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ABSTRACT

African catfish (Clarias gøriepinus Burchell 1822) werc cultured at four

diffelent densities based on fish biomass per cubic metre in cages suspended in a

dugout pond during the sumrners of 1990 and 1991. h 1990, fish were stocked at an

average weight of 1.8 g. After 56 days of rearing, weekly instantaneous g¡owth rates

(0.547 - 0.562) wele not significantly different among densities. Mortality rates,

ranging fiom 0.036 to 0.101, while high, were not related to stocking densities. The

mean fish weight at han,est ranged Ílom 95.7 to 142.8 g per individual. Fish

pt'oduction was 6.52, 11,75, 9.47 and 12.45 kg per cage at stocking densities of 0.14,

0.20,0.24 and 0.35 kg per cage respectively, In 1991, larger catfish (32 g) were

stocked at densities of 1.66, 3.44, 4.65 and, 6.40 kglcage or 50, 100, 150 and 200

fish/cage respectively. At the end of 8 weeks, mean fish weight was highest at the

lowest density and was significantly different from the other three higher stocking

densities. The biweekly instantaneous growth lates ranged Íìom 0.286 to 0.300.

lnstantaneous mortality rates were low, from 0.006 to 0.01 1 . Production, therefore,

increased with increasing stocking density. Production values were 16.30,31.19,48.81

and 60.31 kg/cage from the lowest to the highest stocking density respectively. I
conclude that growth and mortality of African catfish cultured in cages at these

stocking densities were not affected by initial density. On the other hand, fish

production was directly related to stocking density.
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INTRODUCTION

The Afücan catfish or sharptooth catfish, Claûas gariepinus Bur.chell 1g22, is

also known under its junior sy'non1.rn s c. Iazera valenciennes and. c. ntossanbia¿s

Peters (Teugels, 1984), C. senegalensis Õ/iveen et al., 1984). It is tolerant of a wide

range of temperatures, low oxygen and high salinities levels (Bovendeur et al., l9g7).

The precise date when the Afücan catfish was first introduced to Thailand is unknow¡r

(Tangtrongpiros et al., 1988); however, because ofl its fast $owth, C. gariepinus was

introduced in 1987 to Thailand from Laos. During the last few years, this species has

been widely cultured by commercial fish farms, by local govemment fisheries stations

and also, for research pulposes, at Kion Kaen University.

Cage culture began in Southeast Asia, and has been practised since the end of
last century (Ling, 1977). According to Pantulu (1979), the oldest records of cage

cuihrre come from Kampuchea where fisherman in and around the Great Lake region

kepl Clarias spp. catfishes and other commercial fishes in captivity. The fìsh were fed

kitchen scraps and were found to grow rapidly (Beveridge, 1984). A similar type of
cage culh:re has been used in Mundung Lake, Jambi, Indonesia, stnce 1922

(Reksalegora, 1979). Cages can be used for growing fish to market size, breeding,

controlling reproduction and producing fish fiy (pangan-Font, 1975; fufai, 19g0;

Gueneo, 1979; Beveridge, 1984). Cages may be placed in both lentic and lotic

environments. The cage method can provide a good altemative to othe¡ intensive

culture procedures. Fish in cages are contained in a known, relatively small volume of
water. Feeding, harvesting, and disease treatment are facilitated and management of
the cultule system is simplified.

Cage culture is useful for people who live near resen oirs or lakes, In addition,

people can grow fish in cages placed within dugout ponds. Cage culh:re is one of the

major priorities of the Departrnent of Fisheries, Royal Thai Govemment, especially in

the noftheasteln region where there are many resen,oirs.

The stocking density, the volume of water available to a single fish, can



constitute a significant productivity factor. vy'ith increasing stocking density the

excitation level of the fish increases, resulting in a stress situation (Leatherland and

Cho, 1985). This high-level physiological impact leads to an enhanced energy

lequirement, with accordingly reduced growth and food utilization; therefore, a

negative effect may be expected from high stocking densities.

The number of fish stocked in cages depends upon the species cultured, the

initial size of the fish, cage site and the preferences of the owner. Total production

inc¡eases with inc¡eases in the initial biomass up to an optimum density (coche,

1e79).

The major objective of this study is to detemine the relationship between

stocking density and production. other related objective are to determine: the effect of
stocking density on the growth of the fish, on mortality, and finally the feasibility of
African catfish as a species suitable for cage culture in noûheastern Thailand. This

information is presently unavailable.

The primary desigri of the study was to vary the initial stocking density of
Afi:ican catfish per cage based on the biomass (kg) and/or the numbe¡ of flsh per cubic

meter while maintaining food levels constant relative to the biomass of fish in each

cage.



LITERATURE RXVIEW

African catfrsh (Clørias gariepinus Burchell 1822)

The AÍìican catfish is widely distributed Íìom the Orange River in southem

Afüca, thloughout Afi:ica and into eastem Turkey (Teugels, 1984), although it is
known by different names in different regions ffiveen et al., 1984) (Fig.1). During the

last five years it was introduced into Thailand. The maxímum recorded length of this

fish is 200 cm. Hecht and Appelbaum (1987) have quoted Teugels (1982) as saying

this fish is an important sou¡ce of food in ¡ural areas throughout its nnge. Clarías

gariepinus is a haldy species. Because of íts ability to practise both efficient aquatic

and aerial respilation, it can survive at very low oxygen concentrations (Bovendeur et

al., 1987).

Potentiâl

Because AÈican catfish are omnivores, they are suitable for aquaculture based

on a supply of low grade food, commercial food and also agricultural byproducts. The

potential of this catfish for aquacultule has been demonstrated for ponds as well as for

intensive culture in tanks under controlled indoor conditions. Hogendoom (1979) and

Huisman and fuchter (1987) reared fry in ponds with 10-15 individuals/m3, of 1-5 g

size. They ¡ecommended a rearing period of Íìom 5 to 10 weeks du¡ation.

During the last decade there has been an increasing interest in the intensive

culture of C. gariepínus. Most growth experiments were carried out in flow-through

systems in the Netherlands using commercial trout feeds (Hogendoom, 1983;

Hogendoom et a1.,1983). These sh¡dies were concemed with the effects ofbody

weight, temperature and feeding level on $owth.

Clarias gariepinur proved to be a very suitable species for high density culture.

It uses up to 80 % of the energy metabolized from the diet. This utilization compares

favourably with common carp fed \jvith the same diet (Huisman and Richter, 1987).

Reduction of the oxygen content of the water in tank cultu¡e results in the fish

Íìequenting the surface to b¡eath and, ihereby, meet its oxygen requirements. The air

contains about 30 times more oxygen per unit of volume than the water, and this



Figure 1. Afican catfish (C. gariepinus Burchell 1822) and its geographical

distribution in Africa-
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explains why the species can tolerate extremely high densities per unit of water

volume and low levels of water exchange. The Afi:ican catfish, raised under optimal
husbandry conditions, exribits a rather lethargic behaviour, which results in low
maintenance requirements. The previously mentioned high gowth rate and effioient
food utilization of the species are the reasons for the remarkably high production in
culture conditions.

According to Teugels (1984), the African catfish (C. gariepinus) ranks high on
the consumer preference list in quite a number of African countries. The following
information showed the potential of c. garíepinus for intensive flow-through tank

culh¡re in the hatchery at the Depaftment of Fish culture and Fisheries in wageningen,
The Netherlands. The tank volume was 900 L and the area was 2.5 nt'. The water

flow was 30 L min''. The r.earing period was 6l days:'

Stocking

Biomass (kg) 180.7

Individual wt. (g) 105.1

Weight Ratio fisVwater l:4

Food Conversion Ratio

Harvesting

360.0

237.3

l:1.5

0.98

This species seems to be a suitable candidate fo'cage curture development

especially in upper Egypt where market conditions are good. The preliminary results

indicated that the weight inc¡ement of the fish was about 3.5 g/fish/day when stocked

at a density of 200 fish/nt' and fed a pelleted feed containing 25 % crude protein

(Ishak, 1987).

Food

under natural conditions, planktonic crustac€ans are the most important food

items of C. gariepinus lawae (<20 mm TL) (Hecht and Appelbaum, 19g7). More

' Source: Huisman and Richter, 1987.
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recently, successful attempts have been made to develop an artificial dry food for
rearing larvae and juveniles (uys and Hecht, 19g5). Dried and decapsulated ArÍenùa

eggs have a high floatìng capacity, sinking slowly to the bottom of cultu¡e vessels. All
the artemia cysts have a balanced nuhìtional composition and the nutritional value is

not lost by leaching. Decapsulated eggs also gave a high g¡owth rate and seemed to be

a diet which results in a considerable storage of glycogen (Huisman and fuchte¡,

1987).

clarias gariepinas is able to convert food nutrients 
'ery 

efficiency into fish

biomass (Machiels, 1987). It can also utilize vegetable proteins (Clay, 19g1;

Christensen, 1981;Hecht and Appelbaum, 19S7). In many experiments in The

Netherlands and Afüca, a trout diet was used for c. gariepinus. I¡ Thailand, Asian

catfish food pellets and waste food from kitchens are used for.rearing African catfish

in commercial fish farms and local ponds respectively.

Reproduction

In nature, catfish mahrre afr.er 2 to 3 years, but in only 7-10 months under pond

conditions (Viveen et al., 1984). African catfish females reproduce successfully during

the entire year. One female can provide eggs repeatedly throughout the year, thus

enabling efficient brood stock maintenance (llogendoom and Vismans, l9g0).

Injection of hormone or/and its analogues to induced spawning in captivity has been

commonly employed in all areas.

Health Control

The Afi:ican catfish seems to be a resistant fish; however, some minor health

problems have been encountered. common protozoan and metazoan infections caused

by organisms such as Cosl¡a sp, Chilodonella sp, Dactylogtrus sp etc. occur quite

often, especially when the fish are raised in ponds in the tropics. parasites can be

easily controlled with organic phosphaie esters (Bromix, Diptrex, Mosaten).

Clarias gariepinøs, raised under controlled hatchery conditions, is rather
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sensitive to my<obacterial infections. Antibiotic curative agents such as

chloramphenicol or oxytetracycrine are appried as additives to the food. Infections aro

mainly associated with environmentar changes (temperature, water quality, handling of
fish, etc.) and can cause great losses in high density fingerling culture. Furatedone,

dissolved in water, can be given as a prophyractic or therapeutic heatment (Huisman

and Richter, 1987).

when the fish are reared in recirculation systems, gas bubbre disease arways

occurs (Boon et al., 1987). Two sl.ndromes are found in Afücan catfish. The first one

occurs mostly during the fingerling stage and involves a rupture in the caudal part of
the intestinal tract. The second syndrome, taking place in catfish larger than 10 cm,

causes destruction of the arborescent (atmospheric) organs of the fish and leads to an

inflammation of the skull resulting in a lateral skull-break, parallel to the skull plate
joints. A simila. condition of fish, k¡own as the "crack head syndrome,', is found in
Asian catfish (c' batrachus and, c. macrocepharus) and, has been attributed to vitamin
C deficiency ffiveen et al., 1984; Huisman and fuchter, l9g7).

Catfish Culture in Thailand

The culture of Clqrias spp in Thailand, originally in the Bangkok area, began

in the late 1950's (Areerat, 1987). seven species are found in Thailand; however, only
two species were commonly used for aquaculture before the Afücan catfish was

introduced from Laos in 1987. They are clarias bofi.achus and clarias macrocephalus.

Preliminary str.¡dies on African catfish have been carried out at the National

Inland Fisheries Institute, Department of Fisheries, Royal rhai Goverment, since May
1988 and some obseryations from comme¡cial fish farms, showed that the C
gøriepiruts grows very quickly in earthen ponds and can be spawned by hormone

injection (Tangrrongpiros et a1., 1988).

During the last fou¡ years, C. garieptnus has been widely cultured by
commercial fish farms, by local govemment fìsheries station and also at the K¡on
Kaen university. clarias gariepinus culture is desirable because it gives a hígher



annual income than can be obtained Íïom other species because it grows rapidly and

reaches ma'ket size in a short time. consequently the¡e can be two to four crops per
year.

The Afican catfish has been successfully reared in ponds as well as cultu¡ed
intensír'ely in conc'ete tanks. In commerciar fish farms, fingerlings are stocked at 2.5

cm long and at densities between 2,i00 and 50,000 fingerlings,&.ai (i Hectare = 6.25
Rai or I Rai = 1,600 m2) in earthen ponds and in concrete tanks (1.2 m diameter) with
water 40-50 cm deep, If the fish are 2-3 month, old about 250 individuals can be

stocked or if the fish are 7-B month old, 50 individuals can be stocked. If tank size is
increased (3 x 5 x I m) they can be stocked at a density of 130 individuals.

Tantrongpiros et al. (1988) snrdied growth of c. gariepirus and c. ma*ocephørrs in
an eaühen pond at a stocking density of 22,000 fish/Rai or about 14 fish/mj. He also

stocked hybrid crosses between mare c. gariepin¡¿s and female c. macrocephar,s in
an concrete-eafthen bottom pond at a density of 22 fish/m3.

CatlÌsh Culture in Cages

cage culhrre has received a great deal of worrd-wide attention in recent years

and has been used in the culture of channel catfish (Ictalurus puncratus) in the united
States for about 15 years (Collins, 1970; Stíckney and Moy, 19g5). Cages used for
catfish experiments in the usA, are usually quite small, about 1 nf . stocking densities

have been reported to range from 100 to 600 fish/nt'. use of cages by fish farmers is
limited, but commercial producers have employed this technique in special

circumstances.

Problems with cage cultu¡e include difficurty in treating for diseases, loss of
fish in the event of cage damage, and the need to provide continuous security to
prevent poaching (stickney, 1986). various authors have attempted to determine

optimum stocking densities for channel catfish in cages. The consensus is that about

600 fìsh/m3 is appropriate (pennington and srrawn, r97g). Stickney and Moy (r9g5)
studied the culture of channel catfish in cages in Southem lllinois. Their results

indicated that channel catfish fingerlings in the 20.4 to 25.4 cm size range at stocking



densities of 600 fish,/m3, can be reared in cages to market size during an 1g week

summer period.

Cage Culture in Thaiìand

cage culture was initiated in Thairand in the early r950s. Initia y, the fish

were raised in bamboo cages. The number of fishermen rearing fish in cages has

experìenced yearly increases. cages are now usually made with wooden plank frames,

covered with galvanized wire mesh. This fpe of cage is easier to make and handle.

Many species are used for culture, for example; catfish (pangasius sutchi, Clarias

macrocephalus), sand goby (Oxyeleotris ntarmoratus), colnmon carp (Cyprínus

carpio), local carp (Puntí,s gonionotus), nile tilapia (Oreochrontß niloticus), and.

setpent head (Ophiocephulus striatus). The most popular Íìeshwater species for
commercial culture are Pongasius sutchi and. Oryeleottis fttarmorqtus.

Stocking densities used for pangasius sutchi in cages range from 50 to 100

fish/m3 and 100 fish,/m3 for the sand goby (Tangtrongpiros, 1979). Net cages have

been used for the culture of sea bass (Lates calearifet Bloch) for the last decade, Most

cultule activities were conducted in Songkla Lake, the largest brackish and fresh water

lake in Thailand. Se'eral experiments on food and feeding, high density culture and

economic benefits were carried out and it was shown that sea bass could be

successfully cultured in net cages (Dhebtaranon et al., 1979).



MATERIÁ.LS AND METHODS

Experimental and Cage Design

Sn¡dies in both years, 1990 and 1991, were carried out in one dugout pond
(6400 m':) which has a mean wâter depth of 1.5 m. This pond is in the Fisheries

Division, Department of Fisheries, Faculty of Agrìculture, Khon Kaen uni'ersity,
Thailand (16.26 N, 102.50 E), 391 km northeasr from Bangkok @ig.2).

The rectangular. cages measured 1 x I x 1.5 m and were made of black
polyethylene netting of 5 mm mesh size, square measure. The submerged volume of
each cage was 1 mr. Cage frames were made of split bamboo. The cages were

suspended from a bamboo structure fixed by cotton_nylon cords to a pathway from
sho'e. Plastic bonles, attached along the four sides of each cage, were used as floats.

The experiment was set up as a completely Randomized Design (cRD). There
were fou. tleatments each year using four stocking densities and there were th¡ee

replícates of each heatment. Twelve cages were used in the experiment (Fig.3).

Fish Used In Experiments

In 1990, Afücan catfish fingerrings were bought from the pungkone Kamkaset

Farm in Sakhon Nakom Province. They were kept for hvo weeks in concrete tanks to
acclimate them to the food pelrets. Fish were put in cages for another week, the

adaptation period, befor.e being stocked into the experiment cages.

Treatments were randomly assigned to the twelve cages in the dugout pond
(Appendix tr). A total of 1,575 African catfish, average weight 1.g g per individual,
were allotted to twelve cages at four different densities (0.14,0,20,0.24 and 0,35

kg/m3 or 75, 100, i50 and 200 fish/m3) (Table 1). Fish were stocked on July 5 and

harvested on September 6, 1990, a 56 day rearing period. Because of severe initiar
mortalities during the first two weeks, fish of appropriate size were added to each cage

to maintain numbers constant.



Figure 2. Map of Thailand showing the location of the experiments
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Figure 3. (A) Experimental Design (Completely Randomized Design, top and side

views of the experimental site), (B) Experimental cages suspended within a dugout

pond.
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For the 1991 expedment, five female catfish (brrcod stock sun'ivors from 1990

experiment) were sparmed at the Fisheries Division, Department of Fisheries, Khon

Kaen University on April 28, 1991. Catfish lawae were held in a circular concrete

pond for 33 days. The fish were fed zooplankton (Moina spp. and Artemia salina)

durìng the first two weeks, then they were fed pellets. Fingerlings were kept in cages

for an adaptation per'ìod of three weeks before being allotted to the experiment.

Af ican catfish were heated with a solution of formalin (200 ppm) for 3 to 5 minutes

before being placed in the same cages and the same experimental site used in 1990. A

total of 1,500 fish were stocked on June 23, 1991 at 32.9 g average weight per

individual fish at four different densities (1.66,3.44, 4.65 and 6.40 kelnt or 50, 100,

150 and 200 fish/mr (Table 1) and harvested 56 days later on August 18, 1991.

Food and Feeding

In 1990, a commercial catfish food (9912) of krown nurient content

(Appendix tr) manufactured by Chareon Pokpand Ltd was used. Catfish were hand fed

initially at 23% of body weight (BDW) 4 times daily. The food quantity was

decreased to 20%, 15% BDW at the 2"d and 6'h week respectively. Rations were kept

constant al 15 % BDW after the sixth week until the end of the experiment. Some

problems were caused by unsuitable food: crude protein (CP) level was low for fish

fry. The pellet particle size was too large and the amount of food given each meal was

equal which is not the conect method because catfish prefer to feed at night; therefore,

the larger meal should be given at night.

For the 199i experiment, catfish food was supplied by the same company but

two particle sizes were used. Fish were hand fed initially with 9910 (small particle

size and high Crude Protein) at 10 % BDW 4 times per day (07:00, 12:00 a.m., 05:00

and 11:00 p.m.) at the amounts of 25,20,25 and30% of the daily ration. The highest

amount was given at night and the lowest at midday. Satiation feeding was employed

in the first day of each sampling period for adjusting the amount of food offered to

per cent of body weight per day. Following sampling and the replacement of fish, flood

of the first meal was mixed with an antibiotic, oxytetracycline, at 50 mglkg of food.
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Table 1. stocking and han esting data (means, n=3) for Af¡ican catfish reared in
cages for 56 days at different densities in 1990 and 1991. The 95% confidence
Intervals are show¡ in parentheses.

Treatments Stockins
Mean Wt. No.of Fish
(g) Per m3

Biomass
kglmt

No. offish
harvested

7990

1

2

3

4

199t

1

)

3

4

't5

100

150

200

1.84(a0.09)

2.00(10.00)

1.57(*0.06)

1.75(Ì0.00)

0.l4(10.01)

0.20(r0.00)

0.24(+0.00)

0.35(+0.00)

r.66(+0.38)

3.44(10.63)

4.65(r0.80)

6.40(+ l .04)

47 .33(3'10,02)

78.00(r 19.36)

94.33(!28.94)

105.67(r14.53)

43.00(r 6.55)

89.67(113.6s)

143.33(r13.65)

i83.00(r 6.56)

33.13(!7 .67) 50

34.42(16.27) 100

31.02(rs.35) 150

32.90(+6.38) 200
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This antibiotic was used as a curative agent for stress-induced myxobacterial infections

caused by sampling and handling.

The total biomass of fish in each cage was used to readjust the food quantity

downwards from 10 to 7 and 5 % BDw for the 2"d and the 4'h week respectively

according to the calculated fish biomass. After the fourth week the food was changed

to lhe 9912 formula (bigger particle size and lower cp). subsequently, the amount was

kept constant at 5 % BDW until the 7'h week of the experiment. During the last week
(8'h) of the experiment, fish were fed. at TVo of the total biomass.

Sampling

African catfish were randomly sampled each week for the 1990 experiment but
at two week intervals in 1991. Twenty percent of the fish in each cage were weighed

in grams using a 1 kg spring balance manufactured by TANICA co. Ltd. The scale

was calibrated in 5 g gradations. The total length in cm of each weighed fish was also

measu.ed, using a measuring board made of glass and with gr.aph paper showing the

gradations. All fish in each cage were weighed to find the actual total biomass each

week for i990 and at two weeks intervals in 1991, using a 7 kg spring balance. Mean

fish weight at each time period was calculated by dividing the total biomass by

number of fish in each cage. The number of fish in each cage was also recorded to

provide an estimate of mortality.

Data Analyses

Data collected in both years were analyzed for the following;

(1) final biomass: the final biomass in each cage harvested after 56 days;

(2) averuge mean fish weight: the average weight of individuar fish in each cage at

each sampling date, estimated by dividing the total biomass by the number of
survivors;

(3) total weight gains per cage in k ograms for both experiments, estimated by
comparing total final biomasses with initial biomasses for suwiving fish in each cage:

ô8, = B,-Bo where
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B, = total final biomass (kg);

Bo = total initial biomass ftg);
(4) average weight inclement, per fish in each cage, per day estimated by the

difference between initial and final weight after 56 days:

ôw, = Y¿,-ttt whete

W = final mean fish weight (g);

Wo = initial mean fish weight (g);

t = times (days)

(5) the average relative growth rates per day for all cages for both experiments where

determined as follows (Ricker, 1975):

kw = (W,-Wo)ÂV,/t where;

kw = relative daily growth rate;

(6) average daily instantaneous growth rates for fish in each oage estimated by using

the following procedure (Ricker, 1975):

. Gw=ln W,-lnW"

t where

Gw = the instantaneous daily growth rate in weight;

(7) instantaneous growth rates determined from the regression of the natural

logarìthms of mean fish weight of each treatment on time (one week in 1990 and wo
week intervals in 1991), using the equation below (Ricker, 1975):

W, = Wo ec", where

W, = Weight at time t

Wo = initial weight

6yy = growth coefficient

(8) daily relative mortality rates:

M = Qlto-\)/t,tl where

M = Total mortality

N, = total final number of suwivois per cage at the end of the experiment;

No = total initial number of fish per cage

(9) daily inst¿ntaneous mortality rate:
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Z = -(In \-ln \)/t where

(10) weekly and biweekly instantaneous mofiality rates:

N, = No e'1 (Ricker, 1975) where

-Z = Instantaneous moüality rate;

(1 1) production (P), measured in kilogram in each cage was estimated using the

equation below:

P = Gw B lChapman, 1968) wher.e

E = Average biomass in kilograms (the mean of hvo a jacent biomasses I week

for 1990 and 2 weeks for 1991);

(12) Food conversion ratio (FCR) or food quotient (FQ):

Food Conversion Ratio = food consumed (kg)
increase in fish weight(kg) (Steffens, 1989)

(13) The economic data of this shrdy were evaluated to provide an estimates of the

differences in costs and income of catfish reared in cages at different stocking

densities in both 1990 and 1991. Costs were estimated for the purchasing fingerlings

and food. Net income was determined by the difference betrveen the sale price of the

fish and the total costs.

(14) For the 1990 experiment, only water temperatüe and pH were observed. ln 1991,

dissolved oxygen and temperature (using the Orion 820 Dissolved Oxygen Meter)

were measured every two weeks at 2:00 p.m. The pH of the water was also measured

at the same time by using a Coming pocket pH meter (Appendix tr).

Analyses of variance (ANOVA) using SAS programs (SAS, 1988) were

employed to test the effect of stocking density on various growth parameters.

Regression procedure was used to estimate instantaneous growth and mortality rates

(sAS, 1988).

Tukey's Shrdentized Range (HSD) test (p < 0.05) was employed to compare

the signifìcance of differences between the means of the various growth pa¡ameters at

the four stocking densities (sAS, 19s8). The 95% confidence interval of means at each

density was calculated for all parameters.



. RESIJLTS

Final Biomass

The final biomasses in experiment I (1990) after 56 days, using stocking

densities of 0.14,0.20, 0.24 and 0.35 kg/mi were 5.87, 10.94, 8.89 and 10.72 kg

respectively (Table 2). There were significant differences in final biomasses between

the r'o higher densities (0.20 and 0.35 kgicage) and the rowesr density (0.14 kg/cage)

(F=8.a3, Pr>F = 0.0074, R'z=0.7596, o = 0.05). The second lowest srocking densiry

(0.20 kg/cage) gave the highest biomass rather than the highest stocking density (0.35

kglcage).

Ir1 1991, biomass per cage increased steadily with incleasing stocking density.

Biomasses Íìom stocking densities of 1.66,3.44,4.65 and 6.40 kg cage were 16.5g,

32.73, 51.19 and 63.47 kg/mr respectively (Table 2). The increase in biomass was

statistically significant (F = 466.i10, pr>F = 0.0001, R, = 0.9943, a = 0.05) ar every

stockíng density. The increase in biomass at a stocking density of 6.40 kg/cage was

382.90, 193.91 and 123.98% over rhat of 1.66,3.44 and 4.65 kg/eage respectively.

Final Mean Fish Weight

The average weight of fish after the 56 day period, in 1990, was not

statistically dilferent at most densities (F = 2.220, pr>F = 0.1636, R2 = 0.454, a =
0.05). The highest ave'age weight (142.83 g) was found in the second lowest density

(0.20 kg/cage) and the average weight of 0.14, 0.24 and 0.35 kg/cage werc 124.21,

95.74 and 102.25 glfish respectively (Table 2).

For the 1991 experiment, mean fish weights decreased with increasing stocking

density, The highest weight (385.75 g) occu¡red at the lowest density (1.66 kg/cage).

At the end of the expedment, mean weights of fish were 364.93,357.r3 and 346.g1 g

for densities of 3.44, 4.65 and 6.40 kgicage (Table 2). There were significant

differences in mean fish weight between densities of 1.66 kg/cage (lowest) and the

other thr€e higher densities. There were also significant differences between the

densities of 3.44 and 6.40 kg/cage, but not between densities of 3.44 and 4.65 kg/cage.

There was no difference in final mean fish weight between the second highest (4.65
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Table 2. Final biomass, mean weight and weight gain
Afican catfish culured in cages at different densities
Confidence Inten,als are shown in parentheses.

per cage (means, n=3) for
in 1990 and 1991. The 95%

Treatments Biomass

(ke)

Mean Wt.

(e)

Wt. gain/cage

(ke)

1990

1 0.14 '

2 0.20

3 0.24

4 0.3s

1991

11.66

2 3.44

3 4.6s

4 6.40

5.87(+1.00)"

10.94(r4.33)b

8.89(r1.78)"b

10.72(+5.02)b

16.58(+ 1.92)"

32.73(t55Ðb

s 1.19(Ès.3s).

63.47(r2.09)d

124,2t(r18.29)^

142.83(r95.83)"

9s.74(t46.98)^

102.25(t60.31)

385.75(125.39)"

364.93(tr1.47)b

3s7.13(+10.81Ì.

346.81(r 1.33)"

5.73(r1.00)', 
'z

10.74(!4ß)b

8.65(r1.77)"b

10.37(r5.02)b

14.92(x2.27)

29.29(rs3qb

46.s4(!4.94)

s7.06(r1.43)d

I These values represent the stocking densities ftg/cage)

'Values with the same letter are not significantly different (o < 0.05)
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kg/cage) and the highest (6.40 k{cage) densities (F = 22.41, Pr>F = 0,0003, R,=

0.894, a= 0.05, Table 2).

Grorvth

Average Weight Gain Per Cage

Weight gain per cage of catfish at the density of 0.14 kg/cage (lowest density),

at the termination of the 1990 experiment, was significantly different from the

densities of 0.20 and 0.35 kg/cage but not from the density of 0.24 kg/cage (F =

8.000, Pr>F = 0.009, Ri = 0.7501, s = 0.05). The highest weight gain per cage was

10.74 kg at the second lowest density cages (0.20 kg/cage). Stocking densities of 0.14,

0.24 and,0.35 kg/cage gave weight gains per cage of 5.73, 8.65 and 10.37 kg

respectively (Table 2). On the other hand, weight gain per cage for catfish in 1991

increased ÍÌom the lowest to the highest density for the term of the experiment. There

were significant differences between all four densities (F = 426.500, Pr>F = 0.000i,

R'z= 0_.9938, o = 0.05) in weight gains per cage for this year. Weight gains per cage

werc 14.92,29.29, 46.54 and 57.06 kg/cage for the lowest to the highest densities

respectively (Table 2),

Daily Weight Increments, Relative ând Instantâneous Growth Rates

There were no significant differences in daily weight increments per fish (owt),

relative (kw) and instantaneous (Gw) growth rates among the four different densities

in 1990 (Table 3). The F-values for daily weight increments, relative and instantaneous

growth rates were 2.18, 0.60 and 0.63, and the Pr>F-values were 0.1678, 0.6326 and

0.6149 respectively.

The pattem of daily increments in weight (owt) per fish was different in the

second experiment. The lowest density was si$tificantly different from the other three

densities. There were also differences between the second lowest density and the

highest density but there was no differànce between density2 and density3 and also

between densiry3 and the higest density (F = 25.58, pr>F = 0.0002, R, = 0.9056, s =
0.05). h confrast, the average daily relative growth rates ftw) were not different
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Table 3. Daily mean (n=3) weight increments per fish,
growth rates in weight of Afi:ican catfish in 1990 and
lnten'als are shown in parentheses.

relative and instântaneous
199 I . The 95% Confidence

Treatments Wt.Incre.(g)

(ôwt)

Rel. Growth

(kw)

Inst. Growth

(cw)

1990

I 0.14 r

2 0.20

3 0.24

4 0.35

t99l

1 1.66

2 3.44

3 4.65

4 6.40

2.185(10.33)

2.5 l5(a 1.71)

1.682(+0.84)

1.795(*1.08)

6.297(t0.3l),

5.902(l.0.2Ðh

s.823 (+0. 10f"

5.60s(+0.13)"

1 .189(r0.23)

1.2s7(t0.86)

1.067(*0.50)

1.02s(!0.62)

0. 191(+0.04)"

0.172(!0.04)

0.188(+0.03)"

0.171(r0.04),

0.07s(r0.00)

0.076(r0.00)

0.073(*0.01)

0.072(r0.01)

0.044(È0.00)"

0.042(r0.00)"

0.044(+0.00)"

0.042(+0.00)"

I These values represent the stocking density

'Values with the same letter are not significantly different (a < 0,05)
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among these four densities (F = 1.43, Pr>F = 0.3031, N = 0.3497, s = 0.05). For

daily instantaneous growth rates (Gw) in this year, there was also no significant

differences with varying the stocking densities (F = 1.42, Pr>F = 0.3054, R'z= 0.3483,

a = 0.05).

Weeldy and Birveeldy Instantâneous Grorvth Rates

The growth pattems of fish at every stocking density in 1990 @ig.4) showed

that weekly instantaneous growth rates were high during the first two weeks, decreased

during the third week, increased again during the fou¡th week and then decreased to

the sixth week. They increased slightly during the last week, Variations among

treatments were quite high as indicated by the wide confidence intervals. The

relationship behveen stocking density and average weekly instantaneous growth rate in

the 1990 data indicated that there were no significant differences among the four

densities (Table 4). The statistical values for the relationship between the natu¡al

logarìthms of weight and time for each treatment were very high.

The growth pattem in 1991 was different (Fig.5). The high growth rates

occurred in all four treatments during the first 2 weeks and decreased consistently after

that; however in three of four treatments, gtowth was low between week 2 and 4.

There was no significant difference among four densities (F = 2.52, Pr>F = 0.1315, Rf

= 0.4860, c¿ = 0.05). There were also highly significant relationships between the

natural logarithms of weight and time for each treatment (Table 4).
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Figule 4. The relationship between weekly instantaneous gowth rates (Gw) and time

for all foul stocking densities in 1990.
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Table 4. Average weekly and biweekly Inst¿ntaneous $owth rates in weight (Gw)
according to stocking densiry during the 1990 (n=27) and, 1991 (n=15) erle.imenis
and statistical values. The 95% confidence Intervals (n=3) are shown in parentheses.

Treatment Density

(kg/cage)

Pr>FGw R-square

1990

I

2

3

4

199I

I

2

3

4

0.14

0.20

0.24

0.35

1.66

3.44

4.65

6.40

0.562(+0.03) 632.26

0.550(r0,07) 785.63

0.547(+0.03) 704.24

0.552(+0.05) 6s3.16

0.300(+0.02) 386.77

0.296(+0.02) 1767.66

0.297(10.01) 736.42

0.286(r0.02) 1030.65

0.0001

0.0001

0.000i

0.0001

0.0001

0.0001

0.0001

0.0001

0.9620

0.9692

0.96s7

0.9631

0.9675

0.9927

0.9827

0.9875



Figure 5. The relationship between biweekry instantrneous growth rates (Gw) and time
for all four stocking densities in 1991.
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Mortâlity Rates

Average Daily Mortality

The daily instantaneous mortality rate data for 1990 (Table 5) showed that the

râte for treatment4 which was at the highest density was highest and significantly

different to the value for treatment2 which showed the lowest mortality rate. There

was no significant difference between treatments I and 2 and treatment 3 (F = B.¡1,

Pr>F = 0.0077, R'z = 0.7571, o = 0.05). The significance of daily relative mortaliry rate

data gave the same results as the instantaneous mortality rate data (F = 8.10, pr>F =
0.0083, R'z = 0.7524, s = 0.05). In 1991, daily instantaneous and relative mortality

rates were very low and were not affected by stocking density. There were no

significant differences between the four treatments (Table 5).

Weekly and Biweekly Instantaneous Mortality Rates

For experimentl (1990), analyses based on the regression analysis of the

logari_thms of number of fish on time (Table 6) indicated that there were no significant

differences in inst¿ntaneous mofiality rates between treatments 1, 3 and 4 (fable 6);

however, treatment2 (0.20 kg/cage) had the lowest mortality and was significantly

different from mortality rates at the lowest and the highest densities (F = 9.03, pr>F =
0.0060, R'¿ = 0.7720,s = 0.05).

ln the second experiment (1991), there were no significant differences between

biweekly instantaneous mortality rates for most densities (F = 2.26, Pr>F = 0.1584, R2

= 0.4589, a = 0.05), based on the regression of the natural logarithms of number of
fish on time (Table 6).



Table 5. Mean daily relative and instantaneous mortality rates (in number of African
catfish) at four different densities in both 1990 and 1991. The 95% Confidence
Inten als (n=3) are shown in parentheses.

Treatments Rel. Mort (M) Inst. Mort (Z)

1990

I 0.14 I

2 0.20

3 0.24

4 0.35

1991

1 1.66

2 3.44

3 4.6s

4 6.40

0.007(r0.0O)'b'z

0.004(r0.00)"

0.007(r0.00)"b

0.008(r0.00f

0.003(r0.00)"

0.002(r0.00)"

0.001(r0.00)"

0.002(+0.00)"

0.008(r0.00)"b

0.004(a0.00)'

0.008(10.01yb

0.0 I I (+0.00)b

0.003(r0.00)"

0.002(r0.00)"

0.001(+0.00)"

0.002(r0.00)"

I These values represent the stocking density

2 Values with the same letter are not significantly different (o < 0.05)



Table 6. Weekly and biweekly instantaneous monality nr.es (Z) and their statistical
significance at different densities in the 1990 (n=27) and 1991 (n=15) experimenrs,
The 95Yo Confidence Inten'als (n=3) are shown in parentheses,

Treatment Density

(kg/cage)

Pr>F R-square

1990

1

2

3

4

199L

1

2

3

4

0.14

0.20

0.24

0.3 5

r07.47

54.02

104.44

166.96

15.88

7.18

24.68

0,000 i
0.0001

0.0001

0.0001

0.8 1 13

0.6836

0.8069

0.8698

1,66

3.44

4,65

6.40

0.077(+0.0s)" I

0.036(r0.03)b

0.074(r0.0s)"b

0. 101(10.02)"

0.020(È0.02)

0.013(r0.02)

0.006(+0.01)

0,011(r0.01)

0.0016 0.5499

0.0020 0.5318

0.0189 0.3559

0.0003 0.6s50

I Values with tire same letter are not significantly different (o < 0.05)



29

Production

Estimates of production using biomass and instantaneous growth rate data

indicated that, in 1990, treatment4 which was the highest density test (0.35 kg/cage)

showed the highest toøl production. The lowest density provided the lowest total

production (Table 7); however, only treatmentl (lowest density) had a significantly

lower production value than freatment2 and 4 but it was not significantly different

from treatment 3 (F = 7.28, Pr>F = 0.0113, R, = 0.7319, a = 0.05). The weekly

production pattem (Fig.6) showed that production estimates at all densities were high

from the 4'h to the 6'h weeks. During the 7'h week production decreased but inc¡eased

again for the last week of the experiment. confidence Intervals about the means were

high and variable.

In 1991, the mean total production values were directly affected by stocking

density (Table 7). Total production increased significantly with increasing densities (F

= 712.65, Pr>F = 0.0001, R'? = 0.9963, a = 0.05). The biweekly production panern

(Fig.7) indicated that production at each density increased as the fish grew especially

after the 4'h week. During the final weeks of the experiment, production increased

steadily. These increases during the latter half of the experimental period were

particularly apparent at the three highest densities.

Food Conversion Ratio

The ¡esults of analysis of variance conducted at the end of experimentl (1990)

using the feeding data, indicated that there was no significant difference (F = 2.47,

Pr>F = 0.1367, R2 = 0.4804, a = 0.05) berween food conversion ratios (FCR) ar

various densities of Afücan catfish cultured in the cages. The FCR were high in the

first week but they decreased as fish grew. The food conversion ratios at densities of
0.14, 0.20, 0.24 and 0.35 kglcage werc 2.93, 2.33, Z.4S and,2.78 respecively. In 1991,

food conversion ratio was lowest (1.21) in treatmen8 and highest (1.39) in treaûnentl.

For densities of 3.44 and 6.40 kg/cage, they were l.2i and,1.24 respectively. There

was only one significant difference, that between the lowest density (1.66 kg/cage) and

the otherhigherthreedensities F =12.14, Pr>F =0.0024, IÚ=0.8199, a=0.05).
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Table 7. Mean (n=3) total production ftg) for varying stocking densities of AÍìican
catfish in 1990 and 1991.

Treatments Densities

(kg/cage)

Production

(kdcage)

cr (e5%)

1990

I

2

3

4

l99t
I

2

3

4

0.14

0.20

0.24

0.3 5

1.66

3.44

4.65

6.40

6.52 ^ 
|

11.75 b

g.47 
^b

12.45 h

16.30 "

31.i9 b

48.81 "

60.31 d

1.27 s2

5.4840

2.1986

s.9857

2.0868

3.5934

3.73s2

2.7619

'Values with the same letter are not sigrificantly different (o < 0.05)



Figure 6. weekly production (kg) of AÍÌìcan catfìsh reared at four densities in 1990.

Symbols ale as follows: .-. treatmentl, o- o treatment2, ! _ I treafment3,

E - tr treatment4.
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Figure 7. Biweekly production of African

Symbols are as follow: . - o treatmentl,

E - tr treatment4.

catfish reared at four densities in 1991

o - o treatmenl2, a - I treatment3,
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Economics

In the 1990 experiment catfish were stocked at a smaller size and the cost per

fingerling was 1 B$ lowe¡ than for the bigger fish used in 1991. Because of the high

initial mortality rate in 1990, cage culture failed in terms of its economic value (Table

8). It was found that the second density (0.20 kg/cage) had the lowest mortality and

provided the best income. In the absence of the mortality problems which occuned in

1990, the economic result in the 1991 experiment was directly related to stocking

density. The highest density provided the highest profit per cage; although the cost of
fingerlings was also high (Table 9).
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Table 8. Economic information based on total final biomasses at the end of experiment
and calculated production on Afücan catfish cultured in cages in 1990 at four different
stocking densities using data collected after the second week (without replacement of
dead fish, 42 days period) .

Treâtments

Cost

Density (Fish/cage)

Fingerling Cost

(1.50 B$r/fish)

Food amount (kg)

Food Cost (i2.5 B$,&g)

Total-Cost

Income

Final Biomass (kg)

Production (kg)

Fish Value (35 B$lke)

Based on Biomass

Based on Production

Net Profit

Based on Biomass

Based on Production

75

112.50

14.96

187.00

299.50

100

15 0.00

23.38

1q7 )\

44¿.¿J

150

225.00

20.22

252.75

477 .7 5

200

300.00

26.98

337.2s

637.25

5.87

6. 1s

205.45

21s.25

10.94

11.33

382.90

396.55

8.89

9.26

311.15

324.r0

10.72

11,73

315,20

410.55

-94.0s

-84.25

-59.35

-45.70

-166.60 -262.05

-153.65 -226.70

' B$ is a Thai currency unit, È 20 B$ = 1 Can.$
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Table 9. Economic information based on both final biomasses and production on

African catfish cultured in cages in 1991 at four different stocking densities (56 days).

Treatments

Cost

Density (fish/cage)

Fingerling Cost

(2.s0 B$/fish)

Food amount (kg)

Food Cost(l2.5 B$/kg)

Total Cost

50

12s.00

20.75

2s9.36

384.36

100

250.00

37,25

465.59

't15.59

375.00 500.00

56.49 70.62

706.08 882.76

1081.08 1382.76

Income

Final Biomass (kg)

Production (kg)

Fish Value (30 B$lkg)

Based on Biomass

Based on Production

16.58

16.30

497.40

489.00

J¿. I5

31.19

98 i.90

935.70

51.20 63.47

48.8 r 60.3 1

ts3s .73 1903.98

1464.30 1809.30

Net Profit

Based on Biomass

Based on Production

113.04

104.64

203.31

220.11

454.65

383.22

521.22

426.54
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DISCUSSION

There was evidence ftom the second experiment (1991) that the highest fish

biomass of Afican catfish was found at the highest stocking density (6.40 kglm3)

during the culture period of 56 days when severe mortality unrelated to experimental

conditions did not occur. In 1990, the biomass were also high at the high stocking

density up to the 7'h week; however, during the last week, biomass in treatrnent 2

(0.20 kgicage) increased greatly and resulted in the highest biomass at harvest. For

treatment 3 (0.24 kglcage), the increase in biomass wâs very lorv caused by high

mortality to weak fish. After the 2"d week of rearing, the biomass in this treatment was

lower than in treatment 2 (0.20 kg/cage) and remained lower until the end of the

expedment. The general cause of these results in the 1990 experiment was that the

condition of the fish at stocking was poor, resulting in mort¿lities which were

unrelated to stocking density. Reasons for the relatively high biomass from treatrnent 2

in 1990 is not apparent.

The highest stocking density in the 1991 experiment resulted in the highest

biomass at han esting although the mean weight of the fish was reduced. Over

stocking may reduce gowth and production of fish as a result of competition for food

and space (Weatherley, 1972); however, in this experiment, food was given at an

amount related to fish biomass. The food given in the high density trìal was definitely

greater than at the lower densities, This procedure was intended to avoid competition

for food.

Smdies by Hogendoom and Koops (1983) on the same catfish in pond culture

also found that the highest biomass was achieved from the highest stocking density.

Culture of O. niloticus in cages showed that the highest srocking density (100 fish/nt')

achieved the highest biomass after five and a half months @aungsawasdi et al., 1986).

The mean weight of the catfish, in the 1990 experiment, after 56 days was not

statistically different at most densities. Reasons for this variability in the data were,

again, related to high, variable, mortality rates associated with the initial poor

condition and small size of the fish used to stock the cages. The results from the 1991

trial showed that the individual weight increase was inversely proportional to stocking
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density, which was pafiicularly evident when average weight of fish held at the lowest

and highest densities were compared; however, only the average weight of fish reared

at the lowest stocking density was significantly different from weights of fish reared at

the other densities. Jarimopas et al. (1992) found that stocking density had an

influence on the growth of C. nrccrocephalus x C. gariepinus hybrids cultured in

concrete ponds at three different densítíes. After 4 months, the mean fish weights were

180.60, 180.46 and 150.32 g for densities of25, 50 and 75 fish/m3 respecrively.

Average weights were much lower when fish were stocked at 75 fish/m3 than at 50

fish/m3.

This study indicated that these AÍìican catfish grew rapidly in cages. They

¡eached a maximum mean weight of 142.8 g after 56 days when stocked at 0.2

kglcage (2.0 g per fish) in 1990. In the second study, cages stocked with 32 g fish,

showed even better results. The highest mean fish weight was achieved at the lowest

density (1.66 kg/cage), 385.7 g per fish after' 56 days. Tangrrongpiros et al (1988)

found that, after catfish were fed with pellets for 141 days, the average weight of C

gariepinus was 493.3 g, while of C. macrocephalus was 189.64 g when these fish

were reaLed at equal stocking numbers (14 fish/m'z) in a 1600 m2 earthen ponds. ln

addition, the maximum weight of C. gøriepinus and C. macrocephalus were 1,500 g

and 265 g respectìr,ely. From these results, it is evident that C. gariepin ,r gave a six

fold faster $owth rate than C. nacrocephalus in pond culture. This present study,

showed that catfish cultured intensively in cages grew much faster than in pond

culh,rre; however, Bureau (1992) found that the use of crop residues incorporated with

food affected the growth of AÍìican catfish. Catfish were stocked in cages at 5.9 to 6.6

g per fish. After 10 weeks of rearing, catfish only reached mean weights ranging fiom

57 to 82 g.

Various studies on African catfish report differences according to the type of

culh:re. Viveen et al. (1984) reported that growing catfish in ønks required 24-28

weeks to reach a size of 300-500 g. In ponds in which the fish were fed, using the

same period of time, catfish gtew to a weight of 200 g; however, Hogendoorn and
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Koops (1983) found that the fish, under field conditions, reached 300 gin only 22

weeks. During the same period, but in fertilized ponds and without supplementâl food,

catfish reached a maximum weight of 135 g (Bok and Jongbloed, 1984). Results from

present study, showed that catfish reached weights between 95 and 142 g in only 8

weeks when stocked as small fish (1.8 g). Furlhermore, during the same period, catfish

leached weights ranging from 346 to 385 g when stocked as larger fish (32 g).

In both the 1990 and 1991 studies, weight gain per fish was not affected by

stocking density. Consequently, weight gain per cage increased with increasing

density; thelefore the fish could be stocked at a higher density than 200 fish or 6.40

kglm3. Stocking density, also, did not have any influence on live weight gains in O.

nilolicus. Results obtained by Wannigama et al. (1985) indicated that fish can be

stocked in cages up to 800 fish/m3, but Steffens (1989), based on a study with carp,

found that density affected weight gain per fish and, also, the Food Conve¡sion Ratio.

The highest density (600 fish./m3) had the lowest weight gain per fish and the highest

FCR compaled to the lo.,ver densities of 200 and 400 fish/m3.

Growth rates determined fiom the 1990 experiment were variable for reasons

given previously; however, in 1991, growth ¡ates, both instantaneous and relative,

were unrelated to stocking density. Growth rates were high even at the highest density.

These results agree with those reporled by Machiels and Van Dam (1987) for this

catfish cultu¡ed in aquaria, Woiwode and Adelman (1989) for channel catfish

(Ictalurus punctatus) in raceways, Soderberg and Krise (1986) for lake trout

(Salvelimts narnaycush) in cage culture, and Daungsawasdi et al. (1986) and

Wannigama and Weerakoon (1982) for Nile tilapia (O. niloticus) in cages. ln conEast,

Steffens (1989) found that growth rates in rainbow trout were inversely related to

stocking density, Diffelences between my results and Steffens's were probably caused

by differences in the biology and environmental requirements of the different species.

Average instantaneous growth rates achieved during the 1990 experiment may

have been affected by the condition of the fish at srocking and by the resulting high

mortalities; therefore, the growth rates may not have been completely controlled by



39

stocking density. The reason for the high rates at all treatments may have been caused

by the small size of the fish used in 1990 in comparison with fish used in 1991. small

fish generally have higher growth rates than larger fish (Ricker, 1975). The

relationships between instantaneous growth rates (Gw) and time in the 199i

experiment were similar for all treatments. The decrease in Gw's aÍìer week 4 was

caused by a failure to provide sufficient food.

High mortality in the 1990 study was high caused by unsuitable food particle

size, feeding regime, handling and the condítion of fish used to stock the cages;

therefo'e, mortality rates were probably not entirely detemined by the treatments

(density differences). Results Íïom the 1991 experiment, indicated that mortality rates

observed in the treatment groups were not related to stocking density as might be

expected. Hogendoom and Koops (1983) also reported that the survival rate of African

catfish in ponds was not clearly influenced by stocking density. The mortâlity of O.

niloticus in cages, also was not dependent upon by stocking density (Daungsawasdi et

al., 1986). The same result was found in the culture of channel catfish in raceways

(Woirvode and Adelman, 1989); however, a conffasting result was found in rainbow

trout. The highest morlality ¡ate occurred at the highest stocking density

(Trzebiatowski et al., i981). It is generally recommended that stocking densities

should be below the maximum carrying capacity of the system because pathological

and nutrition diseases increase as maximum capacity is approached (cmz and Ridha,

1991). As mentioned previously, the 1990 experiment was compromised because the

fish which were stocked were too small and in poor condition. Furthermore, sampling

was too frequent and the fish were fed with inappropriately sized pellets. These

conditions and procedules resulted in severe mortâlities at all densities. The mouth of
AÍìican catfish has a circumfere nce of l/4 of their total length. catfish can swallow

whole fish (Viveen et al., 1985). This adaptation of a large gape permits them to feed

on and control the population of tilapia in polyculture situation. hr the i990

experiment, another source of eno¡ was cannibalism which was caused by the

previously discussed problem of using improperly sized food pellets. They were too

large and the result was an inadequate ration, This problem has occurred in other
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species, for example; ',valleye, Stizostedion vitreum, (Cheva\ier, 1973; Li and Mathias,

1982; Loadman et al., 1986, 1989; McIrr)4e et al., 1987), pike, Esox lucius (Giles et

al., 1986), and cod, Gadus morhua L. (Folkvord, 1991). The results from the 1991

experìment showed that stocking larger fingerlings and adjusting food pellets size

resulted in low and consistent moltality rates.

Production, biomass corrected for growth and motality, estimated from the

1990 results was highly variable and unrelated to stocking densities. I believe that

these high variabilities were caused by the previously discussed problems dissociated

with fish size at stocking, food partiole size and stress caused by too frequent

sampling. Therefore, the results of the 1990 study do not indicate the effect of

stocking density on production. I¡ contrast, the production data for the 199i

experiment clearly indicate the impofiance of the factors of fish size, food size and

handling on the succesful culh¡re of African catfish.

From this study, the larger Íìy (32 g) stocked in 1991 which were at the

approprìate recommended stocking size, had a lower moftality rate than the smaller

fish (1.8 g) used in 1990. Iftummich and Heidinger (1973) showed that mortality can

be reduced by stocking the larger fish; however, the cost of rearing fish fry increases

with fish size. The minimum size of Channel catfish recornmended for stocking in a

small impoundment in the USA is 200 mm total length (Storck and Newman, 1988).

The frequency of sampling affected growth, mortâlity and also FCR in the

1990 experiment. For example, one day after being sampled, the fish were still

shessed. Stress can be detected because catfish show a mosaiclike pattern of dark and

light spots in this condition (Viveen et al., 1984). In addition, they were still weak

from handling during sampling, Finally swimming speed was reduced and the direction

of swimming was also changed. In summary, stress resulted in low food consumption

and high mofiality,

Although differences between production at all stocking densities in 1990 were

not significantly different there was a strong trend for production to increase with

increasing stocking density in 199i. These 1991 results agree with those of Cruz and

Ridha (1989) working on Oreochromis spilunts Gtnther in small nets cages (1 m3).
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They found that production was maximized at 300 fish per cage; however, there were

no significant differences behveen 200 and 300 fish./mr when using larger nets cages

(12.5 m3) (C*rz and Ridha, 1991). My results also agree with those of Teng and Chua

(1979) and, confirm that stocking density is imporlant in maximizing production.

Production estimates which are based on biomass estimates adjusted for

motality and conected for growth rate (Chapman, 1968; Kelso and Ward, 1972), arc

the basis for estimating the economic yield from both fish culture operations and from

nah:ral fish populations. The results from the 1991 experìment indicate how dependent

ptoduction values are on good fish culture practices.

While production was directly related to stocking density in the 1991

experiment, there must be some density at which mortality fi.om a variety of causes

reduces both average biomasses and growth Ìates to the point where production is

reduced. This clitical level was not reached although the stocking density at Featment

4 was high (6.40 kg/cage). One reason for the ability of Afijcan catfish to maintain

high p.oduction levels when cultured at high densities, but provided with sufficient

food, may be their adaptation for aerial respiration. I observed that frequency of aerial

breathing increased at the higher stocking densities.

High stocking density generally causes higher food conversion ratios. Wïen

stocking fish at a high density, freedom of movement and ability to find food is

limited e'en if food is offered in excess of requirements thus causing higher FCRs

(Wedemeyer, 1976). Stocking densities used in my experiments caused a reversal in

the expected FCR-density relationship. The FCRs decreased slightly with increasing

density. Fish in high density cages seemed to be more active in feeding than fish held

at lower densities. Consequently, feeding activity was more intense; however, only fish

held at the lowest density in the 1991 experiment showed a significantly higher

difference in FCR values fi'om the other three featments. Similar results, a high FCR

at low density, were reported in the culture of rainbow trout by Trzebiatowski et al.

(1e81),

The FCRs in this experiment cannot be compared to other feeding experiments

because the amount of food given was assumed to be the amou¡t eaten by the fish;
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however, differences in FCRs between the four different densities, while the food was

given at the same regime and also the same level relative to their body weight, was

observed.

It is difficult to compare the economics of different methods of aquaculture

because of the varìability of fish species, environments and, also, economic and

cultural differences between countries and locations (Collins and Demeldo, 1979);

however it is possible to compâre the economic data obtained from the two

experiments.

Fish value per kilogram in the 1991 experiment was lower than in 1990

because of the average weight of the fish was greater than the prefened market size.

In notheastem Thailand, catfish are sold as whole fish, generally at a weight of 200 to

250 g or 4-5 fish per kilograms. Larger fish can only be sold to big restaurants;

however the demand by this market is small. In the 1991 experiment, catfish were

stocked at a weight of about 32 g per fish. At this stocking size, the fish should have

been han,ested soon after the sixth week at an average weight between 200 to 265 g

to increase value per kilograms. Furthermore, additional crops per year can be ¡eared.

When my production data are converted to monetary ones, it is evident that the

problems encountered ìn the 1990 experiment caused an economic deficit at all

densities. Again this result emphasizes the importance of good cultural practices.

The 1991 data also clearly indicate the economic advantage of culturing fish

for the specific requirements of the market in norlheastem Thailand. Smaller fish are

prefemed over the larger size harvested from the 1991 experiment. The highest

economic yield may be determined not by maximum production but by prefened

market size and price (Zonneveld and Fadholi, 1991)

ln conclusion, the two rearing experiments, while providing useful information

of both positive and negative kinds, had limitations. The 1990 results were affected by

problems associated with fish sÞe at stocking and design of the experiment. Results in

1991 were in general positive but did not indicate the upper limit of stocking densities

fo¡ Afücan carfish cultured in the system used. Additional experiments could be

conducted to determine optimal stocking density of catfish in small cages and also
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densities which wourd produce the maximum number of fish of the desired size. other
experiments could be canied out to determine optimum food revels at various
densities.
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ÄPPENDIX I

Weight - Length Relationship

It was found that within any period of a fish's life, weight varies as some

power of length. The basic equation is:

w = alb where

w = weight in grams;

I = length in cm;

a = y-intercept;

b = slope ol exponent.

The weight-length relationship equation was normally transformed to a linear form for

legression analysis by plotting the logarithm basel0 of weight against logarithm

basel0 of length (Fig. 1). The transformed equation for African catfish from this study

was:

log,o w = -2.0698 + 3.024 logro I

The R2 value was 0.997i. Either fish weights or lengths can be accurately pLedicted

Íìom this equation,
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Figule 1. Plot of log,o of weight (g) against log,o of length (cm) of African catfish in

1991 çxperiment.
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Table 1. RandomÍ zed
repl- icate .

ÀPPENDIX T]
arrangement of cages by treatment and

CAGE NO.

1

2

3

4

5

6

7

I
9

10

L1

IZ

1990

T 1R1

T3 R2

T4 R2

T3R1

T4R1

T 1R2

T2R1

T1R3

T2R2

T4 R3

T3 R3

T2R3

1991

T2 R3

T].R2

T 1R3

T4R1

T2R1

!2R2
T3R2

T3R1

T4 R3

T3R3

T4 R2

T1R1
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Table 2. Nutrient
(Chareon Pokpand

content of experimental catfish foods
Lrd. ).

Nutrient ( ? ) FOOD
No.9910 E(Fine particles ) (Large particles )

Crude Protèin

Fat

Fi ber

Soluble Ash

fnsolubLe Ash

Ene rgy

P

MoÍ sture

33,1906

1.6350

2 .6r00

11.5666

1.6686

4 .0922

1.5800

1.8073

6 .731"2

z t , õh I +

L,8733

3.2r.60

11.6t17

2 .5895

4 ,3844

2.0600

L5273

1 5273

* Proximate analysÍs from Applied NutrÍtion Laboratory/
Department of Animal Science, FacuLt,y of AgricuLture/ Khon

Kaen University, Thailand.
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Tabl-e 3. Water euaLity Regime in 1991 (sample was taken at
2:00 p,m, )

S t ocked

Time (wks) 0

Date Jun, 23 Jul. 7

4

JUI . 21

6

Aug.4

Harvested

I
Aug. 18

Do(mg L') 14.7

pH 8.4

Temp. ('C) 3]-7

L5 ,2

8,4

31.5

16.5

8,2

31.8

18.0

8.5

29 ,6

17.8

8.4

32 ,2
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APPENDIX I]I

Tahle 1, Mean (n=3) Weekly and biweekLy Instantaneous crowthtu!.:- (Gw) in weight according to density during the 1990and 1991- experiments, The 95å Confidence IntervãIs are shownj-n parentheses.

Time Trt L
( wks )

TTE2 Trt3 TTL4

1990

I 0.467(r0.13)

2 0.810(10.08)

3 0.548(r0.s7)

4 0.93s(r0.28)

s 0.s13(10.31)

6 0.363(10.18)

7 0.236(10.18)

I 0.240(10.10)

199r.

2 0,992 ( r0.23 )

4 0.480 ( 10. 18 )

6 0.613(10.20)

I 0.373 ( 10.09 )

0,457(10.12)

0.779(!0.12)

0.702(!0.38)

0.754( r0.l-7)

0. s31(10.04 )

0.393(!0.14)

0.161(r0.08)

0.469 ( r0.38 )

0.286(r0.38)

0.881(10.48)

0.418(t0.8s)

0.877(r0.s1)

0.629(10.16)

0.427(!0.18)

0. 183 ( t0.0s )

0.39s(r0.29)

0.363(10.16)

0.743(10.10)

0.482(!0.39)

1.006 ( !0. 13 )

0.610(!0.14)

0.411(!0.10)

0.1.72(!0.04)

0.261(10.3s)

0.689(r0.20)

0.646(!0.01)

0. ss1(r0.02 )

0.477(10.06)

0.890 ( !0. ls )

0.s17(r0.06)

0,s27(10.14)

0.511(r0.15)

0,822(!0,22)

0.4s8(r0.0s)

0. s40 (r0.09 )

0.537(10.04)
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Table 2. EstimaÈes of production (p) in kilogram of Africanca¿fish in each treatments in 1990 (average weight Ín gram
(W), Instantaneous gro\,¡th rates (Gw), bÍomass (A), and-( E¡is mean biomass).

Age/weeks W (S) LnW B(ks) P(ks)

Treatment 1

0

1

3

4

5

6

7

I

Treatment 2

r ,84
2 ,94
6.61

12,73
32 .74

53.70
77 , LI
97.81

I24.2r

2 .00
3.16
6.88

13.98
29 .57
50,28
74.69
87,64

L42 .83

0.6098
7,0777 0.4680
1.8884 0.8107
2,5436 0.6551
3 ,47 02 0 .9266
3.9834 0.s132
4.3452 0.3618
4, s830 0.2379
4 .8219 0.2389

0.6931
1.1506 0.4574
r.9297 0.7785
2 .637 8 0 .7 087

3.3869 0,7491
3.9176 0.5308
4.3133 0.3956
4.4732 0.1599
4.96L6 0.4884

0. 138

0,220 0.779 0.084
0.496 0.3s8 0.290
0.837 0.667 0.437
1,715 j-276 I.I82
2.677 2.L66 LI72
3,728 3.173 1.148
4.703 4.2L6 1.003
s.867 5.285 L,263

Total = 6.518

0.200
0.316 0.258 0.118
0. 688 0. s02 0.391
L242 0.96s 0.684
2.5r4 1.878 7,407
4.207 3.361 r.784
6.037 5.r22 2.027
7.000 6.s19 :-042

10.940 8.970 4,381
Total = 11.833

1

?

4

E

6

7

o
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(Table 2 Cont. )

Age/weeks W( S) LnW B(ks) P(ks)

Treatment 3

0

1
,)

3

4

5

6

7

I

r,5t
2.77
5,26
7.72

7S .62
34.75
53 .67

64 .40
95.74

0.4s30
0.7481 0.2951
1,6603 0.9L22
2,0432 0,3828
2.9244 0.8812
3.s483 0.6239
3,9829 0.4346
4.1651 0,1822
4.5677 0.3965

0.s596
0.9243 0.3646
L ,667 7 0 .7 434

2.1675 0.4938
3.1613 0.9998
3.7672 0.60s9
4.1786 0.4114
4.3519 0.1733
4,6274 0,2755

0.237
0.317 0.277 0.082
0.664 0.491 0.447
1.036 0.8s0 0.32s
2.025 1.531 7.349
3.538 2,782 1.735
5,097 4,318 1,,877
6,050 5,574 1.016
8.888 7 .469 2.962

ToÈal = 9,792

0.350
0.s04 0,427 0.1s6
1.060 0.782 0.s81
1.520 1.290 0.637
2.940 2.230 2.230
5.047 3.994 2,420
7. 1s3 6 . 100 2.509
8. 170 7 .662 1.328

r0.723 9 .447 2.602
Total = L2.463

Treâtment 4

0

I

3

4

5

6

7

I

L75
2.52
s.30
L68

23 ,60
43.26
65,28
77 ,63

t02 .25
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Table 3. Estimates of production (p) in kiLogram of African
catfish in each treatment in 1991 (average weight Ín gram
(W), Instantaneous growth rates (Gw), biomass (B), and ( È)Ís mean biomass).

Age
(wks )

vr(s) LnW e(ks) P(ks)

Treatment 1

0 33. 13

2 89.2r
4 I44 ,02
6 265.93
I 38s.75

Treatment 2

0 34 .42
2 68 .46
4 130.63
6 226.53
I 364.93

3.500s
4,4909 0.9904
4.9700 0,4790
5. s832 0.6133
5.9552 0,3720

3. s38s
4.2262 0.6877
4 ,8723 0.6461
5 .4229 0 .5505
5.8997 0.4768

I .657
4 ,240 2,949 2,920
6.532 5,386 2.580

I]-577 9.055 5,553
16 .575 14.076 5.236

Total = J.6,289

3 .442
6 .485 4 .964

12.r97 9.341
20 .630 16 ,474
32 .7 30 26 . 680

Total =

3.413
6.035
9 .036

12,722
37.207
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(TabIe 3 Cont. )

Age/weeks W( S) LnW Gw s(ks) P(ks)

Treatment 3

0 31.02
2 75.40
4 726 .40
6 214.50
8 357, 13

Treatment 4

0 32.92
¿ t+,l5
4 118.23
6 202.80
I 346.81

3.4345
4 .3228 0.8883
4.8394 0.s166
s.3683 0. s289
5,8781 0,5098

3 ,4941.

4.3r4I 0.8200
4,7726 0.4585
5.3722 0.5396
5.8488 0.s366

4 .653
11".233 7 ,943 7.056
18.62s L4.929 7 .712
30.860 24 ,7 43 13.087
51,191 4r.026 20.913

Total = 48 .7 68

6 .404
14.533 10.469 8.584
22.272 18.403 8.438
37 .583 29 .928 16. ls0
63.466 50.525 27 .r09

Total = 60.281
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ÀPPENDIX IV
Tablê 1. Final bionåss (kg) of cåtfish rach êaqe ln t99o

1¡t

01

,rul.5 JuI.12

23

Jul.19 JuL.26

IJarveBted

43678

Äu9.2 Àu9.9 Àu9.16 Àug.2J Àug.30

T1R1

T1R2

T1R3

¡lEålts

T2R1

r2a2

?2R3

¡lEÀìS

T3R1

T3R2

T3R3

I'1EÀNS

T4R1

T4R2

T4R3

¡'lEÀNS

0.140 0.226 0.502 0.8?O 1.901

0.135 0.225 0,525 0.755 !.592

0.140 0.210 0.460 0,885 L.652

0.138 0.2?.0 0,496 0.837 ] 715

2.770 4.250 5.060

2,440 3.370 4.620

2.500 3.560 4.430

2.617 3.728 4.7 03

4.190 6.290 7.160

4.200 5.930 '1.o70

4.230 5.890 6.770

4.207 6.037 7.000

0.200

0.200

0.200

0.2 00

6.3 30

5.660

5.610

5.867

12.900

10.380

10.940

0.300 0,690 1.115 2.547

0.3 30 0,710 1.205 2.525

0. 318 0.665 1.205 2,477

0.316 0,688 L,242 2.5r4

I 165

2.100

2,2lO

2.025

4.350 5.240 8.720

5,250 5. 210 8.270

5.690 6.7 00 9,673

5.097 6,050 8.888

3.020

3.745

3.850

1.538

0,235 0.269 A,672 o.9oO

0,235 0.308 0.63 2 1.110

0.240 0.375 0,749 1.098

o,237 0,317 0.664 1.036

0. 150 0.505 1.110 1,¿50

0.3 50 0.472 0,985 1.370

0.3 50 0.535 1.085 r,740

0.350 0.504 1.060 I.520

2,420 {.830 6.880 7.790 8.650

2,750 4.8¿0 7.220 8.050 10.820

3.250 5.470 7.360 8.660 !2,,tAA

2.940 5.047 7.153 8.170 r0.723
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Table 2. Àve!åge lreisht (g) of fish each cås€ ln 1990

Sta¡ted

01

Jì1].5 Jul. i.2 Jul.19 Jul.26

4a

Auq.2 Àuq.9

llårvested

618

Àug. 16 Àug,2l Àug.l0

T1R1

TlR2

T1R3

¡lEÀNS

T2R1

T2R2

Í2R3

¡tEA.l,lS

î3R1

T3R2

T]R3

¡lE¡t¡ts

T4R1

T4R2

r4R3

MEÀNS

1.85 3,01 6.69

1.80 3.00 7.00

1.85 2.80 6.13

1.84 2.94 6,61

13.18 t3.35

10,49 30.04

!4.51 3r.04

L2,71 32.14

2.00

2.OO

2.00

2.00

1.56 1,79 4.08 6.62 16.55

1.56 2.05 4.27 8.69 t6.6t

1.60 2,50 7.49 7.A4 22.55

1.57 2.II 5.26 7,72 t8.62

3.00 6.90 16.44 32.24 54.42 85.00 98.08 186.96

3.30 7.10 12.55 27.75 46.67 69.77 85.18 t26,59

3.18 6.55 12.96 2A.13 49.?7 69,29 79.65 114.94

3.16 6.88 13.98 29.57 50.28 74.69 87,64 l.{2.83

50.36 7A.7A 93,70 !24. !2

57,67 7 8.37 IO7.44 131.63

53.06 74,17 92.29 116.88

53.70 ??,11 97.81 !24.21

11.13 45.49 56.34 94.78

33,44 49,07 58.04 77,29

19.69 66.15 7A.82 115.15

34,75 53.67 54.40 S5.?¿

1.7s 2.53 5.55 8,ll 23.50 42.54 51.{3 72.73 80.09

r,75 2,36 4.93 7.r7 20.22 39.6't 62,24 73,27 98.36

1.75 2.68 5.25 10,55 27.0A 47.57 72,L6 87.48 128,2A

r,75 2,52 5.3 8.68 23.60 43.26 65.2A 77,63 102.25
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TabÌe 3. 9léight gåln (kg) per caqe per lreek ln 1990

Time

Trt

S ta¡ted

01
,¡iÌ ,5 .1u1 . 12

Harve s t ed

618

Àu9.16 Àu9.23 Àu9,30

2345
Jul.19 ,lu].26 Àu9,2 Àuq.9

r1R2

T1R3

IIEÀNS

T2R1

.T2R2

T2R3

14EÀNS

T3R1

T3 R2

!3R3

14EÀNS

T4R1

T4R2

T4R3

MEÀNS

0 ,086 0 .226 0 .368 1.031

0 .090 0 .280 0 .230 0 .83?

0.0?0 a,225 0,4?0 0.7S5

0.082 0.25',7 0.356 0.884

0.100 0.375 0.700 t,232 1.613

0.130 0.3?5 0,495 1.365 1-.675

0.118 0.33? 0.540 L.266 1,'t59

0.116 0.362 0.57S 1,288 7.6a2

0.869 1.484 0,806 1,2't0

0 .888 0.890 7.250 1.040

0.950 0,960 0.870 1.180

0.902 1.111 0.9?5 1.16 3

2.100 0.8?0 5.?40

1.730 1.140 3.310

1.660 0 .880 2,7'10

1.830 0.963 3.940

0 .034

0.073

0 .135

0 .081

4.2'73 4.293 0,86s !.255 1.330 0,890 3.480

0.281 0,528 1.000 1.045 1.505 0.960 2.060

0.361 0.419 1,116 1.640 1.840 1.010 2,9'13

0.305 0.413 0.994 1.313 1.558 0.953 2.838

0.155 0.550 0,340 r,3't5 2,070 2.050 0.910 0.860

4,722 0.433 0.585 1,384 2,086 2,380 0,840 2,',160

0.184 0,46',1 0.655 1.510 2,220 1,890 1.300 4.040

0,154 0.483 0.52',t !,423 2,105 2,r01 1.017 2.553
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Tâ¡Iê 4. îotal n!.lJnber of físh each caoe in 1990

Tine

T!t

5 Lâr ted

01234
Jul.5 Jul.12 ,IuL.19 ,Iu].26 Àug,2

Hârvesied

5678
Àu9.9 Àu9,16 Àuq.23 Äu9.30

T1R1

T1R2

T1R3

}fEÀNS

T2R1

T2R3

MEÀNS

T3R1

93R3

T4R1

T4R3

MEÀNS

'75

75

15

75

100

100

100

100

150

150

150

150

200

200

2A0

200

'75

?5

't5

100

100

100

100

150

150

150

150

200

200

200

200

75

'15

7S

15

100

100

100

L00

150

150

150

150

200

200

200

200

66

'12

6L

66

80

96

93

90

136

729

140

13s

174

191

165

t'7 7

5',]

53

50

53

79

91

86

8S

55

43

49

A9

17

90

85

84

54

43

4A

'74

85

85

81

54

43

48

48

?3

85

80

51

43

48

48

69

82

83

'74

92

LA7

84

94

106 97 95 93

726 772 LA1 107

98 9? 86 85

110 102 96 95

114 r12 108

t22 7L6 110

115 702 99

7r1 110 10 6

720

136

L20

725

108

110

99

106
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Tâ¡fe 5. Food InCake (kq) pêr caqe j.n 1990

Ti¡îe

TrÈ

S èarted

012
.TuÌ.5 ,lu I .12 ,1u1.19

34
,lul . 26 Äug. 2

Harvested

678
Àu9.16 Àuq.23 Àuq.30

5

Àuq,9

T1R1

r1R2

T1R3

MEÀNS

T2R1

T2P'2

T2R3

MEÀNS

T3R1

T3R2

T3R3

I'IEÀNS

T4R1

14R2

T4R3

I.f EÀNS

4,239 0,336 0.722 1.2'10

4.234 0.343 0.?50 L.772

0.239 A.329 0.718 r.207
0,237 0.336 0.?30 1.194

0.34',7 0.441 0.878 1.916

0 .347 0.469 0 .992 7.694

0.342 0.462 0.938 r.'751

0.345 0.457 0,936 1.?89

0 .403 0 .4'16 0 ,908 t.320
0.403 0.491 0,s?8 1.615

0.408 0.546 0.995 1.601

0.405 0.506 0,927 t.slz

2 .550 2 .905 4 .599

2.724 2.604 4.200

2.230 2,'130 4 .025

2,301 2,',146 4.2.t5

4 .176

3.752

3.r't7
3.777

0.600 0.?84 1.448 2,113 3.726

0 .590 0 ,7't'1 7,325 2 .003 3 ,6?0

0 .600 0 .846 1.388 2.536 4 ,320

0 .59? 0.802 1,388 2 .2!'1 3 .905

4 .396 6 .510 6.538

4.893 6,433 6.846

4.438 6.160 6.888

4.576 6.368 6.35?

3.117 4.769 5.684

3 ,92',7 S ,649 5 .369

4 .309 6 ,09'7 6.349

3.802 5.505 5.800

5 .068 7 .A84 5 .635

5,028 '1 .329 6.944

4.740 ? ,8?5 8.715

4.945 7,429 7,098

3,3t7

3 .365

3.332

3.358

2.339

2.'t90

2.846

2.612
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Tã¡Ìe 6. Cumul.ative FCR (fron thê Éirst wêekJ of catÉish êach cage in 1990

Time

Trt
4

Àu9.2

5

Àu9.9

SÈartêd

01
.tu]. 5 JuI.12

23
,lul .19 ,Jul . 26

Ilarves hed

6t8
Àuq , 16 Àuq. 2 3 Àus ,3 0

T1R1

T1R2

T1R3

MEÀNS

T2R1

T2R2

T2R3

I.IEÀNS

T3R1

T3R2

T3R3

MEÀNS

T4R1

14 R2

Ì4R3

IIEÀNS

)..401

1.388

1.404

t .560

1.635

1.615

1 ,637

2.708 1,145 1.409 1.350

2.60A 1.090 7,751 1,532

3.410 L.230 1.4 53 7,507

2.930 1,15s 1.567 7.463

7.847 2.822 3.295 3.283

1.839 2.216 2,534 2.136

1 .814 2,!7'7 2 .6'14 2.7.1'l

r.833 2.d05 2.834 2,932

1.865 2.567 7,92!
2.452 2.648 2,460

1 .980 2.6A3 2,604

1.966 2,633 2.32A

3 .4'-7 0 7.L42 7.26.7

2.670 l-,749 1.500

2 ,940 ! .209 ! .446

3 . 013 7 ,!6',1 1 .4 04

11.850 1.436 1.98s

5.520 7,424 1.6 01

3 .022 L,2't4 1,751

6.79? 1.378 1.?81

3.870 I.241 1,953

4 .840 1.387 r.96',7

3,260 1.333 L.629

3,990 L.322 1,850

7.760 1.803 2,094

1.616 1.650 2.0!6

1.607 L,61r L,922

L,66! 1,708 2.0!!

7.754 1. ?95 2 .704

!,'106 7,12A 1,9 50

7.652 7.7',1L 2,0'16

1,744 1,?65 2,043

2.674 2,24',7

2.637 2.629

2.565 2,43A

2.625 2.436

2.798 3 .188

2.648 2.643

2,684 2,Sr2

2.723 2 .7 87
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ÀPPENDTX V

Table 1. ToLal biomass (kS) of .\frican catfish in cages 1991

Time (Wk) S tocked
0

Trt. .lune 2 3

2

'JuIy 7

4

,Ju1y 21

Harves ted
68

August 4 August 18

T1R1

T 1R2

T1R3

MEÀNS

T2R].

T2R2

T2R3

MEANS

T3R1

T3R2

T3R3

MEANS

T4R1

T4R2

T4R3

MEANS

1.700
1.485
1.785
,1 . Of /

3 .575
3.600
3.150
3 .442

4 .493
5 .025
4 .440
4. b5J

5.992
6.390
6.830
6 .404

4.200
4.320
4.200
4 .240

6.150
7.000
6.305
6.485

1,L .27 0

11.460
10.970
Lt.233

14.830
L4 .420
14.350
14.533

6 .2t0
7.130
6.255
6.532

11.700
t2.990
11.900
12.L97

17.905
19.366
18.60s
78 .625

22.900
21..250

22 .66s
¿¿. ¿ I ¿

t7 .220 1.5 .97 4

12 .040 1.7 .450
L7.472 16.300
71- .57'7 t6 .515

19.380 30.930
22.4I0 35.220
20 .I00 32.040
20.630 32.130

29 .930 48.750
33 .170 52.850
29.480 5L.972
30.860 5l-.1-91

37.600 62.500
37.050 64.048
38.100 63 .850
37.583 63.466
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Table 2. Average weighE
L99L

(S) per individuaf fish in cages

Time (Wk) Stocked
0

Trt ,fune 2 3

2

,fu f y 7

4

.Iuf y 21

Harves ted
68

August 4 ÀugusL 18

T 1R1

T 1R2

T 1R3

MEANS

T2R]-

T2R2'

T2R3

MEÄNS

T3R1

T3R2

T3R3

MEANS

T4R1

T4R2

T4R3

MEANS

34.400
29 .7 00

35.700
33.133

35.750
36.000
31.500
34 .Atl

29.950
33 .500
29.600
31.017

29 .960
34.650
34 .1s0
32.920

84.000
88.163
95 .455
89 .2A6

66.1.29

10 .l 07

68. s40

68 .459

7 6 .667
7 6 .400
73.133
7 5 .400

7 4 .150
72.L00
77.989
74.746

141.360
148.540
142 .1.59

744 .020

261 .143 380.333
250.833 379 .348
279.805 397 .56I
265.921 385.747

125.800 217 .753 359 .651
13s.3r.3 233.438 366.875
L30.t69 228.409 368.276
L30.627 226.s33 364.934

L25.209 21,8.467 35s.839
129 .706 221 .192 361.986
L24.870 197.853 353.551
726.395 274.504 357 .1.25

tr9 .657 201 .069 341 .222
711..842 200 .270 346.205
L23.I79 207 .065 347 .0L\
L78.226 202.807 346.813
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Table 3. Weight cain (kg) per cage per two weeks

Time (Wk) St.ocked
0

Trt June 23

24
Llufy 7 ,Jufy 21

Harves t. ed
68

August 4 August. 18

T 1R1

T ],R2

T 1R3

MEANS

T2R]-

T2R2

T2R3

MEÀNS

?3R1

T3R2

T3 R3

MEANS

T4R1

T4R2

T4R3

MEANS

2 .500
2.835
2 .4I5
2.583

3.400
3.155
3.043

6 .118

6.435
6.530
6.581

8.838
1.490
7.520
7.949

2 .070
2 .810
2 .055
) )o)

5. s50

5.990
< ÊoE

>. I rz

6.635
7.906
7.635
7.392

8.087
6.830
8.315
7.744

s.100
4.9L0
).zrt
5.076

4.154
5 .410
4 .828
¿ qq7

7.600 11.550
9 .420 72.8r0
8.200 71 .940
8.407 12 .l_00

12.025 18.820
13.804 t-9 .680
10.875 22.492
72.235 20.33L

74.100 24.900
15.800 26.998
15 .435 25 .750
L5.31.2 25.883
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Tabfe 4. Totat- Number of Fish Each Cage

Time (wk) St.ocked
02

Trt ,fune 2 3 July 7

Harves Led
68

August 4 August 18

4

JuLy 2L

T 1R1

T1R2

T 1R3

MEANS

T2R1

T2R2

T2 R3

MEANS

T3R1

T3R2

T3R3

MEANS

T4R1

T4R2

T4R3

MEANS

50

50

50

50

i.0 0

100

100

100

150

1s0

1s0

1_50

200

200

200

200

50

49

44

48

93

99
q?

95

147

150

150

149

200

200

184

195

44

48

44

45

93

96

9L

93

143

150

I49
147

198

190

184

191

42

48

4L

44

89

96

88

9L

\37
L46

r49
744

187

185

184

185

42

46

41

43

86

96

87

90

L37

t46
!47
143

180

i.8 5

184

183
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Tabfe 5. Food rntake (kq) per cage per two weeks

Time (Wk) S tocked
0

Trt ,fune 2 3

2

,July 7

4

,-lu 1y 2 1

Harves ted
68

AugusL 4 August 18

T 1R1

T1R2

T 1R3

MEANS

T2 R1

T2R2

T2 R3

MEANS

T3R1

T3R2

T3R3

MEANS

T4R].

T4R2

T4R3

MEANS

4.284
4.997
4.319
4.551

8.190
9 . 09 3

8.330
8.538

72.534
13 . ss6

13.024
13.038

16.030
74.815
1s.866
15.590

9.424
L0.113
9.636
9 .724

16 .479
78.824
16.884
L7.396

25.L40
27.859
24.775
1tr O.)E

q1 qA¿

37.Lzt
32.004
31 . 570

20.204
21" .4L'7

20 .630
20.750

35.70r.
39.877
36.223
'¿.1 ) A'7

55.008
59.681
54 .7 66

56 .485

70.537
69.830
11 ÀõÊ

7 0 .62L

2.380
2.019
2 .499
2.3L9

5.005
s.040
4.830
4.958

4.LL6
4.234
4 .1,16
¿ I qq

6 .027
6.860
6.179
6 .355

6.290 11.04s
7.035 71-.23L
6 .23.6 10 . 7 51

6.574 11.009

8.389 74.534
9 .102 14.132
9 .562 14.063
9 .278 L4.243
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Table 6. Cumuf at.ive Average Food Conversion Rat.io each Time
(from sCart) .

Time (Wk) S tocked
0

Trt .Tune 2 3

2

,July 7

4

Jufy 21

Harves Led

68
August 4 August 18

T 1R]-

T1R2

T 1R3

MEANS

T2R]-

T2P.2

T2R3

MEANS

T3R1

T3R2

T3R3

MEANS

T4R1

T4Ft2

T4 R3

ME.A.NS

7 .280
L.240
1.230
7.250

1.6s0
1.540
1_.531

1.574

1.170
L.210
I.240
I.ZUI

I. ¿6U

7.260
1.510
1.343

1.550
1.350
1.5L0
r.470

1.360
1.340
1.340
7.341

1.370
1.310
t- . 310

1.330

t.470
1.550
1.580
1.533

L.220
7.270
1.190
t .207

L.230
1.180
3. .200
L.203

1.230
1.160
7.270
7.220

1.310
1" .27 0

1.3s0
1.310

1.460
L.4¿U

7 .440
I .440

1.300
L290
L,280
7.290

r.270
L.260
l-.190
1.240

1-.300

L ,220
1-.300

7.213


