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ABSTRACT
Present study was undertaken in Godavary Estuary, Andhra Pradesh for evaluation of the effect of three stocking densities
on growth performance, survival and production of Lates calcarifer (Bloch, 1790) in floating cages and for optimisation
of stocking density in cage farming. Seabass fingerlings having length and weight of 8.36±0.32 cm and 8.10±0.61 g
respectively, were stocked in six cages (6 m dia; 3 m net depth) at three different stocking densities of 15, 30 and 45 nos. m-3
and their growth performance was monitored every fortnight for five months. All fishes were fed with chopped trash fish
@ 8 - 12% of body weight. After 150 days of grow-out culture, seabass fingerlings reached 36.0±6.0 cm in length and
690.7±41.3 g in weight at density of 15 nos. m-3, 33.9±0.4 cm and 633.2±17.9 g at density of 30 m-3 and 30.2±0.4 cm
and 465.0±21.2 g at density of 45 nos. m-3. Growth was allometric and did not differ with stocking density. Survival
percentage was comparatively higher at lower (87.3%) and moderate (83.9%) stocking densities, while production was
higher at moderate (1363.2 kg) and higher (1258.4 kg) stocking densities (p<0.5). Gain in weight as well as specific growth
rate (SGR) were higher at lower and moderate stocking densities (p<0.5). The results of the study indicated that among the
three stocking densities tested, 30 nos. m-3 is superior to 15 and 45 nos. m-3, with higher yield.
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Mariculture offers great potential for augmenting marine
fish production and cage farming is considered to be the
most productive method among all the available mariculture
technologies. Asian seabass Lates calcarifer (Bloch, 1790) is
one of the most promising candidate species for mariculture,
with its fast growth rate, high feed conversions, tolerance to
wide environmental conditions and its sustained demand in
both domestic and export markets (Rao et al., 2013). In India,
culture of seabass in floating cages has been attempted by
many workers (Anil et al., 2010; Joseph et al., 2010; Mojjada
et al., 2012; Philipose et al., 2013a). Apart from the work of
Sakaras (1987), there are no reports till date on optimisation
of stocking density for cage farming of seabass. The present
study was designed to evaluate the effect of different stocking
densities on the growth performance of seabass cultured in
cages in Godavari Estuary at Narsapur, Andhra Pradesh,
India and to arrive at optimum stocking density for seabass
farming in cages installed in river mouth or estuary.
Cage site near Narsapur (16020’ 01.8” N; 81043’ 05.3” E)
in Godavari Estuary, with water depth of 6 m and tidal
amplitude of 2 m, was selected for the study. Six circular
indigenously designed and fabricated galvanised iron (GI)

cages of 6 m dia and 3 m net depth were installed. Cages
were connected to HDPE outer predator (braided 60 mm),
inner grow-out (20 mm) and bird (80 mm) nets and were
moored 10 m apart from each other. Twenty thousand seabass
fry (4.8±0.2 cm in length and 1.2±0.1 g in weight) procured
from the hatchery of the Rajiv Gandhi Centre for Aquaculture
(RGCA) at Sirkazhi, Tamil Nadu, India were transported,
acclimatised and nursed in hapas for 38 days at a density
of 463 nos. m-3, yielding a survival of 77%. Fingerlings
(15408 nos., mean length 8.36±0.32 cm; mean weight
8.10±0.61 g) harvested from the hapas, were released
randomly into six cages. The stocking density followed was
1284 nos. cage-1 (15 nos. m-3), 2568 nos. cage-1 (30 nos. m-3)
and 3852 nos.cage-1 (45 nos. m-3) in duplicates. Stocking
densities ranging from 10 to 35 nos. m-3 are most commonly
used in seabass grow-out systems in cages (Kungvankij
et al., 1984; Cheong, 1989; Anil et al., 2010; Joseph et al.,
2010; Mojjada et al., 2012; Philipose et al., 2013a). Feeding
strategy was similar in all the cages. The fishes were fed
initially thrice, which was later reduced to twice a day with
fresh or frozen chopped trash fish (tilapia). Feeding regime
followed was: 12% of body weight at 10 to 100 g size range,
10% at 100 - 300 g size and 8% at more than 300 g. Periodical
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Analysis of variance (ANOVA) followed by
post-hoc Tukey test was done to study the differences in
growth parameters, survival and production at 5% probability
level and to make comparisons on the effect of varying
stocking densities, using SPSS software, version 16.0
(SPSS, Inc., Chicago, IL, USA). Significant differences in
the slopes of the regression lines of length-weight relation
were ascertained by analysis of covariance (ANCOVA) and
Student’s t-test was performed to check the nature of growth.
There was no signs of disease/stress or water quality
deterioration observed during regular sampling throughout
the culture period. Water quality parameters were within the
limits as recommended by Rimmer and Russel (1998) and
Schipp et al. (2007) for the grow-out culture of seabass.
Salinity ranged from 17.6 to 28.4 gl-1 (23.5±1.0 gl-1),
temperature from 29.4 to 31.3°C (30.4±0.3°C), pH from
7.8 to 8.4 (8.0±0.1), dissolved oxygen level from 4.0 to
4.5 mg l-1 (4.3±0.2 mg l-1), ammonia-nitrogen from 0.002 to
0.007 mg l-1 (0.005±0.001 mg l-1) and nitrite-nitrogen from
0.008 to 0.015 mg l-1 (0.010±0.002 mgl-1).
Fingerlings of seabass, having mean length and
weight of 8.36±0.32 cm and 8.10±0.61 g respectively after
stocking in cages at three different densities, reached on
an average 36.0±6.0 cm and 690.7±41.3 g at density of
15 nos. m-3, 33.9±0.4 cm and 633.2±17.9 g at density of
30 nos. m-3 and 30.2±0.4 cm and 465.0±21.2 g at density of

45 nos. m-3, after five months of culture. Growth performance
in terms of average weight recorded at regular intervals of
15 days at each of the three densities is depicted in Fig. 1.
Length-weight relationship derived for the farmed seabass
at the lower, moderate and higher stocking densities were
W = 0.000008 L3.12; W = 0.000004 L3.27 and W = 0.000003 L3.24;
respectively. There were no significant differences in the
length-weight relation between the three stocking densities.
The slope of regression relation varied significantly (p<0.5)
from the isometric value of 3, indicating allometric growth in
all the stocking densities. Similar relationships were reported
for Asian seabass by Rodgers (1996) from ponds, Volvich and
Appelbaum (2001) from recirculating tanks and Philipose
et al. (2013b) from offshore cages.
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sampling of fishes was carried out once in every fortnight
and important growth parameters viz., weight gain (%),
weight increment per day (g) and specific growth rate (SGR)
were estimated. Length-weight relationship, W = aLb was
calculated separately for the three stocking densities. Water
samples were collected fortnightly from the cage area and
analysed for temperature, pH, dissolved oxygen, ammonia
and nitrite (APHA, 1989). Fishes were harvested after 5
months of grow-out and the total production and survival
were recorded.
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Fig. 1. Weight of seabass (Mean±SE) stocked in cages at varying
densities

Weight gain, weight increment per day and SGR on days
15, 30, 45, 60, 75, 90, 105, 120, 135 and 150 are presented in
Tables 1 and 2. On termination of the experimental farming,
weight gain percentage was higher at the lower (8427.6±509.8)
and moderate (7716.7±220.8) stocking densities and was
lower at the higher (5640.8±261.5) stocking density (p<0.5).
Similarly, higher weight increment per day was also recorded
in the lower (4.6±0.3 g) and moderate (4.2±0.1 g) stocking

Table 1. Weight gain and increment (Mean±SE) of seabass stocked in cages at varying densities
Days of culture
15
30
45
60
75
90
105
120
135
150

Weight gain (%)

Weight increment per day (g)

Density 15 m

Density 30 m

Density 45 m

Density 15 m-3

Density 30 m-3

Density 45 m-3

192.1±6.4a
489.6±11.4a
873.0±64.0a
1512.8±70.3a
2119.1±49.0a
3069.3±186.2a
4408.0±192.9a
5507.5±171.4a
6804.8±251.1a
8427.6±509.8a

167.4±5.9ab
438.6±12.8ab
736.9±18.2a
1349.1±79.9a
1970.1±25.6a
2887.2±124.9ab
4174.8±153.9a
5080.7±187.8a
6373.3±363.7a
7716.7±220.8ab

141.9±8.1b
371.0±14.8b
606.9±38.4a
1015.9±52.7b
1501.5±19.9b
2197.0±74.9b
3006.7±154.4b
3541.3±91.3b
4674.0±145.7b
5640.8±261.5b

1.04±0.03a
1.32±0.03a
1.57±0.12a
2.04±0.09a
2.29±0.05a
2.76±0.17a
3.40±0.15a
3.72±0.12a
4.08±0.15a
4.55±0.28a

0.90±0.03ab
1.18±0.03ab
1.33±0.03a
1.82±0.11ab
2.13±0.03a
2.60±0.11ab
3.22±0.12a
3.43±0.13a
3.82±0.22a
4.17±0.12ab

0.77±0.04b
1.00±0.04b
1.09±0.07a
1.37±0.07b
1.62±0.02b
1.98±0.07b
2.32±0.12b
2.39±0.06b
2.80±0.09b
3.05±0.14b

-3

-3

-3

Mean values for each growth parameter with different superscripts between columns in each row for each day indicate significant (p<0.05) differences between
three stocking densities; Gain (%) and increment on each day of culture was computed from 0 day
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Table 2. Specific growth rate (Mean±SE) of seabass stocked in
cages at varying densities
Specific growth rate (SGR)

Days of
culture

Density 15 m-3

Density 30 m-3

Density 45 m-3

15
30
45
60
75
90
105
120
135
150

7.14±0.15
5.91±0.06a
5.05±0.15a
4.63±0.07a
4.13±0.03a
3.84±0.07a
3.63±0.04a
3.36±0.03a
3.14±0.03a
2.96±0.04a

6.56±0.15
5.61±0.08ab
4.72±0.05ab
4.45±0.09ab
4.04±0.02a
3.77±0.05ab
3.58±0.03a
3.29±0.03a
3.09±0.04a
2.91±0.02a

5.89±0.22b
5.16±0.10b
4.34±0.12b
4.02±0.08b
3.70±0.02b
3.48±0.04b
3.27±0.05b
3.00±0.02b
2.86±0.02b
2.70±0.03b

a

ab

Mean values with different superscripts between columns in each row for
each day indicate significant (p<0.05) differences between three stocking
densities; SGR on each day of culture was computed from 0 day

densities (p<0.5). SGR after 150 days, was 2.7, 2.9 and 3.0
in the highest, moderate and lower stocking densities (p<0.5)
respectively. Daily weight increment increased progressively
with increase in culture period. During the first 15 days of
culture (from 0 to 15th day), weight gain for each day varied
from 0.8 to 1.0 g, whereas during the last 15 days of culture
(from 136th to 150th day) daily weight gain varied from
5.2 to 8.8 g. SGR was higher during the initial months of
culture and decreased gradually towards the end of the culture.
Jobling (1994) reported an inverse relationship between
SGR and fish weight and the results of the present study are
in full agreement with this. The changing pattern of growth
parameters with culture duration was similar at all the three
stocking densities. Average gain and increments in body weight
was consistent with earlier reports on cage cultured seabass in
different environments using different feeds (Sakaras, 1987;
Eusebio and Coloso, 2000; Katersky and Carter, 2005; Anil
et al., 2010; Joseph et al., 2010; Mojjada e al., 2012; Philipose
et al., 2013a). SGR was higher than that reported by many
authors (Anil et al., 2010; Joseph et al., 2010; Mojjada
et al., 2012). Seabass reared at moderate to lower densities
were fed well on the trash fishes and shoaling behaviour
during feeding was observed. Shoaling behaviour resulted
in active feeding by all fishes following each other, which
might have accounted for the higher growth rate obtained in
the present study.
Significantly (p<0.5) higher survival percentages for
lower and moderate stocking densities and higher production
for moderate and higher stocking densities were observed.
Highest survival of 87.3±0.7% was observed in the lowest
stocking density, followed by 83.9±1.4% in the moderate
stocking density and 70.3±1.7% in the highest stocking
density. Survival at densities of 15 and 30 m-3, were higher
in comparison to 20 to 80% reported in cage cultured seabass

by Anil et al. (2010), Joseph et al. (2010) and Mojjada
et al. (2012). Poor survival recorded at higher stocking
density could be because of loss of appetite due to
crowding stress, resulting in reduced feed consumption and
differential growth rate with subsequent development of
shooters and resultant cannibalism. The moderate stocking
density recorded the highest production of 1363.2±16.2 kg
(16.04±0.19 kg m-3), followed by 1258.4±26.4 kg
(14.80±0.31 kg m-3) and 773.7±40.3 kg (9.10±0.47 kg m-3)
in the higher and lower stocking densities respectively.
Body weight and total production recorded after five
months of culture is superior when compared to that
reported earlier from cages by Sakaras (1987), Mackkinnon
(1989), Schipp et al. (2007), Joseph et al. (2010) and Anil
et al. (2010).
Growth and stocking density are closely linked
(Coulibaly et al., 2007). Inter-individual contacts, competition
for food and stress resulting from higher densities adversely
affects the growth performance (Barcellos et al., 2004). In
the present study, for cage cultured seabass, stocking density
of 30 nos. m-3 was found to be better than the other two
densities tested. Though growth performance and survival
were marginally better in the lower stocking density of
15 nos. m-3, production was significantly less. At the higher
stocking density of 45 nos. m-3, both growth performance and
survival were significantly reduced. It is quite possible that
at higher densities, with lack of space and water flow, fishes
were stressed and their growth and survival was negatively
affected.
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