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The escalating global demand for fish protein necessi-
tates the expansion of aquaculture from land to sea, faci-
litated by floating sea cages. In this study, the National
Institute of Ocean Technology (NIOT), Chennai, Tamil
nadu conducted a pilot-scale culture of hatchery-reared
cobia seeds (Rachycentron canadum) in HDPE collar
floating cages (9 m diameter with a cultivable volume of
320 m’). These cages were strategically deployed at
Olaikuda (Gulf of Mannar, Tamil Nadu) and Thuplipa-
lem (Andhra Pradesh), representing semi-protected (SP)
and open sea (OS) environments respectively. The eval-
uation focused on growth performance, with cobia seeds
stocked in cages at an initial biomass of 150 g/m® (SP)
and 154 g/m’ (OS), featuring an initial average weight of
32.49 £1.77 g and a total length of 15.6 £ 0.91 cm during
stocking. In SP site, cobia exhibited significant growth,
reaching an average weight of 3830 g in 270 days, with a
specific growth rate (SGR) of 1.76% with a survival rate
of 77%. In contrast, despite the longer culture period of
322 days at the OS site, lower average weight of 2550 g
with an SGR of 1.35% with survival rate 62% at SP.
Physicochemical and biological parameters at both sites
remained within optimal ranges. Notably, the OS site
experienced higher wave heights (ranging from 0.56 to
2.28 m); potentially impacting feeding patterns, high en-
ergy expenditure due to the exposed weather conditions
resulted into reduced growth rate compared to the shel-
tered bay. This study aims to elucidate the comparative
suitability of environmental settings and its economic
feasibility for open sea cage farming.

Keywords: Blue economy, cobia, growth rate, maricul-
ture, sea cages, wave height.

Introduction

GLOBALLY, marine cage-based fish farming has experienced
significant development in recent years and represents a
potential source of fish protein'. In comparison, India’s
cage culture is still in its early stages, despite having an
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advantageous tropical climate, a long coastline stretching
8118 km, 12 nautical miles of territorial waters, and appro-
ximately 4 million marine fishermen residing in 3432 fishing
villages across 66 coastal districts in 9 coastal states and 4
union territories. The country also features 6 major and 40
minor fishing harbours along with 1537 marine fish landing
centres’.

Despite the high protein content in fish, global fish pro-
duction remains around 140 million tonnes (mt), which is
relatively lower than the world’s cereal production of
2686 mt (ref. 3). India’s total fish production was reported to
be 14.73 million metric tonnes (MMT) for the year 202021,
with capture fishery contributing 3.48 MMT and culture
fishery contributing approximately 11.25 MMT (Indian
Fisheries Annual Report 2021-22). As capture fisheries
have reached their maximum sustainable level, there is a
pressing need to expand culture fishery, specifically
through open sea-cage farming, as land-based aquaculture
production often leads to multiple conflicts. Open sea-cage
farming offers stable water quality and comparatively fewer
conflicts in the offshore environment. Furthermore, land-
based culture typically produces an average of 0.5 kg/m’
(5000 kg/ha), while open sea-cage farming allows up to
100 kg/m® production through intensified culture opera-
tions, such as those involving Hippoglossus hippoglossus®.
Offshore cage farming facilitates high-density seed stocking
compared to land-based culture, employing simpler opera-
tions and harvesting methods with multi-trophic level usage'.

Cobia (Rachycentron canadum) stands out as one of the
essential candidates, demonstrating superior growth rate
combined with consistent demand in both domestic and
international markets®’. Various environmental settings,
particularly wave height, influence the growth of cultured
fish. Hence, site selection considerations for fostering the
growth of the blue economy through cage culture should
also consider the environmental parameters to reap the
maximum benefits.

The process of identifying a suitable location requires a
diverse range of data, encompassing environmental factors,
socio-economic considerations, legal aspects and plan-
ning-related information®. Successful finfish cultivation
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necessitates stable environmental conditions to optimize
growth and ensure survival. Considering these crucial fac-
tors, two distinct environmental settings were chosen for
the present study at Olaikuda (Gulf of Mannar, Tamil Nadu),
representing a semi-protected (SP) environment, and
Thuplipalem (Andhra Pradesh), representing an open sea
(OS) environment. This study aims to assess the influence
of water quality and environmental parameters such as
wave height on the growth of cultured fish. The economic
feasibility of fish cultivation in an offshore environment is
explored by considering factors such as rough weather
conditions, distance from the landing site and accessibility to
other critical facilities. These considerations are discussed
considering the cost of production, a key parameter cru-
cial for ensuring the profitability of fish farming.

Materials and methods

The location of Olaikuda and the OS at Thuplipalem along
the southeast coast of India, were chosen for comparative
assessment of the growth of R. canadum (Figure 1). The
Olaikuda sandy substratum site is in a shallow, semi-
protected bay with depth approximating ~7 m. This rela-
tively tranquil location is characterized by clear water and
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Figure 1. Map showing the study area at Olaikuda, Tamil Nadu and
Thuplipalem, Andhra Pradesh, India.
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a favourable coastal environment, making it conducive for
the sea-cage culture of marine finfish.

The OS environment at Thuplipalem, a sandy substra-
tum off Nellore, Andhra Pradesh, is ~14 m deep and often
encounters high waves. HDPE collar floating cages (9 m in
diameter with a cultivable volume of 320 m®) were deployed
using a multipoint mooring system at both sites’.

Regular monitoring and recording of water quality para-
meters such as salinity, temperature, pH and dissolved oxygen
(DO) were done with a pre-calibrated water quality probe
(YSI model 563A, Ohio, USA) at both sites. The nutrients,
namely nitrite, nitrate, inorganic phosphate (IP), silicate, total
nitrogen (TN), ammonia and total phosphorus (TP) were
measured in seawater samples following the standard proto-
col'’. The significant wave height (SWH) data were ob-
tained from the automatic recording wave rider buoys
installed and maintained by the Indian National Centre for
Ocean Information Services, Ministry of Earth Sciences,
Government of India.

Juvenile cobia seeds at 90 days post-hatch (dph), with
weights ranging from 29.8 to 34.3 g and a mean weight of
32.49 + 1.77 g, were acquired from the Rajiv Gandhi Centre
for Aquaculture Hatchery, Pozhiyur, Kerala. Three thousand
seeds were transported by road using circular HDPE tanks
(capacity 1000 litre) at a density of 1 seed/litre, following
standard protocols''. The fish seeds were transported from
the shore in 1000 litre tanks placed in a catamaran (mech-
anized traditional boat) filled with source water. The fish
seeds were then stocked in floating, 2 m diameter nursery
cages, deployed inside 9 m diameter circular cages, using
3 mm mesh size nets (volume 4 m’) at a stocking density
of 63 individuals/m’. The fish were fed twice a day (7 am
and 4 pm) with nursery feed (crumble size 2 mm with 48%
protein composed of fish and krill meal) at 10% of the total
biomass and grown for 30 days. After 30 days of culture
(DOC), the fish reached an average weight of 200 g and
197 g at Olaikuda and Thuplipalem respectively. Subse-
quently, they were released into grow-out cages with
knotless poly alanine nets (mesh size 8 mm), featuring a
culture volume of 320 m’. The initial stocking density was
521 g/m’ at Olaikuda and 594 g/m’ at Thuplipalem.

The fish in the grow-out cages were provided with
floating pellet feed ranging in sizes from 4, 6, 8, 10 to
12 mm, containing 42% protein composed of fish and krill
meal. The feeding rate commenced at 6—8% of the total
biomass during the nursery phase. To facilitate effective
pellet distribution, the feed pellets were gradually released
in the direction of the waves, allowing ample time for
them to move away from the release point. This ensured
sufficient time for the fish to consume the pellets, while
minimizing the escape of unconsumed pellets from the cage.

However, during the initial growth phase in the OS
(Thuplipalem), a considerable number of floating pellets es-
caped from the cages due to high wave action, resulting in
increasing feed expenses. To mitigate feed loss, smooth
tarpaulin sheets (80 cm height) were stitched inside the
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cage net at the water level. Throughout the pre-grow-out and
grow-out phases, the fish were fed to satiation, typically
starting at around 6% of the total biomass during pre-grow-
out and progressively reducing to 3% by the end of the
culture.

To maintain optimal conditions, the nets were periodically
cleaned from fouling algae and organisms to reduce drag
and ensure consistent water flow through the cages. Regu-
lar SCUBA diving was conducted at both sites to monitor
the condition of the fish and the nets.

The growth pattern was recorded every 30th day by docu-
menting the length and weight of the fish. Body weight
was measured using an electronic digital balance (£ 0.1 g)
and length using a fish measuring board. No mortality was
recorded during sampling and live fish were released back
into the cages after measurements. The length—weight re-
lationship was calculated as

W= aLh,

where W is the weight of the fish (g), L the total length of
the fish (cm), a the intercept and b is the slope of the re-
gression line and graphs were prepared using Microsoft
Excel. If b =3, then growth is isometric, b > 3 indicates
positive allometric growth, while <3 indicates negative
allometric growth'>"”. Table 1 gives the details.

Triplicate samples were analysed with quality control
techniques, including thorough standardization. The spatial
variations of physico-chemical parameters were tested using
one-way ANOVA. Factor analysis (FA) was performed
using 13 environmental and growth parameters'®, and the
strong (>0.75), moderate (0.75-0.50) and weak (0.50-0.30)
factor loadings were classified according to the standard
protocol”®. To establish sample adequacy, the Kaiser—
Meyer—Olkin (KMO) criterion was used. To reduce the im-
pact of discrepancies in measurement units and variance,
all parameters were normalized using a Z-scale transfor-
mation (mean = 0; variance = 1), which rendered the data
dimensionless for FA. A correlation matrix was applied
for 10 environmental and growth parameters considering
its importance in aquaculture. SPSS software (version 18.0)
was used for the analyses.

Table 1. Summary of growth parameters used to express results of
growth rates of cobia

Parameters (unit) Equation

Absolute growth (g) AG=W,—-W,

Absolute growth rate (g/day) AGR =W, — W)/(t, — t1)

Relative growth RG = (W, — W)/ W,

Relative growth rate RGR = (W, — W)/Wi(t, — t1)
Instantaneous growth rate (g/day) IGR = (In W, — In W))/(t, — t;)
Specific growth rate (%/day) SGR =100 * (In W, —In W))/(t, — t1)

Length—weight relationship W= aL®

W, Initial wet weight of fish at stocking; #,, Final wet weight of fish;
t;, Age at stocking; #,, Age at the time of harvest; L,, Total length at age
t; a and b are constants; ¢, Rate of decline in growth rate with age; Ao/
is expected to be a constant.
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Results and discussion

The physical parameters such as sea surface current (SSC)
and total suspended solids (TSS) were in the optimal range'®"”
(Table 2). The mean water temperature was 28.40° £
0.71°C and 28.44° £ 1.67°C at Olaikuda and Thuplipalem
respectively. There was no significant difference (P > 0.05)
in the maximum temperature, though the lowest tempera-
ture of 25.3°C was recorded in Olaikuda. Salinity was
higher at Olaikuda (34.40 £0.21 PSU) compared to
Thuplipalem (28.81 £ 3.851 PSU). Overall, the DO level
was slightly higher at Thuplipalem (4.65 £ 0.60 mg/l)
compared to Olaikuda (4.29 + 0.93 mg/l), and was compa-
rable with the coastal environment on the east coast'®. The
nutrients (ammonia: 0.20 £ 0.12 and 0.29 £ 0.31 uM, nitrite:
0.51-0.27 uM and 0.10 £0.06 pM, nitrate: 3.93-12.40
and 0.61 £ 0.46 uM) at both locations were comparable to
previous studies in Palk Bay'™®'" and Thuplipalem®. Nitrates
were comparatively high at Olaikuda, but the mean nutrient
concentrations at both sites were within the optimal levels
suggested for fish farms'®. Despite the spatial distance be-
tween both stations, there was no statistical significance
(P>0.05) in nutrient concentration, except for nitrite
(F=15.09, P <0.001) and nitrate (¥ = 80.08, P <0.001).

Information about the waves will help in the identification
of suitable locations, and the design of cage and mooring
systems. Waves along the west coast of India are high
during the monsoon season with significant wave heights
reaching up to 6 m (ref. 21). During other months, wave
heights are normally less than 1.5 m (ref. 22). Wave action
was comparatively high (0.56-2.28 m) at Thuplipalem,
while it ranged from 0.30 to 0.70 m at Olaikuda (Figure 2).
The difference in wave height was significant (¥ =101.29,
P <0.001), which may be one of the factors contributing
to the limited fish growth at Thuplipalem.

Factor analysis on water temperature, pH, salinity, DO,
TSS, nitrite, nitrate, ammonia, length, wave, number of
fish, individual fish weight and total weight explained
84.41% of the total variance for the first factor. Reduction
in the dimensionality of the original dataset was achieved
through FA>. Factor 1 (VF1) explains 33.10% of the total
variance and indicates a moderate positive loading of ni-
trite (0.72) and DO (0.56), and a strong positive loading of
individual fish length (0.89), individual weight (0.92) and
total weight (0.95) (Figure 3). Factor 2 (VF2) explains
23.92% of the total variance and positive loadings of salini-
ty (0.59) and nitrate (0.88), and negative loadings of TSS
(-0.54) and wave (—0.86). This indicates that the higher
waves and high TSS would impact the growth of fish neg-
atively. Thus, waves are one of the limiting environmental
factors in the growth of fish in floating cages.

Stocking and fish growth

The nursery rearing in small cages deployed inside the
grow-out cages resulted in high survivability reaching
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Table 2. Summary of water quality parameters at Olaikuda and Thuplipalem
Olaikuda (SP) Thuplipalem (OS)

Parameters Mean Range Mean Range
WT (°C) 28.40+0.71 25.30-30.50 28.44 +1.67 26.01-30.65
pH 8.18 £0.07 8.00-8.27 8.20 £0.09 8.07-8.38
Salinity (PSU) 33.00+0.21 33.00-34.00 32.00 +0.851 33.60-33.86
DO (mg/l) 4.59+0.93 3.98-5.96 4.65 +0.60 3.87-5.88
TSS (mg/l) 20.58 £ 10.03 8.32-38.16 19.01 £ 6.01 9.07-30.18
Nitrite (uM) 0.51 £0.27 0.11-0.91 0.10 £ 0.06 0.02-0.21
Nitrate (uM) 3.93 £2.55 3.11-12.40 0.61 £0.46 0.17-1.92
Ammonia (uUM) 0.20+0.12 0.02-0.37 0.29+0.31 0.08-1.06
Chlorophyll-a (mg/m®) 1.45+0.45 1.40-2.0 1.38 £ 0.50 1.50-2.0

Environmental characteristics of culture sites of Olaikuda and Thuplipalem

Parameters

Olaikuda (SP)

Thuplipalem (OS)

Distance from shore (km) 1.2
Depth (m) 7
Substratum type
SSC (cm/s)
SHW (m)

60-120

Coralline sand

0.30-0.70

4.0
14
Sandy
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0.88-1.33
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Figure 2. Variation of average wave height at both the sites during
2016 and 2017 (data is given till the culture period at both the sites).
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Figure 3. Factor loading F'1 and F2 for environmental and growth para-

meters.

97.66% at Olaikuda and 99% at Thuplipalem. These rates
are comparable to earlier studies®. In the present case,
cobia showed better growth in Olaikuda (SP) compared to
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Thuplipalem (OS), though the culture started with a simi-
lar mean individual fingerling weight of 32.49 £ 1.77 g. In
270 days better growth (mean weight of 3828 £330 g)
was noticed at the SP site. Even after 322 days, the growth
was 2545 + 314 g at the OS site. Again, though the initial
stocking density was similar at both the sites (154 g/m’ at
the SP site and 150 g/m’ at the OS site), density at the time
of harvest was 13,816 g/m’ at the SP site and 7396 g/m’ at
the OS site. Better biomass (Table 3) and better economic
gains (Table 4) were achieved at the SP site due to com-
paratively better survival (77%) than at the OS site (62%).
Similarly, specific growth rate (SGR) was 1.76% at the SP
site compared to 1.35% at the OS site.

The length—weight relationship for cobia at SP and OS
sites was 2.85 and 3.16 respectively, indicating negative
allometric growth at the OS site. This may be attributed to
the rough weather prevailing there. Conversely, positive
isometric growth was observed at the SP site likely due to
calm environmental conditions". Although the growth
rates of cobia in this study are lower than those reported
(6 kg in 12 months) in Mexico’*’, they are similar to the
growth rates of approximately 2—4 kg/yr in floating cages,
2-3 kg/yr in pond conditions and 400 g/yr in tank condi-
tions™. In this case study, a mean weight of 3828 £330 g
was achieved in 270 days with a higher stocking density
of 13.816 kg/m’, which is comparable to other similar ob-
servations™*%.

Though the cages were deployed at two sites with dif-
ferent environmental conditions, the water quality parameters
were within the optimal range for cage culture. Hence, a
similar management strategy was implemented at both loca-
tions. During the culture period, the influence of wave
height and associated turbulence was comparatively higher at
the OS site (Thuplipalem) than that at the SP site (Olaikuda).
This affected the growth rate of fish and considerably in-
creased the operational cost, resulting in the reduction of
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Table 3. Summary of growth parameters of cobia at the culture sites in
Olaikuda and Thuplipalem

Parameters

Olaikuda (SP)

Thuplipalem (OS)

Initial age at stocking (dph)
Age at harvest (dph)

Grow out duration (days)
Average initial size (g)

Initial stocking density (g/m®)
Average final size (g)

Final density (g/m?)

Absolute growth (g)
Absolute growth rate (g/day)
Instantaneous growth rate (g/day)
Specific growth rate (%)

90 90
360 412
270 322

33 32
150 154

3,828 2,545
13,816 7,396
3,795 2,513
14.05 7.80
0.0176 0.0135
1.76 1.35

Table 4. Summary of culture economics obtained from Olaikuda and Thuplipalem

Particulars Olaikuda  Thuplipalem
Capital investment (9 M ¢ cage components and deployment) 820,000 820,000
Depreciation cost (12.5% of capital cost) 102,500 102,500
Total biomass 4,144 2,366
Gross income @ Rs 325/kg of fish 1,346,800 768,950
Total operation cost (seed, feed, boat, labour and storehouse) 869,760 576,390
Income (gross income — operational cost) 477,040 192,560
Income after deduction of depreciation cost 374,540 90,060
Bank interest @ 9% of capital cost 73,800 73,800
Net profit (deduction of bank interest) 300,740 16,260
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Figure 4. Correlation matrix heat map showing the values of Pearson
correlation coefficient for selected parameters (positive values in blue
and negative radius in red). They range from -1 to 1, where —1 indicates
a perfect negative linear relationship between the variables, 1 indicates a
perfect positive linear relationship between the variables, and 0 indicates
no relationship between the variables.

net profit from 36% at Olaikuda to 26% at Thuplipalem
(ratio between operational cost and gross income). Pear-
son’s correlation suggested that fish growth was positively
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correlated with nitrite (» =0.8) and negatively correlated
with wave height (» =-0.33) (Figure 4).

The OS at Thuplipalem is highly exposed to both the
southwest (SW) and northeast (NE) monsoons compared
to Olaikuda situated in Palk Bay. SWH was 1.32 m at the
OS site and 0.30 m at the SP site. Although the SW mon-
soonal winds are stronger in the Gulf of Mannar and Palk
Bay, the impact of waves during the SW monsoon is
less*®. During the NE monsoon, the OS site experiences
frequent cyclonic events, resulting in turbulent water con-
ditions”’. The SP site is shallower than the OS site, facili-
tating better assemblage of fishes around the cage culture
site for protection and feed availability™®.

Apparently, fish cultured in the OS site have encountered
comparatively higher roughness and turbulent conditions
than those at the SP site. In the wild, fishermen experience
lower fish catch during rough sea states due to altered
physical conditions of water affecting feeding patterns and
other associated responses”. Although wild fish tend to swim
away to calmer waters during rough sea conditions to reduce
their energy requirement for balancing their position®’?',
in the cages they cannot move to calm waters, thereby facing
the roughness of the sea to survive in a captive condition.

Generally, cobia feeds on benthic crabs, shrimps and
other crustaceans, as well as other fishes and squids™.
During rough sea conditions, floating feed pellets easily
escape from the cages due to high waves, and the fish also
struggle to reach the floating pellets. Often, their efforts to
catch feed pellets fail in rough sea states'>*. During such
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disturbances, fish primarily use pelvic fins to stabilize
their position and maintain an upright and stable posture,
which may consume more energy than normal***>. The
energy expenditure of fish, quantified by the number of
movements for swimming against turbulent water flow,
indicates that they spend maximum energy while perfor-
ming feeding motions to capture prey’. The respiration rate
increases 3- to 22-fold while swimming against altered
water flow and spending more energy”**°.

Wild cobia prefers to inhabit at reef structures, ship-
wrecks and man-made objects in the waters®’ and it grows
from 1.5 to 6.5 kg in one year’®. However, fish cultured in
OS floating cages do not have a similar habitat of wild
cobia. They change their physical conditions according to
sunlight, turbidity, increased wave height and turbulence.
Fish cultured in the OS site must have faced comparatively
rougher and more turbulent seas than those at the SP site.
Also, the chances of non-feeding or lesser feeding during
rough conditions in the OS site might have impacted the
growth of fish. Among the environmental parameters, wave
height appears to be an important factor that influences
growth.

Economic viability

The economic viability of aquaculture, or any business,
depends on the calculation of the difference between the
cost of production and the cost of sales. The stability of
the market value of cobia is a pivotal factor influencing
the profitability of its farming. Input costs, including capi-
tal (culture system), seed (young fishes), feed, manpower,
and considerations such as proximity to allied facilities
like cold storage for feed, along with distance from the
landing site to the cage site significantly impact overall
costs. A detailed analysis conducted during the open sea-
cage culture demonstration between the sites explicitly re-
vealed that the cost of production at Thuplipalem, an OS
site, amounted to Rs 243/kg. In contrast, the cost of cobia
production at Olaikuda, a SP bay, was Rs 209/kg, result-
ing in profit margins of Rs 82/kg and Rs 116/kg respec-
tively (excluding capital investment).

When factoring in depreciation on capital and interest
on investment, the net profit works out to Rs 6.87/kg for
Thuplipalem and Rs 72/kg for the Olaikuda site. However,
it is crucial to note that the profit margin will experience
considerable variation when the scale of operation is expand-
ed to a commercial scale system of 100-plus tonnes.

Conclusion

The critical significance of selecting an appropriate site
for sea-cage farming cannot be overstated, as it directly
influences the growth and survival of fish during the cul-
ture period, consequently impacting the overall sustainability
of the farming venture. The present study underscores this
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importance, revealing that cobia cultivated in the SP site
(Olaikuda) exhibited superior growth and survival rates
compared to that in the OS site (Thuplipalem), where
more turbulent environmental conditions prevailed. More-
over, the operational costs associated with maintaining a
culture cage in OS conditions are notably high, attributed
to factors such as longer travel, increased manpower re-
quirements, and higher watch and ward expenses, parti-
cularly when the scale of operation is below 100 tonnes of
productivity. Recognizing the predominant exposure of
Indian coastal waters to OS conditions, there is a pressing
need for technological advancements in the development
of robust cages equipped with automated feeding systems.
Such innovations are crucial to ensure not only higher
productivity, but also better economic returns from off-
shore mariculture, addressing the challenges posed by the
distinct characteristics of OS environments.

1. Beveridge, M. C. M., In Cage Aquaculture, Fishing News, Oxford,
UK, 1996, 2nd edn, p. 346.

2. NFDB, Guidelines for sea cage farming in India, NFDB, 2018, p.
32; http://nfdb.gov.in/guidelines.html

3. FAO, Agricultural outlook 2019-2028 OECD-FAO, 2019; https://
www.oecd.org/agriculture/oecd-fao-agricultural-outlook-2019.

4. Holm, J. C., Harboe, T., Mangor-Jensen, A. and Halibut, N. B., In
Culture of Cold-Water Marine Fish (eds Mokness, E., Kjorsvik, E.
and Olsen, Y.), Fishing News Books, Blackwell Publishing, Ox-
ford, UK, 2004, pp. 461-467.

5. Benetti, D. D., Alarcon, J. F., Stevens, O. M., O’Hanlon, B., Rivera,
J. A., Banner-Stevens, G. and Rotman, F. J., Advances in hatchery
and grow-out technology of marine finfish candidate species for
offshore aquaculture in the Caribbean. Proc. Gulf Caribb. Fish.
Inst., 2003, 54, 475-487.

6. Benetti, D. D. et al., Can offshore aquaculture of carnivorous fish
be sustainable? World Aquacult., 2006, 37, 44-47.

7. Holt, G. J., Faulk, C. K. and Schwarz, M. H., A review of the larvi-
culture of cobia, Rachycentron canadum, a warm water marine fish.
Aquaculture, 2007, 268, 181-187.

8. Ehler, C. and Douvere, F., Visions for a sea change. Report of the
First International Workshop on Marine Spatial Planning. Intergov-
ernmental Oceanographic Commission, and Man and the Biosphere
Programme, IOC Manual and Guides No. 48, IOCAM Dossier No.
4, UNESCO, Paris, 2007; www.unesco-iocmarinesp.

9. Santhanakumar, J., Sendhil Kumar, R., Dharani, G., Rasheeda, M.
K., Vijayakumaran, M. and Kirubagaran, R., Blue barred parrot
fish (Scarus ghobban Forsskal, 1775) culture in sea cages at Rame-
shwaram Island, southeast coast of India. Indian J. Geo-Mar. Sci.,
2017, 46, 1614-1620.

10. Grasshoff, K., Kremling, K. and Ehrhardt, M., Methods of Sea-
water Analysis, Weinheim Press, Wiley-VCH, 1999, 3rd edn, pp.
203-273.

11. Loka, J. and Philipose, K. K., Transportation of fingerlings and ju-
veniles of marine finfish. In Handbook on Open Sea Cage Culture,
Central Marine Fisheries Research Institute, 2012, pp. 77-83.

12. Liao, J. C., A review of fish swimming mechanics and behaviour in
altered flows. Philos. Trans. R. Soc. London, Ser. B, 2007, 362,
1973-1993.

13. Moslen, M. and Miebaka, C. A., Length-weight relationship and
condition factor of Mugil cephalus and Oreochromis niloticus from
a Tidal creek in the Niger Delta, Nigeria. Arch. Agric. Environ.
Sci., 2017, 2, 287-292.

14. Wunderlin, D., Diaz, M., Ame, M. V., Pesce, S., Hued, A. and Bis-
toni, M. A., Pattern recognition techniques for the evaluation of

227


http://nfdb.gov.in/guidelines.html
https://www.oecd.org/agriculture/oecd-fao-agricultural-outlook-2019
https://www.oecd.org/agriculture/oecd-fao-agricultural-outlook-2019
http://www.unesco-iocmarinesp/

SPECIAL SECTION: BLUE ECONOMY

15.

16.

17.

20.

21.

22.

23.

24.

25.

26.

27.

spatial and temporal variations in water quality. A case study:
Suquia river basin (Cordoba, Argentina). Water Res., 2001, 35,
2881-2894.

Liu, C. W, Lin, K. H. and Kuo, K. M., Application of factor analy-
sis in the assessment of groundwater quality in a blackfoot disease
area in Taiwan. Sci. Total Environ., 2003, 313, 77-89.

FAO, Site selection criteria for marine finfish net cage culture in
Asia, Food and Agriculture Organization, Rome, Italy, 1989, p. 16.
Castillo-Vargasmachuca, S., Ponce-Palafox, J. T, Chavez Ortiz, E.
and Arredondo-Figueroa, J. L., Effect of the initial stocking body
weight on growth of spotted rose snapper Lutjanus guttatus
(Steindachner, 1869) in marine floating cages. Rev. Biol. Mar.
Oceanogr., 2007, 42, 261-267.

. Sridhar, R., Thangaradjou, T., Senthil Kumar, S. and Kannan, L.,

Water quality and phytoplankton characteristics in the Palk Bay,
southeast coast of India. J. Environ. Biol., 2006, 27, 561-566.

. Thinesh, T., Mathews, G. and Patterson Edward, J. K., Coral dis-

ease prevalence in the Palk Bay, southeastern India — with special
emphasis to black band. Indian J. Geo-Mar. Sci., 2011, 40, 813-820.
Ratnam, K., Jha, D. K., Prashanthi Devi, M., and Dharani, G.,
Evaluation of physicochemical characteristics of coastal waters of
Nellore, Southeast Coast of India, by a multivariate statistical ap-
proach. Front. Mar. Sci., 2022, 9, 857957.

Kumar, V. S., Pathak, K. C., Pednekar, P., Raju, N. S. N. and
Gowthaman, R., Coastal processes along the Indian coastline. Curr.
Sci., 2006, 91, 530-536.

Jha, D. K., Rajaprabhu, G., Kirubagaran, R., Sendhil Kumar, R.,
Dharani, G. and Das, A. K., Estimation of potential zones for off-
shore mariculture in the Indian Sea using geographical information
system as a management tool. J. Coast. Conserv., 2017, 21, 893—
902.

Wu, L., Wang, Y. S., Sun., C. C. H., Wang, J. D., Dong, J. P, Yin,
S. H. and Han, Identification of coastal water quality by statistical
analysis methods in Daya Bay, South China Sea. Mar. Pollut. Bull.,
2010, 60, 852-860.

Liao, I. C., Huang, T., Tsai, W., Hsueh, C., Chang, S. and Leano,
E. M., Cobia culture in Taiwan: current status and problems. Aqua-
culture, 2004, 237, 155-165.

Benetti, D. D., O’Hanlon, B., Rivera, J. A., Welch, A. W., Maxey,
C. and Orhun, M. R., Growth rates of cobia (Rachycentron canadum)
in open ocean cages in the Caribbean. Aquaculture, 2010, 302,
195-201.

Jena, B. K., Chandramohan, P. and Kumar, V. S., Long shore
transport based on directional waves along north Tamil Nadu coast.
Indian J. Coast. Res., 2001 17, 322-327.

Gowthaman, R., Sanil Kumar, V., Dwarakish, G. S., Soumya, S.,
Mohan, J. Singh and Ashok Kumar, K., Waves in Gulf of Mannar

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

and Palk Bay around Dhanushkodi, Tamil Nadu, India. Curr. Sci.,
2013, 104(10), 25.

Santhanakumar, J., Sureshkumar, C., Jha, D. K., Rajaprabhu, R.,
Dharani, G. and Kirubagaran, R., Comparative assessment of fish
assemblages around open sea cages vis-a-vis common fishing
ground. J. Earth Syst. Sci., 2021, 130, 124.

Chabanet, P., Loiseau, N., Join, J. L. and Ponton, D., VideoSolo, an
autonomous video system for high-frequency monitoring of aquatic
biota, applied to coral reef fishes in the Glorioso Islands (SWIO).
J. Exp. Mar. Biol. Ecol., 2012, 430, 10-16.

Johansen, J., Fulton, C. and Bellwood, D., Avoiding the flow: refuges
expand the swimming potential of coral reef fishes. Coral Reefs,
2007, 26, 577-583.

Tritico, H. M., The effects of turbulence on habitat selection and
swimming kinematics of fishes. Dissertation submitted in partial
fulfillment of the requirements for the degree of Doctor of Philoso-
phy, University of Michigan at Ann Arbor, USA, 2009.

Kaiser, J. B. and Holt, J. G., Rachycentron canadum. In Cultured
Aquatic Species Fact Sheets (edited and compiled by Crespi, V.
and New, M.), Food and Agriculture Organization, Rome, Italy,
2009.

Lupandin, A. 1., Effect of flow turbulence on swimming speed of
fish. Biol. Bull., 2005, 32, 461-466.

Enders, E. C., Boisclair, D. and Roy, A. G., The effect of turbu-
lence on the cost of swimming for juvenile Atlantic salmon (Sa/mo
salar). Can. J. Fish. Aquat. Sci., 2003, 60, 1149-1160.

Heatwole, S. J. and Fulton, C. J., Behavioural flexibility in reef
fishes responding to a rapidly changing wave environment. Mar.
Biol., 2013, 160, 677-689.

Boisclair, D., Fish habitat modeling: from conceptual framework to
functional tools. Can. J. Fish. Aquat. Sci., 2001, 58, 1-9.

Smith, J. W., Life history of cobia, Rachycentron canadum (Oste-
ichthyes: Rachycentridae), in North Carolina waters. Brimleyana,
1995, 23, 1-23.

Franks, J. S., Warren, J. R. and Buchanan, M. V., Age and growth
of Cobia, Rachycentron canadum, from the Northeastern Gulf of
Mexico. Fish. Bull., 1999, 97, 459—471; https://aquila.usm.edu/
facpubs/4667.

ACKNOWLEDGEMENT. We thank the Director, National Institute of
Ocean Technology, Chennai for his guidance and the Ministry of Earth
Sciences, Government of India, for providing support to carry out this
study.

doi: 10.18520/cs/v126/i2/222-228

228

CURRENT SCIENCE, VOL. 126, NO. 2, 25 JANUARY 2024


https://www.researchgate.net/journal/The-Science-of-The-Total-Environment-0048-9697?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6Il9kaXJlY3QiLCJwYWdlIjoicHVibGljYXRpb24ifX0
https://aquila.usm.edu/facpubs/4667
https://aquila.usm.edu/facpubs/4667

	Introduction
	Materials and methods
	Results and discussion
	Stocking and fish growth
	Economic viability

	Conclusion

