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Abstract

The performance of wild Epinephelus coioides juveniles was compared by feeding with live
tilapia juveniles, fish by-catch, and formulated diet for 5 months in grow-out ponds. To minimize

Ž . Ž .cannibalism, the groupers were graded into small BWs24.9"7.3 g , medium 45.8"5.7 g ,
Ž . Ž .and large 84.1"30.0 g size groups as block in a Randomized Complete Block Design RCBD

and reared in nine 350-m2 ponds. To supply the tilapia juveniles, adult tilapia were grown 2
months prior to stocking of grouper at a rate of 15 tilapiargrouper. Grouper fed by-catch were

Ž .significantly higher P-0.01 than the other treatments in terms of final length and total
Ž .production. The quality of by-catch could be gleaned by its efficient feed conversion ratio FCR

Ž . Ž .of 1.0 dry basis , significantly better P-0.01 than the formulated diet that had an FCR of 2.8.
Using by-catch, 47% of the harvest weighed )400 g and only 14% was classified -200 g. The
cost of juvenile grouper and feeds represented 88–89% of the total investment in all treatments.
Economic sensitivity analysis showed that a combination of improvement in factors such as price
of grouper juveniles, feeds, yield, survival, and FCR would result in higher return-on-investment
Ž .ROI . When cost and returns were considered, feeding juveniles with by-catch was more
profitable because it resulted in net income of Php 361,623rharyear, an ROI of 155%, and a
payback period of 0.4 year. The results clearly show that these economic indicators appear to be
attractive, thus making grouper pond culture using by-catch a viable industry. More research
efforts should, however, be directed towards developing a cost-effective formulated diet for the
grow-out culture of E. coioides. q 2001 Elsevier Science B.V. All rights reserved.
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1. Introduction

Groupers are carnivorous fishes that have high market demand in Japan, Singapore,
Ž .Hong Kong, and the USA INFOFISH, 1989 . About 90% of the world’s harvest of

marine food is derived from artisanal fisheries, and groupers are a major component of
Ž .this resource Heemstra and Randall, 1993 . In 1995, grouper production from marine

fishery reached 27,359 t from the Philippines, Malaysia, Taiwan, and Thailand; while
total grouper production from the entire South China Sea area yielded 1348 t from

Ž .brackishwater aquaculture and 771 t from mariculture SEAFDEC, 1997 . About 40
species of groupers occur in the Philippines, where they are caught by small-scale
fishermen with hook and line, bamboo traps, or dip net from estuaries and coral reefs
Ž .Kohno et al., 1988 .

Cage culture of grouper has been practised for many years in Singapore, Hong Kong,
Ž .and Malaysia Chua and Teng, 1978 . In the Philippines, grouper culture is generally

carried out in cages. Feeding studies on groupers have been carried out in aquaria,
Ž . Ž .netcages, raceways, and tanks except for Manzano 1988 and Kohno et al. 1989 who

conducted studies in ponds. Interest in grouper culture has grown in the wake of the
slump in the shrimp market. Practical experiences from raising milkfish and shrimp have
been adopted by some farmers to culture grouper in ponds. Among the constraints to
large-scale development and sustainability of grouper culture in the Southeast Asian
region are the short and uncertain supply of juveniles, the lack of established techniques

Ž .in collection, handling, transport, and storage of wild juveniles Tookwinas, 1989 , and
lack of pond culture techniques, which often result in high mortalities. Furthermore, the
smuggling of juveniles to foreign markets competes with the local needs. Given its
premium value, a high market demand in Southeast Asian and foreign markets, and the
over-exploitation of wild population, grouper was selected as a potential aquaculture

Ž .species for development Bagarinao and Flores, 1995 .
This paper evaluates the growth, survival, production, and economics of wild

grouper, Epinephelus coioides grown in ponds using three feed types. The importance
of this study lies in the need to identify other viable aquaculture investments to replace
the great losses in the shrimp industry.

2. Materials and methods

2.1. Collection and transport of groupers

Batches of juvenile E. coioides were collected by fisherfolk from Tinagong Dagat
Bay or from ponds in Roxas City, Capiz, Philippines, about 3–4 h overland travel from
the SEAFDECrAQD in southern Panay Island. The bay is shallow, turbid, highly silted,

Ž .highly eutrophic, and with minimal water exchange Platon et al., 1993 . The collected
fish were stocked in small suspension nets installed in a pond, wooden tanks, or plastic
trays ready for buyers’ pick up. Little or no aeration was provided. The juveniles were
transported in oxygenated plastic bags.
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2.2. Acclimation, storage, and health management

Ž . ŽHolding tanks 10-t concrete and hiding places PVC pipes, concrete hollow blocks,
.and coconut palms were disinfected with 200 ppm formalin and rinsed. In the holding

tanks, the juveniles were first fed daily with chopped by-catch andror Acetes at 5–10%
of the biomass. Some batches were weaned to formulated pelleted diet at 3–5% of the

Ž .biomass by mixing by-catch and pellets 75:25% by weight for 9 days. Then a mixture
of 50:50% for 6 days, 25:75% for 10 days, and an all pellet diet was fed afterwards.
Salinity was lowered gradually over 3 weeks to 10 ppt to discourage marine parasites
and bacteria.

Ž .Fish infected with leeches Piscicola sp. and nematodes were bathed in 50–100 ppm
formalin for 1 h repeatedly for 4 days. Since not all leeches and worms were removed
with formalin, the rest were eradicated manually. Fish with skin lesions were bathed in
10–20 ppm oxytetracycline repeatedly for 5 days.

2.3. Pond preparation and management

Nine 350-m2 ponds at the Department of Agriculture, Molo Demonstration Fish
Farm, Iloilo City, Philippines were drained, tilled, levelled, and sun-dried. Bunches of
buri palms served as grouper shelters. Up to 70% of pond water was changed over 4
days during spring tides; water was pumped during neap tides over the last 2 months of
culture.

2.4. Experimental animals, treatment, and design

Healthy juveniles were selected from all batches after some were treated for injuries
and weaned. The experiment was conducted in a Randomized Complete Block Design
Ž . ŽRCBD with size groups small, BWs24.9"7.3 g; TLs12.4"1.4 cm; medium,
BWs45.8"5.7 g; TLs15.3"5.8 cm and large, BWs84.1"30.0 g; TLs18.5"

. Ž . Ž .1.3 cm as block to minimize cannibalism. The feed treatments were: I live tilapia, II
Ž . 2by-catch, and III formulated diet; and juvenile groupers were stocked at 0.5 fishrm

Žfor 5 months. In Treatment I ponds, adult tilapia BWs50.5"1.9 g; TLs15.4"2.2
. Ž .cm at 15 tilapiargrouper and a sex ratio of 1 male: 4 females Manzano, 1988 were

grown for 2 months before the grouper were stocked. Since tilapia juveniles were not
sufficient to support the grouper throughout the culture period, tilapia juveniles were
added at 250, 300, and 350rweek on the third, fourth, and fifth month of culture,
respectively.

2.5. Feeds and feeding

Ž .Formulated diet after Chou and Wong, 1985 was fed daily at 3% of biomass during
the first three and 2.5% during the last 2 months of culture. This was stored in a clean,
dry, and ventilated area. By-catch was bought fresh from the Fishing Port, Iloilo City,
immediately weighed according to the feeding rate and kept in plastic bags. This was
then stored in the freezer near the ponds. By-catch was fed at about 7% of biomass
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during the first three and then 5–6% in the last 2 months of culture. Although grouper
had been weaned to formulated diet in the tank prior to the study, the feeding response
was not immediate in ponds. So initially, formulated diet was formed into moist balls
until they fed on pellets. Feeding was either stopped when fish refused to feed or was
suspended during windlessrcloudy days, poor water visibility, or low dissolved oxygen
levels. Rice bran fed to adult tilapia was also regulated to prevent deterioration of water

Ž . Žquality. No feeding was made a day prior to harvest. Feed conversion ratio FCR kg
.feedrkg weight gain was computed.

2.6. Size-distribution and financial analysis

Ž .Harvested groupers were classified according to size body weight . The prevailing
market price of grouper in 2000 varies according to size, hence, size-distribution allows
for realistic economic analysis. In the live market, groupers -200 g were sold for Php

Ž .270rkg, 200–400 g at Php 290rkg, and )400 g at Php 310rkg US$1sPhp 50 .
Small juveniles were bought at Php 25, medium at Php 30, and large ones at Php 35

Ž .each. Adult tilapia were sold at Php 40rkg BWs66–80 g and at Php 45rkg
Ž .BWs94 g .

For the economic analysis, the financial assumptions were: the ponds were ready for
production and hence no major pond renovation was required; the caretaker can
effectively handle 3 ha of grouper ponds at Php 800rharmonth; and no marketing
expenses were involved since the buyers arranged for their own live transport. Repair
and maintenance expenses included repair of leakages, tilling of the soil, eradication of
pestsrpredators, and other pond preparation activities, which were not covered by the
caretaker’s salary. A pump was used to replenish water in three 1-ha ponds during low
tide. Tilapia juveniles were caught from pond canals, whereas the adults were bought

Žfrom nearby farms. Annual depreciation following the straight-line method Shang,
.1990 was estimated based on the economic life of capital assets. The total investment

was expressed in terms of capital and operating costs. Interest on capital fell under
Žvariable costs since the money was used to buy variable inputs in production Brown

.and Librero, 1991 . Variable interest on investment was computed by multiplying the
amount of operating expenses by the interest rate of 12% prevailing in the bank divided

Ž .by 2 cropsryear . Income tax was paid at 35% of the net incomeryear. Return-on-in-
Ž .vestment ROI was computed as the net incomeryear divided by total investment=100.

Payback period was computed as the total investment divided by the net incomeryearq
Ž .depreciation Shang, 1990 . An economic sensitivity analysis was modelled to reflect

changes in survival, FCR, yield, and prices of grouper juveniles and feeds based on data
in Table 2.

2.7. Monitoring of parameters

Water temperature and dissolved oxygen were monitored twice daily at 0800 and
1500 h using a YSI dissolved oxygen meter. Salinity and visibility readings were taken
once daily with Atago refractometer and Secchi disk, respectively.
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Table 1
Growth, survival, and production of wild grouper, E. coioides, in grow-out ponds

Treatment Final length Final weight SGR Survival Total production FCR
y1Ž . Ž . Ž . Ž . Ž .cm g % day % kgrha As fed Dry matter

b a a a bI—Live tilapia 25.2"19.2 257.7"51.3 1.1"2.2 77.1 993
a a a a a a aII—Fish-by-catch 28.7"10.7 398.3"52.2 1.4"2.2 87.6 1745 4.64 0.98
b a a a b a bIII—Formulated diet 25.6"19.2 273.3"57.1 1.3"2.1 84.9 1160 3.15 2.78

Ž .Values are mean"SEM. Mean values marked with different superscripts are significant P-0.01 .
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2.8. Statistical and proximate analyses

Final length, final weight, SGR, survival, and total production were analyzed using
Ž .ANOVA following the general linear model procedure SAS Institute, 1988 and

Ž .Duncan’s Multiple Range Test DMRT tested differences among treatment means. FCR
Ž .was compared using t-test. By-catch mainly Leiognathus spp. , tilapia juveniles, and

Žformulated diet were analyzed for proximate composition Association of Official
Ž . .Analytical Chemists AOAC , 1984 .

3. Results

3.1. Growth, surÕiÕal, production, and size distribution of grouper

Grouper fed by-catch was generally better than those fed live tilapia and formulated
Ž .diet Table 1 . ANOVA shows that final length and total production were significantly

Fig. 1. Weight classification by size distribution of pond-reared wild grouper E. coioides fed a variety of food.
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Ž .higher P-0.01 in fish fed by-catch compared with other treatments. Likewise, its
Ž . Ž .FCR of 1.0 dry basis was significantly more efficient P-0.01 than grouper fed live

Ž .tilapia FCRs1.3 , but significantly more efficient than grouper fed formulated diet.

Table 2
Ž .Comparative costs and return analysis of wild grouper, E. coioides, fed three feed types in ponds per ha.

Ž .Values are in Philippine pesos US$1sPhp 50 .

Production Quantity Unit cost Tilapia By-catch Grouper diet
Ž .Php juveniles

Ž .Survival rate % 0.7771 0.876 0.849
Stocking densityrha 5000 5000 5000

Ž .Average body weight kg 0.2577 0.3983 0.2733
Ž .Culture period months 5 5 5

Ž .Total harvest grouper, kg 993 1745 1160
Ž .Total harvest tilapia, kg 1164.00

aŽ .Revenue grouper 288,095.72 505,920.66 336,445.97
bŽ .Revenue tilapia 47,549.20

Gross revenue 335,644.92 505,920.66 336,445.97

Capital cost
Water pump 1 18,000 6000.00 6000.00 6000.00

Sub-total 6000.00 6000.00 6000.00

Variable costs
Rice bran 250 5 1250.00 1250.00 1250.00
Buri palm 20 5 100 100 100

Ž .Diesel l 48 13.1 628.8 628.8 628.8
Ž .Agricultural lime t 1 1000 1000.00 1000.00 1000.00

Ž .21-0-0 bag 1 315 315 315 315
bŽ .Grouper juveniles pcs. 5000 150,000.00 150,000.00 150,000.00

Ž .Adult tilapia pcs. 75,000 0.5 37,500.00
By-catch 6893.3 8 55,146.4
Formulated diet 2841.7 39.75 112,957.58

Ž .Repairrmaintenance days 10 80 800 800 800
Ž .Nylon net m 20 29 580 580 580

Interest on capital 11,770.40 12,829.20 16,297.90
Ž .Labor months 5 800 4000.00 4000.00 4000.00

Sub-total 207,944.20 226,649.40 287,929.28

Fixed cost
Depreciation 1100.00 1100.00 1100.00

Sub-total 1100.00 1100.00 1100.00
Total cost 209,044.20 227,749.40 289,029.28
Incomercrop 126,600.72 278,171.26 47,416.69
Incomeryear 253,201.43 556,342.52 94,833.38

Ž .Income tax 35% 88,620.50 194,719.88 33,191.68
Net income after taxryear 164,580.93 361,622.64 61,641.70
Total investment 213,944.20 232,649.40 293,929.28

Ž .Return-on-investment ROI, % 76.93 155.44 20.97
Ž .Payback period years 0.84 0.42 3.1

aGroupers -200 g sold at Php 270rkg; 200–400 g at Php 290rkg and )400 g at Php 310rkg.
bSee Materials and methods.
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Grouper fed live tilapia had 51% of the harvest classified between 200 and 400 g and
Ž .40% were -200 g. Only 9% reached )400 g Fig. 1 . On the other hand, grouper fed

by-catch attained better sizes with 39% between 200 and 400 g, 47% were )400 g, and
only 14% weighed -200 g. Grouper fed formulated diet had 47% classified at 200–400
g, and 19% reached )400 g.

3.2. Cost and returns of grouper

Table 2 shows the comparative cost and return analysis of wild E. coioides cultured
in ponds. The major components of variable costs were grouper juveniles and feeds. The
total investment costs primarily varied with the costs of feeds that accounted for

Ž .18–38%. The use of by-catch yielded the best net income Php 361,623rharyear ,
Ž . Ž .return-on-investment 155% , and a payback period 0.4 year .

Table 3 presents the economic sensitivity analysis modeled for by-catch and formu-
lated diet. Using formulated diet, its quantity and the costrkilogram were crucial factors
that determine its profitability. A decrease in survival by 20% using this feed registers a
net loss. Moreover, an increase in the price of by-catch by 20% means a decrease of
ROI from 155% to 140%. However, if the FCR of the formulated diet is improved from
3.2 to 2, the ROI improves at 46%. If the cost of diet is lowered to Php 30rkg, then the
ROI improves further to 59%. Under a combination of changes in factors like if the
price for grouper juvenile is Php 20, the selling price of marketable grouper is Php
270rkg, yield using formulated diet is increased by 20% and an improved FCR of 2,
ROI are 209% and 94% for by-catch, and formulated diet, respectively.

3.3. Water parameters

Water temperature averaged 29 8C in the morning and 32 8C in the afternoon during
the culture period. Mean dissolved oxygen concentration was 4.4 ppm in the morning
and 9.3 ppm in the afternoon. Salinity fluctuated between 15 and 45 ppt throughout the
culture period. Water depth in the ponds never went below 80 cm. In all treatments,
visibility reading ranged between 20 and 72 cm.

Table 3
Ž .Economic sensitivity analysis ROI, % of wild grouper, E. coioides, fed by-catch and formulated diet

Situations By- Formulated
catch diet

Ž .1 Decrease of survival rate by 20% 98.9 y8.8
Ž .2 Increase of by-catch price by 20% 139.5
Ž .3 FCR of formulated diet at 2 45.6
Ž .4 Cost of formulated diet at Php 30rkg 58.8
Ž .5 Cost of grouper juvenile at Php 20, 208.7 93.7
selling price of grouper at Php 270,
yield using formulated diet increased
by 20% and its FCR at 2
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Table 4
Ž .Proximate composition % of diets fed to wild grouper, E. coioides, in ponds

Moisture Crude Crude Crude Nitrogen-free Ash
Ž . Ž . Ž .% protein fat fiber extract % %

Ž . Ž . Ž .% % %

Formulated diet 11.54 47.20 13.48 3.20 20.53 15.59
Leiognathus spp. 78.68 71.56 7.44 0.00 1.00 20.00
Juvenile tilapia 81.33 61.25 13.68 0.10 2.54 22.43

3.4. Proximate analysis

Ž .Crude protein of grouper diet, by-catch mainly Leiognathus spp. , and feed tilapia
Ž .were 47%, 72%, and 61%, respectively Table 4 .

4. Discussion

In terms of farm activities, feeding with formulated diet and live tilapia was relatively
easier than fish by-catch, which demanded more effort on the fish farmers in buying,
thawing, and chopping. However, when economic analysis was considered, feeding with
by-catch produced the maximum benefits. It had the highest gross revenuersale because
86% of its harvest reached sizes greater than 200 g. Moreover, the quality of by-catch as

Ž .grouper feed can be gleaned by its efficient FCR of 1.0 on dry basis 4.6 as fed
Ž .compared with formulated diet at 2.8 Table 1 , although it is limited in storage and

Ž .availability. Feeding E. tauÕina with by-catch, Chou and Wong 1985 obtained an FCR
Ž . Ž .of 7.5 as fed basis , while Tacon et al. 1991 reported an FCR of 3.5 after about 150

days.
The supply of tilapia juveniles may not be enough to sustain growth of grouper for 5

Ž .months. Even the adult tilapia were cannibalized as shown by its low survival 8–35% .
Also, only 77% of the grouper survived, suggesting that bigger groupers may have fed
on the smaller ones. Grouper would have to spend effort catching the adult and juvenile
tilapia and smaller groupers. Thus, 91% of its harvest was classified lower or within the
size class 200–400 g. Feeding with live tilapia posted a net income of Php

Ž .164,581rharyear, an ROI of 77%, and a payback period of 0.8 year Table 2 . Rice
bran did not likely support the nutritional requirement of adult tilapia to reproduce
enough fry, and also decreased the pond water visibility which resulted in suspension of
feeding. Furthermore, adult and juvenile tilapia competed with grouper for food and
space. Therefore, controlled numbers of adult tilapia or regular addition of tilapia
juveniles are needed to support the grouper.

High cost of formulated feed contributed to a lowest profitability using formulated
diet which gained Php 61,642rharyear with an ROI of 21%, and a payback period of 3
years.

Clearly, the factors having the greatest impact on the economic outcome were the
Ž .yield as consequence of growth and survival , prices received for grouper at different
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size groups, feed, and juvenile grouper costs. As a general rule, total dry diet cost should
Ž .not exceed 25% of the farm-gate value of the cultured species Tacon, 1993 . Formu-

lated diet alone accounted for 39% of the total cost. Thus, from an economic viewpoint,
formulated diet in this study was not desirable. High food wastage could have occurred
Ž .especially during the initial feeding when pellets were formed as moist balls as
reflected by its three times poorer FCR compared with grouper fed by-catch. Further-

Ž .more, sensitivity analysis Table 3 shows that a decrease in survival rate by 20% will
result to negative returns if formulated diet is used. If formulated diet yields an FCR of 2
then an ROI of 46% is attained. If yield further increases by 20%, cost of juveniles
decreases to Php 20rjuvenile, selling price of grouper at Php 270, and its FCR at 2, ROI
will reach a high 94%. Therefore, developing a cost-effective grouper diet for pond
culture promises great economic consequence for fish farmers.

Protein is the most expensive dietary component in fish diet and is a primary concern
Ž .in diet formulation. The crude protein of grouper diet 47% in this study was within the

Ž . Ž .dietary protein requirement 45–50% of juvenile grouper reported by New 1986 .
However, nutritional requirements from various grouper studies have been investigated
in floating net cages which do not allow fish to access nutrients in addition to

Ž .formulated diets. Lovell 1973 found that channel catfish reared in cages appear to
require higher dietary protein level than fish grown in ponds. If this is true for grouper,
then a diet formulation specifically for ponds should be made. Feeding consistently at
the same location allowed feed to be easily detected. But it may not result in uniform
size of fish by increasing food competition and size variation as reported for catfish
Ž .Phelps and Silva de Gomez, 1992 . Feed distribution over the entire water surface is
recommended.

Groupers are voracious feeders cannibalizing even on adult tilapia or grouper. This
cannibalistic attack is shown in 8% survival of adult tilapia stocked with large grouper.

Ž . ŽIn Clarias gariepinus Hecht and Applebaum, 1988 and in E. tauÕina Manzano,
.1988 , cannibalism relates to predator mouth and prey head widths. In nature, cannibal-

Žism acts as a population regulation mechanism Giles et al., 1986; Hecht and Apple-
.baum, 1988 . In aquaculture operations, however, this phenomenon must be controlled.

Ž .Causes of cannibalism appear to be genetic and behavioral Hecht and Pienaar, 1993 .
Size variation within a cohort may be caused by genotypic differences, which dictate

Ž .individual growth rates McKinnon, 1985; Valerio and Barlow, 1986 . Thus, size
variation is also a primary cause of antagonistic behavior which can have the same
effect as cannibalism. Other factors that have been found to affect fish behavior and the
extent of cannibalism are food availability, population density, shelters, turbidity, light

Žintensity, and feeding frequency McKinnon, 1985; Hecht and Applebaum, 1988;
.Katavic et al., 1989 . Initial size-grading reduced a large-scale cannibalism in this study

although a more frequent sizing is needed to reduce variability.
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