetic strains would 

be better adapted to extreme environmental conditions. 

In a first experiment, the performance of instar I 

and instar II Artemia was compared in axenic 

conditions, which is also referred to as the gnotobiotic 

Artemia culture (GART) system (Baruah et al., 2010). 

The GART system was developed for the study of 

host-microbe interactions and offers a unique way of 

eliminating the interference of all microbial 

communities that are naturally present in the rearing 

environment. Since the focus in the present study was 

to test the effect exclusively of salinity on the survival 

of the animals, the system was adopted in order to 

eliminate all such unknown microbial communities, 

which the test animals may feed on, hence increasing 

their tolerance and altering the effect of the salinity 

itself. Although the axenic test lasted for only 48 h, the 

absence of any form of bacteria in the culture media 

[apart from the autoclaved Aeromonas harveyi (LVS3) 

used as feed], allowed for a good insight on the effect 

of salinity and the other factors (i.e. strain and instar 

developmental stages) on survival. The observed high 

survival (≥90 %) at salinities from 5 – 32 g L
-1

, 

suggests that this range of low salinity is highly 

supportive of the animals’ performance within the 

culture period. The relatively lower survival (71.7 %) 

observed with the TUZ strain at 5 g L
-1

 could be 

indicating strain preference to different salinities. This 

was particularly observed with the two parthenogenetic 

strains. While it appears that the BLK strain may be 

better adapted to the lowest salinity tested, the TUZ 
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strain on the other hand seems to prefer the highest 

salinity tested (Figure 1). The two bisexual strains on 

the other hand performed in a similar way at all the 

salinities tested. Salinity tolerance of Artemia is related 

to the activity of the Na, K-ATPase enzyme. With 

reference to the activity of this enzyme in the nauplii 

of Artemia, Lee & Watts (1994) showed increases of 

this enzyme in emerged embryos and during the first 

instar stage. Since the maintenance of balance of the 

enzyme in these developmental stages of the nauplii is 

by nature programmed to occur independent of the 

environmental salinity, it must be supportive of good 

performance such as survival in the animals. Although 

the Na, K-ATPase enzyme activity was not 

investigated in the present study, the non-significant 

difference observed between the survival rates of the 

two instar developmental stages of all the strains at the 

respective salinities tested (Figure 2) may suggest that 

the processes for the activity of the enzyme in instar II 

could be similar to that in instar I which is independent 

of the environmental salinity. 

The first experiment was run in gnotobiotic 

conditions in order to exclude the effect of the 

microbial environment when testing for salinity 

tolerance of Artemia. In mass production of Artemia, 

however, the xenic approach is practiced, due to the 

increased size of the system and the longer culture 

duration compared to laboratory tests, which are 

mostly characterized by their small size and shorter 

duration. In practice, a continuous Artemia nauplii 

production system, which is supposed to run as an 

alternative to nauplii production through cyst hatching, 

would be operated anyhow in xenic conditions. Such 

xenic systems are associated with microbial organisms 

of which some are pathogenic and could constitute 

huge challenges leading to mortality. Other microbial 

organisms on the other hand can have a beneficial 

effect, for example as they contribute to Artemia 

nutrition in the culture (Pablo & Jones, 1993; Toi et 

al., 2013). Maintaining favourable environmental 

conditions such as salinity levels which support 

efficient osmoregulatory processes within such 

systems could contribute to reduced physiological 

stress, and may result in increased survival rate. In the 

present xenic experiment, in which we tested for 

performance of the pre-adult stage at low salinity, in 

comparison to instar I nauplii, the high survival 

recorded at the salinity range from 10 to 32 g L
-1 

indicated that the animals performed well throughout 

this salinity range. But at salinity lower than 10 g L
-1

, 

survival was reduced significantly. Irrespective of the 

strain, the relatively consistent higher survival of the 

animals at 20 g L
-1 

suggests that this salinity was 

suitable for the different strains. The significantly (P < 

0.05) higher survival rate (97.8 ± 2.1 %) (Figure 3) 

obtained with the GSL strain further indicated that the 

strain may be relatively more adapted to this level of 

low salinity. As in the test under axenic condition 

(Figure 1), a similar pattern also occurred in the xenic 

condition (Figure 3), whereby the BLK 

parthenogenetic strain appeared not so much affected 

by lower salinities as TUZ strain was affected. This 

supports the assertion that parthenogenetic strains of 

Artemia may be niche specialists (Browne & 

Wanigasekera, 2000). 

Although Artemia adults and juveniles are known 

to be more tolerant to different environmental factors 

than younger stages (Wear & Haslett, 1986; Wear et 

al., 1986), they are influenced by their ambient salinity 

(Holliday et al., 1990). Comparing the effect of 

incubation into low salinity on freshly hatched Artemia 

nauplii and on 8 days-old pre-adults, the results 

indicated that the pre-adult Artemia could experience a 

shock when transferred from a higher to a relatively 

lower salinity medium. But this observation applies 

only to the lowest salinity tested (5 g L
-1

) where the 

difference between the two age groups was significant. 

Since no significant difference was observed in 

survival between the two age groups at salinities in the 

range 10 – 32 g L
-1

, it suggests that when using these 

latter salinities for mass culture purposes, it may not be 

needed to rear the animals to the pre-adult stage before 

they are incubated at lower salinity. Hence, it was 

concluded that using nauplii rather than pre-adults for 

the purpose of incubation at lower salinity would result 

in a more efficient use of time and other resources 

required in the culture of the animals.  

For a successful mass culture, it is not only 

important that the animals survive at lower salinity, but 

also that they show a sufficiently high fecundity 

throughout their reproductive life, and that they 

reproduce mainly ovoviviparously. This was assessed 

in Experiment 3. Only the sexual strains completed 

their lifecycle in all the salinities where survival was 

recorded. On the contrary, the parthenogenetic strains 

could only reproduce at 10 g L
-1

 salinity and above. A 

similar observation was reported in a study with four 

sexual Artemia species and a parthenogenetic strain 

from Margherita diSavoia (Italy), where the 

parthenogenetic strain reproduced only in two out of 

nine salinity and temperature combinations (Browne & 

Wanigasekera, 2000). The present observation again 

supports the description of the parthenogenetic strains 

as niche specialists. The higher number of reproductive 

females of the sexual strains in some of the salinities 

tested distinguishes them from the parthenogenetic 
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strains in the present study.  Noteworthy is that the 

GSL and VC strains had all (100 %) females 

reproducing at 20 and 32 g L
-1

, respectively. For most 

of the traits assessed, the best performances were 

recorded at 20 g L
-1 

salinity. Since the overall objective 

is to achieve ovoviviparity during mass culture, only 

reproductive traits which are more relevant for this 

purpose are discussed here. 

The importance of longer reproductive periods 

cannot be over-emphasized. More reproductive days 

observed in the GSL strain and at 20 g L
-1

 salinity may 

have contributed to the higher number of total 

offspring recorded for this strain. However, the number 

of days ranging 4.2 – 14 recorded in the present study 

falls short of the 23.2 days recorded by Soniraj (2004) 

with the Tuticorin strain of Artemia franciscana at 20 g 

L
-1

 salinity. Agh et al. (2008) reported 28.4, 18.0 and 

20.8 reproductive days for a parthenogenetic strain 

from Urmia Lake, Iran, a parthenogenetic strain from 

lagoons around Urmia Lake and the sexual Artemia 

urmiana, respectively, but at 75 g L
-1 

salinity. 

Comparing results in the present study with that of 

Soniraj (2004) considering that the Tuticorin strain 

belongs to the same species with the GSL strain, and 

that it was also tested at 20 g L
-1

, the difference 

observed may be due to differences in adaptation of the 

animals to specific local environmental conditions, or 

to differences in other experimental conditions. 

Generally, the ovoviviparity observed in all 

salinities, at which the parent animals survived, also 

suggests a physiological response by the animals in 

relation to the salinity tested. It was clear that more 

nauplii (200.5 ± 191.8) were produced by the GSL 

strain of Artemia franciscana. This is high compared to 

the 126.7 total nauplii production per female 

throughout her lifetime, reported by Soniraj (2004) at 

20 g L
-1

 salinity using the Tuticorin strain. However, 

the parthenogenetic strain used in their study produced 

a far higher (1,041.67) number of nauplii at the same 

salinity. With respect to the total offspring produced 

per female, the GSL strain showed a higher fecundity, 

though not significantly different, than the VC strain. 

The significantly higher total number of nauplii 

produced by the GSL strain, as compared with the 

other strains that were used, coupled with the high 

number of nauplii (62.5) per day indicated that the 

GSL strain is a better candidate for use in mass culture. 

Based on results of the axenic test, it could be 

concluded that low salinity within the range tested, 

with exception of 0 g L
-1 

culture medium, supported 

high survival within 48 h of incubation for any of the 

two instar stages tested. The nine-day xenic test also 

indicated that a high level of survival can be expected 

at a salinity as low as 10 g L
-1

, but higher survival 

response at 20 g L
-1 

allows for the conclusion that this 

low salinity level is the best relative to the others 

tested. With regard to the appropriate age for 

inoculation into low salinity, since no significant 

difference existed between the two inoculation ages 

tested at a salinity range of 10 – 32 g L
-1

, it was 

concluded that to save resources such as time, energy 

and funds, it will be more beneficial to inoculate 

Artemia for low salinity mass culture at the nauplius 

stage. Considering the high survival recorded at 20 

g L
-1 

salinity particularly with the GSL strain, coupled 

with better performance in terms of the reproductive 

and lifetime traits measured with this strain, it was 

concluded that this salinity and strain are the most 

suitable when considering biomass culture for the 

purpose of nauplii production as live food for 

aquaculture species. 
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