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Abstract

Despite its aquaculture potential, Asian seabass (Lates calcarifer) has not yet been adopted for cage culture in
Bangladesh. This pilot study aimed to assess the feasibility of cage culture of this species in coastal rivers of
Bangladesh. A total of six cages (18 m? each) were installed in a coastal river and each was stocked with 50 fish
(7.70 £ 0.18 g). Three feeding treatments were applied: 100% live feed (live and/or trashed juvenile tilapia)
(T1); 50% live feed with 50% formulated feed (T,); and 100% formulated feed (Ts). The experimental fish were
reared for 12 weeks and fed at 8% of their body weight during the initial 3 weeks and at 6% during the later
weeks. Fish refused formulated feed. Survival in T; (64%) was significantly lower compared to that in T, (88%)
or T, (82%) but did not differ between T, and T,. Mean specific growth rates (SGR) were 1.66, 1.12, and 0.90 %
d_l; daily growth rates (DGR) were 2.20, 0.74, and 0.44 g, and weight gain (WG) values were 182.50, 61.10, and
36.50 g in T4, T,, and T, respectively. SGR values significantly differed among the treatments. DGR and WG
values in T, were significantly higher than that in T, or T3 but did not differ between T, and T;. Results indicate
that cage culture of Asian seabass in Bangladesh requires live and/or trash fish as feed, or else advances in
domestication and artificial feed development.
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1 | INTRODUCTION

Asian seabass (Lates calcarifer), also known as barramun-
di, is a euryhaline carnivorous fish predominantly inhabits
coastal areas in the Indo-Pacific region (Ilham et al. 2016).
This species is an important food fish in numerous coun-
tries due to its outstanding taste and nutritional value
(Pervin et al. 2013; Vij et al. 2014; Yenmak et al. 2018).
Global production of this species reached 154,281 tonnes
in 2022, with a 735% increase in the production since
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2000 (FAO 2025), underscoring its high economic value.
The rapid expansion in the production of Asian seabass is
due to, at least partially, its ability to reproduce in captiv-
ity, its tolerance of water quality extremes (Tienson-
grusmee et al. 1989; Singh 2000; Chudasama et al. 2023),
and its suitability for culture in earthen ponds as well as
cage systems across freshwater, brackish water, and ma-
rine environments (Kungvankij et al. 1986; Rimmer and
Russell 1998; Anil et al. 2010).
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Brackish waterbodies are predominantly used for
pond-based aquaculture, while these waterways also con-
tinue to support capture fisheries, reflecting their dual
role in aquatic food production (Mitra and Sikder 2023).
Proper utilisation of brackish water resources (e.g. coastal
rivers) in modern aquaculture practices, such as cage cul-
ture, can enhance aquaculture production and reduce
pressure on freshwater resources utilized by multiple
users, including fish farmers (lgnatius 2016). Additionally,
carnivorous behavior of Asian seabass is considered a
constraint in polyculture with other fish species in many
cases; therefore, this species is a good candidate for cage
culture. Reports have revealed that location-specific cage
systems can profitably grow fish, securing the livelihood
of coastal fishers by employing open brackish waters with
the ideal depth and water quality (Krishna et al. 2014;
Manju Lekshmi 2015; Aswathy and Joseph 2019). There-
fore, cage culture is preferable to pond aquaculture of
Asian seabass (Boonyaratpalin and Williams 2002).

Cage culture of Asian seabass had been started long
ago in several countries, and as of 2022, this fish was
commercially produced in 18 countries (Dunstan 1959;
Singh 2000; Carbone et al. 2025). Despite having high
demand of Asian seabass and extensive coastal waterbod-
ies, cage culture of Asian seabass is not under practice in
Bangladesh. Establishing cage culture of this species in
Bangladesh requires country-specific information, pres-
ently unavailable. Therefore, the current study aimed to
assess the feasibility of cage culture of Asian seabass in
coastal rivers of Bangladesh. This work provides the first
documentation of Asian seabass cultivation in coastal
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rivers in Bangladesh and offers valuable insights to initiate
cage culture practices in floating cages in coastal rivers of
Bangladesh and other Asian countries.

2 | METHODOLOGY

2.1 Location of the study

A part of the Sholmari River (at 22.7417°N 89.5167°E)
located in Batiaghata Upazila under Khulna district, Bang-
ladesh was selected for cage setup (Figure 1). Tidal water
flow of the river reaches up to 1.0 m st during the mon-
soon and 0.5 m s ' in the pre- or post-monsoon periods
(WARPO 2019). Regardless of seasons, pH values of the
river water typically fall within 7.5-7.9. Dissolved oxygen
fluctuates from 3.8-6.3 mg L™ in the pre-monsoon to
5.2-6.9 mg L during the monsoon, declining to 1.7-4.7
mg Lt post-monsoon. Salinity decreases from 19.3-23.5
to 0.02-0.92, and subsequently 0.04—0.52 across the
same periods (Islam et al. 2016). Although annual tem-
perature data for the Sholmari River are unavailable,
measurements from the nearby Bhadra River suggest
seasonal temperatures of approximately 32°C (pre-
monsoon), 29°C (monsoon), and 22°C (post-monsoon)
(Ara et al. 2017). These previously recorded data sup-
ported the culture of Asian seabass in the river, and the
current cage culture study was carried out for 12 weeks
during the monsoon (7 July to 29 September 2022). At
high tide, the water column reached a depth of 12 m,
while at low tide, it was 10 m. The dynamic width of the
experimental river ranged between 18.9 and 36.6 m un-
der tidal influence. The river had a sandy-mud bottom.
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FIGURE 1 Location of the experimental cages in the Sholmari River, Batiaghata Upazila, Khulna district, Bangladesh.
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2.2 Cage construction and installation

A total of six cages each of 18 m® (3mx3mx2m, length
x width x height) were constructed with bamboo split.
The entire frame was wrapped with a nylon net of 1.0 cm
mesh size. To prevent feed pellets from drifting out of the
cages, the water level inside each cage was fitted with a
30 cm wide, 1 mm mesh net border along the waterline.
Empty 250-L air-filled plastic drums were used as flotation
devices to provide buoyancy for the cage structure. Each
cage was tied and hanged with bamboo poles. The top of
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each cage was covered with a nylon net (mesh size 2.5
cm) to prevent fish from escaping and from predation by
birds. To enable the cages to float with changes in water
level, the entire structure was loosely fastened to a bam-
boo raft and secured on both sides with nylon-rope an-
chors (Figure 2). The submerged volume of each cage was
15 m’ (3 m x 3 m x 1.67 m). Six cages were randomly as-
signed to three feeding treatments with two replicate
cages per treatment.

Bangladesh.

2.3 Fish collection and stocking

A total of 1,500 Asian seabass (4.8-5.8 cm; 2-3 g fish™)
were collected from the Pasur River in Mongla Upazila of
Bagerhat district, Bangladesh, and were immediately
transported to the experimental site. Fish were collected
from nature because the hatchery-produced Asian sea-
bass are not available in Bangladesh. The collected fish
were conditioned for transport in aluminum pots contain-
ing river water and no supplemental feeding. Two earth-
en ponds, each of 15 m length, 10 m width, and 1.5 m
depth, nearby the experimental site were used for nurs-
ing the fish for 25 days. Fish were initially acclimatized to
the nursing environment by gradually adding pond water
to the aluminum pots before releasing the fish into the
ponds. Stocking density was 750 fish pond_l, representing
approximately 3 fish m”>. Fish were provided with a for-
mulated floating feed 4 times daily for 23 days to adapt
them to the formulated feed (a high-protein pelleted
feed, Table 1); however, the fish refused the formulated
feed. A limitation of this adaptation process was that this
preliminary study provided fish only with pellets and did
not evaluate co-feeding strategies (e.g. mixed trash fish
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and pellets). To prevent cannibalism, an intermediate
size-grading after two weeks of stocking was conducted.
Following 25 days of nursing, fish were harvested and a
total of 300 uniform-sized fish (7.7 g and 7.5 — 7.8 cm)
were equally distributed to the six cages (50 cage™; dy-
namic volume 15 m? per cage), represents a stocking den-
sity of approximately 3 fish m>. In cage culture, the ideal
stocking density and carrying capacity vary depending on
the species, fish size, cage size, water exchange rate or
flow, and duration of the rearing period (Philipose et al.
2013). Initial weight of each fish was recorded with the
help of an electronic balance (CT 1200-S, OHAUS, USA).
Six cages were randomly assigned to three feeding treat-
ments: 100% live feed (mixture of live and trashed juve-
nile tilapia) (T,), 50% live feed plus 50% formulated feed
(T,), and 100% formulated feed (T3), with two replicate
cages per treatment. The nutritional composition of the
formulated feed and live feed is given in Table 1. In T, and
T,, fish were fed at 8% during the initial 3 weeks, and later
at 6% of their body weight. The fish were fed twice a day,
50% of the daily ration in the morning (0800 h) and an-
other 50% in the afternoon (1600 h). Intake of the formu-
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lated feed was determined by collecting all the remaining
pellets in the cages after one hour of each feeding and
then by weighing the pellets. Feed allocation for each
cage was adjusted based on triweekly samplings and daily
mortality. A diver examined the cages every ten days in-
terval. Water quality parameters, i.e., dissolved oxygen,
pH, salinity, and temperature were monitored twice daily
(0900 h and 1630 h) using portable devices.

TABLE 1 Mean values (n = 2) of proximate composition of
juvenile tilapia and formulated feed those were fed to the
experimental Asian seabass.

" Juvenile  Formulated
Composition T
tilapia feed
Moisture (% as-is) 77.8 10.4
Crude protein (% DM) 66.1 49.7
Crude fat (% DM) 20.1 16.3
Crude ash (% DM) 13.7 11.4
Carbohydrate (% DM) - 22.7
Gross energy (k) g™ DM) 22.6 18.7

DM = dry matter

2.4 Proximate composition analysis of feeds

Proximate composition of the live feed and the formulat-
ed feed were determined according to the general princi-
ple of Association of Official Analytical Chemists, USA
(AOAC 2005) with a little modification in some cases. For
dry matter analysis, the samples were dried at 105°C for
24 h following an extra 4 h afterwards to confirm a con-
stant dry weight. Crude ash was determined through in-
cineration at 550°C for 8 h. Crude protein was assessed
based on analyzed nitrogen: crude protein = Kjeldahl-N x
6.25. Crude fat was determined by Soxhlet method using
methanol-chloroform (1:2, V/V) extraction. A bomb calo-
rimeter was used to assess gross energy content of the
feed samples.

2.5 Fish sampling and growth study
Periodical sampling of fish was carried out on week 3, 6,
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9, and 12 throughout the experimental period to ascer-
tain health status and growth. On each sampling, 5 repre-
sentative fish per cage were sampled and their individual
weight was recorded using an electronic balance (OHAUS,
Model CT 1200-S, USA). After weighing, the sampled fish
were released back into their respective cages. All the fish
were harvested at the end of the experiment. Growth
parameters, i.e., specific growth rate (SGR), daily growth
rate (DGR), and weight gain (WG) were estimated at each
sampling and final harvesting as per the formulas used by
Salama and Al-Harbi (2007):

SGR (% d_l) = [(In final mean body weight — In initial

mean body weight) / Number of days] x 100

DGR (g d_l) = [(Final mean body weight — Initial mean

body weight) / Number of days)]

WG (g) = Final body weight — Initial body weight

Cumulative mortality (%) = (Number of dead fish at a

certain point / Initial number of live fish) x 100

Survival (%) = (Number of fish harvested at a certain

point / Initial number of fish) x 100

2.6 Data analysis

Statistical analysis of SGR, DGR, WG, and cumulative mor-
tality were performed by one-way ANOVA, where the
mean values were compared by Tukey's New Multiple
Range Test at 5% level of significance (Gomez and Gomez
1984). The statistical software SPSS (version 22.0) was
used for all the analysis.

3 | RESULTS

3.1 Water quality parameters

Irrespective of tidal condition of the river, the recorded
water temperature, salinity, dissolved oxygen, and pH
ranged between 23.0-29.6°C, 4.0-19.0 ppt, 4.0-8.0 mg
L™, and 6.9-9.7, respectively. The periodic and overall
mean values are given in Table 2. Although some fluctua-
tions in values, particularly salinity, were observed be-
tween periods, the values did not change sharply within a
day between high and low tide.

TABLE 2 Water quality parameters of the Sholmari River, presented as triweekly means (n = 18) and overall mean (n = 72)
with their standard deviations on tidal condition throughout the 12-week experimental period between July and Septem-

ber 2022.
Parameters Tide Week 0-3 Week 4-6 Week 7-9 Week 10-12 Overall
Temperature (°C) High 25.4+2.0 28.4+1.2 27.2+1.0 259+1.0 26.7+1.8
Low 24.4+2.2 27.9+0.7 27.6+0.7 25.4+0.5 263+1.9
Salinity (ppt) High 13.4+2.3 10.1+1.5 54+1.6 10.8+2.3 9.9+3.5
Low 11.3+25 8.1+1.6 54%1.5 7.9+0.6 8.2+2.7
pH High 7.4+0.7 7.7+0.1 7.1%0.2 7.5+0.3 7.4+0.5
Low 8.1+0.5 7.9+0.2 7.9+0.2 7.9+0.1 7.9+0.3
Dissolved oxygen High 4.7+0.3 6.5+0.4 5.8+0.3 44+04 5.4+0.9
(mgL™) Low 5.2+0.5 7.3+0.8 6.4+0.5 50+04 6.0+1.1

3.2 Feed acceptance and growth of fish
Fish in T, and T; refused the formulated feed. This refusal
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was ascertained by comparing the given amount and the
leftover of feed after one hour of each feeding. Fish were
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sampled on week 3, 6, 9, and 12 to measure growth. All
the treatments showed the highest SGR values on week 3
when compared to the later sampling moments. Irrespec-
tive of sampling moments, SGR values varied significantly
(p < 0.05) between treatments (Figure 3). Final SGR values
after 12 weeks were 1.66, 1.12, and 0.90 % dtin Ty, Ty,
and T3, respectively.

DGR values differed significantly among the treat-
ments (p < 0.05) at week 3 or 9. On week 6 or 12, DGR
value in T; was significantly higher (p < 0.05) compared to
T, or T3, but the values did not vary between T, and T;
(Figure 4). Final DGR values were 2.20, 0.74, and 0.44 g d”
Yin T,, T,, and T3, respectively.

WG values in T, at each sampling moment were sig-
nificantly higher (p < 0.05) compared to their respective
T, or T; (Figure 5). Despite perceptible differences, no
statistical differences in WG were observed between T,
and T; (p > 0.05) at week 6 or 12 (Figure 5). However, the
values at week 3 or 9 differed significantly between T,
and T3 (p < 0.05). From week 9 to week 12, WG value in T
sharply increased when compared to T, or T; (Figure 5).
Final WG values were 182.50, 61.10, and 36.50 g in T,, T,
and T3, respectively.
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FIGURE 3 Specific growth rate (SGR) of experimental
Asian seabass on each sampling moment (week). Values
lacking a common letter at each sampling moment are
significantly different (p < 0.05). Error bars represent the
standard deviation of the mean (n = 2). T, = 100% live
feed (live and/or trashed juvenile tilapia); T, = 50% live
feed plus 50% formulated feed; T; = 100% formulated
feed.

3.3 Mortality and survival

Mortality at week 3 or 6 did not differ among the treat-
ments. At week 9, mortality in T, did not differ from T, or
T;, but the mortality in T; was higher compared to T, (p <
0.05; Figure 6). Final mortality (week 12) in T, (12%) was
significantly lower compared to T; (36%) (p < 0.05); how-
ever, the mortality did not differ between T, and T, (Fig-
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ure 6). Overall survival rates were 64, 82, and 88% in T,
T,, and T3, respectively.
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FIGURE 4 Daily growth rate (DGR) of experimental Asian
seabass on each sampling moment (week). Values lacking
a common letter at each sampling moment are signifi-
cantly different (p < 0.05). Error bars represent the stand-
ard deviation of the mean (n = 2). T, = 100% live feed (live
and/or trashed juvenile tilapia); T, = 50% live feed plus
50% formulated feed; T3 = 100% formulated feed.
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FIGURE 5 Weight gain (WG) of experimental Asian sea-
bass on each sampling moment (week). Values lacking a
common letter at each sampling moment are significantly
different (p < 0.05). Error bars represent the standard
deviation of the mean (n = 2). T, = 100% live feed (live
and/or trashed juvenile tilapia); T, = 50% live feed plus
50% formulated feed; T3 = 100% formulated feed.
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4 | DISCUSSION

This study aimed to assess the feasibility of cage culture
of Asian seabass (Lates calcarifer) in coastal rivers of
Bangladesh. The feasibility was assessed in relation with
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the suitability of aquatic environment for cage culture,
feed preference, growth performance, and survival of
fish.
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FIGURE 6 Cumulative mortality of experimental Asian
seabass over 12 weeks. Values lacking a common letter at
each sampling moment (week) are significantly different
(p < 0.05). Error bars represent the standard deviation of
the mean (n = 2). T, = 100% live feed (live and/or trashed
juvenile tilapia); T, = 50% live feed plus 50% formulated
feed; T; = 100% formulated feed.

4.1 Water quality and environmental suitability

Water quality directly influences the general health status
of fish (Al Zahrani et al. 2013), which is related to their
growth. Poor water quality reduces feed consumption,
increases feed conversion ratio, and diminishes the sur-
vival of fish (Santos et al. 2010). Asian seabass has an ex-
tremely wide thermal (15-40°C) tolerance, with optimal
growth at 22-35°C (Tucker et al. 2002; Anil et al. 2010). In
the current study, the measured water quality parame-
ters including temperature were within the suitable range
for Asian seabass (Kungvankij et al. 1986; Tucker et al.
2002; Anil et al. 2010). Therefore, water quality parame-
ters were not identified as a critical factor influencing fish
performance in this study. These findings indicate that
the water environment in the studied Sholmari River, and
likely other coastal rivers of Bangladesh, is suitable for
Asian seabass cage culture.

4.2 Growth performance under different feeds

Growth parameters SGR, DGR, and WG were measured in
the present study. Regardless of feeding treatments, the
highest SGR values on first sampling in this study are at-
tributable, at least in part, to the higher feeding rate dur-
ing the initial weeks, considering the faster growth during
early stages (Sangeeta et al. 2018). Although the fish
groups received the same amount of feeds with similar
dietary energy contents, final SGR was nearly doubled in
T, compared to T;. This difference in SGR between treat-
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ments is likely due to the refusal of the formulated feed.
Although studies conducted outside Bangladesh reported
satisfactory responses of Asian seabass to formulated
feeds (e.g. Anil et al. 2010), the native strain of Asian sea-
bass used in the present study did not adapt to the for-
mulated feed. However, feeding strategies such as gradu-
al weaning, where mixed feeds of trash fish and formu-
lated feeds are provided with a progressively declining
ratio of trash fish over a certain period, may help fish
adapt to formulated feeds. The highest SGR value (1.66 %
d™) recorded after 12 weeks in the present study is much
lower compared to that recorded by Hassan et al. (2021)
in Asian seabass (4.13 and 3.78 % d™') after a 10 week
trial. This inconsistency in results between studies might
be attributed to differences in fish strain and age, feed
type, feed digestibility, cage size, stocking density, culture
period, and environmental conditions. However, the SGR
values in the present study showed similarity with that in
other carnivorous and omnivorous fish species such as
striped snakehead (Channa striata; 1.49 % d_l; Sangeeta
et al. 2018), European catfish (Silurus glanis; 1.40-2.66 %
d Koprucu et al. 2024), Pangas catfish (Pangasius pan-
gasius; 1.84 % d”'; Debnath et al. 2005), and Nile tilapia
(Oreochromis niloticus; 2.14 % d’ Dey et al. 2020). This
suggests that Asian seabass has potential for cage culture;
however, this preliminary study did not aim for a cost-
benefit analysis, which remains to be addressed in future
research.

In contrast to SGR, similarity in final DGR values be-
tween T, and T; indicates that SGR may not always reflect
DGR, and statistical patterns between them are not nec-
essarily consistent. Once the fish in T; completely refused
feed, the similarity in final DGR values between T, and T3
was likely attributable to the high mortality in Ts. It is like-
ly that in T3, live fish consumed dead individuals, which
contributed to growth and thus influenced DGR. Moreo-
ver, the abundance of natural food may also have con-
tributed to this outcome. The highest final DGR in T, over
12 weeks (2.20 g) is similar to that (2.22 g) recorded in
the study of Philipose et al. (2013) on Asian seabass cul-
tured in sea cages. This suggests that the wild strain of
Asian seabass in Bangladesh shows potential for cage
culture under the present conditions.

A previous 10-week pre-growout culture of juvenile
Asian seabass showed a final WG of 112.07 g (Krishna et
al. 2014), which was lower than the highest value ob-
served in T, (182.50 g) but higher than the second-highest
value (61.10 g) in T; of the present study. In another
study, a 9-week culture of Asian seabass fingerlings
achieved a WG of 167.81 g (Hassan et al. 2022), closely
aligning with the highest value recorded in the present
study. This inconsistency in findings between studies may
occur due to multiple reasons as discussed earlier. How-
ever, consistent with SGR and DGR, WG values also indi-
cates the potential for cage culture of Asian seabass in
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the studied systems in Bangladesh. However, the promis-
ing WG values in T, suggest reliance on live or trash fish as
feed, highlighting concerns about availability and cost.

4.3 Survival, cannibalism, and stocking density

Survival rates of Asian seabass in the present study (64—
88%) fall in the survival range of 65—-100%, as recorded in
several previous studies conducted in cages (e.g. Catacu-
tan and Coloso 1997; Kailasam et al. 2001; Kumaran et al.
2021). Several factors such as quality of fish, feed type
(nutrition), and environmental factors like pollution may
influence the mortality of Asian seabass in cages, making
differences in survival among studies. Cannibalism, a ge-
netic and behavioral characteristic of Asian seabass,
which causes mortality influenced by size variation and
environmental factors such as food availability, pollu-
tants, shelters availability, water transparency, light, and
feeding frequency. Under controlled conditions, seabass
compete with one another for food and space, which
gradually causes size differences and consequently stimu-
lates the cannibalistic behavior in bigger individuals (Khan
et al. 2021). In the present study, the observed cannibal-
istic behavior was relatively low, most likely due to the
low stocking density (3 fish m_a) and the stocking of ap-
parently uniform-sized fish. Aligning with several previous
studies mentioned above, survival of Asian seabass in this
study indicates the potential for cage culture of Asian
seabass in the studied systems in Bangladesh. Although T,
showed more than 80% survival, comparable to T,,
growth performance should also be considered when
focusing on profitability.

4.4 Implications for cage culture development in Bang-
ladesh

This pilot and short-term investigation provides an initial
dataset to support further research on Asian seabass cul-
ture in Bangladesh. The local strain used in this study did
not accept formulated feed, indicating a major constraint
for commercial cage culture due to continued reliance on
live feed and its associated cost and availability. Future
work should evaluate co-feeding protocols and other
strategies to facilitate adaptation to formulated feeds. As
the present study did not include a cost-benefit assess-
ment, it provides no basis for inferring commercial profit-
ability. Nonetheless, the cage construction materials and
overall setup appeared relatively inexpensive, suggesting
potential economic viability. However, long-term trials
with more replicates per treatment are required for a
robust financial evaluation, as this preliminary study in-
cluded only two replicates per treatment. Additional re-
search is needed to optimize stocking density and im-
prove production per unit area. Also, development of
artificial breeding techniques of Asian seabass in Bangla-
desh would help reduce pressure on wild populations and
support sustainable aquaculture expansion.
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5 | CONCLUSIONS

Cage culture of Asian seabass in coastal rivers remains at
an early stage of development in Bangladesh. Aquatic
environmental conditions for cage culture, growth per-
formance, and survival of fish recorded in this preliminary
study demonstrate the feasibility of rearing Asian seabass
in floating net cages in coastal rivers of Bangladesh. Nev-
ertheless, the economic feasibility of this technique has
yet to be established. Until the strain is domesticated and
suitable pelleted feeds are developed, farmers attempt-
ing seabass cage culture in coastal rivers of Bangladesh
should plan for reliable access to live and / or trash fish
and maintain relatively low stocking densities.
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