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Abstract
Cage culture is one of the most advanced aquaculture production systems where fishes are held in floating enclosures like net
cages, moored in the open water systems, and allow free water flow. The open water cages developed by Central Marine Fisheries
Research Institute (CMFRI) during the last decade are becoming very popular in coastal waters. One of the major problems faced
by farmers at all stages of culture is fish feed and feeding. A suitable feeding strategy is important to improve fish growth and
reduce feed costs and environmental pollution. The study was conducted to investigate the effect of feeding frequency from sea
bass cultured in cages on water quality, growth parameters, survival rate, economic return and bottom characters in Moothakunnam
(N10011.478’ E076011.901’+ 4m) in Ernakulam district. Water and sediment samples and growth parameters were collected and
analyzed monthly from inside and outside of the cages for a period of one year. Significant differences were found in growth
parameters like weight gain (1.04±0.03-1.78±0.008), Specific growth rate (1.2±0.03-1.48±0.005), Survival rate (40%-61.53%)
and FCR (4.3-4.56). The water quality parameters DO, Nitrate, Nitrite, Ammonia and Orthophosphate in the cage and reference
sites did not show many significant variations indicating a healthy growth condition in the cages. Therefore it could be concluded
that the growth performance of sea bass is increasing by feeding frequency, but the economic analysis indicated that net profit is
negatively related to feeding frequency.
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1. Introduction
Cage culture is an aquaculture production system where
fishes are held in floating enclosures like net cages. Factors
such as increasing consumption of fish, declining wild
fish stocks and poor farm economy have produced a strong
interest in fish production in cages. A primary concern
among aquaculturists is to deliver feeds that meet the
nutritional requirements of the fish. The major portion of
the production cost lies in feed. However, developing a
fish culture at a commercial level is important to establish
an appropriate feed management strategy. The amount
and timing of feeding strategy play an important role in
growth, feed utilization efficiency and knowledge about
the optimum feeding is important not only for regulating
the feed intake, growth and chemical composition of fish
but also for preventing water quality deterioration as a
result of over feeding. On the other hand, over feeding of
fish can be an overload to the stomach and intestine,
leading to decreases in digestive efficiency and reduction
in feed utilization. Thus the diet amount fed each time, or
feeding frequency, may influence diet utilization.
The most important factor is feed and feeding while
culturing in fish cages, and so these are the critical factors
that determine the economic viability of commercial cage
culture. The direct influence on growth rate in terms of
feeding intensity, feeding time, food rations are the
economic considerations.
Lates calcarifer (Asian sea bass) is an economically
important food fish in the tropical and subtropical regions

in the Asia-Pacific. Because of its relatively high market
value, it has become an attractive commodity for both large
to small – scale enterprises. Sea bass is a relatively hardy
species that tolerate crowding and has wide physiological
tolerance, including high turbidity, varying salinities and
temperature. In addition, they are fast-growing with a
growth rate of approximately 1 kg in 8 months can reach
marketable size (350 g – 5kg) in 6 – 24 months.
2. Materials and Methods
The experiment was carried out in a brackish delta formed
by the Periyar River at Moothakunnam (N10 011.478’
E76011.901’+4m) with an average depth between 5 – 9 m
in Ernakulam district of Central Kerala.
GI cages with a size of 4×4 m and with two enclosure
nets, inner and outer nets, were used for culture. The Mesh
size of the net depends on the culture species and the initial
size of the seed. Juveniles of Sea bass obtained from Rajiv
Gandhi Centre for Aquaculture, Kochi were transported
to experimental sites and stocked in cages. The length
and weight were measured, and fingerlings with weight
8±2 gm and length 6.5±1.5 cm were stocked. Equal
numbers of juveniles (2000 fingerlings/cage) were stocked
in triplicates of three treatments in a completely random
manner. Fresh and clean chopped Trash fishes were used
as fish feeds in these experiments. After each sampling,
the amount of feed given was adjusted according to the
biomass in the cage. Chopped trash fish were given in the
morning 08.00 hrs, afternoon 12.00 hrs and evening 17.00
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hrs at the overall rate of 10% of the total biomass in the
first three months of the culture, and the remaining months
feeding is reduced at the rate of 7- 8% of the total biomass.
The experiments were conducted with three feeding
frequencies of one (T1), two (T2) and three (T3) times a
day were evaluated as treatment in triplicate for a period
of 2019 February to January 2020.
Samples were collected every month (February to January)
and water samples were collected from inside and outside
(Reference site) of the cages. 20 fishes from each treatment
were collected for growth analysis. Water quality
parameters, growth parameters and economic productivity
were analyzed. Water temperature was measured with
thermometer, concentration of dissolved oxygen and pH
were measured by titrimetric method (Winklers method
Strickland & Parsons 1968) and pH meter. Salinity by
Refractometer and Nitrite, Nitrate, Ammonia, Phosphate
by spectrophotometric methods (Strickland & Parsons
,1968). Fingerlings are stocked in the hapa with a mesh
size of 10 mm at the early stages. In this case, fishes have
to be graded every week to avoid cannibalism depending
on the species. According to the size of the fish, grow out
nets with a mesh size of 18 mm, 24 mm, 26 mm, 28 mm
and 30 mm were used throughout the culture. Bio fouling
on cages is a serious problem in the experimental site
because it is very nearer to the sea. So the nets are
mechanically cleaned regularly to prevent fouling
organisms. The net exchange was done once in a month
for facilitate water exchange and to avoid bio fouling.
Growth performance and feed utilization were calculated
in terms of weight gain, daily growth rate (DWG), specific
growth rate (SGR), Feed Conversion Ratio (FCR), survival
rate (SR). Weight and length of fishes were recorded for
each cage and dead fish were removed and recorded. The
fish weight and length were measured using measuring
board and digital balance.
• DWG=(mean final weight - mean initial weight) /
rearing duration in days
• SGR = [(ln final weight - ln initial weight) / rearing
duration in days]×100
• FCR = total feed intake/ total biomass gain
• Survival = (number of fish harvested/number of fish
stocked)×100
• Weight gain = [(final mean body weight - Initial mean
body weight)/ Initial mean body weight]×100

At the end of the experiment fishes were harvested,
counted, length and weight were measured. Production
input costs were recorded throughout the treatment. After
the termination of the experiment, an economic analysis
were performed to estimate the net return and benefit cost ratio on the basis of different feeding frequency of
Asian sea bass. Various indicators were used for
profitability analysis including: variable costs (VC), Fixed
Costs (FC), Total Costs (TC), Total Revenues (TR), and
Benefit-cost Ratio (BCR) (Yuan et al., 2017). Fixed cost
include cage cost, equipment and tools etc. The costs of
feeds, fingerlings, security, maintenance, operational cost
and harvest including in the variable costs. Prize of the
fish is the total revenue generated from the culture. The
economic feasibility and efficiency of the culture system
was assessed by using the equations;
TC=VC+FC
BCR =

3. Results and Discussion
In the present observation, Growth performance of Asian
sea bass was significantly affected by feeding frequency.
Weight gain, Daily growth rate, Specific Growth rate and
survival rate of the fish fed with thrice daily were higher
than compared to one and two times daily.
The observations are similar with the results obtained by
Wang et al., 1998, Lee et al., 2000, Dwyer et al., 2002,
Harpaz et al., 2005, Kikuchi et al., 2006, Booth et al.,
2008 and Wang et al., 2009.
Feeding rate, frequency of feeding and time of feeding
are important factors to be considered in cage farming.
Feeding rate and frequencies are related to age and size
of fish. Larval fish and fry need to be fed on high protein
diet more frequently. As fishes grow bigger, feeding rate
and frequencies can be reduced. Feeding is labour
intensive, so frequency has to be adjusted to become
economically viable. Growth and feed conversion increases
with increase in feeding frequency. Feeding of fish also
influenced by the time of the day, season, water
temperature, dissolved oxygen level and other water
quality parameters ( Rajesh et al.,2020).
According to Ranjan et al., 2016, the fish should be fed at
least twice per day once in the morning and then evening.
However, at the earlier stage, feeding frequency of more
than two times is suggested for better growth.
Table 1 shows growth evaluation of the fish fed with
different feeding frequencies. The mean weight gain of
the fishes increased about 1.78 ± 0.008 kg fed thrice daily
than those fed twice 1.44 ±0.03 and one time per day
1.03 ± 0.03 . Average daily growth was 3.9 ± 0.005 and
Specific Growth rate is 1.48 ± 0.005 in the cages where
feeding was thrice, also showed all these values to increase
with feeding frequency. But the FCR recorded was
relatively high in fish with twice feeding frequency
compared to one time and three times feeding per day.
The best survival rate (61.53%) was obtained in cages
were the fish fed thrice in a day. The net yield was also
highest at this feeding level.
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Table 1. Effect of different feeding rate on growth performance and survival of
Asian sea bass under cage culture system
Growth parameter
Initial mean weight(g)
Final mean weight(kg)
weight gain(kg)
Average daily growth rate(g)
Specific growth rate
Survival rate %
Feed Conversion Ratio

Feeding Frequency No. of
1 time/day
2 times/day
8.0 ± 0.01
8.0 ± 0.01
1.01±0.03
1.16 ±0.02
1.03 ± 0.03 1.44 ± 0.03
1.82 ± 0.05 2.15 ± 0.05
1.2 ± 0.02
1.3 ± 0.03
40
45
4.4
4.56

This study revealed that growth in terms of final length
and weight and other weight related indices, like Daily
Growth Rate, Survival rate and Specific Growth Rate in
Sea bass could be improved when they were cultured with
feeding provided for three times compared to one time
and two times daily. Water quality parameters were not
significantly different between treatments and were within
the acceptable ranges for Asian sea bass.
Success of a commercial aquaculture operation largely
depends on the growth and survival of the fish under
culture. As feed is the single most significant cost involved,
it is emphasized to carry out farming with its maximum
conversion into fish growth in a cost-effective management
approach. Considering these facts, this study suggests that
in brackish water net cage rearing, Asian sea bass can
achieve maximum growth, survival and better feed
conversion when they are fed with three times feeding
daily.
Feeding frequency affected the survival in sea bass with
fish fed three meals daily exhibiting the highest survival.
Significantly lower survival was found in fish groups fed
at one time feeding per day. Present observation of feeding
frequency influencing survival was in accordance with
the conclusions of Chua and Teng (1978).
The influence on feeding frequency on feed intake is also
variable among different fish species. For feeding
frequency, Kyano et al.,1990 studied on young red spotted
grouper (Epinephelus akaara) reported that high
frequency led to high growth rate, high feed conversion
efficiency and high survival rate. Increasing feeding
frequency from one to four times daily significantly
improved body weight gain and feed utilization, but
unchanged at feeding frequency over four.
The experiment by Ganzon-naret, 2013, concluded that
increasing feeding frequency in sea bass resulted in a better
growth performance, body composition and survival rates
under controlled laboratory condition after 60 days of
feeding trial. The success of sea bass depends on effective
feeding frequency. A feeding frequency of six times a day
compared to other experimental groups is suggested to be
optimum for achieving optimum growth, feed conversion
efficiency and high survival rates among Lates calcarifer.
The results of the Suresh Kumar Mojjada et al., 2013
study showed that high stocking density (up to 2000 nos.
m-3) with proper feeding rate, feeding frequency and water
quality can help to reduce cannibalism and to obtain
maximum survival rate and growth in sea bass. The
technique can be used to produce large numbers of sea
bass juveniles for open sea cage farming of Asian sea bass.

feedings /day
3 times/day
8.0 ± 0.01
1.8 ± 0.003
1.78 ± 0.008
3.9 ± 0.005
1.48 ± 0.005
61.53
4.3

A simple economic analysis was developed to estimate
the profitability in each treatment. The cost of cage, feed,
fingerlings and total revenue generated from harvest were
estimated. In the present study, production economics was
affected by feeding frequencies of Asian sea bass. Benefitcost ratio of each treatment was determined on the basis
of input costs of fish, cage materials, feed and returns
from fish sale. Total cost of inputs in T3 was higher than
that in T1 and T2. A highest Net profit was also obtained
in T3 followed by T1 and T2. But Benefit-cost ratio (BCR)
was highest in the T2 (2.06) and lowest in T1(1.44). From
the observations, comparison of the net profit (Table.2)
of three treatments (T1,T2,T3) indicates that T3 is more
profitable than T1 and T2, even though the operational
cost is more.
During the study period, water quality parameters were
monitored and found within the ranges that provide good
growth for Asian Sea bass in cage culture (Kailasam et
al., 2006). There was not much marked variations
observed in temperature, pH, dissolved oxygen, nitrate,
nitrite, ammonia, phosphate, biological oxygen demand
and dissolved oxygen from inside and outside of the cages
throughout the experimental period.
Water temperature, salinity and pH parameters were found
similar in cage site and reference site (Fig.1a, 1b, 1c).
Salinity changes was mainly due to the seasonal variations
(Saha et al., 2001). Statistical analysis of the present study
indicated that there were significant differences in the
water quality parameters (p<0.05) like nitrite (Fig.1d)
nitrate (Fig.1h), ammonia (Fig.1e), and phosphate (Fig.1f)
between reference site and cage site. According to Nyanti
et al., 2012 ammonia was higher at fish culture site due
to excretory products released by the fish. Karnatak and
Kumar (2014) reported that the high fish densities, along
with the high feeding rates, often reduce dissolved oxygen
Table 2. Cost – Turn over Analysis of Cage culture
T1
Total no. of fish stocked
6000
No. of fishes harvested
2466
Total quantity produced (Kg) 2568
Total cost of production
711234
Total turn over
1027200
Net profit
315966
Total feed used (Kg)
11226
Total feed cost
275261
Feed cost/ kg
24.52
Average price / kg
400
Benefit-cost ratio
1.44
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T2
6000
2714
3137
739454
1530415
790961
14400
356045
24.72
487.94
2.06

T3
6000
3700
6714
1625000
2985000
1360000
30000
745000
24.83
444.59
1.8
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Fig. 1. Graphs showing the water quality parameters of cage site and reference site; a. Temperature, b. Salinity, c. pH, d. Nitrite,
e. Ammonia, f. Orthophosphorous, g. Dissolved Oxygen and Biological Oxygen Demand, h. Nitrate.

and increase ammonia concentration in and around the
cage, especially if there is no water movement through
the cage. The primary route by which phosphorous enters
the aquatic environment from cage farming is through
the feed administrated to the fish (Gavine et al., 1995). A
large number of cages in area can exceed the carrying
capacity of the aquatic environment, which may cause
problems by high levels of phosphorous (Mallasen et al.,
2012). But Cornel and Whoriskey observed that the same
levels of ammonia, nitrate and orthophosphate in both
cage site and reference site. The observations from the
present study, dissolved oxygen and biological oxygen
demand is similar in the cage and reference site (Fig.1g)
La Rosa et al., 2002 reported that cage farming activity
has comparatively lower impact on water environment
than on the sediment. The influence of aquaculture on

the benthic environment is due to the deposition of organic
loads such as uneaten feed and dead fish (Wu et al., 1994;
Wu, 1995)
Bottom sediments were collected by using Van Veen Grab
(0.05m2) and analyzed. There is no significant difference
in pH and salinity inside and outside of the cage site (Fig
2a & 2b). D. Prema et al., 2010 also reported the similar
findings. But the organic contents were slightly higher
inside the cages (Fig. 2b). White, P., 2013 reviewed that
total organic carbon under salmon cages in Atlantic
Canada was 40% higher than at reference site.
Accumulation of carbon depends on the composition and
quantity of waste material, sedimentation rate and site
characteristics.
The results of the present study indicate that increasing
feeding frequency and water quality can help to obtain
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Fig. 2. Graphs showing the sediment parameters in cage site and
reference site; a. Salinity, b. pH, c. Organic Carbon.

maximum survival rate and growth in sea bass. In
consideration of economic analysis, net profit from three
treatments indicates that T3 is more profitable than T1
and T2. Therefore feeding frequency of three times per
day could be recommended for the successful cage culture
of Asian sea bass. The findings of the current study have
practical significance, for sustainable and cost effective
sea bass cage culture in brackish water environment.
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