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Abstract

I

nfluence of temperature, salinity, dissolved oxygen and
nutrients
prevailing
at
Covelong
salterns,
Kelambakkam (Southeast coast of India), on the
distribution and cyst production potential of the exotic
Artemia franciscana was assessed. The study was
carried out by monthly sampling the brine water from
reservoir, evaporation and crystallizer ponds from June
2009 to May 2011. Extensive field study for the two years
revealed that the Artemia population was predominant in
evaporation ponds followed by crystallizer ponds; but no
Artemia was observed in the reservoir ponds. Artemia
population was abundant when salinity, temperature and
dissolved oxygen were from 70 to 200ppt, 24.5 to 35.4°C

and 0.8 to 6.1mg/L respectively. Monitoring of physicochemical variables revealed that there exists a significant
interaction among salinity, dissolved oxygen and nitrates
on cyst production. The periodic observation indicated
that low nitrate content and high salinity (consequently,
low dissolved oxygen) significantly increased the cyst
production. Compilation of data clearly documents that
evaporation ponds could provide optimum physicochemical variables, more specifically salinity, dissolved
oxygen and nitrate, for both Artemia biomass and cyst
production. Thus, this pilot scale, out-door culture study
augments the commercial upscaling of the brine shrimp.
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Introduction

A

major task for aquaculturists is to feed the
early stages of developing larvae with an
appropriate sized live food and its availability
in sufficient quantities year round. Though
formulated diets have been developed to feed the
shrimp or shellfish developing larvae and fingerlings
of fin fishes, they failed to provide all the essential
nutrients. Feeding habit of fishes differed among the
species but all the species require protein rich live
food for their better growth, efficient breeding and
survival (Mandal et al., 2009). The success in the
hatchery production of shell fish larvae and fin fish
fingerlings for stocking in the grow-out system is
largely dependent on the availability of suitable live
food (Lim et al., 2003) such as marine rotifer
(Brachionus plicatilis and Brachionus rotundiformis)
and Artemia nauplii. These live feeds are essential to
meet the nutritional requirement of different
developmental stages and thus contributed to the
successful fry production of at least 60 marine finfish
species and 18 species of crustaceans (Dhert,
1996). Among the various live feed used, the brine
shrimp, Artemia is on top due to production of
dormant eggs, smaller nauplii size, nutrients etc.
Artemia is the natural inhabitant of hypersaline
environments, and these habitats are important
natural assets of considerable economic, ecological,
scientific and conservation value (Van Stappen et
al., 2001; Williams, 2002). It inhabits salt lakes in
coastal as well as inland areas, in both temperate
and tropical climates, where food competitors cannot
survive (Browne and MacDonald, 1982), and dies off
at salinities close to sodium chloride saturation, i.e.
250 ppt and higher (Sorgeloos et al., 1986). Stressful
environmental (eg. high salinity and temperature)
conditions play a crucial role in regulating the mode
of reproduction in the genus Artemia (Browne, 1980;
Gajardo and Beardmore, 1989). Some of the
Artemia populations (e.g. Lake Urmia (Iran) and
Grassmere (New Zealand) and some populations
from Spain are predominantly oviparous at high
salinities while others (eg. Great Salt Lake, USA and
Salina Cero, Colombian Caribbean populations)
primarily prefer for the ovoviviparous mode of
reproduction (Camargo et al., 2000 and 2005). Lenz
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(1987) observed that the zooplankton dynamics are
influenced by various biotic and abiotic factors of the
habitats (eg. food availability, temperature, salinity,
etc.) and the predictability and seasonality of the
environments. Ecological and physiological
differences have been reported among several
populations of Artemia (Sorgeloos, 1975; Bowen et
al., 1985) and have important impacts by influencing
their reproductive strategies.
India, the second largest aquaculture producer
(FAO, 2012), import Artemia cysts from USA for
feeding shrimps larvae at hatchery level. In early
2000, parthenogenetic populations of Artemia were
reported from the Indian sub-continent. Due to the
improper disposal of commercially exploited Artemia
cysts and the introduction of exotic Artemia species
for aquaculture purposes, most of the South Indian
saltpans are currently dominated by the exotic A.
franciscana (Sivagnanam et al., 2011; Vikas et al.,
2012). As has happened with the introduction of the
species in other countries, the South Indian A.
franciscana populations are adapted to the prevailing
environmental conditions of the local saltpans.
Therefore, an attempt was made to evaluate the
impact of various physico-chemical variables on the
distribution and cyst production potential of Artemia,
confined to Covelong salterns, Kelambakkam.

Material and Methods

Study area
The present study was conducted in the
Covelong salterns, Kelambakkam (12°45’01.28”N
80°12’44.08”E) during June 2009 to May 2011. This
saltern is a thalassohaline shallow aquatic
ecosystem that covers an area of 1,305 acres, in
which, the salinity ranged from 21 to 300 ppt. A
channel on the northeastern side of the saltern
directs seawater from the Bay of Bengal through the
Buckingham canal into the site (Fig. 1). This saltern
is divided into three series of ponds, namely
reservoir, evaporation (also called as condensers)
and crystallizer ponds. All the three series of ponds
had different shape, size, depth and wide spread to
facilitate salt production through solar evaporation.
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Reservoir ponds were more than 1m depth to hold
maximum of seawater. Salinity of the seawater
reached maximum of 40 ppt in these ponds.
Evaporation ponds were arranged next to reservoir
ponds, in zig-zag manner with a depth of 15 to
30cm. Seawater, from reservoir pond, moved to the
evaporation pond through gravity flow. Salinity of the
brine varied from 40 to 240 ppt in these ponds.

Finally, the saturated brine was pumped to
crystallizer ponds, where the sodium chloride salt
was precipitated at around 260 ppt and the
remaining brine (>270 ppt) was discharged to bittern.
Crystallizer ponds occupy only 10% of the saltern
and are arranged in rows with common bittern and
feeding channels running on either side.

Fig. 1: Schematic diagram of Covelong salterns, Kelambakkam.

Determination of Physico-chemical variables
Three ponds were selected, each from
reservoir, evaporation and crystallizer ponds
according to their accessibility for brine sampling, to
study the influence of physico-chemical variables on
Artemia distribution. Variations in water temperature,
salinity and dissolved oxygen were measured in
each pond, using a standard mercuric centigrade
thermometer, Baume hydrometer and/ or hand
refractometer (Atago, Japan) and modified Winkler’s
method (Strickland and Parsons, 1972) respectively.
Int. J. Artemia Biology, 2014, Vol 4, No 1: 18-29

Brine samples were randomly collected from at least
ten different sampling points of each selected pond,
on fortnight basis, in the morning (07:00 - 09:00
a.m.). The brine samples were diluted with bidistilled
water two or three times, if the salinity was over 100
ppt in order to use refractometer. The samples were
filtered on the spot using a Millipore filtering system
(MFS) (0.45µm), to remove the unwanted
suspended and biological materials, and then were
used for nutrient analysis. Nutrients such as nitrate
and nitrite were determined by adopting the standard
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methods described by Strickland and Parsons
(1972).

the statistical interpretation of the influence of the
physico-chemical variables on Artemia distribution.
The two-way ANOVA was employed to find out the
variations in all the analyzed variables between
seasons and ponds, Artemia distribution and cysts
production. All the above mentioned statistical
analyses were performed using SPSS statistical
software (version 11.5 for Windows, SPSS, Chicago,
IL, USA). Limits of significance for all critical ranges
were set at P<0.05.

Artemia biomass and cyst samplings
Biomass of Artemia were randomly collected by
filtering at least ten samples of 100L of brine from
the selected ponds (each from reservoir, evaporation
and crystallizer ponds) at varying sampling sites, in a
similar way to the brine sampling. The samples were
fixed in formalin-alcohol solution (Camargo et al.,
2004) and counted under stereoscopic microscope.
The collected Artemia biomass was separated as
nauplii, juveniles and adults according to Asha Ajit
(2009) and expressed as ‘number of individuals/L’
(ind./L).
The floating cysts were scooped, from the
periphery of the evaporation pond, along with debris,
and separated by sieving through 1mm pore sized
mesh followed by 300, 250 and 200 μm pore sized
meshes and cysts were retained at 200 µm mesh.
Separated cysts were washed immediately with
saturated brine water (>220 ppt) to separate debris,
then washed with freshwater to remove unwanted
cyst shells, exuvia, salt crystals, etc. Density
separation in freshwater did not last more than 10-15
min to avoid of cysts hydration and hatching. The
excess water of cysts was removed by squeezing
(with 200 µm mesh), and the cysts were further
dried, homogenously in a thermostatically controlled
oven at 35 ± 1°C for 24h. To enhance the
granulation of cysts, a homogenous method of
drying was performed based on the distribution on
the drying racks through regular brushing at 1h
intervals. Once the cysts were dry, they were sieved
using an electromagnetic sieve shaker (Jayant
Instruments, MS-8, India), which had different pore
sized meshes such as 300, 250, 210 and 150m
and cysts were recovered from the third (210 µm)
mesh. Dried cysts were weighed in an electronic
balance; the recorded values were expressed as dry
weight (DW). For long term storage, cysts were
packed in High Density Polyethylene (HDP) bags,
and vacuumed by vacuum packing machine
(Sevana’s Quick seal, India) with nitrogen gas.
Statistical analysis
Simple correlation coefficient (r) was made for
Int. J. Artemia Biology, 2014, Vol 4, No 1: 18-29

Results

Physico-chemical variables
All the measured physico-chemical variables in
the three selected (reservoir, evaporation and
crystallizer) ponds differed significantly. During
summer (March to June), water temperature, salinity
and dissolved oxygen reached their maximum levels
in all three ponds.
In the reservoir pond, the maximum recorded
values for water temperature, salinity and dissolved
oxygen were 29.80 °C, 41 ppt and 7.60 mg/L,
respectively (Table 1; Figs. 2a-c). The chemical
variables such as nitrate and nitrite showed
maximum values of 0.14 and 0.09 mg/L,
respectively, during May – July (Table 1; Figs. 2d-e).
The water level in the reservoir pond was also high
and went up to 5 feet during May and June (in both
years).
In the evaporation pond, the salinity increased
with the increase of temperature. During March and
June, the maximum recorded values for temperature
and salinity were 35 ºC and 200 ppt, respectively
(Figs. 2a-b).This value for dissolved oxygen, nitrate
and nitrite were 6.10 mg/L, 13.40 mg/L and 8.33
mg/L respectively(Figs. 2c, d, e). As expected, the
concentration of dissolved oxygen was negatively
correlated to salinity (r = -0.918478). On the other
hand, nitrate (r = 0.895827) and nitrite (r = 0.916635)
levels decreased with the decrease of salinity.
In the crystallizer pond, the maximum
temperature recorded was 36.60 °C during May
2011 (Table 1; Fig. 2a). Brine salinity reached a
maximum of 270 ppt during June 2010; at this
salinity, the dissolved oxygen content was very low
21
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Table 1: Physico-chemical parameters in different sampling ponds of Covelong saltern, Kelambakkam (2009-2011)
Parameters

Reservoir pond

Evaporation pond

Crystallizer pond

Mean (SE)*

Min.–Max.

Mean (SE)

Min.–Max.

Mean (SE)

Min.–Max.

Temperature (˚C)

26.25
(0.30)

23.40–29.80

28.67
(0.74)

24.50–35.40

30.05
(0.92)

24.80–36.60

Salinity (ppt)

30.16
(1.27)

21.60–41.00

122.42
(8.11)

70.50–200.00

174.75
(16.37)

70.40–270.00

Dissolved oxygen (mg L-1)

6.62
(0.09)

6.00–7.60

3.81
(0.25)

2.10–6.10

3.04
(0.36)

0.80– 5.90

Nitrate (mg L-1)

0.09
(0.01)

0.05–0.14

8.70
(0.60)

5.00–13.40

4.55
(0.24)

3.00-6.20

Nitrite (mg L-1)

0.04
(0.01)

0.01–0.09

4.43
(0.36)

2.40–8.33

1.22
(0.09)

0.70-2.30

Population density (Ind. L-1)

0.00
(0.00)

0.00–0.00

36.75
(3.52)

9.00–68.00

1.58
(0.45)

0.00-7.00

Cyst harvested (g)

0.00
(0.00)

0.00-0.00

680.33
(76.48)

198.24-1648.20

0.76
(0.17)

0.00-2.20

* Mean standard error of 10 replicates

(Figs. 2b, c). The nitrate and nitrite contents were
high and reached to 3.00-6.21 mg/L and 0.70-2.29
mg/L, respectively (Table 1; Figs. 2d-e). Statistical
analysis on the physico-chemical variables revealed
that they differed significantly between months and
ponds (P<0.05).

production of 1648.20 g dry weight (DW) cysts. The
ratio of occurrence of adults, juveniles and nauplii
with respect to total number of individuals (biomass)
were 1.7:1.1:0.9 respectively. With reference to adult
biomass, the sex ratio of female (F) to male (M) was
1:0.82. Adult females possessed an average of 54 ±
12 cysts in their brood pouches.
In the crystallizer pond, the density of Artemia
adults varied from 0-7 ind./L. The number of adults
collected was higher during October 2009 and 2010
and lower in June, July and February to August
during the study period (2009 to 2011) (Fig. 3a). The
distribution of Artemia biomass in the three age
groups, adults, juveniles and nauplii, in the
crystallizer pond was 1.64:0.82:0, respectively with a
F: M ratio of 1:0.73. The maximum number of adults
(7 ± 0.73 ind./L) was recorded during October, when
the values of salinity, dissolved oxygen and nitrate
content were 90 ± 7.6 ppt, 4.3 ± 0.02 mg/L and 3.2
± 0.01 mg/L, respectively (Table 1).
The statistical analysis revealed that in the
evaporation pond, the influence of physical variables
such as temperature and salinity on mean biomass
production was significant (P<0.001). However, the

Population dynamics
In the reservoir pond, neither Artemia individuals
nor cysts were observed. On the other hand, the
occurrence of Artemia was recorded throughout the
sampling periods (June 2009 to May 2011) in the
evaporation pond (Fig. 3a). There was a steady
increase of Artemia population during monsoon
season, and the density reached a maximum of 68
ind./L (regardless of the instar) during November
(2009) (Fig. 3a) at a mean salinity of 85.30 ± 1.80
ppt. A maximum of cyst production was observed
during June – July at both years, when salinity,
dissolved oxygen, nitrite and nitrate contents
registered were 71.90 and 85.30 ppt, 4.10 and 6.00
mg/L, 2.80 and 3.80 mg/L, 6.00 and 6.50 mg/L,
respectively (Figs. 2a-e). However, the absolute
maximum was recorded in November 2009 with a
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influence of the other variables was insignificant
(P>0.05). On the other hand, the interaction of
salinity, dissolved oxygen, nitrate and nitrite contents
influenced significantly the cysts production
(P<0.001). The production of cysts and biomass was
high in the evaporation pond. Cysts production in the

evaporation pond was high at high salinity and also
during monsoon due to sudden changes in the
salinity (Krishnakumar, 2012). In the crystallizer
pond, a significant influence of salinity on cysts
production was noticed (P<0.001).

Fig. 3: a-b) Monthly variations in Artemia and cyst production potential during June 2009 to May 2011
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Discussion

environmental conditions, in a process modulated by
differential selective pressures of such environment
(Abreu-Grobois and Beardmore, 1982; AbreuGrobois, 1987; Gajardo et al., 2002; Gajardo and
Beardmore, 2012). Gajardo et al. (2002) reported
that these ecological adaptations to local conditions
are the first step to a journey leading to a new
species, a major component of biodiversity. In
support to this view, adult male and female
morphotypes of the population of A. franciscana,
colonizing Covelong salterns, were seen in a
homogenous population (Krishnakumar, 2012).
Saygi and Demirkalp (2002) reported that Artemia
grew more quickly at high temperatures with reduced
survival rate. Abatzopoulos et al. (2003) also
reported that the temperature of 30 °C seems to be
the extreme value affecting the Artemia life history
significantly.
In the wild, Artemia generally is found in the
salinity range from 10-300 ppt (Sorgeloos, 1980), but
are rarely found in waters lower than 45 ppt and
above 300 ppt. Salinity is one of the crucial factors
which control growth and survival of Artemia (Van
Stappen, 2002). Even though Artemia is euryhaline,
it shows maximum survival, large size and reaches
adulthood faster when exposed to optimum salinity
(Soundarapandian and Saravanakumar, 2009). In
natural environment, temperature, feeding and
salinity are the most important factors influencing
Artemia populations (Wear and Huslett, 1987). In
Covelong salterns, no Artemia population was
recorded in reservoir pond, where the salinity
showed a maximum of 41 ppt. However, Artemia
population was high in the evaporation pond, where
the salinity ranged from 70 to 200 ppt (Table 1). In
spite of the fact that some Artemia populations could
tolerate salinities below 70 ppt, no Artemia was
recorded at lower salinities in the reservoir pond; this
may be due to the presence of predatory organisms
such as fishes, shrimps and crabs in the this pond
(Krishnakumar, 2012). Triantaphyllidis et al. (1995)
reported that mortality rate was higher at high salinity
in the Artemia parthenogenetic populations
compared to bisexual populations. Similarly, A.
franciscana exhibits good adaptation under gradual
as well as sudden increase in the salinity

The parthenogenetic population of Artemia
native to Indian sub-continent could not be traced
more in most of the South Indian saltpans, including
Covelong salterns, Kelambakkam. This is probably
due to displacement by the introduction of the exotic
and invasive bisexual species A. franciscana, for
aquaculture purposes during early 1980s
(Sivagnanam et al., 2011; Vikas et al., 2012).
Several studies have been performed to estimate the
various environmental and genetic components on
the life span and reproductive traits of Artemia
(Vanhaecke et al., 1984; Wear et al., 1986;
Triantaphyllidis et al., 1995; Browne et al., 2002;
Abatzopoulos et al., 2003; Naceur et al., 2009). Most
of these researches have focused on temperature
and salinity as the most important physical
parameters affecting the life history of Artemia.
Recently, Manavalan and Manavalan (2013) studied
the physico-chemical variables of three different salt
ponds at Kelambakkam saltpans. But they failed to
conclude which variables influenced the cysts
production and biomass distribution of A. franciscana
in the colonized saltpan. Whereas, the present study
clearly documented, that, temperature and salinity as
well as other physicochemical variables such as
nitrate, nitrite and dissolved oxygen, influenced the
production of biomass and cysts for the
Kelambakkam population of A. franciscana.
The variations in water temperature showed a
subtle difference (23.4–36.6 °C) among the three
ponds studied. It is mandatory to mention that
sometimes, the water temperature at the bottom of
the evaporation pond reached up to 42 ºC during late
noon, i.e. after 3 p.m. (Krishnakumar, 2012). It is
interesting to mention that individuals of Artemia
have been found alive and actively surviving at such
elevated temperatures. Vanhaecke et al. (1984)
studied the combined effects of temperature and
salinity on the survival of Artemia of various
geographical populations and showed that A. salina
and parthenogenetic Artemia did not survive at
temperatures exceeding of 30 °C. This value for A.
franciscana was 34 °C. However, in the present
study, the Kelambakkam population of A.
franciscana showed a better adaptation to the local
Int. J. Artemia Biology, 2014, Vol 4, No 1: 18-29
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(D’Agostino and Provasoli, 1968; Sorgeloos, 1980;
Naceur et al., 2009). The maximum numbers of
Artemia individuals recorded in evaporation and
crystallizer ponds in Covelong salterns were 68 and
7 ind./L at 75 to 120 ppt salinities, respectively. On
the other hand, increased salinity observed during
April to June 2010 (>130 ppt) resulted in the
reduction of Artemia density in the evaporation pond
(Figs. 3a).
In general, increasing salinity or temperature
reduces the amount of gas dissolved in saline water,
temperature being the most important factor. Nitrate
represented the major nutrient, and it increased with
the increase of salinity. The high content of nitrates
may be due to high mortality of fishes and other
aquatic species when the salinity increased during
the summer (Camargo et al., 2004).
Bhargava et al. (1987) observed a decline in
parthenogenetic Artemia abundance, at 200 ppt
salinity in Diwana lake. In the present study, no
individuals (adults and juveniles) could be observed
at 270 ppt. The maximum density of Artemia was
recorded at salinity lower than 200 ppt (Figs. 2b &
3a). But, Artemia adults were found at 243.2 ppt in
the crystallizer pond during the August 2009,
probably because of the overflow of the nearby
evaporation pond during monsoon. This is a regular
phenomenon observed during intensive rainy
season. The maximum density of Artemia (68 ind/L)
registered in the evaporation pond, during monsoon,
is probably due to the optimum salinity and food
availability, compared to the crystallizer pond.
Based on the prevailing environmental
conditions, Artemia could change its reproductive
mode (ovoviviparity to viviparity and vice versa)
(Browne, 1984). The evaporation pond seems to
provide a better environment for the development of
A. franciscana in the Covelong salterns. Unlike in the
crystallizer pond, the slow increase of salinity in the
evaporation pond reflected an increase in the
population of Artemia with the increase of algal feeds
(Dunaliella sp.). In crystallizer pond, salinity was
always high (>240 ppt) during summer (March to
June); moreover, Radhika et al. (2011) have
reported the predominance of Bacillariophyceae,
Chloro-phyceae, Rodophyceae, and of ErythrophInt. J. Artemia Biology, 2014, Vol 4, No 1: 18-29

yceae species during premonsoon and summer,
respectively, in the salt pans of Tuticorin. Whereas,
Cyanophyceae (Spirulina sp.) was relatively
dominant during summer season compared to
Chlorophyceae (Denaliella sp.) in the Covelong
salterns, Kelambakkam (Krishnakumar, 2012).
Relatively stable physico-chemical conditions of the
salt ponds (evaporation and crystallizer ponds),
during monsoon, could reduce cyst production
potential of the brine shrimp Artemia (Wear et al.,
1986). According to Wear and Haslett (1987), the
low cysts production and high ovoviviparity level is
an indicative of a relatively stable environment which
might be selectively advantageous for Artemia to be
able to maximize the success of intra-specific
competence (Browne and Wanigasekera, 2000).
Moreover, the encystment might cause a delay in
population growth that could be disadvantageous
under relatively stable conditions (Camargo et al.,
2004). The Kelambakkam population of Artemia has
displayed the capacity to behave as oviparous and
ovoviviparous as in other bisexual populations
(Persoone and Sorgeloos, 1980; Lenz, 1984; Lenz
and Dana, 1987). The results of various physicochemical variables revealed that there exists a
significant interaction among salinity, dissolved
oxygen and nitrates on cysts production. The
periodic observation indicated that low nitrate
content and high salinity stimulate cysts production
in A. franciscana of Kelambakkam population. In
conclusion, the implications of these results might be
valuable for mass production of the indigenized
population of Artemia to meet the demand of the
local and global aquaculture industry. Therefore, this
sort of pilot scale study can be recommended for
commercial upscaling of the brine shrimp.
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