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Abstract

The growth rate, in the brine-shrimp, Artemia parthenogenetica fed on Isochrysis galbana + Tetraselmis
gracilaria (1:1) at concentrations ranging from 3- 20 mg C I day™ for 14 days at 28 + 4 °C and 60%o salinity,
was determined. The individual body length increased exponentially with age to a point of inflection before
the growth rate gradually decreased when the animals reached the pre-adult stage. The growth was strongly
influenced by the food concentration. The essential growth rates (10.45 + 0.044 mm and 1}.94 + 0.005 mm)
increased with increasing food concentration and reached the maximum level at an algal concentration of 10
and 15 mg C I day™'. At lowest concentration (3 and 5 mg C 1" day") the length attained was 7.72 + 0.001mm
and 9.12 + 0.005 mm at post- metanauplius stage III. The growth, when fed at the higher food concentrations
(10, 15 and 20 mg C I'' day”, increased exponentially, thereafter it gradually leveled off after 14 days of
culture indicating a “Sigmoidal” type growth curve. Specific growth rate started to increase with an increas-
ing food concentration and the highest (2.99 mm day ') was obtained at day 6 for animal grown at maximum
food concentrations (20 mg C 1 ~' day ~'). Minimunr food concentration required for maximum specific
growth rate was 10 mg C I day’, and a further increase in the food availability did not result in a higher
growth rate. Food concentrations below 10 mg C 1" resulted in reduction in growth rate. Higher concentra-
tions of food had no effect, but lower concentration reduce both growth and stages.
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Introduction

Availability of live-feed organisms is essential for
seed production in any hatchery. Realising this, several
investigations in the selection and culture of live-feed
organisms are carried out in aquaculture research and
development programmes (Nelson et al., 2002). Much
attention has been focused on the brine shrimp, Artemia
species. They are restricted to highly saline lakes and
saltpans and are normally found in simple food webs with
only minor interactions. They are considered to be con-
tinuous, non-selective, obligate phototropic filter feeders
(D’ Agostino, 1980). In terms of energy flow, food
concentration represents the greatest of all interactions
between animal and environment (Spomer, 1973; Browne
and Wanigasekera, 2000; Nelson ez al., 2002). The knowl-
edge on the response of planktonic filter feeders to vari-
able food concentrations is of great importance for under-
standing their growth pattern. However, for different popu-
lation of the Artemiidae little information exists on the rate
of growth, specific growth and growth at variable food

concentrations. Hence, the present study was carried out
to gather more information on the effect of food concen-
trations on growth and specific growth of Artemia
parthenogenetica in order to optimize the feed type. The
species was cultured from newly hatched nauplii to pre-
adult stages feeding a mixture of § different concentra-
tions levels such as 3, 5, 10, 15 and 20 mg C | !
day" of Isochrysis galbana + Tetraselmis gracilaria
(1:1) ratio. Based on the results of experiments, the present
paper describes the body growth and the food concentra-
tions required for maximum growth.

Materials and methods

Cysts from A. parthenogenetica collected from
Vedaranniyam (Lat. 8° 59° N; Long. 78° 50’ E) salt
pans, Tamil Nadu, India, were hatched following Sorgeloos
(1980). The nauplii were separated from the empty and
un-hatched cysts by taking advantage of their positive
phototactic behaviour (Lavens and Sorgeloos, 1987) and
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collected following the method of Sorgeloos ez al. (1986).
The experiments were then carried out for a period of 14
days in transparent flat-bottomed culture vessels (plastic
containers) of 1000-ml capacity. Each combination was
tested in triplicates. The seawater (of salinity 60%¢ and
temp.29-32°C) for the experiments was filtered with
millipore (Sum) from a reservoir. The cultures were aer-
ated by the use of air stone to obtain O, > 5.0 mg I"'. The
light intensity was measured with the help of a Lux
meter.

After hatching and prior to feeding the nauplii, the
hatchling wastes were removed. In each experiment, the
culture vessels were stocked with randomly selected (col-
lected ones) Artemia nauplii (48 hours old). Hatched and
isolated nauplii 250 numbers were transferred into each
culture vessel (1000 ml capacity containing 500 ml of the
filtered seawater and reared to pre-adult for a period of
14 days. The total length of each nauplius was recorded
before inoculation. Further, the 48 hours aged nauplii
were transferred to 1000 ml polyethylene containers at a
density varying from 15-20 individual ml"'. From day 0—
2 until day 3 the animal densities were diluted to concen-
tration by approximately 5—10%. The next 24 hours (days
—4) the food concentrations in the same cultures were
again reduced by 3-5 %. In order to keep the food
concentrations nearly constant the animal densities were
further reduced to 2-3 individual ml*'. From this day (day
4) until the end of the experiment the densities were
gradually reduced to 1-2 individual™ 2 ml™.

The individual body length (mm), specific growth rate
and the survival rate (%) were determined in 5 separate
cultures feeding on different food concentrations levels
such as 3, 5, 10, 15 and 20 mg C | ' day "' of 1. galbana
+ T. gracilaria in the ratio 1:1. The total length of each
nauplius was recorded before inoculation. The nauplii
were fed daily at the rate of 1,00,000 Cells I individual
per day on 3 and 4 days and 130 x 10 Cells 1" ind"
day” (Img dry wt. = 130 x Cells I"") on 5" day onwards
at 10.30 am every day up to end of the experiments. The
medium was changed daily before feeding at which time
Artemia was counted and samples were taken for length
measurements. Culture vessels in each triplicate were
placed together and covered properly with nylon mos-
quito net to minimize the evaporation. At the time of water
exchange, the dead animals, fecal pellets and exoskeletons
sedimented at the bottom of the containers were removed.
The body length and morphological changes during growth
were followed at every 2-day intervals using a micro-
scope. Body length (mm) was determined from live ani-
mals (10 nos.), rinsed with filtered seawater and placed
ventrally on a petridish under a microscope. The length
was measured as the distance from the posterior part of
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the animal to the anterior part of the post mandibular and
the post maxillary region of young stages.

The green algae 1. galbana and T. gracilaria, were
grown in semi — continuous culture (Reital et al., 1994)
at 24°C using 2-litre glass vessels and standard f/2 sea-
water medium (Guillard, 1975). The cultures were kept in
closed, glass — stopper glass bottles placed at a constant
light intensity 6u E m? S*' at a temperature 23 — 25°C.

All sets of data were correlated using correlation
matrix and regression analysis to see which level of
significance yield the high Pearson’s product movement
correlation (r and r*). These analysis were carried out
using the Poly statistics computer programme of Simpson
et al. (1960). Regression analyses were carried out on a
composite data set which included different growth rate
and development of different diet concentrations from
these experiments. *

Results

Growth rate was estimated on the basis of increase in
total length of A. parthenogenetica cultured for 14 days
at various diet concentration levels such as 3, 5,10,15 and
20 mg CI! day" of I galbana + T. gracilaria in the

‘ratiol:1. The growth at various diet regimes showed

significant variations. The growth of those fed at the
higher food concentrations (10 and 15 mg C I'') increased
exponentially but gradually leveled of after 14 days of
culture, indicating a “sigmoidal” type growth curve (Fig.
1). Those fed at lower food concentrations did not grow
properly. The effect of food concentration (10 mg C 1)
on individual growth, and on the mean length (mm) of the
animals, becomes more pronounced after 4 days (4.203
+ 0.003) and 6 days (6.866 + 0.005) of culture (Fig. I).
The body length and SD at days 0, 2, 4, 6, 8,10, 12 and
14 are indicated in Table 1.

The effect of food concentration on growth in differ-
ent days has been investigated by using regression and
correlation analysis of logarithmic transformed data by
Jensen (1986). In the present study the relationship
between food concentration and growth was found to be
positive, which proved to be highly significant (p<0.001
and 0.01 levels) at all levels of food concentrations (Table
2). Such relationships indicated that the higher food con-
centrations resulted in higher growth. Comparison of
regression coefficient obtained for food concentration
vs growth in different days, revealed highly significant
difference in slopes between 10, 15 and 20 mg CI"
vs growth in different days (p<0.001) and 3 and 5 mg
C I'' vs growth in different days (p<0.01). Slope values
ranged from 0.5589 - 1.9986 and comparison of intercept
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Fig.1. Growth curves of  A.parthenogenetica

(Vedaranniyam) fed [.galbana +T.gracilaria (1:1) at
five different concentrations from day 0 (48 hr old
nauplii) until day 14. Data points represent mean
length (mm) ind"' of S triplicates each with 10 speci-
mens (dependent on specimen size)

values indicated highly a significant difference only be-
tween higher concentrations of diet and growth (p< 0.001).

After 14 days, at highest food concentrations, the
species attained a length of 10.46 + 0.044 mm (10 mg C
i), 11.94 + 0.005mm (15 mg C [*') and 11.04 + 0.027mm
(20 mg C I"") ind"' day"'. There was no significant dif-
ference in mean individual length of the animals fed with
the three high food concentrations, 10, 15 and 20 mg C
I (p< 0.001). The total length of the animals fed 3, 5 mg
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Fig.2. Specific growth rate (mm 2 days™) of 2-14 day old
A.parthenogenetica grown at -different food concentra-
tions of l.galbana +T.gracilaria (1:1) plotted as a
function of growth in length (mm)

C I' after 6 days growth was significantly lower com-
pared with the three higher food concentration (p< 0.01)

. (Table 2).

The specific growth rate was dependent on the food
concentration (Fig. 2). During the first 2 days (48 hours)
it was minimum. After day 3, it was >1.5 mm ind™
day™', and thereafter started to increase with increasing
food concentration and growth. Highest specific growth
rate (2.99 mm day™') was obtained at day 6 at a maximum
food concentration (20 mg C I"' day™), but the value was
not significantly different from the those fed with 10 and
15 mg C I' day™! (p< 0.001). The results indicated that the

Table 1. Growth (mm) of A.parthenogenetica using different food concentrations given as range, mean and standard

deviation (SD).

Days 0 2 4 8 10 12 14

Range (0-20mg  0.552- 1.669- 1.108- 2.029- 1.136- 0.799- 0.428- 0.385-
clt 0.554 2.001 1.972 2.928 2.251 1.085 1.105 0.966
Mean 0.533 1.827 1.541 2.571 1.782 0.940 0.779 0.582
SD + 0.0005 0.135 0.438 0.388 0.435 0.117 0.253 0.025

Table 2. Regression and correlation coefficient relating to different food concentrations (mg C ') and growth (mm)

in different days (2 days intervals).

Concentrations vs Length Correlation coefficient Significance
r 2 Slope Intercept N
3 0.6856  0.5956 0.5589 0.0564 8 P<0.01
5 0.6654  0.5852 0.5890 13.1240 8 P<0.01
10 0.9854  0.9256 0.9532 3.1560 8  P<0.001*
15 09346 0.8925 1.9986 2.5088 8  P<0.001*
20 0.8976  0.8652 0.9989 14.1400 8  P<0.001*
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minimum food concentration required for maximum growth
was 10 mg CI"' day”, and a further increase in the food
availability did not result in a higher growth rate. Food
concentrations below 10 mg C 1" resulted in reduced
specific growth rate and post - embryonic developmental
stages.

Discussion

A. parthenogenetica, feeding on maximum mixed food
concentrations of /. galbana + T. gracilaria (1:1), under
laboratory conditions, most probably, grow at a rate close
to its maximum growth rate, reaching a length of 11.940
+ 0.005 mm in 14 days (final density of animals 1 or 2
ind. ml™"). The digestibility and the nutritional value of the
algae, to some extent also affect the growth potential of
the animals, but have not been evaluated in this study. The
animal density (ind. ml™') could have reduced the growth
rate during the first day of the growth period because the
initial density was 5 — 10 ind. ml~'. During the time of
incubation until day 3, the two highest food concentration
were reduced by 5-10 % ind. ml™". In order to keep the
food concentration as stable as possible the animal density
was reduced to 2 — 4 ind. ml"' (day 4) reaching 1 -2 ind.
ml' at day 14. Abreu- Grobois et al. (1991) and Evjemo
and Olsen (1999) have reported a similar stocking den-
sity.

The body length versus age of A. parthenogenetica
fed at the maximum diet concentrations described ad-
equately the growth of the animals from newly hatched
nauplii, different naupliar stages until post- larval stages
(I- III), that is when, according to Evjemo and Olsen
(1999) , the antenna and genital structures develop. At
day 8, more than 85% of the animals might have devel-
oped thoracopods X and XI with filter- seta which is a
size — specific criterion for the post — larval stages
(Schrehardt, 1987; Triantaphyllidis et al., 1995). At all
diet concentrations, an optimum in the specific growth
rate was found when the length (mean) of the animal was
in the range 0.09 —2.99 mm ind ' 2 days. The differences
in specific growth rate between animals grown at different
diet concentration become more pronounced after day 4,
when they had reached a length (mean) > 2.263 + 0.990mm
ind."" 2 days. All these results indicated that maximum
growth was obtained only at diet concentrations > 10 mg
C I"' day' (maximum diet concentration). At the lower
concentrations (3 and 5 mg C 1! day™') the growth rate
decreased as a function of the availability of food. Evjemo
et al. (2000) found, when feeding Artemia on algae, the
maximal ingestion rate showed a sharp increase at the
early life stages. As the size of the animal increased the
maximum ingestion rate was reached in a gradually lower
algal density. Growth curve also indicated that the growth
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of the animals fed at the highest diet concentrations de-
creased when pre- adult (day 14) stage was reached
(length, 11.94 + 0.005 mm). It is well known that A.
franciscana reach > 10 mm after less than 15 days
(Nimura et al., 1994; Evjemo and Olsen, 1999). Recently,
Evjemo et al. (2000) found that the species followed
approximately the same growth curve as shown in Figure
1, from day 1, until day 12, when grown under the same
condition (maximum diet concentration), and reach sexual
maturity at a length of 10.45 + 0.044 - 11.94 + 0.005 mm
after 14" day.

Biotic factors, like temperature, salinity and feed play
a prominent role and influence the growth of A.
parthenogenetica (D’ Agostino, 1980; Royan et al., 1992;
Browne and Wanigasekera, 2000). The conclusion is that
a minimum food concentration for maximum growth rate
was 10 mg C I day™'. On the other hand, higher concen-
trations of food had no effect, but lower concentration
reduced both growth and embryonic developmental stages.
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