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Growth, survival, biomass production and body composition of striped greymullet (Mugil cephalus L.) fingerlings
were evaluated in two pond experimental trials as a function of two stocking densities and three management
systems in brackishwater pond rearing. The three management systems tested were feeding, fertilization and
combined fertilization-feeding. The Experiment 1 had a 2×2 factorial design with two levels of stocking density
and two types of pondmanagement system (feeding and fertilization) resulting in four treatments in triplicates:
stocking density 1+feeding (S1F1), stocking density 1+fertilization (S1F2), stocking density 2+feeding
(S2F1) and stocking density 2+fertilization (S2F2). Twelve ponds (600 m2 each) were stockedwith greymullet
fry (0.17±0.02 g/23.8±0.6 mm) at 7500 number ha−1 in treatments S1F1, and S1F2 and at 15,000 num-
ber ha−1 in treatments S2F1, and S2F2. In Experiment 2, three different pond management systems evaluated
as three treatments (in triplicate ponds) were FR: fingerling rearing with fertilization; FD: fingerling rearing
with feeding and FF: fingerling rearing with combination of fertilization+feeding. Nine ponds (600 m2 each)
under the three treatments were stocked with grey mullet fry (0.55±0.08 g/36.0±2.1 mm) at 15,000 num-
ber ha−1. In S1F1, S2F1, FD and FF, formulated feed containing 27.5% crude protein was provided at 3.5–20%
body weight daily, whereas, in S1F2, S2F2, FR and FF systems, ponds were fertilized fortnightly with cattle ma-
nure, urea and single super phosphate at 500, 30 and 30 kg ha−1, respectively. In Experiment 1, although stock-
ing density and application of feed or fertilization did not affect the growth parameters, survival and apparent
feed conversion ratio (P>0.05) of grey mullet, coefficient of variation at harvest weight (CVhw) and total har-
vested biomasswere influencedby feeding or fertilization (Pb0.05). In Experiment 2, significantly better growth,
lower CVhw and higher total harvested fish biomass were obtained in fishes of FF compared with that of FR and
FD (Pb0.05). From the pond trials it can be concluded that combined fertilization–feeding systemwith a stocking
density of 15,000 fry ha−1 would be appropriate for production of striped grey mullet fingerlings in brackish-
water ponds. The present findings indicate feasibility of establishing M. cephalus seed rearing practice using a
cost-effective and resource-efficient approach.

© 2012 Elsevier B.V. All rights reserved.
1. Introduction

The striped grey mullet (Mugil cephalus L.) has a cosmopolitan
distribution between latitude 40°N and 40°S covering all the oceans
(De Silva, 1980; Thomson, 1966; Wells, 1984). It is an economically
important euryhaline and eurythermal species contributing to sizable
fisheries of estuarine and coastal regions in many countries including
University of Miyazaki, 1-1
fax: +81 985 587219.

rights reserved.

ffects of stocking density, fee
lus L.) fingerlings in brackish
China (Chang et al., 2004), Egypt (Bishara, 1978; Saleh, 2008), India
(Barman et al., 2005; Curian, 1975; Jana et al., 2004), Israel (Lupatsch
et al., 2003), Italy (Luzzana et al., 2005), New Zealand (Wells, 1984),
Nigeria (Anyanwu et al., 2007), Sri Lanka (De Silva and Silva, 1979),
Taiwan (Chang et al., 2000; Tang, 1975), Tunisia (Khériji et al., 2003)
etc. Owing to omnivorous feed habit of grazing on plant detritus and
microflora (Moriarty, 1976;Odum, 1970), it is an ecologically important
species feeding at the lowest trophic level and suitable for mono or
polyculture. Although brackishwater production represented only
7.7% of the world production in 2008, it accounted for 13.3% of total
value, reflecting the prominent contribution of relatively high-valued
crustaceans and finfishes cultured in brackishwater. The overall share
of aquaculture was 2.6% in the total production of marine fishes and it
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Table 1
Feed calculation for greymullet fingerling rearing under feeding and combined fertilization–
feeding systems in the two experiments.

Experiment 1 Experiment 2

Days of
rearing

Assumed
survival (%)

Feeding rate
(% fish biomass)

Days of
rearing

Assumed
survival (%)

Feeding rate
(% fish biomass)

1–30 100 20 1–30 100 20
31–60 90 10 31–45 90 8
61–75 80 7 46–60 85 8
76–105 70 6 61–75 80 8
106–135 70 5 76–90 80 7
136–165 60 4 91–120 80 6.5
166–180 55 3.5 121–150 70 5
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was contributed substantially by striped/flathead grey mullet as one of
the species (FAO, 2010).

In India, grey mullet is cultured in estuaries and ponds, and is
much relished for its flesh quality and good flavour. The traditional
and semi-intensive pond framings mainly depend on availability of
seeds. The fry of M. cephalus migrate into estuaries of south-east
and south-west coasts immediately after onset of south-west
monsoons in November–April (Curian, 1975) and north-east coast
in January–March and July–August. The small fry (15–25 mm) are
not suitable for direct stocking in grow-out ponds. Since the growth
of this fish is slow during early life stage (Bishara, 1978; De Silva,
1980; Hickling, 1970; Saleh, 2008), it is desirable to conduct pre-
stocking seed rearing to obtain bigger size individuals suitable for
grow-out culture. In culture ponds, the grey mullet accepts artificial
feed in the presence of natural food organisms (Curian, 1975;
Luzzana et al., 2005). Pond fertilization using organic and inorganic
manures has been found to affect the growth of grey mullet
(Bishara, 1978). However, there is a lack of substantial information
on the rearing density and role of feeding and pond fertilization in
production of stockable size grey mullet fingerlings. Therefore, to
develop pre-stocking seed rearing practice of the grey mullet in
brackishwater ponds, the present experiments aimed at (i) comparing
the effects of two different stocking densities and (ii) investigating the
influence of feeding, fertilization and combined fertilization–feeding
systems on growth, survival, biomass production and body composition.

2. Materials and methods

Two sets of experiment were carried out during August 2009
to August 2010 in the brackishwater tide-fed farm of the
Kakdwip Research Centre of Central Institute of Brackishwater
Aquaculture (CIBA), Kakdwip (Lat. 21°51′15.01″–21°51′30.77″N,
Long. 88°10′58.44″–88°11′12.09″E), South 24 Parganas, West
Bengal, India.

2.1. Experimental designs

2.1.1. Experiment 1 (Exp 1)
Twelve rectangular earthen ponds of 600 m2 each were selected. The

experiment had a2×2 factorial designwith two levels of stockingdensity
and two types of pond management system (feeding and fertilization)
resulting in four treatments: stocking density 1+feeding (S1F1),
stocking density 1+fertilization (S1F2), stocking density 2+feeding
(S2F1) and stocking density 2+fertilization (S2F2). Each treatment had
three replicate ponds which were randomly assigned between
treatments. Stocking density of grey mullet fry (0.17±0.02 g/23.8±
0.6 mm) was 7500 number ha−1 in S1F1 and S1F2 treatments and
15,000 number ha−1 in S2F2 and S2F2 treatments. Experimental dura-
tion was 180 days.

2.1.2. Experiment 2 (Exp 2)
The second experiment was conducted in nine rectangular earthen

ponds (600 m2 each) for 150 days. Three different pond management
systemswere evaluated as three treatments (in triplicate ponds) namely,
FR: fingerling rearing with fertilization; FD: fingerling rearing with
feeding and FF: fingerling rearing with combination of fertilization+
feeding. Randomly assigned ponds under the three treatments were
stocked with grey mullet fry (0.55±0.08 g/36.0±2.1 mm) at
15,000 number ha−1.

2.2. Pond preparation and stocking

Thepondswere dried in sunlight before starting the experiment. Lime
(CaO) was applied to each pond bottom at 300 kg ha−1 (day 1). After
5 days of lime application, ponds were filled with filtered brackishwater
taken through tide from the nearby Creek of Muriganga River to a
Please cite this article as: Biswas, G., et al., Effects of stocking density, fee
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depth of 50 cm. On day 7, ponds were fertilized with cattle manure
(1.88% total nitrogen, N; 0.66% total phosphorus, P; 42.95% organic
carbon on dry weight basis), urea (46% available N) and single super
phosphate (16% available P) at 500, 30 and 30 kg ha−1, respectively.
Then the ponds were left for 7 days to allow growth of natural fish
food organisms and water level was finally increased to 120 cm. On
day 15, ponds were stocked with M. cephalus fry pre-acclimated to
farm conditions for 7 days.

2.3. Post-stocking pond management

In S1F1, and S2F1 of Exp 1 and FD, and FF of Exp 2, formulated feed
prepared from locally available ingredients, viz. mustard cake (36.9%
crude protein, CP; 5.5% lipid, L; 39.5% carbohydrate, CHD; 9.5% crude
fibre, CF; 8.6% ash), rice bran (8.9% CP, 7.3% L, 62.1% CHD, 10.2% CF,
11.5% ash), wheat flour (13.8% CP, 1.3% L, 80.7% CHD, 3.1% CF, 1.1%
ash), fishmeal (55.2% CP, 4.1% L, 5.6% CHD, 3.6% CF, 31.5% ash),
sunflower cake (25.8% CP, 15.1% L, 45.3% CHD, 6.7% CF, 7.1% ash),
green gram husk (20.3% CP, 0.8% L, 57.0% CHD, 17.3% CF, 4.6% ash)
and vitamin–mineral mixture, was given as supplementary feed in
feeding trays. Daily ration was distributed in two equal meals in the
morning (0900 h) and afternoon (1500 h). Proximate composition
of feed determined (AOAC, 1995) as % dry matter was: organic matter
(88.7), CP (27.5), L (5.2), CF (8.7), acid insoluble ash (3.7), nitrogen
free extract (47.3) and gross energy of 4360 kcal kg−1. Feed quantity
was adjusted at 15-day intervals based on estimated biomass from
random samples of 25% stocked fish, feeding rate and assumed
survival (Table 1). Feed in powder form was provided during the first
60 days and then crumble feed was applied for the rest 120 days in
Exp1 and 90 days in Exp 2. In S1F2, and S2F2 of Exp 1 and FR, and FF of
Exp 2, ponds were fertilized fortnightly with cattle manure, urea and
single super phosphate at 500, 30 and 30 kg ha−1, respectively. Seepage
and evaporation loss of water was compensated monthly for all the
ponds during high tide with maintenance of 120 cm depth throughout
the experimental period. To keep desirable pH level, liming was done at
fortnightly intervals with lime stone powder at 250 kg ha−1 in all the
ponds. Ponds under S1F1 and S2F1 treatments in Exp1 and FD treatment
in Exp 2 did not receive initial and intermittent fertilization.

2.4. Harvesting and fish performance evaluation

Greymulletfingerlingswere harvested partially using drag net, then
completely by draining. Fish performances in the treatments were
evaluated for final average body weight (ABW, g) and length (AVL,
mm), daily weight gain (DWG, g d−1), specific growth rate (SGR,
%d−1), apparent feed conversion ratio (AFCR), survival (%), coefficient
of variation at harvest weight (CVhw) and total biomass produced (kg).

• DWG=(mean final weight−mean initial weight)/rearing dura-
tion in days

• SGR=[(ln final weight− ln initial weight)/rearing duration in
days]×100
ding, fertilization and combined fertilization-feeding on the perfor-
water..., Aquaculture (2012), doi:10.1016/j.aquaculture.2012.02.004
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• AFCR=total feed intake/total biomass gain
• Survival=(number of fish harvested/number of fish stocked)×100
• CVhw=mean standard deviation of final weight/mean final weight
of fish
2.5. Determination of water and soil quality parameters

Water temperature, pH, dissolved oxygen (DO), turbidity, total
alkalinity, nitrite-nitrogen (NO2-N), nitrate-nitrogen (NO3-N),
ammonia-nitrogen (NH3-N), phosphate-phosphorus (PO4-P), gross
primary productivity (GPP) and net primary productivity (NPP)
were measured following standard methods (APHA, 1998) from
pond water samples collected between 09:00 and 10:00 h at 15-day
intervals and salinity was recorded using a refractometer (ATAGO,
Japan). Soil parameters viz., pH, organic carbon, available phosphorus
and available nitrogen were measured at the start of experiment and
immediately after the final harvest.
2.6. Assessment of plankton and benthic organisms

Plankton samples were collected monthly by filtering 50 L of water
through bolting silk plankton net (mesh size 64 μm). Plankton concen-
trates were immediately preserved in 5% buffered formalin for further
qualitative and quantitative analysis following direct census method
(Jhingran et al., 1969) using a Sedgewick–Rafter counting cell. Estimation
of chlorophyll pigments in water was carried out at monthly intervals in
Exp 1 and 15-day intervals in Exp 2 as per standard methods (APHA,
1998).

At 15-day intervals, bottom sediment samples were collected
from each pond using Ekman grab (area: 225 cm2) from 5 different
locations, which were then mixed into a composite sample. Benthic
macroinvertebrates were collected after filtering the sediments
through a 250 μm mesh sieve and preserved in 10% buffered
formalin. Major benthic organisms were identified using the keys
provided by Gosner (1971) and their density was expressed as
number m−2.
2.7. Whole body composition

For Exp 2, to determine the whole body composition of grey mullet
raised in different treatments, fingerlings were cut into pieces, minced
in a meat grinder, homogenized and immediately frozen for further
analysis. The proximate chemical composition was determined accord-
ing to the methods of AOAC (1995). Body composition of fingerlings
was not assessed in Exp 1.
Table 2
Comparison of grey mullet performance parameters among different treatments of stockin
fertilization (FR), feeding (FD) and combined fertilization–feeding (FF) treatments in Exper

Parameters Experiment 1

Treatments

S1F1 S1F2 S2F1

ABW (g) 42.25±1.56 61.60±1.87 42.15±1.52
AVL (mm) 162.4±10.0 184.2±3.9 156.9±12.7
DWG (g d−1) 0.23±0.02 0.34±0.05 0.23±0.07
SGR (% d−1) 3.06±0.04 3.26±0.08 3.04±0.16
CVhw 0.263±0.003a 0.217±0.020ab 0.252±0.013ab

Survival (%) 51.5±2.8 62.5±8.9 50.9±1.6
AFCR 2.07±0.34 – 3.17±0.58
Total biomass (kg) 9.8±1.0b 17.5±3.8ab 19.0±2.6ab

Means with different superscripts in a row differ significantly (Pb0.05); values are mean±
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2.8. Economic analysis

An economic analysis of different treatments in Exp 2 was performed
to estimate the net return and benefit–cost ratio (BCR) as follows:

Net return=total return− total operational cost
BCR=total return/total operational cost.

2.9. Statistical analysis

For Exp 1, fish performance parameters were compared using two-
wayANOVAwith stocking density and feeding or fertilization as factors.
Plankton density, chlorophyll content and benthic organism density
were analyzed by repeated measures ANOVA with stocking density
and feeding or fertilization as the main factors and experimental period
as a sub-factor (Gomez and Gomez, 1984). When a main effect was
significant, the ANOVA was followed by Tukey's test at 5% level of
significance. For both Exps 1 and 2, differences among fish performance
parameters, body composition parameters, water and soil characteristics
and economic returns of the treatments were evaluated with one-way
ANOVA. Duncan's Multiple Range Test (Duncan, 1955) was used for
comparison of treatments. All ANOVAs were performed using SAS v.9.2
program (SAS Institute, Cary, NC 27513, USA). All data are expressed as
mean±standard error (S.E.).

3. Results

3.1. Fish growth and performance parameters

In Exp 1, different stocking densities and application of feed or
fertilization did not affect the growth parameters, survival, AFCR of
grey mullet (Table 2). The interaction between stocking density and
feeding or fertilization also had similar effects. However, size variation
of harvested fish (CVhw) and total harvested biomass were influenced
by feeding or fertilization (Pb0.05). The highest growth was recorded
in S1F2 (61.60±1.87 g/184.2±3.9 mm), but it did not differ significantly
(P>0.05) from that of other treatments. Daily weight gain (DWG),
specific growth rate (SGR) and survival values were higher in S1F2 fol-
lowed by S2F2, S1F1 and S2F1 with no significant differences (P>0.05).
Significantly lower CVhw (0.206±0.019) was recorded in fishes of S2F2
compared with S1F1 (Pb0.05). Between the two feeding systems
although a lower AFCR (2.07±0.34) was estimated in S1F1, it was not
statistically significant (P>0.05). Although, significantly higher total
harvested fish biomass (23.6±4.3 kg) was recorded in S2F2 compared
with S1F1 (Pb0.05), it did not differ (P>0.05) from that of S1F2
(17.5±3.8 kg) and S2F1 (19.0±2.6 kg).

In Exp 2, all the growth parameters were significantly higher in FF
(Pb0.05), while they did not differ between FR and FD treatments
(Table 2). Significantly lower CVhw (0.184±0.002) was recorded in
g density and feeding or fertilization (S1F1, S1F2, S2F1 and S2F2) in Experiment 1 and
iment 2.

Experiment 2

Treatments

S2F2 FR FD FF

44.93±1.27 39.50±0.70b 52.35±0.94b 95.71±1.31a

163.1±8.6 159.4±5.5b 174.6±7.7b 213.8±6.1a

0.25±0.05 0.26±0.03b 0.35±0.02b 0.63±0.07a

3.07±0.11 2.84±0.08b 3.04±0.04b 3.44±0.07a

0.206±0.019b 0.242±0.016a 0.240±0.008a 0.184±0.002b

61.7±7.9 77.9±1.4 76.4±2.0 83.2±2.7
– – 2.16±0.31 1.61±0.14
23.6±4.3a 27.6±2.8b 36.1±3.1b 72.1±5.5a

S.E. of three replicates.

ding, fertilization and combined fertilization-feeding on the perfor-
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the fingerlings of FF compared with FR and FD (Pb0.05). Between FD
and FF treatments insignificantly lower AFCR (1.61±0.14) was
obtained in the latter (P>0.05). However, survival was the highest
in FF (83.2±2.7%), but it did not vary significantly among
treatments (P>0.05). Significantly higher total harvested fish
biomass (72.1±5.5 kg) was recorded in FF compared with FR and
FD (Pb0.05).
3.2. Water quality parameters

In Exp 1, both stocking density and application of feed or fertilization
affected the water pH of the experimental ponds (Table 3). Higher pH
was recorded in ponds stocked at 15,000 fry ha−1 and fertilized
fortnightly. Pond feeding or fertilization significantly influenced the
water inorganic nitrogenous compounds (NO2-N, NO3-N, NH3-N)
exhibiting higher values in fertilized ponds. Other water parameters,
viz. temperature, salinity, alkalinity, turbidity, PO4-P, GPP and NPP
were not influenced by the stocking density and feeding or fertilization
(P>0.05). However, fertilized ponds had slightly higher values of these
parameters compared with feeding ponds. In Exp 2, most of the water
quality parameters except pH, alkalinity, DO, turbidity and PO4-P did
not vary among treatments (Table 3). DO and turbidity were signif-
icantly higher in FF ponds, whereas pH and PO4-P were higher in
FR ponds (Pb0.05).
3.3. Soil characteristics

In Exp 1, initial values of pond sediment characteristics, viz. pH,
organic carbon, available phosphorus and available nitrogen did not
significantly vary among the treatments. However, pH in all the
treatments was marginally lower at the end of rearing compared
with the initial values (Table 4). Final sediment pH of S1F2 (7.20±
0.06) was significantly lower than that of S1F1 (Pb0.05). Organic
carbon, available phosphorus and available nitrogen contents in all
the treatments increased at the end. Significantly higher final available
nitrogen content was recorded in S2F2 (45.09±0.82 mg N 100 g−1

soil) and S1F2 (41.77±0.89 mg N 100 g−1 soil) compared with S1F1
and S2F1 (Pb0.05). In Exp 2, initial and final soil parameters did not
differ among the treatment ponds (Table 4). However, all the parameter
levels increased at the end of experiment.
Table 3
Effects of stocking density and feeding/fertilization (Experiment 1) and fertilization (FR), f
parameters.

Variable Experiment 1

Means (Tukey test)

Stocking density (S) Feeding/fertilization (F)

S1 S2 F1 F2

Temperature (°C) 26.2 26.2 26.2 26.2
Salinity (g L−1) 7.4 7.3 7.4 7.4
pH 8.34b 8.40a 8.30b 8.44a

Alkalinity (mg CaCO3 L−1) 160 164 160 164
DO (mg L−1) 7.51 7.86 7.54 7.82
Turbidity (NTU) 33 30 30 33
NO2-N (mg L−1) 0.036 0.040 0.031b 0.044a

NO3-N (mg L−1) 0.182 0.175 0.146b 0.211a

NH3-N (mg L−1) 0.154 0.136 0.112b 0.178a

PO4-P (mg L−1) 0.063 0.064 0.063 0.064
GPP (mg C m−3 h−1) 190.0 181.4 176.7 194.7
NPP (mg C m−3 h−1) 107.8 105.0 103.8 108.9

S×F = interaction of stocking density and feeding/fertilization. The means with different su
significant, ANOVA was followed by Tukey test. *Pb0.05; **Pb0.01; ***Pb0.001; NS = not sig
(Pb0.05).
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3.4. Plankton population and chlorophyll contents

In Exp 1, stocking density did not affect the abundance of plankton
and chlorophyll contents in the pond water, except phytoplankton
density. However, feeding or fertilization had significant effects on
plankton densities and chlorophyll concentrations in pond water
with higher values in the fertilized ponds (Table 5). All plankton
and chlorophyll variables varied significantly with the experimental
period and the mean values decreased at the end of rearing period
(Table 6). Interaction effect of experimental period and stocking
density was recorded on phytoplankton, total plankton density and
chlorophyll c, and total chlorophyll contents of pond water. Whereas,
interaction effect of experimental period and feeding or fertilization
was observed on phytoplankton, total plankton density and chlorophyll
b, and chlorophyll c contents of pond water.

In Exp 2, plankton counts were higher in ponds under FF followed
by FR and FD and they were decreasing as the experimental period
progressed (Fig. 1). Similarly, chlorophyll concentrations were higher
in FF and FR pond waters, but were almost steady in FD pond water
(Fig. 2).
3.5. Benthic organisms

For Exp 1, the results of ANOVA on density of major benthic groups
are shown in Table 5. Major benthic macroinvertebrates identified
were divided into Tanaidacea, Gammaridea, Polychaeta, Mollusca and
unidentified groups. The former three groups were the most dominant
among benthic communities. Stocking density influenced the abun-
dance of Polychaeta only among all the benthic macroinvertebrate
groups. Total benthos number was significantly higher (Pb0.05) in
ponds (629 m−2) with low stocking density. However, pond feeding
or fertilization had no effects on the abundance of benthic organisms.
There was an interaction effect of stocking density and feeding or
fertilization on the abundance of Gammaridea group and total benthos.
The benthic groups, Tanaidacea, Gammaridea and unidentified as well
as total benthos varied significantly with the experimental period
(Table 6). Significant interaction effect of experimental period and stock-
ing density was recorded on abundance of Tanaidacea, Gammaridea and
unidentified groups, while, interaction effect of experimental period and
feeding or fertilization was observed on the density of Tanaidacea and
Gammaridea in pond sediments.
eeding (FD) and combined fertilization–feeding (FF) (Experiment 2) on water quality

Experiment 2

Means (ANOVA)

Significance (P value)

S F S×F FR FD FF

NS NS NS 32.6 32.6 32.6
NS NS NS 16.9 16.8 17.1
** *** NS 8.33a 8.19b 8.25ab

NS NS NS 158b 172a 159b

NS NS NS 7.71ab 7.28b 8.36a

NS NS NS 30ab 25b 33a

NS * NS 0.036 0.039 0.037
NS *** NS 0.108 0.107 0.100
NS *** NS 0.107 0.095 0.106
NS NS NS 0.059a 0.048b 0.052ab

NS NS NS 355.8 389.6 417.8
NS NS NS 182.1 217.5 204.8

perscripts in a row in each factor indicate significant differences. When the effects were
nificant. In Experiment 2, means with different superscripts in a row differ significantly
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Table 4
Soil characteristics of different treatment ponds during grey mullet fingerling rearing.

Soil parameters Experiment 1 Experiment 2

Treatments Treatments

S1F1 S1F2 S2F1 S2F2 FR FD FF

pH Initial 7.55±0.03 7.43±0.12 7.46±0.03 7.42±0.08 7.40±0.03 7.35±0.05 7.33±0.06
Final 7.39±0.04a 7.20±0.06b 7.34±0.06ab 7.29±0.03ab 7.31±0.15 7.60±0.14 7.61±0.05

Organic carbon (%) Initial 0.81±0.03 0.80±0.03 0.79±0.01 0.80±0.03 1.03±0.01 1.04±0.04 1.04±0.03
Final 0.99±0.03 1.05±0.03 1.06±0.02 1.04±0.03 1.05±0.08 1.04±0.03 1.03±0.02

Available phosphorus (mg P2O5-P 100 g−1 soil) Initial 2.50±0.25 2.51±0.21 2.55±0.23 2.50±0.22 2.31±0.10 2.31±0.12 2.46±0.10
Final 3.02±0.53 4.07±0.58 2.80±0.38 3.17±0.07 4.50±0.37 5.24±0.19 4.76±0.30

Available nitrogen (mg N 100 g−1 soil) Initial 33.34±1.46 32.38±0.51 33.09±1.76 33.14±1.61 32.73±1.50 33.58±0.94 33.52±1.91
Final 37.34±0.73b 41.77±0.89a 37.56±1.60b 45.09±0.82a 38.71±0.51 39.77±0.91 40.57±1.17

Means with different superscripts in a row differ significantly (Pb0.05); values are mean±S.E. of three replicates.
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In Exp 2, the total benthic macroinvertebrate number was higher
in ponds under FF (824 m−2), followed by FR (283 m−2) and FD
(197 m−2). Accordingly various benthic groups were more abundant
in FF (Table 7).
3.6. Whole body composition

Significant difference (Pb0.05) was observed in crude protein
level in the proximate body composition of grey mullet fingerlings
reared in different pond management systems (Table 8). It was
higher in fingerlings of FD (65.71±0.10%) followed by FR and FF.
Lipid level was significantly higher in FR treatment (8.34±1.15%).
3.7. Comparison of economic returns

Pond management system in FF significantly (Pb0.05) increased
the gross return, net return and BCR (Table 9). However, there were
no significant differences in gross return, net return and BCR among
fertilization and feeding systems.
Table 5
Effects of stocking density and feeding/fertilization on plankton density (number L−1)
and chlorophyll concentration (mg m−3) of pond water and abundance of different
benthic organism groups (number m−2) in pond sediment of Experiment 1.

Variable Means (Tukey test) Significance
(P value)

Stocking density
(S)

Feeding/
fertilization (F)

S1 S2 F1 F2 S F S×F

Plankton
Phytoplankton 8560b 8911a 7260b 10211a * *** NS
Zooplankton 2224 2100 2047b 2276a NS ** NS
Total plankton 10,784 11,011 9307b 12487a NS *** NS

Chlorophyll
Chlorophyll a 21 21 14b 28a NS *** NS
Chlorophyll b 6 6 5b 8a NS *** NS
Chlorophyll c 11 11 7b 15a NS *** NS
Total chlorophyll 38 38 26b 51a NS *** NS

Benthos
Tanaidacea 96 89 96 189 NS NS NS
Gammaridea 182 177 185 174 NS NS *
Polychaeta 238a 95b 200 134 * NS NS
Mollusca 64 47 60 52 NS NS NS
Unidentified 49 58 46 60 NS NS NS
Total benthos 629a 466b 577 519 * NS *

S×F = interaction of stocking density and feeding/fertilization. The means with
different superscripts in a row in each factor indicate significant differences. When
the effects were significant, ANOVA was followed by Tukey test. *Pb0.05; **Pb0.01;
***Pb0.001; NS = not significant.
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4. Discussion

In grey mullet fingerlings, growth parameters and survival were
not affected by stocking density and feeding or pond fertilization.
However, the combined fertilization–feeding system produced bigger
fingerlings with better survival. This may be attributed to the fact that
either feeding or fertilization measure alone could not cater the
biological need of growing fish in all the treatments with higher
biomass, whereas combined system met up the requirement more
efficiently. The growth of M. cephalus recorded in this study was
higher than the observations of Bishara (1978) who reported that in
180 days fish reached 25 g in superphosphate fertilization, 27 g in
superphosphate+ammonium nitrate fertilization, 12 g in feeding
with powdered blood+ordinary flour, 18 g in feeding with rice
bran+cotton seed cake, 12 g in rice bran feeding, 13 g in organic
manure fertilization and 11 g in untreated and unfed ponds stocked
at about 10,000 number ha−1. Similarly, Shofiquzzoha et al. (2001)
demonstrated thatM. cephalus arrived at 7.30–10.91 g from the initial
size of 1.22 g in an 85-day polyculture with Liza parsia and Penaeus
monodon. However, this fish attained similar growth of 61–91 g in
90 days under different salinities (Barman et al., 2005) and higher
growth of 121–264 g in 100 days under various doses of cow dungma-
nuring (Garg et al., 2006) in inland saline ground water. In the present
experiment, SGR of grey mullet was higher compared with the report
of Jana et al. (2004), who observed SGR of 2.5±0.1%d−1 and 2.2±
0.1%d−1 in pondswithperiphyton andwithout periphyton, respective-
ly. However, higher SGR values of 3.12–4.70% d−1 were recorded in this
fish rearedunder various salinity levels of inland groundwater (Barman
et al., 2005). The noted survival (50.9–62.5% and 76.4–77.9%) of grey
mullet in the treatment of fertilization or feeding alone revealed their
similar effects on the pre-growout fingerling rearing. However, higher
survival (83.2%) in combined fertilization–feeding system suggested
its suitability in grey mullet fingerling rearing. The recorded survival
of grey mullet in combined pond management system was higher
compared with 43–63% in a monoculture of 200 day duration (James
et al., 1985) and 56.67–64.67% in a polyculture with tiger shrimp for
195 days of rearing (Shofiquzzoha et al., 2001). Insignificantly lower
AFCR in low stocking density rearing compared with higher density
rearing in feeding system is probably because of consumption of
supplementary feed more efficiently with less competition which
increased feed utilization efficiency. However, combined management
system with lower AFCR (1.61) in higher density rearing indicated
that natural food produced through fertilization may have contributed
significantly to the need of fish and reduced the feed requirement. It is
important to minimize size heterogeneity in aquaculture practice in
order to maintain uniform size of fish. When dominant hierarchies
established because of soaring up size heterogeneity, food wastage and
water quality degradation may occur (Davis and Olla, 1987; Jobling and
Baardvik, 1994;McCarthy et al., 1992). Similar to the present observation,
CV value of 16–20% was reported for tambaqui juveniles (Colossoma
ding, fertilization and combined fertilization-feeding on the perfor-
water..., Aquaculture (2012), doi:10.1016/j.aquaculture.2012.02.004
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Table 6
Effects of experimental period (Pd) and its interaction with stocking density (S) and feeding/fertilization (F) on plankton density (number L−1) and chlorophyll concentration
(mg m−3) in pond water and abundance of different benthic organism groups (number m−2) in pond sediment in Experiment 1.

Variable Means (Tukey test) Significance (P value)

Experimental period (Pd)

Initial 30-d 60-d 90-d 120-d 150-d 180-d Pd Pd×S Pd×F

Phytoplankton 10787a 8293b 8701b 8484b 8398b 8262b 8222b *** *** ***
Zooplankton 2531a 1933b 2086ab 2117ab 2118ab 2282ab 2065ab * NS NS
Total plankton 13318a 10226b 10787b 10601b 10516b 10544b 10287b *** *** ***
Chlorophyll a 34.68a 19.63b 24.11ab 21.79ab 14.81b 15.16b 15.48b *** NS NS
Chlorophyll b 8.66b 5.20bc 12.06a 8.43b 2.42c 2.67c 4.00c *** NS **
Chlorophyll c 12.18ab 9.87abc 13.03abc 16.04a 8.59c 9.26bc 8.27c *** ** *
Total chlorophyll 55.52a 34.70bc 49.20ab 46.25ab 25.81c 27.09c 27.75c *** * NS
Tanaidacea 35e 138abcd 58cde 44cde 234a 92bcd 158ab *** * **
Gammaridea 48c 65c 194bc 362ab 173bc 98bc 616a *** ** *
Polychaeta 54 100 179 62 217 69 131 NS NS NS
Mollusca 38 44 23 69 77 33 37 NS NS NS
Unidentified 25b 220a 8b 23b 37ab 25b 8b *** * NS
Total benthos 200b 568ab 462ab 560ab 739ab 318b 949a *** NS NS

Meanswith different superscripts in a row vary significantly.When the effects were significant, ANOVAwas followed by Tukey test. *Pb0.05; **Pb0.01; ***Pb0.001; NS=not significant.
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macropomum) reared in on-field cages for around 45 days with an initial
average body weight of 2.67±1.13 g (Silva et al., 2007). Higher stocking
density fertilization system of grey mullet rearing produced fish with
significantly less size variation compared with low stocking density
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Fig. 1. Plankton counts in pond water under fertilization (FR), feeding (FD) and combined
fertilization–feeding (FF) treatments during grey mullet fingerling rearing in Experiment 2.
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feeding system as the fish in the former grew uniformly in the presence
of natural food organisms. Again, significantly more uniform size
fingerlings were produced in combined fertilization–feeding system.
Since the relative importance of size variation seems to be greater for
small fish than larger ones and a prolonged period with large size differ-
ences substantially reduces survival (Folkvord and Ottera, 1993),
presence of sustained natural fish food organisms built up through inter-
mittent fertilization and daily feeding met up the need of growing fish
and indirectly reduced the size variability to a greater extent in combined
pond management system. Total harvested biomass of grey mullet
fingerlings increased in higher stocking density rearing and it was the
highest in the fertilization–feeding system. This indicates that supple-
mentary feeding and natural food in the forms of plankton and benthos
contributed significantly to higher fish biomass. Grey mullet in their
natural habitat forages on all available food, microalgae, benthic inverte-
brates, and decaying detritus as energy sources (Bruslé, 1981; Lupatsch
et al., 2003; Odum, 1970). Fertilization besides supplementary feeding
might have increased the production of plankton as well as benthos in
the rearing ponds (Asaduzzaman et al., 2010; Garg et al., 2006) and
provided optimum environment for growing animals.

The recorded water quality parameters were within the optimum
ranges for brackishwater shrimp and finfish culture (Ali et al., 1999;
Bhowmik et al., 1992; Chakraborti et al., 2002; Jana et al., 2004).
Fortnightly application of lime contributed to desirable water quality.
The observed higher pH in ponds which received fertilization may be
attributed to no feed wastage and maintenance of aerobic condition in
the presence of autotrophic organisms (Azim and Little, 2006). Inorganic
nitrogenous (NO2-N, NO3-N, NH3-N) and phosphate-phosphorus
concentrations were higher but within the desirable limits in fertilized
ponds and this was the result of the periodic application of organic and
inorganic nutrients. Again, this fact was probably because of the use of
nutrients by phytoplankton, creating chemical gradients which in turn
cause rapid flux from the soil, thus increasing nutrient concentration in
the water (Boyd, 1979).

Most of the soil parameter values except pH were higher at
harvest compared with initial. Lower pH was recorded in soil during
the harvest phase than the initial phase. It occurred mainly by the
accumulation of high amount of nutrients in the sediments (Islam
et al., 2004; Muendo et al., 2006) and the incidence was supported
by Avnimelech and Lacher (1979) who reported that most of the
nitrogen (75%) and phosphorus (80%) not recovered in harvested
fish was found in the pond bottom. Accumulation of a significant
part of the nitrogenous and phosphatic nutrients applied to shrimp
farming operations was also observed by Paez-Osuna et al. (1997) and
Funge-Smith and Briggs (1998). However, the increase of sediment
phosphorus content corroborates that flathead grey mullet like other
ding, fertilization and combined fertilization-feeding on the perfor-
water..., Aquaculture (2012), doi:10.1016/j.aquaculture.2012.02.004
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Table 7
Abundance of benthic organism groups (number m−2) in the grey mullet fingerling
rearing ponds (n=33) in Experiment 2.

Benthos
groups

Treatments

FR FD FF

Tanaidacea 36 23 313
Gammaridea 50 37 127
Polychaeta 142 79 305
Mollusca 27 33 46
Unidentified 28 25 33
Total benthos 283 197 824

Values are means.

Table 8
Whole body composition (% dry matter basis) of harvested grey mullet fingerlings in
fertilization (FR), feeding (FD) and combined fertilization–feeding (FF) treatments of
Experiment 2.

Parameters Treatments

FR FD FF

Crude protein 64.27±0.67ab 65.71±0.10a 63.75±0.40b

Lipid 8.34±0.15a 7.89±0.11ab 7.99±0.09b

Ash 17.83±0.83 18.99±0.58 16.96±0.76
NFEc 9.55±1.27ab 7.41±0.40b 11.30±0.79a

Means with different superscripts in a row differ significantly (Pb0.05); values are
mean±S.E. of three replicates.

c Nitrogen free extract (NFE)=100−(crude protein+lipid+ash).

0

10

20

30

40

50

60

70
C

hl
or

op
hy

ll 
a 

(m
g 

m
-3

) 
 

FR FD FF

0

8

16

24

32

40

48

56

64

C
hl

or
op

hy
ll 

c 
(m

g 
m

-3
) 

 

0

25

50

75

100

125

150

0 15 30 45 60 75 90 105 120 135 150
Days of rearing

T
ot

al
 c

hl
or

op
hy

ll 
(m

g 
m

-3
) 

 

0

4

8

12

16

20

24

28

C
hl

or
op

hy
ll 

b 
(m

g 
m

-3
) 

 

Fig. 2. Chlorophyll concentrations in pondwater under fertilization (FR), feeding (FD) and
combined fertilization–feeding (FF) treatments during grey mullet fingerling rearing in
Experiment 2.
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benthivorous fish may increase the internal phosphorus loading of the
system by physical disturbance to the pond bottom (Beukelaar et al.,
1994; Cardona, 1996; Lazzaro et al., 1992).

In the present study, both phyto and zooplankton populations
were significantly higher in fertilized and fertilized+fed ponds
Please cite this article as: Biswas, G., et al., Effects of stocking density, fee
mances of striped grey mullet (Mugil cephalus L.) fingerlings in brackish
compared with only fed ponds. Chlorophyll contents also coincided
with the phytoplankton population. This indicated pond fertilization
to have facilitated the continuous propagation of phytoplankton
population (Mischke and Zimba, 2004). Also, a significantly lower
fish growth observed in the treatment with feeding or fertilization
might be due to the low abundance of natural food to supplement
grey mullet growth in higher density rearing as reflected by lower
plankton populations and chlorophyll concentrations compared with
the fertilization–feeding treatment. However, total plankton population
and chlorophyll contents of pond water showed decreasing trend with
the experimental period irrespective of treatment. This was possibly
because of continuous grazing by growing fish as plankton constitutes
significant part of food materials for grey mullet (Romer and
McLachlan, 1986; Soyinka, 2008). Major benthic macroinvertebrate
groups identified in this experiment were representatives of that
which occurred in the Indian West Coast (Joydas and Damodaran,
2009) and Sri Lankan Negombo estuary (Dahanayaka and Wijeyaratne,
2006). Total benthos number was significantly lower in ponds with
higher stocking density revealing more consumption of benthic inverte-
brates as one of the preferred food items (Larson and Shanks, 1996;
Soyinka, 2008). However, pond feeding or fertilization had no effects
on the abundance of benthic organisms. This result follows the observa-
tion of Tidwell et al. (1997), who reported no significant differences of
total benthic macroinvertebrate densities between organically fertilized
and completely fed shrimp ponds. However, no interaction effects of
experimental period with stocking density, and feeding or fertilization
on abundance of total benthos might have indicated that continuous
grazing by fish reduced the abundance. However, Milstein (1993) and
Diana et al. (1997) opined that abundance of plankton and benthic
organisms was directly influenced by pond management processes
including species under culture, stocking density, and input nutrient
quality and quantity.

The whole body proximate composition of grey mullet fingerlings
reared in the feeding system reflected higher protein level than those
reared in fertilization and combined fertilization–feeding systems.
Formulated feed as a readily acceptable item comprised of balanced
nutrients seemed to perform better for grey mullet. Since both the
endogenous and exogenous factors simultaneously influence the body
ding, fertilization and combined fertilization-feeding on the perfor-
water..., Aquaculture (2012), doi:10.1016/j.aquaculture.2012.02.004
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Table 9
Comparison of economic parameters among fertilization (FR), feeding (FD) and com-
bined fertilization–feeding (FF) treatments for grey mullet fingerling production (Ex-
periment 2). Calculation was for 1 ha pond and 150 days of experimental duration.
Currency mentioned is Indian Rupee (100 INR=2.05 US$).

Items Amount Price rate FR FD FF

Operational cost (OC)
Grey mullet fry 15,000 ha−1 4.5 fry−1 67,500 67,500 67,500
Cattle manure 5000 kg 0.5 kg−1 2500 – 2500
Urea 300 kg 7 kg−1 2100 – 2100
SSP 300 kg 9 kg−1 2700 – 2700
Feed 1250 kg in FD,

2000 kg in FF
18 kg−1 – 22,500 36,000

Lime 2500 kg 4.5 kg−1 11,250 11,250 11,250
Labour 40 man-day

in FR, 45 man-
day in FD, 50
man-day in FF

110 man-
day−1

4400 4950 5500

Sub-total 90,450 106,200 127,550
Interest on
OC (5 months)

12% annually 4523 5310 6378

Total OC 94,973 111,510 133,928

Economic return
Grey mullet
fingerling sale

11,692 no. in
FR, 11,461 no.
in FD, no.
12,630 in FF

10, 12,
18 fingerling−1

116920c 137536b 227334a

Net return 21947b 26026b 93406a

Benefit–cost
ratio (BCR)

1.23b 1.23b 1.70a

Means with different superscripts in a row differ significantly (Pb0.05); values are
means of three replicates.
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composition of fish (Haard, 1992; Shearer, 1994) only feeding might
not have much implications on this kind of pond rearing system.

From economic analysis it is obvious that ponds which received
combined fertilization–feeding significantly outperformed the fertili-
zation or feeding system. Accounting all the input costs in the three
systems, a significant 70% net return margin was obtained in
combined fertilization–feeding system. This system can even be
more profitable as most of the small and marginal farmers in India
including Asia use their own resources like land, labour, feed mate-
rials, and manures derived from their own farm and household
wastes (Uddin et al., 2009).

5. Conclusion

On-field trials on greymullet seed rearing in different stocking den-
sities under feeding, fertilization and combined fertilization–feeding
systems revealed better performances in the latter. This study infers
that combined fertilization–feeding system with a stocking density of
15,000 fry ha−1 would be appropriate for production of striped grey
mullet fingerlings in brackishwater ponds. The findings of the current
study have practical significance as a major step for establishing M.
cephalus seed rearing practice using a cost-effective and resource-
efficient approach. There is a scope for refinement of this practice by
evaluating further higher density rearing andworking out the economic
return. An understanding of the proportionate contributions of feed and
various natural foods to the growth of greymullet would help in further
refining such systems.
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