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Major histocompatibility complex class I involvement in the
reiection of allogeneic erythrocytes in rainbow trout
(Oncorhynchus mykiss)

M. Rafiqul Islam Sarder
Department of Fisheries Biology & Genetics
Bangladesh Agricultural University, Il.vmensingh 2202, Bangladesh

Abstract
Major histocompatibility complex genes are thought to be involved in allogeneic graft
reiection but not many reports are available on their functional analysis in fish. Analysis
of available sequences of MHC genes suggests functions in antigen presentation similar
to those found in higher vertebrates. In mammals, the MHC class I and class II
molecules are major determinants of allogeneic graft reiection due to their polymorphism
in coniunction with their antigen presenting function. In fish, MHC class II molecules
are found to be involr'ed in reiection of allogeneic scale grafts. The present study was

designed to investigate the involvement of tr'IHC class I molecules in allograft reiection.
Erythrocytes rvere collected lrom donors of rainborr' trout expressed different MHC class

I alleles, stained rvith trvo d1'es, mixed and gralted to the recipients that were of the same

sibling group as the donors. The grafts rvere rejected by allogeneic recipients and the
MHC class I linkage group was the major determinant for the reiection.

Key words: MHC class I, Rainbow trout, Allogeneic graft, Erythrocyte, Fluorescent dye

Introduction

The major histocompatibility complex (MHC) contains a tightly linked cluster of
genes, which encode cell membrane glycoproteins, the MHC class I and MHC class II
molecules. They appear to be intimately involved in a variety of immunologicaj
processes including the restriction of antigen recognition by lymphocytes, the

acquisition of the T cell repertoire, and the co-operative interaction among subsets of
mononuclear leucocytes. Endogenous antigens are thought to be degraded into peptide

fragments that bind to MHC class I molecules within the endoplasmic reticulum, while
exogenous antigens are processed into peptide fragments within endosomal

compartments and bind to MHC class II molecules (Germain 1999).

Allogeneic MHC molecules can induce both antibodies as well as cytotoxic T -cells

directed against the graft (Auchincloss et al. 1999)' It is generally accepted that

mammalian T cells recognize a complex of MHC and endogenous peptide ligands via

l
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TCR (\X/ang et aL. 1998). The interaction of TCR with a complex of foreign MHC
molecules and foreign peptides results in acute graft rejection. Chronic rejection occurs

when the MHCs of the graft donor and the graft recipient are identical but foreign
peprides are complexed with the MHC of the grafted cells (Janeway and Travers 1995).

MHC class I and II genes have been identified in many fish (McConnel er al.1998'
Hashimoto et al. 1999) and are supported to be involved in allograft rejection. Though

allograft reiection was studied in many fish species (reviews: Manning and Nakanishi

1996, Nakanishi er at. 2002), very rare works with the identification of MHC gene

function in allorejection were published. So far only one study in the Gila top minnow
(Poeciliopsis o. occidentalis) was reported where MHC class II allele-matched scale

grafts were better accepted by the recipient than non-matched allografts (Cardwell er a/.

2001). Functional analysis of MHC class I is also scarce and inconclusive (reviewed in

Nakanishi et a|.2002).
Only one classical MHC class I locus in rainbow trout, (Oncorhynchus mykiss)

Onmy-[JBA,with very low homology between alleles was identified so far (Hansen et a].

i996, Shum et al. 200I, Aoyagi et al. 2002, Xia et al. 2002)' Different lineages are

distinguished for the different domains, and they co-exist in various combinations at the

Onmy-tlBAlocus (Aoyagi et aL.2002).In rainbow trout, the lineages Sal-MHCIa*A to -
Kweiedistinguished(Hansen eral.1999,Shumera1.2001,Aoyagieral.2002,Xiaeral'
2002).

Fish erythrocytes are nucleated as like other lower vertebrates such as birds and

amphibians (Delany et al. 1987, Flajnik and Du Pasquier 1988) and have been shown to

."pi"r, MHC class I molecules on rheir surface. The purpose of the present study was to

investigate the involvement of MHC class I locus in allogeneic graft rejection by

excluding involvement of MHC class II. Since erythrocytes do express only MHC class I
and do iot express MHC class II, erythrocytes were collected from the unsensitized

MHC class I characterized rainbow trout and grafted it to the allogeneic DD and DF

siblings to determine the rejection of grafted erythrocytes in vivo. The involvement of

MHCilass I to allogeneic erythrocyte graft rejection was clearly demonstrated'

Materials and methods

Experimental Iish
Rainbow trout (Donaldson strain) stock were maintained in a flowing water system

at the National Research Institute of Aquaculture (NRIA), Nikko branch, Japan and

used in the present study. The fish were first investigated for determining the Sal-

MHCIa lineages using tie RT-PCR system described by Xia er al. (2002)' After

characterization, the bioodstock, which expressed sequences belonging to the lineages

Sal-MHCIa*D and F were selected. Sequence analyses (data not shown) demonstrated

that all the brood fish express both the sequences onmy-uBA *701 and *4901, which are

classified into the Sat-MilCla lineages D and F, respectively (Xia et aL.2002). Eggs from

a *7011*4901female were collected and fertilized with the sperm of a *7011*4901 male,
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resulting in sibling offspring. During the eyed-egg stage, the siblings were transported to
the Tamaki branch of the NRIA and kept in 301 tanks supplied with aerated running
spring water at 15 "C. The fish were fed twice a day ad libirum with commercial trout dry
pellets, \Ufhen the fish became approximately 40-60 g, they were used in the experiment.
For identifying the fish, they were tagged at dorsal fin with a plastic anchor tag using a

Tagging Gun (103-XL, Bano'k, Tokyo, Japan).

Detection of Onmy-UBA*Z0I aad *490I expression
The adipose fin samples of the rainbow trout were collected and total RNA was

isolated using TRIzol Reagent (Gibco BRL, Life Technologies, Grand Island, U.S.A.)
following the manufacturer's recommendations. For RT-PCR amplification the 'RT-
PCR high-PLUS' kit (Toyobo, Osaka, Japan) was used. The RT-PCR reaction mixtures
were formulated following the manufacturer's suggestions, with 2.5 mM Mn(OAc)r, I
pM of each primer and 0.5 pg total RNA.

The Onmy-UBA*7}L and Onmy-UBA *4901 fragments were amplified following
the methods of Xia et al. (2002) and Sarder et al. (2003). The primers used for
amplification of the Onmy-UBA*7Ol fragment are specific for sequences belonging to
lineage Sal-MHCIa*D and can not amplifu Onmy-UBA*4901. Similarly, the primer set

used for amplification of Onmy-UBA *4901 fragment were specific for sequences

belonging to lineage Sal-MHCIa*F and can not amplify Oamy-UBA ,*701. The
conditions for both RT-PCR amplifications were: First 60 'C for 30 min, then 94 'C for 2
min, then 35 cycles (94 "C for I min, 60 "C for 1.5 min) and finally 60'C for 7 min. All
parents and siblings used in this study were analyzed with both RT-PCRs.

The two parents of the siblings were analyzed with an RT-PCR system for
amplification of 'full-length' Onmy-UBA fragments encoding the whole protein. The
primers pG-LPf, 5'-GTATTATCTTGCTGGTGCTGGGAA (forward), binding to the
leader peptide region, in conjunction with primer pG-3'UTRr, 5'-
TTATGTTCTTGAGAAGTTCCTCTTC (reverse), binding to the 3'UTR, can amplify
most Onmy-UBA alleles discovered thus far (Xia er al. 2002). The RT-PCR mixtures
were set up as described above, and the amplification schedule was: First 60 "C for 98

min, then 94 "C for 2 min, then 35 cycles of (94 "C for lmin, 55 'C for 5 min), and finally
55 "C for 7 min.

Sequence analysis
Full-length Onmy-UBA fragments were cloned into the vector pGEM-T Easy

(Promega Corporation, \flisconsin, U.S.A.). The nucleotide sequences were determined
by the dideoxychain termination method using a 'CEQ Dye Termination Cycle

Sequencing Kit' (Beckman Coulter Inc., California, U.S.A.) and suitable primers.

Sequence analysis was conducted with an automated sequencer (CEQ 2000 DNA
analysis system, Beckman Coulter.Inc.). For each fish at least three Onmy-UBA*701 and

three Onmy-tIBA*49}L clones were analyzed to exclude PCR errors. Comparison of
deduced amino acid sequences was performed using the program'Multiple alignment' of
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GENETYX version 10. I (Software Development Co. Ltd, Tokyo, Japan) computer

software.

S tai ni ng of eryth ro cyte gra fts
Fish erythrocyte grafrs were stained with PKH67-GL (Green Fluorescent-cel1

Linker Kit, Sigma, Saint Louis, U.S.A.) and PKH26-GL (Red Fluorescent-cell Linker
Kit, Sigma) by following manufacturer's instructions with some modifications. Blood

(100 Ul) was drawn from the caudal vessel ofanaesthetized fish into a syringe containing

an equal volume of MEM/FBS (Eagle's minimal essential medium plus 10% foetal

bovine serum, pH adjusted to 7 .2) with 2% heparin solution. The blood was centrifuged

at 250 g for 5 min ar 4 "C for crude separation of leukocytes (buffy coat) from

erythrocytes. The erythrocyte cells rvere drawn from the bottom of the pellet, and

washed once with MEM (MEM without FBS, pH adiusted to 6.95). The erythrocytes

were resuspended in 1 ml of diluent C (supplied with the Sigma staining kits) and then I

mi of freshly prepared 0.8 prM PKH67-GL (in diluent C) or PKH26-GL rvas added' Five

min after incubation, an equal volume of NIEI{/FBS q,as added to stop the staining

reaction. The cells were then r.vashed twice rvith I'IEI'I/FBS and finall1' resuspended in

MEM/FBS. Staining of cells lvas verified b1' fluorescence microscopy. At the end of

Staining, the green- and red-stained erythroc-vtes were mixed together in an

upp.orirnu,.ly equal ratio with a final concentration of approximately l0'- total

eiirthro.ytes/ml. Leukocyte contamination in the erythrocyte grafts was less than i%.

D eterm i n a ti o n o f s u rv i v al of th e e ryt h ro clte gra ii
Approximately.t00 pLl of the green- and red-stained er-vthroc-vte mixture rvas iniected

into the caudal vessel of anaesthetized recipients tveighing 40-60 g and maintained them

in tanks with regular feeding. For determining sun'ival of the grafts at different time

points after grafting, 100 prl of blood rvas collected from the caudal vessei of

anaesthetized recipients. These blood samples were examined by fluorescence

microscopy.

Results

Expression ofOmny-uBA *701 and *4901 lineage

The siblings used in the experiments rvere produced from the same parents r'vho

expressed only sequences from the lineages of Sai-MHCla*D (701) and *F (4901)'

ts.carrse rhe parents rvere 701/4901, the allelic segregation in the siblings were

;d1/701(DD), 701/4901(DF) or 490i/4901(FF) in a Mendelian fashion (Fie' 1)' This was

c1:ntirmecl UV use of RT-PCR amplification reactions specific lbr sequences of iineages

Sal-MHCla*b anei *F, Nucleotide sequence analysis ibr full length l)nmy-UB'4

,tagments oi the parents of the siblings demonstrated that there lvas ior'v iiomoiogl''

L.eiween rhe Onmy-L1BA*701 and Onmy-LrBA*'l90ilineages I'data not shor'vn)'
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Fig. 1. RT-pCR amplllcarion reacrions speclfic for sequences ol lineages Sal-,\{HCIa*D (a) and F

(uipigtrtindi'iduals(1-8)olthesibiinggroupwereanall'zed.Thealleiicsequences UBA*70land
i+SOt hua been determined for the sibling parents. The data (a plus b) indicate that fish I and 3

express (IBA*I}l,fish 2,4 and 8 express LIBA*1901, and fish 5,6 and 7 express both alleles'

S urvi val o f au tol o gou s grafts
In order to assess t"he pot.ntial toxic effects of the trvo stains on erythrocyte grafts,

an experiment was carrieil out using four fish not belonging to the same sibling group'

Erythrocytes were collectetl from the four fish separatell' and stained with either the red

o. g..", d1'e. The red and green stained celis \\'ere mixed and re-iniected into the same

donor fish. To determine the sun,ilability'' of the stained er-vthrocl'tes, blood samples

were collected from fish at days 21, 28 and 42 aftet grafting and checked under

fluorescence microscope. Anaiysis showed that the red and green stained eri'throcytes

equally sun,ived (Fig. 2a) and the intensity of the stain lvas quite stlong eve1 afier 42

days ofgrafting.
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Fig. 2. The graphs (2a) show similar survival of green compared to red autologous erythrocyte
grafrs. The different symbols indicate four different individuals. The iniected graft mixtures
contained 51, 48, 49 and 54Yo green erythrocytes respectively. The graphs (2b) compare the
survival ofgreen grafts to the total erythrocytes in the hostwith the CTT (compared to total) ratio
at day 2 I arbitrarily assigned a value of I .

Sunival ofallogeneic erythrocytes in vivo
Two experiments were carried out to compare the survival of Onmy-UBA matching

and mismatching allogeneic erythrocytes. In the first experiment, erythrocytes collected
from a DD and an FF individual were differently stained and iniected to the recipients
DD3, DD6, DDS, DD9, DFII, DF19, DF21 and DF23. Similarly, in the second

experiment erythrocytes from a DD and an FF were stained and grafted to the recipients
DD10, DD14, DD22, DD24, DFl, DF4, DF13 and DF15. In both the exppriments
donors did not include in the recipient groups. It is necessary to mention that there was

no many FF fish orher than don'ors, that's why DF siblings were chosen as recipients
instead of FF. To observe the survivability of the grafts the fish blood were sampled at

days 7, 14, 21,28 and 35 after grafting in the first experiment. \i7hile fish blood were

sampled at 7, 14, 28 and 35 days after grafting in the second experiment. The survival

results of the matched and mismatched grafts of the first and second experiments are

presented in Fig. 3a and Fig. 4a, respectively. In Fig. 3a, mismatched grafts showed

significantly (p<0.05) lower survival in all DD recipients. The survival of FF grafts in
all DF recipients were significantly (p<0.05) lower than those of DD grafts. Although,
the experimenr continued for 35 days all the DD. and the DF23 recipients died before

ending the experiment. In Fig. 4a, mismatched grafts had lower survival in all DD
recipients except DDZ} which died iust after first sampling (7 days). All the DF
recipients excepr DF4 showed equal survival for both matched and mismatched grafts.

The DF4 recipient demonstrated only 7% survival of mismatched grafts. The survival of
the MHC class l-matched grafts was significantly (p<0.05) higher than that of the MHC
class I-mismatched grafts in all DD recipients in both experiments at all the sarirpling
points.
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.\IHC ciass I involvement in grall rejection

Fig. 3. MHC class I matching is important for the survival of erythrocvte gralts. The injected graft
mixture contained 40% DD erythrocytes. Survival of erythrocyte grafts was determined at days 7,

14,21,28 and 35 aftcl grafting. Graph indicators at the right apply to both (3a) and (3b) graphs
and reter to the recipients. The (3a) graphs indicate the survival ofthe DD grafts as a percentage of
lhe totai sun,iving grafts (red plus green). The (3b) graphs comparc the survival of the MHC class

I matched grafts to the total erythrocytes in the host rvith the CTT (compared to total) ratio at day
7 artritrarily'set to value 1.
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Fig. 4. Sun,ival of trlHC class I rnatched grarts tn vivo. Jht: rniected qraii mixture contarned 54%

Df) ervrhrocvtes. Sur','ivai oi ervrhrocl'te gratts ,,r'as ieieiinrneti at davs 7, 14, 28 and 35 after
gratring. Graph indicators ar rhe right i,rDnlv !o troih Ja; anci ,lb) graphs and re1'er to the

recipients. The (-1a) graphs indicare the survival oi rhe l)D grafts as a percentage of the total
surviving gralis (red plus green). fhe (-ib) graphs compare the survival of the MHC class I
matched grafts ro the total eryrhrocytes in the host'"vith the CTT (compared to total) ratio at day 7

arbitrarily set to value 1.

Discussion

Data presented in this paper describes the involvement of classicai MHC class I
iocus in the rejection of allogeneic er],'throcvle gratts in rainborv trout. In rhe allogeneic

experiments, all DD recipients excepr DD3 iexperiment i) and DD22 (experiment 2)

(died after 7 days of grafting) demonstrated better sun,i\,al of MHC class I- matched
grairs compared to those of MHC class 1-mismatched Brafts (Fig. 3a and 4a). In the first
allogeneic experimenr, all rhe DF recipients re,ected the FF allogratf's significantly faster

than those of DD allografts. In rhe second allogeneic experiment, three out of four DF
recipients shox,ed equal survival r:f both allogeneic DD and FF grafts, but the DF4
recipient shorvecl very tast reiection of FF allografts compared to the DD grafts. The

overall analysis of results sholved that the MHC- mismatched grafts were rejected by all

eight DD recipienrs) five out of eight DF sibling recipients reiected FF grafts

signilicantly faster than those cf DD grafts, lvhich was a clear indication of the

involvemenr of MHC class i- iinkage groups in the rejection of allogeneic erythrocytes.

. DDTO

. DD14

-DD22
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The equal survival of FF grafts in DF recipients or faster reiection of FF grafts by

DF recipients in allogeneic experiments predicts some assumptions other than the MHC

class I linkage group involvement in the allorejection. The first assumption might be the

toxic effects of certain srains on erythrocytes that caused high mortality of FF grafts in

some DF recipients but it is not convincingly acceptable. Because, the autologous grafts

stained with the red and green stains as allogeneic graft staining demonstrated equal

survival of both red and green stained grafts (Fig. 2a). The another assumption could be

the involvement of phenotypic differences in the immune system of the recipients.

Individual phenotypical differences are commonly observed in the fish found immune

system (Yoshinaga et al. 1994,Alcorn et al. 2002).

\7hen compared the survivability of stained grafts with the total harvested

erythrocytes in the allogeneic experiments (Fig. 3b and 4b), it was observed that most of

tnl recipient fishes showed similar pattern of survivability as found in the autologous

grafts (Fig. 2b), only DD10 and DF4 had profound reduction of stained grafts compared

io the totat cells, which could be resulted from the loss of big amount of blood from the

body due to sampling error. It is wise to mention here that based ou the experimental

proiedures of thi two allogeneic experiments, another few more experiments involving

bO ana FF recipient. *"i" conducted and similar rejection responses were observed

(Sarder et al.200t).
Only one classical MHC class I sequence is expressed per haploid rainbow trout

genome (Shum er a|.2001, Aoyagi et al.2002,xia er aL.2002). The homology between

tany Onmy-UBA allomorphs (proteins encoded by alleles) is very low. For example, the

amino acid identity between the cr} and a2 domains of Onmy-UBA*7Ql and *4901 is

i"tv +ZV, and' 56% respectively (data not shown)'

The low homology between the Onmy-UBA*70l and *4901 allomorphs may have

influenced the nature of the cytotoxic response to the erythrocyte allografts' There are

two logical effector cell candidates) cytotoxic T -cells and natural killer (NK) cells. These

cell types share many characteristics and can under certain conditions even kill the same

,rrg.r, (yokoyama iSSg). L mammals, cell-mediated killing of allografts is primarily

performed by cytotoxic i -cells, but dependent on the type of graft tissue NK cells can

ptry u limited iole (Manilay and sykes 1998, Auchincloss et aL.1999). NK cells play a

Loi. i-portant role in xentgraft rejection (Manilay and Sykes 1998, Auchincloss e/ a1'

1999). \ihile both cell types have MHC class I binding receptors, MHC binding

acrivates T cells but inhibiii NK cells. In fish no cytotoxic T cells or NK cells have been

clearly distinguished, but indications for identification of both cell types exis-t' Genes for

the probable f. -cett markers TCR (Hawke et al. 1999) and cD8 (Hansen and

St.assbu.ger 2000) genes, qlld a possible NK marker in channel catfish (a ligand for

MAb CC41, Shen eral. 2002)havebeen identified'

Some rrz vitro cell-mediated cytotoxicity assays for rainbow trout have shown a need

for sensitizarion ro detect allogrrt tittit g (Fischer et at. 2003), reminiscent of T cell

acrivity, while other studies showed spontaneous killing of allogeneic targets by

leukocyte populations from some rainbow trout individuals, reminiscent of NK activity

(yoshinaga it al. ]l/ga). Cells similar to cytotoxic T cells and cells similar to NK cells

8
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seem to exisr in fish and they are capable of killing allogeneic targets. If antibody
independent cytotoxicity has played an important role in the erythrocyte graft reiections
observed, rhis was probably mediated by cytotoxic T cells and not NK cells. If antibodies
were involved in the graft rejection, NK cells may have killed the allografts by means of
antibody-dependent cell.mediated cytotoxicity (ADCC, Yokoyama 1999).

From the above discussion it is concluded that the Onmy-UBA classical MHC I
lineages are thought to be determinant of rejection of allografts and the present study

demonstrated MHC class I involvement in the reiection of allogeneic erythrocytes.

However, more studies need to identifii the kinds of immune response involving
allograft reiection and also to determine some other possible factors, such as blood
groups and influence of low homology between MEIC class I lineages.
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Abstract
Experiments on the study of different dietary levels of vitamin E on the growth and

breeding performance of Heteropneustes fossilis brood fish were carried out in two

phases. The first phase consisted of studying its ovarian development and the second

phase on breeding performance. Sixty female fishes were stocked in twelve experimental

chambers of a raceway. The effects of four dietary vitamin E levels rr2. 0 (served'as

control), 50, 100 and 200 mg/kg feed, on the somatic growth, ovarian development of

brood fish and on their breeding performance were studied. Each treatment had three

replications. It was observed that body growth in terms of length and weight was best

*i,f, O .ng vitamin E/kg feed and 200 mg vitamin E/kg of feed gave poorest result. The

gonado-somatic index and fecundity, however, was highest in the fish fed with 100 mg

vitamin E/kg of feed. In case of breeding performance such as ovulation rate, fertilization

rate, hatching rate and survival rate, the best result was obtained with 200 mg vitamin

E/kg of feed. The overall result of this experiment indicates that 200 mg vitamin E/kg of

feed is the best vitamin E dose for H. fossilis brood and vitamin E content has a positive

impact on ovarian develoPment.

Key words : H. fossilis,Vitamin E, Breeding performance

Introduction

Air breathing catfishes such as shingi (Heteropneustes fossilis) and magur (Clarias

batrachus) are potentially important culture species and need to be taken under'

aquaculture system. These catfishes together comprise a handsome percentage of total

fish catch and bulk of the catch of these fishes comes from the wild population. As major

part of their production depends on natural source, over fishing together with.

environmental degradation have posed threat to their very existence.

Among these live fishes, shingi is a popular indigenous air-breathing catfish. This

species has got many qualities that make it a perfect candidate for pond culture. It grows

rapidly and attains marketable size within one growing season (Islam 1989). It breeds in

natural shallow waters during monsoon season usually after heavy shower when the

adjoining area ofponds and other depressions get inundated'
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In spite of having many qualities such as high digestibility of protein, presence of

vitamin, iodine and iat in muscle, very little attempt has been made to promote its

breedin! and culture ofshingi. In our country farmers are dependent on natural sources

for colle'ction offry. Therefoie, proper techniques ofinduced breeding and larval rearing-

for production of iry in commeicial scale are needed to be developed. For the supply of

qrr"ii,y seeds in suffrcient numben the brood fish must be of good quality. So in case of

brood stock management, there should be regular supply of balanced food for their

growth and develolment. Although some works have previously been conducted on its

induced breeding and fry ,"riirrg but the techniques available have not been

standardized to recommerri ,t frr-"r's level. More comprehensive works need to be

carried out if its culture has to be popularized. In the present work, some attempts have

been made to focus on the Urooa- stock nutrition of shingi for their growth and

development. For the initiation of study on the nutrition it is necessary to determine

whether spawning and egg quality are influenced by nutritional quality of brood stock

diets or not. Vitamin E;lryr an important role in reproductive physiology inlish as-it

does in birds and -r-*"1, (vatanabe 1985). considering the above realities, the

present investigation was undertaken to achieve the obiectives such as i) to study the

.ff".., of different dietary levels of vitamin E on growth of fish and ovarian development

and ii) to study the e"ffects of different dietary levels of vitamin E on breeding

performance ,rr.h ,. ovulation rate, gonado-somatic index, fertilization and hatching

rates ofeggs and survival oflarvae.

Materials and methods

In order ro observe the effect of different dietary Ievels of vitamin E on growth,

gonadal development and breeding performance of H. fossilis, two experiments were

Iarried our in iwo phases. In the firsi phase, brood fish were reared and maintained by

providing differeni dietary levels of vitamin E and in the second phase, breeding

perfotmance of the reared broods were investigated'

Experimental sites
The first experiment was carried out in a raceway' The raceway was divided into

thirty equal sized chambers where each of the chambers was 183x102x100 cm3 in size and

s.parated from other Ly netted frames. The raceway was facilitated with inlet and outlet

sysrem which allowed the renewal and removal of water when needed' Since H' fossilisis

bo,ro* dwelling and prefers shade, raceway bottom was filled with 4 cm mud and some

water hyacinths were kept suspended in the chamber. The second experiment was

conductld in the I0[et Laboratory of Faculty of Fisheries'

Collection and stocking of broods
About 100 females of H. fossilis were locally collected and kept in three fiberglass

tanks for acclimatization. After three days of conditioning five similar sized fishes were

t2
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stocked in each raceway chamber. Initial length and weight of the fish were recorded.
The physico-chemical parameters such as temperature, dissolved oxygen and pH of the
raceway water were monitored on regular basis to ensure that the water quality remained
suitable for the broods.

Experimental design and feed formulatioa
Twelve raceway chambers were divided into four groups; whkh corresponded to

four experimental tqeatments and each of the treatment had three replications. Feeds

were formulated for different treatments using four different levels of vitamin E such as

0 (served as control), 50, 100 and 200 mg/kg feed. For preparing feed, finely ground and

sieved fish meal, sesame meal, soybean meal, mustard oil cake, rice bran and wheat flour,
and vitamin mineral premix (Evit tablet) were used. The proximate composition of the

ingredients was derermined following the standard methods given by Association of
Ofticial Analytical Chemists (AOAC l9S0) (Table 1). The formulation of the

experimenral diets is shown in Table 2. To maintain an approximately 407o protein level

in the feed, required amount of ingredients were mixed and converted into pellets by

using a hand machine. These pellets were dried and stored in plastic bag with heat

sealing and kept in a refrigerator. The formulation of all the experimental diets was same

and they differed from each other only by the amount of vitamin E added, hence there

was no variation in protein percentage among the diets.

Table 1. Proximate composition of dietary ingredients (% dry matter basis)

Ingredients Dry matter Protein Lipid Ash Nitrogen free
extract

Fish meal
Mustard oil cake
Soybean meal
Sesame meal
Rice bran
I[heat bran

9r.66
91.28
90.14
91.82
9l .35

89.83

66.50
34.43
49.53

22.77

14.92

14.0

6.99
t.52
8.09

4.38

3.97

15.58

r 0.10
8.33

1 8.17

12.31

4.98

9.01

48.48
4A.62

50.97

68.39
77.05

crude Protein + IiPid + ash)

Table 2. Formulation (%) of experimental diets

Ingredients Inclusion level (%)

Feed -l Feed-2 Feed-3 Feed-4

Fish meal
Sesame meal
Soybean meal
Mustard oil cake
Rice bran
Ifheat bran
Wheat flour
Vitamin mineral premix
Vitamin E

40.0
15.0

13.88

13.88

6.lz
6.r2
4.0
1.0

40.0
15.0

13.88
13.88

6.12
6.12
4.0
1.0

40.0
15.0

I 3.88
13.88

6.12
6.12
4.0
1.0

40.0
15.0

r 3.88
13.88
6.12
6.12

4.0
1.0

200 mt100

l3
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Feediag and sampling
The brood fishes were fed two times a day up to satiation. The unused foodstuffs,

debris and faeces were removed from the chambers by draining out water. Sampling of

fish was done fortnightly. During sampling all the fishes from each chamber were caught

by scoop net and their lengths and weights were measured. Growth of the fish were

determined by following ways:

Length gain (cm) : Mean final length - mean initial length

\fleight gain (g) = Mean final weight - mean initial weight
log" \i(I, - log. \(,

Specific growth rate, sGR (% day) - -------------- x 100 (after Brown 1957)

T, -Tt r: 
-

\tr(/here \fl, : the initial live body weight (g) at time T, (day)

. \f2 : the final live body weight (g) at time T, (day)

Estimatioa ofgonado-somatic index aad fecundity of brood frsh
One fish from each chamber was collected and total length and weight was taken

separately. The fish were dissected and ovaries were removed and weighed' The gonado-

somatic index was calculated by using the following formula:

Gonad weight (g)

Gonado-somatic index (GSD (%) : 
;;;;;d;1;;---- 

x 100

Fecundity of fish was determined by following gravimetric methods (Lagler 1952)'

The dissected ovaries were preserv ed. at 5%o formalin and three samples (0.1 to 0.5 g) were

taken from the anterior, central and posterior regions of each ovary. The samples were

weighed and the eggs were counted from each sample. Fecundity was determined by

applying following formula :

N x Gonad weight (g)

FecunditY (F) =
Sample weight (g)

where, F is the fecundity and N is the number of eggs in sample'

Induced breeding
Two females from each replication of each treatment were selected and induced with

PG extract injection. Mature males of H. fossilis were collected from ponds and kept in

separate fiberglass tanks. The amount of PG to be required was determined by
W* x 7.0

\fleight of required amount of PG (mg) : - 
il 

-

where, \tr(I,o represents total body weight of the fish to be injected and 7.0 represents the

rate of PG in mg tb be iniected/lO0 g body weight of females'

t4
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The total volume of the PG extract to be prepared was calculated by the following
formula:

Volume of extract (ml) = Y::-1]
100

where, 0.5 represents the volume of the PG extract in ml to be injected/l00 g body
weight.

The weighed PG was homogenized with distilled water and the homogenate was
centrifuged. The supernatant (PG) was taken in a 1.0 ml graduated hypodermic syringe
and injected intramuscularly to the fish near dorsal fin. After injection each female was
kept separately for ovulation. The males did not receive any inducing agent.

The females were checked for ovulation hourly beginning from 6 hrs post injection
and continued up to 12 hrs of injection. As soon as the females ovulated the eggs were
collected by stripping and placed in a clean fertilization tray. The milt was collected
from the male by dissecting out the testes and macerating them in 0.85% sodium
chloride solution. The fertilization was done by mixing the sperm suspension with eggs

using a feather and then a little water was added to the egg-sperm mixture.

Incubation and hatchiag of the fertilized eggs
A portion of fenilized eggs from an individual female of each treatment was

homogenously spread on plastic bowls (15 cm diameter). All the incubation bowls
received gentle shower and adequate aeration. Soon after fertilization when embryonic
development started, the fertilized eggs looking blackish or greenish in colour were
counted for respective females. After completion of hatching, the number of newly
hatched larvae ofeach bowl was counted by siphoning them out.

Lamal rearing
From the second day of hatching, the larvae were provided with live feed. They were

reared for seven days to observe the effect of vitamin E on their survivability as the
larvae produced from the broods were maintained under different dietary levels of
vitamin E. Twelve plastic bowls each of l0l capacity were divided into four groups

corresponding to four treatments and each of the bowls was stocked with 80 larvae as a

stocking rate of 8 larvae/I. Continuous water flow of nearly equal rate was maintained in
all the bow. Tubificid worms were used as feed and administered twice a day ad libitum.
At the end of the experiment, the total number of larvae vias counted and the length and

weight were measured by random sampling of l0 fry in each bowl.

Statistical analysis
The specific growth rate, gonado-somatic index, fecunditS ovulation rate,

fertilization rate, hatching success and survival rate of larvae up to eight days from first
feeding were tested using one-way analysis of variance (ANOVA). Duncan's Multiple
Range Test (DMRT) was also applied to identify significant difference (P<0.05) between

means.

l5
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Results

Effects of vitamin E on grcwth and ovariaa development
The growth, i" t".fii of tength and weight gain of the brood fish of H. fossilis fed

with different dietary vitamin E content have been found satisfactory in all the

treatments but the highest growth was observed in T1 whereas the lowest performance

was in T4. Fish in ,."",ri"o, 2 showed better performance than those in T3' The

specific growrh rate (SGR) is presented in Fig. 1 where SGR was highest in T1 followed-

iy TZ,fl ana T4. There *r. ro significani difference (P>0.05) between the SGRs of

nsn irrrt tndT2,and berween T3 and Td respectively. However, SGR of fish in T1 and

T2 were significantly (P<0.05) better than those of T3 and T4'

1.2

Treatnr ents

Fig. 1. Specific growth rate (SGR 7o) of H' pssilis brood

fishunderdifferenttreatments.Barswithdifferentletters
indicate significant difference (P<0'05)'

Gonado-somatic index is very important parameter for understanding gonadal

development. Results of GSI pr.r.rrt"d in Fig. 2 showed that fish in T3 produced

t igt oi GSI followed by T1, T2 and T4. However,'there was no significant difference

(p">o.os) among ttre csI urlrr., in different treatments_. 11 cas.e of fecundity, it was

found that the number of ovum/g body weight of fish was highest in T3 and lowest in T4

(Fig. 2). No significant difierence was observed among the treatments for fecundity' The

water quality of the raceway was in suitable range during the rearing period of broods

(Table 3).

mfrMGSI *Fecundity

TI T2 T3 T4

Treatments

2.GSlandfecundityofH.fossilisbroodfishunderdifferentffeatments'

o

0.8

0.4

z-a
c

^21s
Jzo
Cnc16

Fig.
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Table 3. Physico-chemical parameters of the raceway water where the H. lbssilis brood fish reared

Sampling number Parameters
Temperature

("c)
I)issoived oxygen

(ml/1)
pH

lst
2nd
3rd
4th
5th
6th

28.5
29.0

28.0
30.0
29.5

30.0

6.0
6.3

6.0

7.4

6.5

7.0

7.0
7.2
7.0
7.5
7.5

7.0

Effects of vitamin E on breedingperfomance

Induced breeding
The breeding performance of female brood fish, fed with different levels of vitamin

E, in terms of ovulation percentage, fertilization and hatching rates of eggs are shown in
Fig. 3. Brood fish fed with control feed (no vitamin E) in T1 and fish fed with 50 mg
vitamin E containing feed in T2 demonstrated higher ovulation than that of fish fed

with 100 mg and 200 mg vitamin E containing feed in T3 and T4 respectively. No
significant differences were observed between the ovulation rate of fish of Tl and T2,
and between T3 and T4. However) ovulation rate of broods in T1 and T2 were

significantly better than those in T3 and T4. The fertilization rate of eggs was found
significantly (P<0.05) higher in T4 followed by Tl, T3 and T2 (Fig. 3). Similar results

were obtained in hatching of eggs produced by females in different treatments and T4
showed significantly (P<0.05) higher hatching rate than that of T1, T3 and T2 (Fig. 3).

@Treatment 1 ETreatment 2
ETreatment 3 ETreatment 4

15

i -.
dl

l5

0

Fe(ilization

Fig. 3. Ovulation rate of females, fertilization and hatching rates of eggs of H. fossilis
under different rrearmenrs. Bars with different letters indicates significant differences

(P<0.05) in the respective parameters.
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Larual rearing
Average initial length and weight of one day old H. fossilis larvae of diff'erent

treatments were 4.5 t 0.50 mm and 2.8 t 0.29 mg rglpectively. A1ter seven days of
feeding with Tubificid lvorms: the average increment of length and weight of iarvae rvere

4.7 i 0.46 mm and 2.4 t A35 mg respectiveiy. The larvae of all the treatments sholved
good survivai but T4 had highest survival rate than those of the rest. However, no

significant difference lvas observed between the survival rates of the larvae among

different treatments (Fig. a).

=

100

75

50

25

t)

T2 T3

Treatments

Fig. 4. Survival rateof H. fossilislxvae under different treatments'

Discussion

Breeding performance of fish depends on the quality of brood maintenance and the

gonadal development of fish. The ultimate goal of the present research was to find out if
there was any positive impact of vitamin E on the gonadal development and breeding

performauce of the brood fish of H. fossilis. The results obtained in the experiment

provided a clear indication that there was a positive correlation between dietary vitamin

E level and breeding performance of the fish.
It is generally agreed that for producing quality brood, they should be maintained in

a good environment with proper diet. Here all the experimental brood fishes were

maintained in a raceway where water temperature, dissolved oxygen and pH were found

to be in the desirable range as reported by Boyd (1979) and Rahman et al. (1982).

Therefore, there was no evidence of adverse effect of water quality on the existence and

growth of female broods. However, it was observed that fish in the treatment I which

was provided feed with no vitamin E had best growth rate, whereas fish in T4 fed

highest level of vitamin E had poorest growth performance. This result was coincided

with Dube and Trung (1993) who reported the best growth in terms of lengh and

weight increment of gold fish with a vitamin E content of 50 mg/100 g of diet and the

leasi growth with 200 mg vitarnin/l00g of diet. The somatic and gonadal growths of -A

fossitis were antagonistic in nature, that is, with the increased rate of gonadal

development the rate of somatic growth slows down. Similar phenomena were also

reported in other fish species (Purdm l976,Utter et a|.1983, Malison 1985).
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ir rhe e\:ents of fertilization rate" hatching raie and sur-v-ii abilit!- r:f iar,a'-- of r;'.
-1osi'"ii-r.r, a positive impact of vitamin E was observed and the highest ievel cf viramin II
coiitai;iing leei (T4) yielded best results. Takeuchi et al" (1981) conducted an

exnerimen{ rr.,iih brood fish of &,.ru, P}ecog}assus aitivelis ar,d obsei-ved better
hatchabilitl,' and survivabiiitrv of iarvae with 3.4 mg vitamin Ei i00 g of dier. Sanchar-
Sutiaritvongsanon (1987) reported that a mixture of 3570 of fishmeai, 30% soybean. 200,i

ccrn rneal, 15-q0 rice bran and 10 mg/kg BHT pius i00 mg/kg vitamin E was suitabie ibi'
stirnulating gonad deveiopment anci spawning of gold fish. Although larvae in all rhe
treatments u,ere fed ivith Tubificid worms highest sun,ir.al was found in T4. Ii couid be

resulted from the influence oi vitamin E as tire mother of iaryae fed witi: high-level
viramin F diet and vitamin F- could be incorporated into the eggs during oogenesis.

King (1985) reported rhat the presence of vitamin E in the diet of rainbou, troui had a

signiiicant eflect an the finai leveis of alpha-tocopherol in eggs than lish deprived of
vitarnin E. During egg developmenl, alpha-tocopherol was slowiy', but eftlcientll'
transferred frorn the -volk to the developing embryo. Mortalities during egg deveiopment
r,,,ere inversell'reiated to the alpha-tocopherol content of the eggs.

Stocking densitf is recognized as an important factor which directlv aff'ects tire
grou,rh, sun'ival and production oi fish (Backiel and Le Cren 1978). Generall-v irighest
stocking densitl, results in the reduction of growth and survivai (Sarder et a/. l99l'; and
increase food conversion ratio, together with severe competition of food and space.

During the iar-vae rearing, 8 larvae/l was stocked and good sun'ival was found in all the

treatments. This is an agreement with the work of Mollah (2001) u'here optimum
stocking ciensitl' of H. fossilis larvae was between 10 and 2A perll. Tubifici<i worms were

useci for lan,ae rearing which was recommended by Haque and llarua (i989) as best live
feed for first feeding of I{. fossilis larvae. Tubificid lvorms rvere also reporteci suitable
live feed for nursing the I{. lbssilis 1an,ae (Ghe,r,as 1998) and for other indigenous and

exotic catfish of simiiar nature (Yasmin and il1oliah 1997, I{oilah et al. 1998'1.

In the current research rvork, mainl1' six parameters rvere assigned to studi, the
gonadal development and breeding performance such as gonadosomatic index-,

fecundity, ovuiation percent. fertilization rate, hatching rate and survivabili4, of lar-'rae"

The gonado-somatic index and fecundity were highest in the fish provided with 100 mg

vitamin Elkg feed, whereas for the rest of above mentioned parameters a dose of 208

mg/kc feed proved to be best. Though vitamin E has a positive impact on breeding
performance of H. fossilis and other fish species, the present research is probably the

first ever work of its nature in Bangladesh. Therefore, the preliminary success obtained

through this work can serr,e as an important base for future research on this topic"
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Abstract
Two hormone preparations rr2. Human Chorionic Gonadotropin (HCG) and pituitary

Sland (PG) suspension were compared for their comparative efficacy on the breeding
performance of a air breathing catftsh Clarias batrachus.It was found that HCG induced
Iish gave better ovulation resporse than PG. Both fertilizarion and hatching ofeggs were

significantly (p<0.01) higher in HCG treated fish than PG. On all consideration, HCG

was found more suitable for induced breeding of C. batachus over PG.

Key words: HCG, PG, Clailas batrachus, Breeding

Introduction

Among the indigenous cat fishes Clarias batrachus is an important fish species in
Bangladesh. The fish is highly esteemed for its high market value and delicate taste. The
population of this catfish is currently declining due to various man made and natural
reasons. Availability of fry and fingerlings is the basic requirement of fish culture, but it
is very difficult to collect the fry and fingerlings of this fish from natural sources.

Therefore, artificial breeding with hormone manipulation is the only way to mass

produce the fry ofthis species for culture.
Hormones are widely used for artificial breeding of fish, however, hormones are

scarce in Bangladesh. Therefore, appropriate methods should be developed to make

optimum use of hormones. To control life cycle of fish species some steps have to be

followed, these include maintenance of brood stock for the production of eggs and sperm,

rearing of larvae and raising of fish to marketable size (Richter et al. 1985). However,

brood stock kept in captivity seldom reproduce spontaneously thus artificially induced

breeding with the help of hormones is common practice in aquaculture. Different
hormone preparations are used for this purpose including fish pituitary gland (PG) and

Human Chorionic Gonadotropin (HCG). Ahmed et al. (1981 and i985), Khan et al.

(1975), Rahmatulla et al. (1983), Thakur et al. (1985) provided basic information on

induced breeding of C. batrachus with'a view to mass production of seeds. During the
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past decades, successful breeding of fish had been attained with HCG eithei' aione oi
with PG. The synchronization of egg production b-v brood stock fish can be achieved f..l

hormone manipulation, this greatl,y facilitates planned breeding and culture programme;

in fish farms. In the preseni sturii. two hormone lreparations HCG anri PG rvere

compared for their comparative efficacl' on the breeding pertbrmance of C' hatrachus'

Materiais and methods

The stud.v was carried out in a commerciai fish breeding farm, Madina Fisheries anci

Hatcher,u- Complex located ar l)ohar-, Dhaka, Bangiadesh. Thirty matured female catfish

Clarias batrachus were collected iiom hatchery's cwn brood ponds. Twent;' fisir i'vere

selected for the experiment. The surplus lti frsh was kept as a backup in case of
mortaiities and escapes. Furthermore, 1[i maies u'ere used from the fish farm's own hrood

stock to provide milt for fertilization. A{ler proper acclimatization, the fishes were

divided inro two groups having 10 females in each groups and designated as Ti and T2.

The two hormone preparations were collected from local market. The dr-v PG (pituita$
gland of carp) in vial is avaiiable in market and generall-v used for carp breeding in

Bangiadesh. The HCG was produced br, a commercial pharmaceutical compan]'

(Sumach: Infar, India) and HCG soiution rvas prepared accorCing to the prescriptions of

brochure suppiied bi. the manufacturing compan]' (Table 1). Drv HCG porvder (30

i.u./mg) q'as dissolr,ed in distilied u,ater. After homogenizing, the solution rvas

centrifuged for 5 minutes at :t.000 rpm. The clear upper fluiJ u'as decanteci in a sterile 30

ml flask and useci immediatell'. HCG u'as diiuted in such a \\'at that 1 ml solution

corresponds to 1000 i.u. The PG soiution rvas prepared b.v homogenizing the drl'PG in a

tissue homo genizer and centrifuged in a centrifuge machine at 4,000 rpm' The upper

clear fluid is used for injection purpose. Ten fully matured male brood fish r'vere used for

sperm collection. The fish rvere dissected and the sperm collected from the testes b-v

squeezing out the milt. On micl June 2000, all experimental female fish were arranged

into two groups of l0 females with a mean bocil'rveight of 119 + 5 I and i18 :r 5 g,

respectively. Each experimental femaie rvas injected ri'ith one of the two hormone

preparations. The suspension rvas injected into dorsal musculature iust belorv the dorsal

fin. One group (T1) $,as iniected with .100 i.u. HCG,/I00 g bodl' rveight and the other

group (T2) rvas iniected with 15 mg PGI 100 g bodl'rveight.

Table I. source and method of hormone (HCG and PG) administration

Name of hormone HCG PG

Producer
Dosages

No. of in;ection

Infar Pharmaceutical Compan-u- Ltd.
4U{ ..r,. lU0 g bodv wcight.

Two

Anonl'mous
15 mg /100 g body weight

Two

Interval between iniections
Route of administration

6 hour aller 1st injection
Intramuscula

6 hour after 1st injection
Intramuscula
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In each case total dose of hormone was divided into two injections and given at 6
hour interval. After injection, the females were individually housed in 200-l trays. A
latency period of approximately 18 hours (Table 1) was allowed after which the fish were
stripped for egg. The eggs from each individual female was collected in plastic bowl and
fertilized with milt. Approximately 100 eggs from each female was incubated in 20-l
plastic bowl fitted with inlet and outlet for constant water supply. In all 20 plastic bowls
was used for egg incubation. !7ater temperature was maintained at 27-+10C. After about
26 hours of incubation all egg samples were thoroughly checked, dead eggs were counted
per plastic bowl and removed, leaving the hatched larvae behind. The percent ovulation
was calculated by the formula: Percent ovulation : No. of fish ovulated x 100 / Total no.

of fish injected. The fertilization rate was calculated by following formula: Percent
fertilization: No. of fertilized eggs x 100/Total no. of eggs (fertilized + unfertilized).
The hatching percentage wds calculated after hatching. The hatching percentage was

calculated as [(Number's of eggs in sample - Dead eggs) / Number of eggs in sample x
100. Data were analyzed by using the computer based SPSS program.

Results and discussion

The result presented in Table 2 shows that both experimental groups of fish did not
differ significantly in body weight at the start of the experiment, thus it was possible to
compare the groups without restrictions. The ovularion response showed (Fig. 1) a

significant difference between the PG and HCG treated groups. A higher percentage of
fish (100%) was induced by HCG in comparison to PG (80%). The eggs of the HCG
treated group were brownish in color and the PG treated groups were yellowish brown in
color and contained some white dead eggs. The fertilization rate of HCG treated group

was 80.07-12.58% and that of PG treated group was 70.01-1143% (Table 2). In respect of
hatching rate, HCG treated group resulted in 70.45 '13.60 % hatching, while it was only
60.10 r- 3.21% in PG treated group. It appears from the result that HCG worked better in
all respect than PG for artificial breeding ofcat fish.

Table 2. Comparison of two groups of Clarias ba.rnchus iniected with two hormone preparation

Treat-
ments

Repiications Fish wt. (g) Doses Ovulation Fertilization Hatching
responses (%) rate (%) rate (%)

Tr Rr

R2

Rl
D

R.

&
R-
R8

&
R,u

Mean

HCG 400 +
i.u/100g +

120

115

tz5
t22
115

110

125

114

1).2

123

1 1 8.10

+
100

7 6.25

80.07

+ 76.25

+ 82.12

+ 80.10
+ 79.50
+ 82.50
+ 84.15

+ 80.15

78.50
8 1.25

7t.44
69.22

63.25

74.26
7r.26
75.23
67.t2
68.23

71.25

73.26
70.45400

1.7
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Treat-
ments

Rcpiications Fish rvt. 19) Doses Ovuiation Fertilization Hatching
responses (9./n) rate (96) rate (%)

R,

Rr
Rr
Rr
R5
p

Ri
Rs

&
p
^\t0

11 I r(l
t25
114

r20
112

t23
120

120

125

r25
119..1

PG 15

mg/100g

70"50

69.25

7 r.30
68.35

69.55

68.80
72.35

70.70

70.01

A1 
't

60.1 5

54.26

59.2t

6t.21
64.21

57.29

61.23

60.10

+
+
+
+

+
-1-

+
+

80Mean

EOvulalion

G Hatching

:;
obU
c

B40
d)d

20

Treatment

Fig. l. comparative performance of HCG and PG on ovulation response,

fertilization and hatching ofeggs of Clarias batrachus'

T1(HCG) 12(PG)

Table 3. r-resr for fertilization and hatching ofeggs of clarias batachus

Statistical analysis showed a significant difference in respect of fertilization betwe-en

HCG and PG treated group (t = 9.85, df : 16; p< 0.01) (Table 3). t test performed for

hatching shows a significant difference (t = 6.34, df = 16; p< 0.01) between HCG and

pG treald group. Thus in respect of ovulation, fertilization and hatching, the lesponse

of HCG treated fish is much higher than PG treated fish'

df PerformancesParameters
Significant
isnificant

Ahmed et at. (1985) worked with HCG and PG on reproductive perf-ormance of

walking catfish opined that HCG is appropriate hormone for breeding of C' batrachus'
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The present observation is in good agreement with the results of that study. Mustafa e;
a!. (1986) studied on the efficacy of HCG and PG, and found HCG more effective with
higher llercentages of ovulation, fertilization and hatching than PG. This particui::
frnding also closely agrees with the findings ol- the present sturiy. Richter er al I 1985,
iorrnd simiiar response in induced breeding o{ C. garieprras. Devrai et ai. (1972)

oescribecl induced spawning using pituitarl' glands of marine catfish. Thev aiiorved rhc'

rishes to sDawn naturaiiy but observed that oniy few fishes spawned successfuli-;," Moliair
and Tan (i983) found HCG as effective agent in'oreeding C. macrocephalus. Khan anci

,ruiukhopadhvay'(1975) observed successfui spawning using carp pituitarv extracr in gias:,

arr.uaria., irut thel' observed poor rate of hatching. Ahmed et ai. (.198j.'t studied ri:t,
spawning oi C. batracltus in aquarium conditions and thev obsen,ed repeated matinEi Ei

small inten,ais with a few eggs reieased at each matings. Thev also noted that control
fisires, which receive<l no injection did not respond to sparvning.

Thr present experiment clearil.showed that under the given conditions the mode cl
a.iion of inducing hormone to stimulate reproductive response o{ C" batrachus is irr
iavour of F{CG. Therefore, from the resuits of the experiment, it mal' be concluded thai
r-iniier rhe given condition HCG has ciear advantage over PG for induced breeding of {.i
itat:achus. The resuits showed that the use of HCG in induced breeding a{ C. ltatracius
could give better -vield if proper incluced breeding technologv in the farmei ler-ei can be

disseminated.
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Abstract
A three months experiment was conducted to study the species interactions of two carp
species in polyculture system under supplemental feeding. Four species offishes such as

silver carp (Hypophthalmichthys molitrix), mtigal (Cirrhina cirhosus), catla (Catla
catla) and, common carp (Cyprinus carpio) were cultured in four different combinations
each containing two species. The combination of silver carp and mrigal in reatment l,
and silver carp and common carp in treatment 2 resulted better growth and production
than other two treatments of different combinations of catla and common carp, and catla
and.mrigal

Key words: Polyculture, Carp, Species interaction

Introduction

Inland water resources of Bangladesh is considered to be one of the richest in the
world both in area and potential for fisheries development (Rahman 1989), S7e are
fortunate to have a vast area ofinland water resoUrces such as rivers, beels, canals, ponds
and estuaries, from where we get over 72o/o of total fish production. But the fish
production in inland waters decreasing rapidly due to over exploitation offish resources,
adverse effect of flood control structures on the fish habitat, filling of rivers bottom by
silt, indiscriminate fishing, and use of over dosage of fertilizers, chemicals and
insecticides in agricultural lands, and discharge of industrial pollutant in waterways etc.

In many areas of the country, between seven and nine species of carps of both exotic
and native origin are being stocked in the hope of enhancing pond production. Fish
farmers are often disappointed at the harvesting time when they find that their most
valuable fish like catla (Catla catla), rohlu (Labeo rohita) and mrigal (Cirrhina cirrhosus),
have not grown well and sometimes do not even attain marketable size. Chinese carps
like silver carp grows fast, but often face a significantly lower market price than either
catla or rohu. In recent studies, Dewan et aI. (1991), \7ahab et al. (1991) and Wahab and
Ahmed (1992) have clearly indicated that dietary overlap between silver carp and native
species, catla and rohu was very high, and the growth and production of the later ones
are significantly reduced in polyculture. So an evaluation ofother exotic fish with native
species based polyculture should be made to understand their effects on the pond
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ecology and growth of fish in polyculture. In Israei, Hepher et al. (1989) observed fish-

fish anci fish-environment relationships b-v stocking common carp and siiver carp

rr:,gerher in polvculture. Such studies with common carp and nalive carp for the

.leveiopment of a sustainable poi-Vculture in Bangladesh are long overdue^
,;eeping the above lacts in mind, the present experiment was undertaken to stucl.v

lire inteiaction and growth perlbrmances of Indian major carps viz' catla i'Catia catla)

;nci rnrigal r,Cirrhna cirthoiui) Ivith exotic carps viz. siiver carps lHWophrhaimichth,vs
nrsii*in and common catp l.C:'/prinus carpio).

lvlateriais anci methods

S'tudy area
The experiment

rorrilern sicie of the
M,r,mensingh.

was carried out in eight experimental ponds, situateti at ihe

Facuity of Fisheries, Bangladesh Agricuiturai Universiil, IBAU),

Preparution ofponds
Embankment of ponds were first.repaired and all the aquatic weeds were eradicated

manually and mechanically. Then rotenone (20 gl40m2) was applied to kill all the tlpes

of unwanted aquatic organisms including insects and predators. The ponds were sun

dried for 10 days, and then limed at the rate of 1'0 kg/40m2' Cowdung was also used at

the rate of 8.0 kg/40m2. The lime and cowdung were mixed thoroughly with pond

botto* soil. The p-onas were serially numbered froin 1 to 8 for convenience of study'

Pond facilities
The size of the ponds used in this experiment was not equal (Table 1)' It varied from

56 to 116 m2. The water depth was maintained to a maximum of 1.50 m using PVC and

overflow pipes on the bank fixed at 1.50 m above the pond bottom, so that excess water

could be drained out.

Table 1. Treatments, area of ponds and number of different fishes released

116

101

98

56

103

tt2
103

56

I
2

3

4

5

6

7

8

T2

T3

T,

Silver carp - 75, Common c:,rp -75
Silver carp - 42, Common c:lP - 42

Catla - 77,Common crlP - 77

Catla - 84, Common carP - 84

Silver carp - 77, Common carP - 77

Silver carp - 87, Mrigal - 87

Silver carp - 76, Mrigtl'76

- 42, Common carP - 42
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Collection and preparation offeed
Good quality rice bran, wheat bran and soybean oil were used as feed ingredients in

this experiment, which were collected from the local market of Mymensingh town. The
ingredients were ground into fine particles and then sieved through a sieve of 0.1 mm
mesh. All the ingredients were analyzed for their proximate composition and the results
are shown in Table 2. The required amount of wheat bran and rice bran were mixed
thoroughly with soybean oil at the ratio of 4:4:1. Then the dough were prepared adding
certain amount of water. From these dough, several small balls were made before
throwing into the pond to feed the fish. The proximate composition of the experimental
diet is shown in Table 3.

Table 2. Proximate composition offeed ingrediens used in the experiment (% dry maner basis)

Ingredients Dr-v matter Crude Crucie lipid Ash
protein

Crude fibre NFEI

Rice bran 90.1,1

Wheat bran ao I /

1,2.10 8.82 i 0.48 16.34

5.60 6.24 15.26t4.21

(i oK

58.66
iNFE calculated as %NFE= 100 - % (moisture * crude protein -f crude lipid + ash + crude fibre)

Table 3. Proximate composition and cost of enperimental diet used in different reaunents

Components Diet (%)

Dry matter
Moisture
Protein
Lipid
Ash
NFE'
Cost (Tk/kg)

90.10
9.90
13.80
9.08
9.15

57.25
5.00

Experimental Design aad Procedure
Different species of fish of different feeding habits were stocked to record their

interactions, which ultimately focused in respect to feed utilization and their growth.
Four species of carps viz. catla (C. catla), mrigal (C. cirrhosus), silver carp (H. molitrix)
and common carp (C. caryio) were used as experimental species in the polyculture
system. Ponds were divided into four treatments viz.T,Tr,T, and T" each having two
replicates. Each treatment was provided with fishes of two species. Complete layout of
the experimental system is shown in Table l. The mean initial weight of catla, mrigal,
silver carp and common carp were 1.90, 5.80, 2.20 and 5.819, respectively. In all the
treatments two species were released at the ratio of 1:1. In treatment 1, silver carp and
mrigal in ponds 1 and 2, in treatment 2, silver carp and common carp in ponds 3 and 4'
in treatment 3, catla and common carp in ponds 5 and 6, and in treatment d silver carp
and common carp in ponds 7 and,8 were released at the rate of 15,000 frylha.
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The supplemental feed weighing 5o/o of total fish body weight was provided two
times a day, at 9.00 am and 5.00 pm in all the treatments. For every day feeding, the total
amount of feed was divided into two equal volume and each half was applied to the pond
as small dough in three places.

Sampling
Fortnight sampling was done randomly using a seine net to observe the fish growth,

health condition and also to adjust the feeding rate. Growth of fish in each sampling was

measured by weighing the fish using top pan balance. At the end of the experiment,
fishes were harvested by seine net followed by draining out of pond water.

Va ter q uali ty parane ters
Some selected important parameters such as temperature, dissolved oxygen and pH

of water in the ponds were recorded between 9.00 - 10.00 am in the morning during the
study. The temperature and dissolved oxygen of the pond water were determined by DO
meter (YSI 58) and pH was recorded by pH meter (Jenway 3020).

Results and discussion

The supplemental feed provides around 20%o protein (Table 2) and rest of the
protein requirement of fish is supplemented by the live food grown during culture.
Fishes of two different species were released in this polyculture system assuming

efficient utilization of pond resources, distribution of grazing pressure among feeding
niches and levels, and feed wastes from one species can be fed by another (Milstein 1990,

Islam ei at. L993).

Vater quality recorded just before stocking fish and during experiment were within
the acceptable ranges for fish culture that agrees with the findings oflslam et aI. (1993).
\iflater temperature was favourable for the culture system during the experiment. lfater
transparency was decreased after release of fish fry in the ponds, which might be due to
growrh of phytoplankton, and little turbidity due to {ish movement. Dissolved oxygen

and pH were decreased due to decomposition of organic matter after use of feed and

other organic matter in the ponds and respiration of fish (\trflahab et al.1995).
The results of the present study in the cases of treatments I and 2 showed that the

growth performance of silver carp was better when cultured with mrigal than cultured
with common carp (Table 4). Though both mrigal and common ca{p are occupants of
benthic niche of the ponds, but their growth varied which might be due to species

variation, availability of food according to choice and feeding frequency. Similar results

observed in the cases of treatments 3 and 4 (Table 5). But the growth of catla in
treatment 3 was slightly higher than the same in treatment 4. However, the variations of
fish growth were due to the interactions among species (Hepher et al. 1989'Dewan et al.

1991). In addition, it may be explained that the bottom feeders of benthic niches might
have eaten away excess detritus from the pond as food which ultimately improved the

environment for herbivorous fishes like catla and silver carp (Islam et aI. 1993). Again,
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mrigal and common ca{p stirred up the mud which helped recirculation of nutrients
from bottom into the water column and enhanced the development of phytoplankton
and increased algal production - the major food for catla and silver carp (Milstein 1995a

and b, Islam et al. 1993). In treatments 3 and 4, total biomass of fishes were not increased

satisfactorily. The combination of catla and common carp, and catla and mrigal gave

almost similar results. It might be due to scarcity of enough food and algae, which agrees

with the findings of Dewan et al. (1991).

Table 4. Ifeight.of differentfishspeciesinTreatments land2invarioussamplingdates

Treatment I Treatment 2

Pond Pond I Pond 2 Pond 3 Pond 4

Fish species

Initial Wt.

Sampling date
i 5 days

30 days

45 days

60 days

75 days

90 days

H.M. C.M.
2.?.0 5.80
*0.2 +0.40

13.64 13.60
+0.84 +1.52

40.47 19.79
+ 5.16 *2.97
61.80 27 .01
+2.31 :t 3.00

75.37 39.35
+6.65 * 1.95

160.00 $.24
+9.63 +6.95

165.51 68.15
+ 10.57 +5.86

H.,\1. C.M H.M. C.Cl
5.80 1.90 5.80))n

H.M.
1.90

+0.25

9,51
+1.32
17.T2
+3.73

5 1.56
+2.69

8 3.00
+ 3.82

125. I 6

!: l:.1

-.it:
+ l, !':

L.UI
5.80

+0.40

15. i4
+ 1.59

34.74
+2.65

t7.09
+1.92

39.00
+3.17

49.80
;-) )P

t25.1 1

+,1 i 4i

+0.20 +0.40 *A.25 +0.40

t4.41 13.50 27.30 16.03
*2.56 +1.14 +2.68 +1.35

44.05 16.03 70.13 36.55
+4.13 +1.85 +1.07 +3.80

7t.37 24.5i 80.62 60.61
+6.01 :!3.90 +5.83 +5.62

97.2A 11.80 122.20 59.2i
+5.67 +3.93 n7.5 *3.5t
153.57 40.00 152.0C 92.80
+7 lR +54- *7.: t4.O'
183.18 62.9-1 154.6? si: i:.
+11.5 +8.71 =7.9 :r't .:.

LI,.NL.= Illpophthatmichrhys molitrix,C.M.= Cirrhina cirrhosus,C.C\: Cwrinus carr

Table 5.Weightoldifferenrfishspeciesoftreatments3and,linvarioussampirngdale:,

Treatment 3 Treatment.i

Pond Pond 5 Pond 6 Pond 7 Pond 8

Fish species

Initial Vrt.

Sampling date
15 days

30 days

45 dai,s

60 days

75 days

90 da-vs

C.C. C.Cl.
1.90 8.50

* 0.25 + 0.40

13.92 i9.64
+ 1.8i + 1.33

35.11 17.41
+ 3.80 +0.62

43.87 26.72
+ 6.56 +3.23

63.50 37.60
+ 4.57 +4.52

78.2A 37.00
+5.69 +4.09

81.38 52.27
+6.77 +10.11

C.C1 C.C.C.C.

1.90

C.M
5.80

C.C,

1.90

C,M,
5.808.50 1.90

+0.40 +0.40 +A.25

13.93 18.78 12.96
+0.71 *1.47 +4.33

25.42 18.92 23.2t
+ 3.02 - 2.05 * 3.05

17.71 31.37 38.60
+3.66 +3.17 +4.02

51..4A 49.33 42.04
+ 2.19 * 5.26 - 6.05

71.00 53.33 76.00
+3.46 +5.66 +2.00

67.75 61.J9 79.64
+0.72 +5.33 !3.91

+0.40 *0.25 +0.40

t2.09 6. l8 7 .59
+L.78 +1.14 +2.1i
30.05 16.47 14.21
+2.01 + i.78 *5.12

30.82 24.39 35.46
+2.84 +5.01 +4.83

12.77 47.0(1 38.75
+4.20 +5.35 +4.50

70.83 60.88 62.04
+3.18 +A.43 +2.46

84.40 80.57 93.14
+6.77 + 1.51 +7 .63

@ o I i tri x, C.M. = Ci rrh i n a ci rrh o su s, C.C. = Ca tl a ca tl a, C.Cl = Cypri n u s carpi o
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From the results, it is concluded that the combination of silver carp and mrigai, and

the combination of silver carp and common carp gave better growth and prociuction than

other two combinations.

References

Dewan, s., M.A. Wahab, M.c,M. Beveridge, M.H. Rahman and B.K. Sarkel, 1991. Food seiectiori,

electivit,v and dietary overlap among planktivorous Chinese and Indian maior carp fr1' an{

fingerlings g.o*n in extensivel-v managed, rain-fed ponds in Banladesh. Aquacult Fish'

.4 I an ag.. 22 : 2,: 1 --'9 ;
Hepher, n, a. mitsteln, H. Ler,enter and B. Teltsch, 1989. The eflect oi iish densiil: and species

combination on growth and utilization of natural food in ponds.,4quaculr' tsish' Managt',2C:

59-71 .

lslam, M.M., M. Das and S. Dervan, i993. Effects of supplementar-v feed on the grass caIF

(Crenopharyngodon idelldt. Bangiadesh J. Agric' Sci',ZAQ): 323-329 '

Horwirz, !{. (eci.), 1984. Ofilciai tr{ethoris of Anaivsis of the Association of Cfficiai Anai--vtrcai

Chemists (trii" e0.,.). Association of Official Analvticai Chemists, \W'ashington D C, USA.

1018 pp.

Miistein, A., 1990. Fish species interactions. EIFAC/FAO s)'mposium on Prociuctior;

enhancement in still water pond culture. 15-18 I'lav 1990. Pragrre, C:zechosioYakia'

Milstein, A., B. Hepher and B. Teltsch, 1995a. Principal coml'nnsnt analysis oi interactionr

between fish species and ecological conditlons in flsh potrns: I Phvtoplanktor' ^lquacul;'

Fish. Manag., 20: 59-7 i.
Milstein, A', B- Hepher and B' Teitsch" 199'<b' Prin:ilral Joinlonen'L anair-si: oi rnteracrions

between 1rsh species anci ecologicai con,litions in lLsh ponds: il Zrroplankton. -lquacu)t Ftslt'

Manag., i6: 319-330.

Rahman, a.k.a., 1989. The Freshu,ater Fishes of Bangiadesh, Zoo1. Soc. Bangladesir, Dhaka 3-'il

pp.
tripattri, s.D., D.N. Mishra, 1986. Synergistic approach in carp po1-Vculture with grass cefp as a

major compon ent. Aquaculture,54(l-2): 157- 160'
'wahab, M.A., M. Begum anc, z.F. Ahmed, 1991. The effects of siiYer carp introdr'rctior I the

polyculture of major Indian carps' Proc' BA{'r Res' Prog,' 5: 179-4}i "

WatraU, lt.a. and Z.F. Ahmed, 1992. 'Ihe effects of planktivororis carps species combination on

food organisms and electiYitt,indices in theilsh ponds. -B'{t''Res. f)t'ag.,6. 127-137

wahab, r,t.a., z.r'. Ahmed,.Nl.A. Is1am, I1.S. Huq, S.,\1. Ralrnlatullah, S.J' de-Groot anL'l Ri'
Roberrs, 1995. Effects of inrrotluction of common carp, cyprinus carpio (L) on the pond

ecology and growth of fish in polvculture. Aqulll:u}tilre Res', 26(9). 619-628.

(Manuscript received 9 March 2003)

51-



I

I
I

I

:

Bengladesh J..Ijiii. Res- 7(1j, 2003: 3-q-42
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Abstract
'Ihree different t)'pes of culture media: (i) 100% brine (8100), (ii) 75%o brine and 25%

crude salt (875CS25), and 50% brine and 50% crude salt (BrrCSro) were tested to evaluate
the possible use of brackishwater reconstituted from the crude salt for the production of
M. rosenbergii post-larvae. The production rate of 25.26!0.20 P1// with a corresponding
survival rate of 84.20t0.66% was significantly higher (P<0.05) for the larvae reared on

B,n,, rhan that of 22.10t0.57 Pl/l with a corresponding survival rate of 73.68+1.89% ot
BsoCS50. Larvae cultured on B^CS- did not show any significant difference (P<0.05) in
production as well as in survival of post-larvae than that on B,ou. The result shows that,
for rearing of prawn larvae, use of brine can be replaced up to 25% without any undue
reduction in production of post-lan'ae. Horvever, the production as well as survival rate

of post-larvae rvith 509i, replacement (B.0CS50) is also appreciable. It is assumed that the

mineral constituents of natural seawater might have some triggering effects on prawn
larvae in closing their larval cycle.

Key words: M. rosenbergii, Larvae, Crude salt

Introduction

The life cycle of giant freshwater prawn) Macrobracium rosenbergii is being
completed both in freph- and brackish-water. The prawn larvae require l2-L4 ppt
brackishwater for the development of different larval stages to post-larvae. Larvae

developed in brackishwater areas migrate to freshwater, shortly after metamorphosis to
the post-larval stage, where they grow and get mafllred.

Since the breakthrough in closing tV. rosenbergii larval cycle in captivity this is
being practiced with the conventional techniques (Ling 1969), where brackishwater of
about 12 ppt is prepared diluting the seawater. The requirement of seawater for
production of Macrobrachium larvae restricts the establishment of prawn hatcheries

along with rhe seashore and/or coastal belt, limiting sufficient and easy supply of post-

larvae for stocking upper inland freshwater ponds. Though establishing prawn
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hatcheries in inland areas may solve such problem, there is difficulty and added cost in
trucking seawater from its source to the inland hatcheries.

Now a day, instead of seawater, trucking of concentrated brine solution from the

coastal salt beds and its use in rearing of. M. rosenbergiilaruae either in large or in small

backyard hatcheries have been found economical and effective (Yambot and Vera Cruz

1986, Pramanik and Halderl996). However, collection as well as transportation of brine

solution from the salt pens to inland regions far away from of coastal areas is again a

problem. This bottleneck may be minimized if the M. rosenbergii larval rearing medium

can be instantly prepared using salt. Though Yambot and Vera Cruz (1986) made

conjectures about the use of brackishwater reconstituted from sea salt in production of
M. rosenbergii larvae, there has been no any thorough investigation on it so far. The
purpose of the present experiment was to find out the effects of brackishwater

reconsrituted from crude salt and its different combinations with diluted brine solution
in rearing of M. rosenbergiilawae in captive conditions.

Materials and methods

Three treatments having different compositions of brine and crude salt water (Table

1) were tested in rearing of M. rosenbergiilaruae. Each treatment had three replications

and assigned into a completely randomized design.

Table l. Compositions of brine and crude salt solution used in rearing of .&1. tosenbergiilawae

Treatments Notations % composition

Brine solution Crude salt soiution

I
II

B, ou

B,5CS,,

100

75 25

III BsoCSs,, 50 50

concentrated brine (=100 ppt) u-as collected from a sait pan of cox's Bazar. the

south-eastern coastal districr of Bangladesh. rvhiie crude salt were collected tbrm a sali

refinery factory located in Naral'angonj districi and transported to the prawn hatcherl' at

Freshwater Station (FS) of Bangladesh Fisheries Research Institute iBFRIi'
Mi,mensingh. The crude salt was diluted ri'ith underground fieshwater and left for

overnight to settle" The diluted clear supernatant crude salt solution w.'as pumped into a

fiberglass tank. The brine and crude salt waier !!as then diluted separatell' to bring the

salinity level at i2 ppt and kept under vigorous aeraiion a period of 24-h' Prior to
subsequent use of prepared brackishwater media, the aeration rvas stopped anC allolved

the suipended materials to be settied dolvn. The supernatant brine and crucie salt r'vater

was then pumped into nine rectangular fiberglass ranks (I00 cm x 75 cm x 65 cm) at the

required volume {br the preparation oi 300, lan'iculture medium of diflerent test

compositions (Table 1). The ian ai rearing tanks rvere placed under seini-transparent

roofing and prcviri,,,i-,r'ith constant aeratioc. The salinity'of lan'iculture lvater was

1+
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maintained at 12 ppt throughout the experimental period. A fresh stock of both brine
and crude salt-water medium of 12 ppt salinity was maintained for exchange of
larviculture water during the course of experiment.

Female prawn bearing gray coloured egg were collected from brood ponds of FS

pond complex and kept in the fiberglass tank containing brackishwater of 6 ppt salinity.
To obtain a larval batch with synchronized development, larvae from a single overnight

spawning were srocked randomly into each larviculture tank at the density of 30lawaell,
of culture medium.

Larvae in all the treatments were fed, up to the 4'h day of rearing, with newly

hatched Artemia, maintaining an approximate constant concentration of 3 nauplii per

ml of culture medium. Afterwards larvae were fed with egg custard four times a day at

08.30, 11.30, 14.30 and 17.00 h followed by Artemia naupli at 18.00 h. Prior to every

Artemia feeding, aeration was stopped and uneaten food particles were siphoned out.

Egg custard was prepaled according to the method given by Ang and Cheah (1986).

Approximately 10 g powdered milk, 5 ml water and a whole chicken egg were blended'

Ten drops of red food colouring (Bush Boaken Allen London E17 5 QP) were mixed and

steamed for about 10-15 minutes. The prepared egg custard was stored in a refrigerator

for not more than three days. Prior to daily feeding the egg custard was passed through

sieves (0.225- 0.600 pr.m Endecotts BS410) to obtain an appropriate particle size for the

growing larvae. The particle size ofegg custard used for feeding larvae at different stages

is given in Table 2.

Table 2. Particle size of egg custard for feeding M. tosenbergiilawae

rr - 1y 0.23

V. VIII 0.43

About 25-50% of the total warer volume of each larval rearing tank was siphoned out

once in every 72 hrs and gradually replaced with fresh medium to maintain the volume

of300/. Any fluctuation in salinity level and temperature ofboth fresh and larval rearing

media was minimized at the time of each exchange. Ammonia-nitrogen (NH,-N), pH,

temperature and salinity of larviculture water were monitored periodically using

LaMotte Ammonia Test Kit, pocket pH Meter (pH Scan l"), maximum-minimum

centigrade thermometer and ATAGO S/Mill Refractometer (8810), respectively.

The effectiveness of different test larviculture media was assessed on the basis of
progressive development in larval stages and production of post-larvae at the

t"rmirrutiot of the experiment. Ten larvae from each tank were randomly sampled daily

for the first week, at every alternate day for the second week and every third day for the

rest of the experimental period. The larval stages were identified under a binocular

microscope following the descriptions given by Uno and Kwon (1969). Progressive
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development of larvae was determined by, calculating the mean larval stage (MLS) at

each sampling day using the following formula given by Lovett and Felder (1988):

MLS =X (Sxpr)
where, S is the larval stage number, and

P, is the proportion oflarvae at stage S.'The 
experiment was terminated when more than 95o/o of the larvae in all tanks

metamorphosed to post-larvae. At the termination, total number of post-larvae was

counted directly to determine the production rate. Post-larvae (n = 25) were randomly

taken,from each replicate rank to measure individual total length (from the tip of the

rostrum to the end of the telson) and wet body weight.
Dara were aralyzed by one-way ANOVA using SAS linear model procedures (SAS,

1985). Differerces among means were analyzed for significance using Duncan's Multiple
Range Test (DMRT) at the 5% probability level. Percentage data were normalized by

arcsine transformations (Zar 1984) nfor to statistical analysis.

Results

Production of tll rosenbergii post-larvae (Pl) under various brine replacement

treatments is presented in Table 3. The production rate of 25.26!0.20 Plll' with a

corresponding survival of.84.20!0.66% obtained for larvae cultured on the 100% brine

solution (B,*) was the highest, but not signi{icantly different (P<0.05) to that of

24.49-rO.TlPUl.witha corresponding survival rate of 81.68r-2.360/ofot larvae cultured on

75o/obiteplus 25% crude salt solution (B7sCS25). In contrast, the treatment 50% brine

plus 50% crude salt solution (B50CS'0) resulted in significantly lower (P<0'05)

production of 22.10X0.57 Plll.. The results indicate that 25% of brine water could be

replaced with crude salt solution without any undue reduction than in production rate of
post-larvae with brine alone.

Table 3. Production of tV. rosenbergiipost-larvae reared on different combinations

ofbrine and crude salt solution for a period of33 days

IjI VdE JfULALU

-ar,t
25.26!o.2o,84.20t0.66,9.39+0,52^8.8410.49"

srrLs_ 9000 30 7351+212.78' 24.49+0.71^ 8t.68t2.36' 9.32+0.42^ 8.4010.39"

Production of
Treat_ _:---=------

l -aruae stocReo T"t"l ," Yo Growth of Post-larvae

9000 30 6630+170.23b 22.10!0.57b 73.6!1!!21-- 8.84t0.4r-- 8.2010.43',

F:26.19 26.16 F:0.25 F=7.29

b1".. ,"r,t *t"g *-"r"" s"pe.s..ipt letter are significantly different (P<0.05).

The development of the larvae, expressed as the mean larval stage (MLS) is
presented in Table 4. The MLSs were similar (P<0.05) with B,oo, B75CS25, BrocSro up to

iU" ary 6 of the rearing period, showing mean larval stages of 3.37-r0.03, 3.23-r0.15 and
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3.30-f0.17, respectively. From the day 7 to day 19, the MLS values were significantly
lower with rhe treatmenr BsoCS5,, but afterwards those were similar (P<0.05) ranging

from 10.17 to 11.77,10.07 to ll.7\'9.93 to 11.63 for the treatments 8,66, BrrCS2r, and

B'0CS50, respectively. The overall MLS data indicate that the development of larvae

reared in 100% of brine (B,oo) and in 75% of brine and 25o/o of crude salt (BrrCSrr) was

apparently faster throughout the experimental period than that oflarvae reared in 50:50

pans of brine and crude salt (BroCSro). On the 7'h day of hatching, the treatment B50CS5,

resulted in the highest of60% larvae ofstage III and the lowest of5% ofstage V (Fig. 1).

Similarly, on the 16'h day, the treatment B50CS'0 also resulted in the highest percent

composition of larvae at stages VI and VII, but the lowest of that at stage VIII. However,

on tlat 25,h day of hatching, thepercent composition of stages in larvae reared in 50:50

brine and crude salt solution was quite comparable with that of larvae reared in other

two test media (Fig. 1).

DAY 7 DAY 16 DAY 25

III v '' I'",,,J'L,J: 
x xr xrl

Fig. l. l'ercent composition of -l't. rorrrO",giilarval stages on day 7, 16 and 25

post-hatch under difl'erent combinations of brine and salt solutions.

Discussion

A preliminary experiment was conducted to evaluate the possibilities of using (i)

100% ciude salt (CS,u,,), (rr)75% crude salt and'25% brine (CS^B,,), and (iii) 50% crude

salt and 50% brine (CS50B'0) in rearing of lI. rosenbergii laruaq The larval rearing

technique was simiiar, ,i foito*.{ in the present experiment' The percentage survival

.r,., of lu.r,ue to post-laruae under different treatments used in the preliminary stud-v are

giyen in Table 5. No larvae in 100% crude salt metamorphosed to post-larvae' Thel'

,ta.ted to die from the day 5, the mortality rate increased gradually and all rvere died at
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day 12. The larvae were found to stop taking food, become whitish, and to aggregate ar
the bottom ofthe tank from the early days ofrearing period. \7ith the culture medium of
75o/o crude salt and 250/obrine, only 7.05% of stocked larvae metamorphosed to post-
larvae. However, 50% crude salt and 50% brine resulted in a quite significant rate of
survival (57.85o/o) of larvae to post-larvae. The result of'the preliminary study indicated
that neither the 100% crude salt water nor its 25o/o of replacer 1nt with brine could be
used in hatchery production of tW. rosenbergii post-larvae. A similar opinion was made
by Yambot and Vera Cruz (1986), though they reported the survival rate of M.
rosenbergii post-larvae ranging from2.88% to 11.48% with an average of 6.71%, while
they used a combination of sea salt, deionized freshwater and Chlorella culture
(greenwater). Probably this percentage of survival rate was obtained due to an

advantageous use of greenwater in larviculture (Cheah and Ang 1979). Based on the
results of the preliminary study, the present experiment was designed, keeping in mind
that 50% of brine could be replaced with crude salt solution in tV. rosenberyii hatchery
operation.

Table 5. Percentage survival ol tll. rosenbergii from larvae to post-larvae in
the preliminarl: triai under different combir.rations of crude salt and brine solution

Treatments Survival (96)

Repiication- 1 Replication-2
ll'reatment mean

Replication-3 fl;'l
t,J111r

cS..B:.
cs.,,8,,,

+.J,

43.58

10.65

7 t.t3
o.tq
5E.83

7 ":05

5V.85

-fhe temperature) pH and NH,-N varied fram26 to 33'C,7.8 to 8.6 and 0.06 to 0.i2
mgl I , respectivel-v and were similar in all larval rearing tank throughour the
experimental period. V'ater quality parameter levels s,ere rvithin the optimum range for
rearing of ,1{. rosenbergiilar,ae in captivin'(New and Singholka 1985, ^\ng and Cheah

1986). The production data of ,lL rosenbergii lar-vae obtained unCer differen',
combinations of brine and crude salt (Table 3) rer,eal that 259i of brine soiution couid be

replaced rrith cmcie salt solurion rvithout an1' undue reduction in per unit .vieid of l{.
rosenbergii post-ian'ae. Though the average production of 22.i0*0.57 tr'l/r with 509,,

replacement of brine (T-IIi) rvas significantllr |6*.., but higher than that of 11.9i Plii
(Islam and Khan 1990't,10.22 Pl/l (Adisukresno er al.1982).9.5 - i8.9 p!1r (Lee. 19E2r,

7.56PLl t (Yambot and Vera Cruz 1986), rvhile the authors used searvater either in static

or in cioseC recircuiatorl,s)'stem. Pramanik and Halder (1996), rvho used i00?i, of brine
solution in a ciosed recirculatorl, back-1,716 hatcher,v system] reported a production rate

af 25 P\t { al a srocking densitl,ol 40 ian'aeli. This production rate is comparabie ri'ith

22.10*0.57 * 25.264-A.20 Pli r obtained in the prL'sent experiment u'ith either 1000,0 brine
or with difierenr combinations of brine and crude sait solution (Tabie 3i. It in.iicates

thar the either brine alone or up to 50920 replacement of brine with cmde sak solution can

be used as suirabie as cf using seawater in rearing of tN[. ro-cenbe{griiari'ae
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The results of our preliminary study and that of Yambot and Vera Cruz (1986)

indicate that the sea salt alone cannot be used in rearing of M. rosenbergii lawae up to
post-larvae. Similar to that observed in the preliminary study, Yambot and Vera Cruz
(1986) recorded a substantial mortality of larvae within five days after stocking. Though
the authors suspected improper acclimatization of larvae prior to stocking as one cause

of larval mortalities with sea salt alone, but this might not be so. It is presumed that as

tV. rosenbergii is apparently evolving "out of the sea" (Johnson 1960), as it requires a

salinity of l0-l4o/oo in closing the larval cycle (Ling 1962) . Therefore, it is plausible that
the complex nutrient and mineral constituents of the natural seawater regulate the
physiological growth and survival of larvae. The ions that make up the salt content of
natural seawater are shown in Table 6.

Table 6. Constituents of seawater (after Ingmanson and Wallace 1985)

Substrate Symbol %o Seawater 9/o total weight of salt

Chloride
Sodium
Sulphate
Magnesium
Calcium
Potassium
Bicarbonate
Bromide
Boric acid
Stornium
Fluride
Total

CI
Na*
Soo''
Mg*'
Ca'2
K+
HCO3'
Br',
HrBOj
5r-
F

18.980
10.556
2.649
1.272

0.400
0.380
0.1 40

0.065
0.026
0 013

0.001

31.182%o

55.04
30.61

7.68

3.69
I .16

1.10

0.41

0.19
0.07
0.01
0.00

99.99%

The salt in seawater is not the same as in regular table salt. \U7hen table salt (NaCl)

dissolved in water, it breaks up into Na* and Cl- ions with an equal amounts of positive

and negative ions (Ingmanson and !flallace 1985). Therefore, most of the ions except Cl-

and Nan are lost in the process of preparation salt from seawater. This non-presence of a

number trace minerals in brackishwater reconstituted by salt might be a cause of not
suppofting the normal survival and growth of. M. rosenbergii larvae. The production
data of prawn post-larvae in the present experiment of supplementing salt made culture
media with 50% of brine (naturally concentrated seawater) further prove that the ionic
constituenrs of natural seawater might have significant triggering effects on growth and

survival of. M. rosenbergiilawae.
It is interesting to note that in the early rearing period, with a mean larval stage of

3.23 - 3.37 at day 6, the growth of larvae were not significantly affected by 50%

supplement of salt media with brine (Table 4). However, from day 7 to 19, the larvae

reared on CSroB5o showed significantly lower development in terms of MLSs (Table 4).

Fig. 1 shows that on day 7 and 16, the highest number of larvae were at stage III and VII,
respecrively. The progressive larval development (Table 3) and occurrence of larvae at
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different srages (Fig. i) towards the end of the rearing period for the treatment CSsoB56

are more or less similar to that for treatments Br0o and BrrCSr5. These results amply
demonstrate that the minerals of natural seawater not only might have some effect on

growth of larvae but are also required particularly at the mid-stages of larval
development.

The overall results of the study supports the findings of Yamboot and Vera Cruz
(1986) and Pramanik and Halder (1996) that brine can effectively be used in rearing of
M. rosenbergii larvae. There is also the possibility of using brackishwater reconstituted

from crude salt for more economically rearing of prawn larvae. However, the crude salt

media need to be replaced or supplemented by at least 50% with brine for any undue

reduction in production of freshwater prawn post-larvae. The stocking density of prawn

larvae in the present culture condition is also a factor to be taken into consideration.

\7ith an increasing stocking density of 40 - 60 larvael(,' Pramanik and Halder (1996)

reported a decreased survival rate of 6Jo/o to 47o/o. Ls a stocking density of. 301(. in the

pr.r.rrt experiment resulted in the survival rate of 7 4% to 84%o, this stocking rate can be

used for better production ofpost-larvae.
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Abstract
To identify the food habits of three species of Mastacembelidae namely Mastacembelus
armatus, Mastacembelus pancalus and, Macrognathus aculeatus, the gut content analysis
was performed by three methods i.e. occurrence method, points method and index of
fullness method. All three species were found to consume prawn, molluscs, insects, earth
warm, debris and plant materials. M. armatus arrd M. pancalus were found to feed mainly
on animal food items and 84.68% of different types of animal food were taken by M.
armatus a;nd 62.72% by M. pancalus. M. aculeatus was found to consume 44.86% of
different types of animal food items, 53.51% of debris and plant materials which
indicated that this fish feeds almost equally on animal and plant food. Analysis of the
food habits showed that both M. annarus and, tll. pancalus are carnivore in nature with
higher feeding preference for animal food namely prawn, crabs, fishes, molluscs etc. On
the other har.d, M. aculeatus is an omnivore in nature feeding almost equally on animal
and plant food.

Key words: Food, Food habit, Mastacembelidae

Introduction

Food and feeding habit of fishes has a great significance in aquaculture practice. It
helps to select such species of fishes for culture which will utilize all the available
potential food of the water bodies without any competition with each other but will live
in association with other fishes. This will allow the best utilization of the food sources of
water body and will give an optimum yield. Food and feeding habits of fish vary with the
time of day and.season of the year. Food consumption of fishes is influenced directly or
indirectly with changes of temperature, pH, light and dissolved oxygen of water (Keast

1968). However, analysis of stomach contents is a method for determining the food and
feeding habits of fishes by which we can easily find what the fish take as food.

The freshwater eels such as Mastacembelus pancalus and M. aculeatus are also called

small indigenous fish species but tV. arnlatus is relatively larger than those species.

These fishes are the inhabitants of rivers, canals, beels, ponds and inundated fields
(Rahman 1989). These are now considered as endangered species. Considering the

consumers preference, nutritional value and market preference and to preserve the
biodiversity, Mastacembelus spp. should be protected from being extinct. However, for
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developing culture rechnologies, biological studies of these species are indispensable'

Very little attempt has been made in the country to promote their breeding and culture.

Therefore, a research work was carried out to identify the food habits of. M. armatus, M'
pancalus and M. aculeatus to generate base-line information for facilitating the future

aquaculture practice of these species.

Materials and methods

Collection aad presewation of frsh sample
The fisheJ were collected from the Brahmaputra river on several occasions'

Immediately after collection, the whole alimentary canal of each fish was dissected and

preserved in 10% formalin to prevent further digestion of food.

Laborutoty studies and stomach aaalysis
In the laboratory, the stomach content (lying between the esophagus and intestine)

was taken out from the preserved vial into a petridish with the help of fine forceps. The

merhod pracriced was similar to the methods followed by MaComish (1967), McKechnie

and Fenner (lg7l) and Dewan (L973). For the qualitative and quantitative analyses of

different food items eaten by fish, several methods have been used. The commonly used

methods ar: i) numerical method, ii) weight method, iii) volumetric method (index of

fullness method), iv) points method and v) percentage of frequency of occurrence

method. In the present study percentage of frequency of occurrence method, points

method and index of fullness method were used."'

Counting procedure
1.o stuay the gut content each stomach was analysed separately. The stomach of

individual fish was cut open and removed on to a petridish with the help of very fine

forceps. The percenttg. of occurrence of a particular food item was calculated on the

basis of the following formula: 
Number of gut where the food occurred

Percentage of occurrence of a food tvpe : 
;;;;i;;;;;;;;;rd-------------- 

x100

To apply the points method all the food items eaten by the species were identified'

Then the volume of the stomach contents of each fish was estimated by observation and

recorded on an absolute scale and points were allotted to each stomach according to the

volume of its contents.
The stomach with largest volume was allotted 100 points, and each of the stomachs

as examined was then rat;d in one of the following point categories; 0, 3, 6, 12, 25, 50

and 100 points, according to volume of the food present' The categories were baSed on

inspection and estimatiori of stomachs of all categories made from extra stomach and was

u..d io relating absolute volumes to assigned point values' Then the occurrence of each
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and every food item in the individual stomach was recorded and point allotted for every
food item.

In case of Index of fullness method, the index of fullness of the stomach was
recorded irrespective of the size of the stomach of the fish using'0'for emptyl 'l'for one
fourth full;'2'for half full, '3'for rhree fourth full and'4'for full sromach.

Results

The gut contents of 45 fishes of each species of Mastacembalidae was performed by
three methods namely frequency of occurrence method, points method and index of
fullness method. It is well known that no single method is adequate for analysis of
stomach contents of food. The total length ranges of the fishes studied were 30 to 56 cm
for M. armatu$ 10 to 16 cm for M. pancalusand 17 to 26 cm for tW. aculeatus.

Tlpes aad amount offood taken by the three species
The major food items found in the stomach content analysis of 45 Iishes from each

species showed that the fish fed on a variety of food items. The food types recorded are
prawns/shrimps, plants, small fishes, small crabs, molluscs, insects, earth worms, fish
eggs, debris, soil and'others'which include unidentified items.

Food habit in hI. armatus determined by frequeacy of occurrence and points methods
The gut analysis in M. armatus (Table 1) shows that prawn is the most frequently

ingested food item (obtained in77.78o/o fish) followed by debris (40o/o), small fish and
plant (each 22.22%o) and then molluscs (20%) which indicated that the fish fed mainly on
animal food. Some other types of food were also identified but in much less frequency,
e.g. earth worm (8.89%), small crab (6.67%), insect (2.22o/o), fish egg (2.22%) etc.

Analysis by points method which reflects the percent contribution of a particular
type of food in total volume of gut content show$ (Table 1) that also prawn is the most
important food type (36.58p/o) in M. armatus. Then comes sequentially the small crab
(22.41%), small fish (15.80%), debris (6.3L%), plant material (5.48%) and earth worm
(4.72%). Table 1 also shows the feeding pattern in different size group in tV. armarus.It
shows that prawn as a food item was very important in all three size groups both
according to frequency of occurrence as well as percent contribution in gut content.
Occurrences of small fishes and molluscs were highest in Group III which composed of
largest size fish. This probably indicates that with increase iu size the fish reaches in
more advantageous positiein to predate on or engulf these large live food.

Food habit ia M. pancalus determined by frequency of ocarrence and points method
Stomach content analysis by percentage of occurrence method in case of tW. pancalus

shows (Table 2) that debris is the most frequently encountered (obtained in 57.78% fish)
food item followed by prawn (55.55%), plant material (40%), fish egg (22.22o/o)' earth
worm (13.33%) and small insects (11.11%) for this species.
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According to points merhod the greatest amount is contributed by prawn (38.22%),

followed by debris (18.22%), plant material (16.55%) and earth worm (12.09%) which is

shown in Table 2. All the size groups of M. paacalus show almost similar type of

preference for fish egg as food (Table 2). Apart from other food types Group I also shows

preference for fish 
"gg "t 

food. Thus 'fish egg' was found in 26.670/o of fish in Group I
and it contributed about ll.72Vo of total gut content' On the contrary in only l3'33o/o

fishes belonging to Group III took fish eggs and this food contributed only 5-94% of the

gut content.

Food habit in M. aculeatus calculated by frequency of occutence and points met4pdt 
-

In M. aculearus debris was found in the highest number of fish (82.22o/o) as well. I he

second highest frequency of occurrence was of earth worm (37.78%) followed by plant

material (26.67%) and prawn (17.78%) (Table 3)'

According to points method the debris was found to be the greatest contributor to

gut content ur ,"tt. Earth worm was second (37.35o/o), followed by plant materials

(tZ.lZyr) and prawn (7.5lyo) (Table 3). Unlike two other species'debris'was the most

pr.do*inrrt iype of food in all three size groups of M. aculearus (Table 3). The second

most important food type was earth worm in all three size groups'

Relationship between fish size and feeding patten based on average index of fuIlness

and average poiats for fish
Tne [atlern, of f..ai"g in different size gtoups of fishes in three species of

Mastac.mbelidae are shown L trUt. 4. To determine the size and pattern of feeding, the

total number of fishes- 45 of each species was divided into 3 groups; Group I, Group II
and Group III.

Average iadex of fullness
The value of ,r..rt. index of fullness showed little variations in dif[erent size

groups. However, a ."thJr higher value of average index of fullness were recorded in size

Group I of all the rhree ,p".il, with values of Z.l in LI. amtarus, 2.6 in M' pancalus and

1.9 in tV. aculeatus. The lowest value of average index of fullness was recorded in size

Grorp III for all of rhe three species i.e. 2 in M. armarus,2.4 it M. pancalus and lJ in
M. aculearus. The values of slze Group II was more or less similar among all three

species.

Average points per fish
The values of arerige points per fish showed interesting variations with the increase

in size of the fish. fn" f,ignot ,rlr", of average points per fish 38 in /V' atmatus,42 in

M. pancalusand 30 in M. aculearus were ,..orJ"d io size Group III' The lowest values of

the same were recorded io size Group I. Therefore, the values of average points per fish

were found to increase with the increase in size of the fish'
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Table 4. Relatiolrship of sizc and patrern of 1'eeding ol three species of thc lamily .Nlastacembelidae

based on average index offullness and average points per fish

Items
Group I
(30-36)

cm

14. armatus
Group I1 GrouP III
(37-43) (44's6)

cm cm

.tW. pancalus
GrouP I GrouP II GrouP III
(10-1 1) (12-13) (i4-16)

cm cm cm

,ll. aculeatus
Group I GrouP II GrouP III
(.r7 -1s) QA-22j (23'76)

cm cn: cnl

Number oi
fisi.r exarnineci

Number oi
total points
Average points
per fish
Average inder
of fullness
Average

15 15 I5

624

42

15

356

at

2.4

t2.5

15

265

18

L5

332 564

27 38

2.3 2.C

?o 1 L'7 <

181

t2

L,)

15r5

343

L'

t.7

15

192

13

448

30

t.7

24.5

2.4

t4.2 20.b
in cm

Discussion

Prarvn was the most preferred lir,e food items of .M. arn-tatus and ,V. pancalus. L)n

the other hand, for ,lL aculeatus earth \\'orm \\'as the most preferred animal food t)'pe.

A11 three species had a considerable amount of debris and piant material in their guls. ,11.

armatus consumed 85.99% of different t)?e of anrmal food items and 14 010:i, of debris'

piant material and others rvhich indicated. that the fish fed mainl]' on animai food (Table

t). ffr. mosr dominant food item of the fish was prawn (36.58%) follorved by small crab

(22.41%), small fish (15.80%), earth worm (4.72%), mollusc (4'64%), insect (1.38%) and

fish egg (0.46%) among animal food items and debris (7.61%) followed by piant material

(5.489'0) and others (2.22%) among plant food.

M. pancalus consumed 62.85% of different type of animal food items and the rest

37.42% of pt"rrt material, debris and unknown which indicated that the fish fed mainly

on animallood. The mosr dominant food item of the fish was prawn (38.22%) followed

by earth worm (12.09%), fish egg (8.06%) and small insects (4.21%) among animal origin

and debris (18.22%) and plant materials (16.55%) among plant origin and unknown food

(2.65vo).

M. aculeatus ingested 44.86% of different type of animal food items and the rest

55.14%of debris, plant materials and others u,hich indicated that the fish fed mainly on

plant food. The most dominant food item of the fish was debris (40'77Yo)' The second

dominant food item was earth worm (37'35%) followed by plant materials ('12'72%),

prawns 051%) and unknown materials (t'65%)'' 
From the above findings it is evident that both M. armatus and ,M. pancalus afe

carni'ore in nature with higher feeding preference for animal food like prawn, crab, fish,

mollusc etc. However, theylonsistently took some plant materials and debris along with

their animal food. On the other hand, M. aculeatus was omnivore in nature feeding

almost equally on food of animal and plant origin. Dewan (1973) studied the food habit
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af M. pancalus by percentage of occurrence method and voiumetric method and
supported the above findings.

Th.e determination of food habit was also reporteri by Saha and Dewan (i979) for
Tilspia nilorica; Mustafa er e.l. (1980) for Nandus nandusl Bisht and Das (1981) for
Fwnrius ticto, Cyprinus carpio, Tor tor, Nemaecltilus rupicola and Channa gacltua;
Bi:ruiyan and R.ahman (i983) far Channa gachua; hlargis and Hossain (198'7) far Anabas
fer{uameus\ F"eciciy anci }Rao t1987) tar "fl[,vstus vittatus; Sivarecidy and Rao (1989) for
i-i"eteropneustes ibssiiis: Choudhurv anci Thakur (1990) tor Clarias batrachusl Ahmed er
,a1. (i993) far Nanrius pandus. A[1,tus vittatus and Puntius stigma; Bais er a]. (1.994) fsr
Channa panctatus') Dutia (1.994) for Cltanna punctatus and Alam {i995) for Gudusia
ckapra. They categoriseci these fishes either as carnivore or ontnivore.

()n the other hand, rhe vaiues of average points per fish increased with the increase
in size of fish. The highest values of average points per fish were recorded in size group

IIL The iowest values of the same lvere recorded in size group I. Thus from the resuits of
average poinrs per frsh, ir can be concluded that the amount of food in the stomachs
increases rvith rhe increase in size of fishes. This might be due to increased size of the
stomach as the fish increased in size. These findings agree with the findings of Dewan er

al. (1977) in Labeo rohita, From the above discussion it can be concluded thatboth M.
armatas and M. pancalus are carnivorous and M. aculeatus is omnivorous.
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Abstract
A 70 day long experiment was carried out to evaluate three commercial pangas feeds
available in Bangladesh rrz. Quality Feeds Ltd. (QF), Aftab Bohumukhi Farm Ltd.
(ABF) and Saudi-Bangla Fish Feed Ltd. (SBFF) (designated as rrearmenr-T,, T, ind Tr)
on the growth of Pangas, Pangasius hypophthalmus. Each treatment had two replicates
using six experimental ponds of each 80m2 size. The stocking density was 250 fish/S0 m'z.

At the beginning the fish were fed twice daily at 15% of their body weight which was
gradually reduced to 10 and 6010, respectively for the rest of the period. The ranges of
warer quality paramerers observed were: temperarure 29.00C - 35.10C, pH 6.85 - 8.52, DO
L.7l - 7.65 mg/l and transparency or Secchi depth 14.5 - 30.0 cm. The mean weight gain
of fish was significantly (P<0.05) higher in T, followed by T, and T,. The specific
growth rate (SGR) ranged between 4.09 and 5.06, feed conversion ratio (FCR) values
between 1.54 and l.6l with treatment T, showing the lowest FCR, Protein efficiency
ratio (PER) values ranged between 2.03 and 2.1I. The survival of fish varied between
90.4 and 91.60/o. The significantly (P<0,05) highest production of fish (kg/hal70 days)
and profit (Tklhal7} days) was observe in T, (SBFF) followed by T, (ABF) and T, (QF),
respectively. The result of the study showed that on the basis of nutritive value and
growth performance of pangas, feed from Saudi-Baagla Fish Feed Ltd. is the best.

Key words: P. hypophthalmus, Commercial fish feed

Introduction

tffith the increasing demand for food fish and the decline in capture fisheries
production, aquaculture in Bangladesh is heading towards intensification. This shift
from low density to high density culture i.e. traditional to semi-intensive or intensive
culture is consequently leading to an unprecedented rise in the demand for feeds.

Farmers shift gradually from no feed, through the use of farm-made feeds, to factory-
made feeds. The success of intensive and semi-intensive fish culture depends to a large

extenr on the application of suitable feeds. Fish feeds provide nutrients for optimum fish
growth and bring higher economic return to farmers. Fish production as high as 3,700-

4,500 kglha could be obtained by using semi-intensive polycultue in ponds with
supplementary feeding. This demonstrates a real possibility of increasing production
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and reveals 'ihe potenrial importance of aquafeeds in Eangiadesh (Zaher and Maziri

i9931. Ar present, there are a'nout 25 commercial frsh t-eeil industries in tsanglaciesh.

laudi-tsangla Fish Feeei {-td., Aftab Br:humukhi Farm I-td., Quaiitv Feeds l-tii. are

iiinong rhe -oioneers y,'hcse t'eecls available througirout ihe co'Llntry (Pers' Comm.

.,,{anager, StsirF').
F-eed ccsts generall.v constitute the higirest single cperation eost tl-i semi-intensive cr

intensive grolv-our tarm.ing operation (Shang anii Costa-pierce i983). It is essentiai that

rhe feei provides rnaximuin producrir:n ef{iciency at a minimum cost" The reXative

importance of gror.vrh rate anrl t-eeri conversion efficiency wili depencX upon the quaiity

*rd .ort of t'eed in reiation to the market 'raiue erf the farmed prociuct. The unit cost cf
various t3,pes of feed anci cost of fish production using each of this teed as weli as tire

unit prodrability of each si/stem of flsh production must be compared trefore olne type o1

feed is selecrecl. it is therefore of great importance to the fish farmers to uiilize [heir

inveslments in feecl as optimal as possible.

Thai pangas (P. hypaphrhalmus) is an indigenous {ish species of Thailand (Roberts

and Vidthayanon i991). It was introciuced in Bangladesh from Thailand in 1989 is

particularly important for their fast growth, Iucrative size, good taste and high market

demand. The species can also be stocked at a much higher density in ponds compared to

other culturable species. Tavarutmanegui er al. (1979) reported that Pangasius sutchi is

one of the most suitable catfishes for rearing in ponds and cages (floating ponds)'

Onty few years back P. hlpophthalmus was a popuiar table fish in our country and

f,armers were economically benefited from pangas farming. But recent years) pangas

culture is being depleted because of decreasing market value, increasing feed cost,

decreasing feed quality, unavailability of low cost supplementary feeds, lack of proper

*urrg"*art and related socio-economic constraints' As government has no legislation

over control of feed quality and cost, there is a great possibility that the farmers may be

deceived by using the commercial feeds without knowing their nutritive values'

Therefore, the present study was undertaken to observe the growth and feed utilization

of p. hlpophthalmususing three differerit commercial fish feeds available in the market

so that the best commercial feed for pangas will be known'

Materials and methods

Three most commonly used Pangas feeds from Quality Feeds Ltd. (QF), Aftab

Bohumukhi Farm Ltd. tailn and Saudi-Bangla Fish Feed Ltd. (SBFF) were collected

from local Mymensingh market. Three categories of feeds e.gf. nursery, starter and

grower/finishei for Qiand ABF Feed and starter-I, starter-Il) starter-Ill and grower-I

were used for SBFF.
The experiment was carried out over a period of 70 days in six experimental ponds

located in the Hatchery and Field Laboratory Complex of the Faculty of Fisheries'

Bangladesh Agriculturai University (BAU), Mymensingh, The size of each pond was 80

*, ird ru.rrg. depth was about i.5 m. There were three treatments vizTv T, and T,

assigned to qF, ABF and SBFF feed respectively each having two replicates.
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Tht proximate composition of the i:ommercial feeds were anal\/seci and rhe resuts
are shorvn in Tabie l. I'lie fingeriings of Thai pangas, P. h;rpophthalmus .tere collecret,
from a locai fish l,endor. Al1 the lish were of same age group having mean length anci
weigiri of 8.44r-0.04 cm and 6.60-f tl.04 g respectivel-v. Each pond was stocked with l-<0
fingerlings. Nurserv feeds were appiied at the beginning of the trial followed b], srarrer
and grou,erlfinisher feecis. T'he feeds were supplied twice daily morning (9.0t| hr) and
afternoon (16:00 hr). At the beginning, fisir were fed ar a rate of 15% of the body weight
which was reduced to 10 and 6%tor the rest of the period. The feeds were dispersed b1'

hand broadcasting over the ponds. Fortnightlv sampling nas done to adiust the feeding
rate and to observe the health condition of fish. \Xr'ater qualit-v parameters such a:;

temperature, pH. dissolved oxygen and transparency were measured and recordej
weekl-v throughout the experimentai period"

Table 1. Proximate composition (96 dr1, matter basis) of dili'erent commercial ilslr feeds user.

T'rcatments Type of ieed Crucie CrudeDr.v'.

matter
Ash Crude

Fibre
NFE-

tein lirrid
'l', Rupali (N)" 88.71

(Quaiit1. Rupali (S)b 90.35

Feeds Ltd.) Rupali (G)' 89.50

31.96

27.2t
77 qR

6.06

6.6i
6.28

r3.2 11.06 33.47

14.8I t0.37 32.05

14.07 I 1.01 36.39

T:
(Aftab
Bohurrukhi
Farm Ltd.)

(s)
(G)
(F)

90.41

89.17
90.32

9.97

9.92

9.98

t|.27
Lt.27
11.99

9.61

v.+)
8.5.1

34.65

37.08

38.3 I

30.81

27.9i
27.07

Tr (S-I)
(Saudi- (s-rr)
Bangla Fish (S-III)

90.06
90.22

89.53

31.53

32.47
28.97

7.06
7.90

7.\l

18.84

18.42

17.29

10.2E

9.21

27.90

33.47

9.86 29.46

FeedLtd.) (G-l) 89.99 28.38 7.83 18.37 9.55 32.27
'Nitrogen free extract (NFE) calculated as: 100- %( moisture + crude protein + crude lipid + ash + crude fibre).

"N= Nursery; bS= Starter &'G= Grower

At the beginning of the experiment ten fish from the stock and at the eud of the
experiment four fish from each treatment were collected randomly for carcass analysis.
The proximate composition of fish carcass and feed were determined in triplicates
according to AOAC (1980). Growth performances and feed efficiency were calculated
according td Castell and Tiew (1980). One way analysis of variance (ANOVA) followed
by Duncan's multiple range test (DMRT) was done to determine the significance of
variation among the treatment means.

Results

The crude protein content of the various diets difflered slightly. However, all the
nursery feeds contained higher protein (27.07-32.47%) than the starter (27.21-28.97%)

and grower (27.07-28.38%) feeds. The crude lipid content of ABF were much higher
(9.92-9.98%,) than those of SBFF (7.06-7.90%) and QF (6.06-6.61%).
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The ranges of water quality parameters recorded in different experimental pond did

not vary considerably during the experimental period and the values were: temperature

29.0-35:1"C, pH 6.8-8'5, dissolved oxygen 5'7L-7 '65 mg/l) and transparency 14'5-30'0 cm'

The results of growth performance and food utilization are shown in Table 2. The

mean initial weighiof 6.639,6.629 and 6.559 reached to a mean final weight of 116'35

158.689 and.226.839 in treaiment T,, Tr.and T, respectively. The significantly (P<0'05)

highesi growrh was achieved in treatment T3 followed Uy Tl and T,. The weight

increment of. P. hspophthalmus in different treatments during the experimental period

is graphically shown in Fig. I'

Table 2. Growth and feed utilization of P. hypophthalmusin
different treatments during the experimental period

Treatments
T

Mean initial weight (g)

Mean final weight (g)

\Teight gain (g)

% Weight gain (g)

Specific Growth Rate (SGR % daY)

Food Conversion Ratio (FCR)

Protein Efficiency Ratio (PER)

Apparent Net Protein Utilization (ANPU %)

Survival (%)

Production (kg/ha/70 daYs)

I 16.3'
t09.67',

t654.29'.
4.09'-
1.54"

2.1 1',

35, I 1"

90.4*

3062.0 1'

6.62^

15 8.68b

$2.07b
2298.56b

4.54b
1 .61'.

2.03',

30.66'
91..z',

6.55'
226.83'
220.28',

3362.86'
5.06"
1.57',

2.03^

32.07b
91.6',

623t.66',

0.039

3.7 06

3.996
48.349
0.032

0.05 5

0.071
1.490

1.200

4282282.99b

3 t,801r'\-^' --^n'lTl'/k^/7n i"-"\ 3l'004' 3l'E01" J+'v>u' -

lStandarderroroftreatmentffiansquareintheanalysisofvariance.
2Figure in the same row with the same superscripts are not significantly different (P>0'05)'

I)ny

lig. l: Weight iilcrement ol l' h)'potlhthnlmus in diflerert
(rentments (luring th€ orp(rimentnl pcriod'
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The specific growth rate (SGR % day) of fish in different rrearmenrs varied from
4'09 to 5.06 with fish in T, showing significantly the highest SGR. The survival of fishin different rrearmenrs rauged betwein 90.4 and 9l.e%. There was no significant
difference in survival rates of-fish among the treatments (Table 2).' The mean food conversion ratio (FbR) in different tr"rt*.rrt, ranged between.1.54
and 1'61 (Table 2). The highest FCR was found in trearmenr T, (1.61) and the lowesr in,
treatment Tr (1''54)' However, there was no significant difference between the FCR
values in different treatments. The PER values ranged between 2.03 atd,2.l1. There was
no significant (P>0.05) difference in PER values among the rrearments. The ANPU%
values were 35.14, 30.66 and 32.07o/o in treatments T,, T, and r, respectively. The values
significantly (P>0.05) differed from each other.

Signilicantly (P>0.05) highest fish production was achieved in treatmenr T,
(6231.66 kg) followed byTr(4282.99 kg) and r, (3062.01kg) for a period of 70 days.
consequentlg significantly (p<0.05) highest net profit (tt.) was also obtained in
treatmenr T, followed by T, and T, respecrively (Table 2).

Discussion

The water quality parameters such as temperature, pH, dissorved oxygen,
transparency measured in different treatments throughout the experimental period were
found to be more or less similar and were within the suitable range for iish culture
(hingran 1991).

In the present study, the highest weight gain of fish was observed in treatment T,
receiving SBFF followed by T, fed with ABF and rr fed with eF. The significantly
highest growth of fish in T, may be attributed to the better quality of the SBFF which
coutained average 29o/o protein On the other hand, ABF feed contained 2g% and eF
contained 27%o protein Protein and feed quality as well as mineral contents of SBFF was
better than other feeds. Another possible cause for better growth performance of fish in
SBFF might be that the quality of protein or the amino acid balance might have been
better in SBFF' Level of crude protein and other necessary elements in the diets and
mode of feed presentation influence rhe growrh rate of the fish (Khan 1997).
Pathmasothy and Jin (1987) reported that the growrh rare of fish was lower when fed
with pelleted feed having 22%o crude protein compared ro rhose having 32%o crude
protein. Growth rate of P. pangasius increased with the incremeni of protein
concentration and the highest growth of fish was obtained at 40% protein level in feed as
reported by Rahman (1989). However, Chuapoehuk and Pothisoong (1983) stated that
25%o protein containing diet was best for optimurn growth of p. sutchi.

The SGR values observed in the present study is much higher than the values (3.09
to 3.51) obtained with pangas reared in net cages (Azimuddin et at.1999) and the value
(3.34) observed in outdoor concrete rank for p. sutch. (Hung et al. L99g).

A low FCR value is an indicator of better food utilization efficiency of formulated
feed. The high energy diet produced the lowest feed conversion ratio (FCR) and the
highest nutrient retention (Hillestad 2001). In the present study, there was no significant
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(P> 0.05) difference in FCR values among the treatments. However, comparatively
lower FCR (1.54) obtained in T, where fish were fed with QF. The FCR values were
higher than the values (1.40) reported by Hung et al. (1998) but lower than the values
(1.73 to 2.04) stated by Azimuddin et al. (1999) for P. sutchi. Rashid (1997) reported
higher FCR values of 4.45 and 4.67 for P. sutchi in cage fed diet containing 29.98o/o and
29.63Yo protein respectively. The PER values in the present study is higher than the
values reported by Kamrudin et al. (1987) for P. sutchi. Survivals (o/o) of fishes in the
present study were similar to the values reported by Azimuddin et al. (1999).

The total fish production in T, reached almost two times higher than T, during the

same experimental period (70 days) due to higher weight gain of individual fish. The
production obtained in this study is much higher than the findings of Ahmed er a/.

(1996) who reporred a productiot of 339.39 kg/ha for P. pangasius fed with SBFF for a

three months experimental period. This might be due to the fact that P. hlpophthalmus
is a culturable species whereas P. pangasius is a riverine fish species. A simple economic

analysis showed that treatment T3 generated maximum net profitr,of 'Ik. 34'9501ha170

days which is due to the higher production of fish in Tr.
The carcass proximate composition of fish was influenced by the feeds from

different company (Seikai et al. 1997, Austreng and Storebakken 1985). There was a

marked increase in lipid content of fish compared to the initial content of fish (Table 3).

The carcass lipid content was directly influenced by the dietary lipid content. ABF

which contained the highest crude lipid (9.95%) resulted in the highest carcass lipid. An

inverse relationship between lipid and moisture contents could be observed as reported

earlier (Andrews and Stickney L972,Garling and \Tilson 1976).

Table 3. Carcass composition of the experimental fish at the start

and end of the experiment (% dry matter basis)

Parameters Initial (all fish) Treatments

Moisture
Crude protein

Crude lipid

Ash

78.83
56.43

(1 l.e4)'
18.86
(3.ee)
t8.67

67.88*1.44
43.98 t 0.95

(14.39+0.37)
43.43-r 4.9

(14.17 t 1.5)

9.28+ 1.62

2.92-r

69.81+ 1.82 67 .4+ 1.98

49.27+1.94 42.02t2.87
(14.8810.59) (13.70-f0.94)
4l-91+3.63 48.19t4.3

(12.66t1.10) (15.7t'rr.4)
8.541 l.l0 8.96 -f 0.60

3.03-f 0.532.58+0.
d in % fresh matter basis

In the present studn growth performance, survival (%) and' overall production in

terms of kg;/ha was highest in T, receiving SBFF. Therefore; the result of the study

suggests that Saudi-Bangla Fish Feed is the best commercial fish feed for mono culture

ofE. hWophthalmusinponds at a higher stocking density as used in the present study'
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Post im.nogndrnenr changes in the fish fauna of Kapai
reservoirr. Bangladesh

{(.I!. Ahmed., M. A.. M3gu1, M._E. HaqueandM.Alamgir
Bangladesh Fisheries Research Institute, RiverineTub-station, Rang.amati 450e Bangradesh'Corresponding author

Abstract
Based on the present investigation and reviewing the published and unpublisheddocumen* criticall* this communication considenlhe p*ii*pouooment changes inthe fish fauna of 6rn?j reservoir' [nvcstigation revears ,il;.ilrj of 73 species of fishbelongs to 47 genera,25-families and 2 splcies ofprawn are presenr in the reservoir. ofthem, 3l are commercially imporunt, 6 exodc and 

-9 

species arl-newly identified.

Key words: Fish fauna, post impoundment changg Kairtai reservoir

Introduction

Kaptai reservoir ,-r 9o" of the largest man-made freshw4ter lake in the worrd(BLPADRC 1980), and the largest in Siutheast Asia (Fernaoao- rgsol. !ilith a surfacearea of 68800 ha at full.supply-level (FSL) (Ali 1985) it offers, ria" possibilities for thedevelopment of fisheries and tne enhancement of annual fish production. Beforedamming on the course of the river Karnaphuli in 1960-61, no investigation was done ofits fish fauna.
The fish population of Kaptai reservoir^was primarily dependenr on rhe previousriverine srocks that goes back to 36 years after rmpounai."r, ;;, rhe scenario of fishfauna exists i.n this reservoir sho*, ,iroog resemblance with tiose of the rivers, haors,beels system of Bangladesh. Even than, chinges in the fish faunasd" r*"i*iofi;to existence and abundance and shifting nauitat tru. u*" o."ur..a *;,h ;;;H;;riverine to lacustrine environment due to the formation of dam. In case of everyreservoir created through damming where a common pt 

"oo-"i, exist that fish thosebecome captivated either it may be adapted itself to the new "*rv.** or endangered ordwindled or become extinct from thai environment. These phenomena have probably
99cu11ed 

to the history of Kaptai lake fish fauna. From 80s onward a number oi.p."i;.like chinese carps, Thai punti has introduced. African magur, , 
"r*irorous as we1 ashighly competitive fish has accidentally introduced in the reservoir recently from theculture ponds as those oftilapia escaped from culture cages during isss. rhi. tilapia likethe chinese carps arready adapted them in the reservoi, i",., ,", ";;;;;;subsequently to the total landing. The African magur which recently escaped from rhe
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culure pond are found in the fisher's catch which may be harmful for many indigenous

species due to its carnivorous habit.
On the other hand, some species captivated during the closing of the river

Karnafuli, have been adapted themselves successfully to the new ecosystem and now-a-

days, contributing substantially to the total landings. Some of tle fish might have

inhabited within the reservoir but not fouod frequently to the fishet's catches or in the

harbors. As a result, a great controversy arisen regarding few rarely found species

according to several auth;r's whether they exists till today or not. The investigation is,

thereforg undertaken considering the post impoundment changes in the fish fauna of

Kaptai reservoir chronologically.

Materials and methods

The present investigation was made over a period of two years from 1995 to 1997 '

The fish enlisted here wire collected mostly from the fisher's catch at major fishing sites

(Kattoli, Burighat, Suvalong and Bilaichhori) in the reservoir. A number of specimens

were collected from Bangladesh Fisheries Development Corporation (BFDC) pontoon at

Rangamati, the main fiih tanding center where fish were brought out every f. o{
fishing grounds by carrier boats. Local retail markets were also accounted and a few of

the listed specimens were collected ftom the laboratory of Bangladesh Fisheries

Research Institute, Riverine Sub-station, Rangamati. Species enlisted here are preserved

in the laboratory of Riverine Sub-station. Identification of fish was done following Day

(1958), Talwar and Jhingran (1991), Rahman (1989) and Jayaram (1981)'

Results and discussion

In this investigation a total of 73 species of fish belongs to 47 genera, 25 families and

2 species of prawns were recorded, of themr 3l are commercially importantr 6 exotic and

9 species are newly identified. Itiost of the species collected are as illustrated in the

Table-l with their presenr status within the community. Chookder (1966) in an

unpublished report mentioned 54 species offsh inhabiting the reservoir area and added

that, before construction of the dam the Karnafuli estuary and its upstream was rich in

fish fauna. Sandercock (1966) studied first the fish fauna of Kaptai reservoir and enlisted

27 commercially imponant species. Ahmed and Hasan (1981) prepared a check list of 27

species of fish uot tn"v could not able to include very common, abundant and

commercially important species inhabiting in the reservoir those even recorded in the

daily landing ,"girr".. \fhile reporting on behalf of the committee for the evaluation of

the fisheries management of Kaptai reservoir, Baily (1932) mentioned that the reservoir

harbors 58 species olfish without providing any list' As the same way, Hye (1983) also

mentioned ss ,p..i.r;eionging to'25 families of which 28 commercially important but

failed to include a completJlisi of the same. ARG (1986) in their final report gave list

comp.i.ing 49 indigenous and 5 exotic species, mentioning 31 commercially important'
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Hafizuddin et al. (1989) enlisted 58 species including 5 exotic ones and considered again
the same number of commercially important species. Likewise, Halder et aL. (1989)
encounted 66 indigenous and 5 exotic species belonging to 49 genera, 26 families and l0
orders.

Sandercock (1966), in his pioneer work in the history of Kaptai reservoir fisheries
mentioned Silonia silondia, Bagarius bagarius and. Clupisoma garua as commercial
species and he predicted the future potential of these species in the commercial catches
would be hampered as these fish were inhabited in some particular areas of the reservoir
and added that among them .9. silondia was found as rare species during that period.
None of the above species was found by the present investigators or by the antecedents
(Ahmed and Hasan 1981, ARG 1986, Alamgir et al.1990).

Table 1. Checklist of the fish fauna of Kaptai reservoir

Family/Genus/Species Vernacular name Present srarus

I. SYMBRANCHIDAE
G- tvonopterus Mcclelland' Kuichcha/Kuchey c

Monopterus cuchia
2. F. TETRAODONIDAE

G- Tetaodon Linneus
Tetraodon cutcutia Porka/Tepa R

3. F-BELONIDAE
G- XenontodonRegarr

Xenontodon cancila Kaikley/Kakila VC
4. F- HEMIRHAMPHIDAE

G- Dermogenys Van Hasselt
Dermogenis pussilus Ek thuta VC

5. F. CYPRINODONTIDAE
G- Aplocheilus McClelland

Aplocheilus punchax Tinchoka/Tekucha C
6. F- CHANNIDAE

G- ChannaScopoli
Channa striatus Shoil C
Channapuntatus Cheng/Taki VC
Channa marulius Gozar VC
Channa orientalis OkoVRaga FC

7. F- CYPRINIDAE
G- Salmostoma Swainson

Salmostoma phulo Chela VC
Salmostoma bacaila Chela VC

G- EsomusSwainson
Esomus dandcus Darkinai Jhia FC

G - Am blyph aryngodon Bleeker
Amblypharyngodon mola Mola/Moia C

G- Rolrree Sykes
H- Rohtee cotio Dhela C
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G- Labeo Cuvier
Labeo calbasu
Labeo rohita
Labeo gonius
Labeo bata
Labeo angra

Kalbaush/Kali
Ghoinna
Rui C
Sada Ghoinna/Ghonia C
Bata
Bhanga Bata

FC:
R

G- Cinhinus (Oken)Cuvier
Cirrhinus mrigala Mrigala/Mirgi/Mirka C
Chirhinus reba LasuBata/Raikh C

G- Puntius Hamilton
Puntius sophore punti
Puntius ticto Tit Punti

G- AspidopariaHeckel
Aspidopaia J'aya Piali
Aspidoparii morar Piali :

8. F- COBITIDAE
G - L ep i d o cepha.Ias Bleeker

Lepidocephalusguntea Gutum/Gotey
9. F- CLARIIDAE

G- Clarras Scopoli
Clarias batrachus Magur

IO. F. SILURIDAE
G- lYallagoBleaker

lVallago attu Boal
G- OmpokLaceped

Ompok bimacularus Pabda
I I. F- HETEROPNEUSTIDAE

G - Ileteropn eu sres Muller
Heteropneustes fossilis ShinghiiJhial

I2. F. SCHILBEIDAE
G- AiliaGray

Ailia coilia Baspata/Kaiori
G- Pseudeu topius Bleeker

Pseudeutopius atherinoides Batashi
G - E u topi i chrys Blleker

Eutrophichthys vacha Bacha
13. F- BAGRIDAE

G- tVystus Scopoli
Mystus aor Ayre VC
Mysrus cavasius Gulsha VC
Mystus bleekeri Tengra FC
Mystus vittatus Tengra FC

14. F. SISORIDAE
G- Gagata Bleeker

Gagatayoussoufi Gagtengra
15. F- NOTOPTERIDAE

G- Notopteruslacepede
Notopterus chitala Chital

C
VC

R
R

FC

C

C

C

C

FC

VC

VC

FC

VC
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VC

VC

VC

FC

FC
FC

VC
VC

FC

VC

Notopterus notopterus
16. F. ENGRUI-IDAE

G- SetipinnaSwainson
Setipinna phasa

17. F- CLUPEIDAE
G- Gudusia Fowler

Gudusia chapra
G- CoricaHamiLtorr

Corica sobiirna
G- Gonialosakegat

Gonialosa manminna
r8.. F- MASTACEMBAI.IDAE

G- tW a crognarlus LacePede
M a crogn a th u s acu lea t u s

G- fulastacembelus (Gronovius)
Scopoii
fiIastacem bel us armafit s

M a s ta cem b el u s pan cal u s

19. F. MUGILIDAE
G- MinomugilGill

Minomugil corsula
20. F- ANABANTIDAE

G- ColisaCwiet
Colisa lalius
Colisa fasciarus

G- AnabasCuvier & Cloquest
Anabas testadineus

2I. F- GOBIIDAE
G- GlossogobiusGill

Glossogobius guiis
22. F- NANDIDAE

G- NandusCuvier
Nandus nandus

23. F- PRISTOLEPIDAE
G- EadrsBleeker

Badis badis
24. F- SCIAENIDAE

G- JohniusBloch
Johnius coitor

25. F- CENTROPOMIDAE
G- ChandaHamilton

Chanda ranga
Chanda nana

Foli /Foloi

Fhaissha

Chapiia
KatehkilSoborn
Khorika

tsori chapilalchapiia

Tara baim/Tota

BaimBara Baim
Pakal/Guchi

Khorsula

Lal Kholisha
PamKholishaBara
Kholisha

Koi

Bele/Baila

Bheda/Meni

Napit Koi

Poa

Chanda
Chanda

VC

FC
VC

New identification

F- CYPRINIDAE
G- Danio Hamilton
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Danio sondhii
G: Crossocheilus Van Hasselt

Crossocheilus latius
G- Puntius Hamilton

Puntius jelus
Puntius chola
Puntius conchonius

F- CENTROPOMIDAE
G- Chanda Hamilton

Chanda baculis
Chanda lala

F. COBITIDAE
G- Nemachilus Van Hasselt

Nema ch i I u s zonan tern as

Bara darkina

Bara darkina

Tit puri
Puti
Kanchon puti

Chanda
Chanda

Gutum

FC

C:

C
C
C

VC
FC

FC

F. BAGRIDAE
G- Barasio Blyth

Barasio

Species introduced

F, CYPRINIDAE
G- Cyprinus Hamilton

Cyprinus carpio
G- Puntius Hamilton

Puntius goniottotus
G- Hypophthalmicth.ts Bleeker

Hy p o phthalmict hY s mo I ir r ix

G - Ct e no p ha ry ng o don Steindachner

Ct e no p ha ry n g o do n ide lla
F- CICHLIDAE
G- Oreochromis Smith

Oreochromis nilotica TilaPia C

F- CLARIIDAE
G- Clarias ScoPoli

Clarias gariipinus African ma$tr . FC

Prawns

F- PALAEMONDAE
G- MacrobrachiumdeMan

M acrobrachiurn ro senbe r g ii
Macrobrachium lamarri

Golda Chingn

Carpu

Thai punti

Silver carp

Grass carp

C

FC

FC

FC

Kucha

After Sandercock (1966) nobody except Halder et at. (1989) mentioned the B'

bagAriusand there rem;ins ,rrong possibility of erroneous identification of this species
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because, in our investigation no single specimen was found. There might have been great
possibility of existence of this species before and after the construction of'the dam and
disappeared afterwards.

A check list made by Ahmed and Hasan (1981) for Kaptai reservoir fisheries is
questionable where they could not include four very common abundant and
commercially important species (Notopterus chitala, tVystus aor, Channa striatus and
Setipinna phasa) during their study and also interesting to nore that they also failed to
cite the pioneer work of Sandercock (1966). Moreover, two enlisted species, viz.
Ailiichthys punctatus and Mystus seenghala are again a matter of question because
Sandercock (1966), ARG (1986), Alamgir et al. (1990) did not menrion about .,4.

punctatus in their checklist and only Alamgir et al. (1990) collected a few specimen for
M. seenghala. ARG (1986) corrected the name of A. punctatus as Ailia coilia and
mentioned that such erroneous identification might have been occurred due to similar
morphology between the two species. Though Halder et al. (1989) reported Ailia coilia
and M. seenghala in their checklist but they did not mention the name of A. punclatus.
In the present investigation none of the two species (A. punclatus and M. seenghala)
have been found so far. This A. coilia is available in the landing during the period of
peak water level (November to January).

Hye (1983) and ARG (1986) mentioned the name of Mystus guleo and M. tengra
respectively but Haffizuddin er al. (1989) and Halder et al. (1989) did not include both
of these fish and in this investigation same result is found. The existence of Ompok
bimaculatus is also controversial according to the works of Sandercock (1966), Ahmed
and Hasan (1981), ARG (1986) and Alamgir et al. (1990). Because the workers except
Sandercock (1966) mentioned O. bimaculatus as Ompok pabda but in our investigation
it was found that O. bimaculatus is very common in fishers' catch not Ompok pabda.
Similar opinion was made by Halder et al. (L989) in their checklist for the same
reservoir.

Nta rita, described by Halder et al. (1989) and Alamgir et al. (1990) and Puntius
sarana(Ahmed and Hasan 1981, ARG 1986 and Alamgir et al.1990) was not found in the
present investigation. Halder (1989) reported that Puntius saranawas caught in the large
numbers at the inception of the reservoir. The species become disappeared from the
reseryoir and on the other hand, Puntius gonionotus, an exotic species introduced here
escaping from the research cages accidentally and with the stocked fingerlings, and
going to be established within this environment and being found in the normal catch.

At, the inception of the reservoir Tor tor was found to catch in rifile areas. of
Karnafuli reservoir at Barkal and of the Kassalong river at Gangaram (Sandercock 1966)

but at present, this species found rare in the landings. Meanwhile, the evidence of
observing fry and fingerlings of the same through fisher's catch at Barkal immediately
after breeding season is claimed by BFRI scientists. This species may be treated as

endangered and immediate steps should be taken for the conservation of this highly
priced fish by artificial propagation and banning the catch in the reservoir.

Considering the geographical distribution, the Danio sondhii and the Dermogenys
pussilus covers the Kaptai reservoir and south-eastern part of Bangladesh (Talwar and
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Jhingran 1991, Rahman 1989), the Kaptai reservoir may be regarded as possible habitat

ior thor" rarely found species although they are not still recorded from any other inland

waters. Fromithe inception of landing (1965-66) to 1984-85 the contribution of total

landing was made by maior carps (21%) which have been replaced recently by Clupeids

(Kectrti+CUapila, 640/o). However, adopting proper management techniques and

following the conseryation measurdb strictly, can make this reservoir a prominent source

for divenified ichthyobiota. Nevertheless, the list of these fish fauna is not exhaustive

and it may be believid that there are more species yet to be accounted and identified and

those species may be harbored in the remote areas and parts rest in India.
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Absuact
The growth of three microalgae species, viz., Nannochloropsis oculara, Tetraselnis chui

and Chaetoceros muelleri, which are commonly used in aquaculture, was investigated

using three different inorganic nutrient media: (i) Modified Guillard's f/2 medium (ii)

Rlx tvtix medium and (iiij BFRI medium. Each microalgae species was cultured for 24

days in small- scale with initial inoculation densiry of l7x10a cell /ml in the three media

wiih triplicates. N. oculataculrured in modified Guillard's f/2 medium showed superior

growth with a mean peak densiry of 22L-r4.24 x lOacelV ml, to Rix Mix medium (141t

iO.s+rtO. celVml).ni gfg medium (47t4.94 x 10a celVml) on the 16d day of culture

at surtionary phase. Considering the increase in cell density for 20 days ofculture in Rix

Mix medium, 'c. muelleriwas significantly (P<0.05) highest than in other two media.

N. oculata cultured in BFRI medium resulted in the poorest growth with a mean peak

increase in density of 84t9.19 x lOa celVml in 12 days of culrure. However, with an

increase in cell density, growth of T. chui (182 * 6.26 x lff cell/ml) was significantly

(p<0.05) higher in BFiU medium than in modified Guillard's fl2 medium. The results

of the present study suggest that N. oculata a1,d C. muelleri can be gxown very well in

borh the modified Guiltard's fl2 medium and Rix Mix medium. Better growth of T. chui

can be obtained while culturing either in BFRI and Rix Mix medium. These three

nutrient media used in the present study may be useful for microalgae species culture for

establishing gxeen-water culture for suitable target zooplankton, and fish and crusmcean

larvae in marine and brackishwater hatcheries'

Key !7ords: Microalgae, Brackishwater, Nutrient media

Introduction

Microalgae are of great impqftance to the commercial culture of bivalves (larvae,

juvenile and adults), cirstaceans (mostly the early larval stages), zooplankton and to a

iesser deg.ee to finfish (larvae and /or adults). The alge are used to feed during mass

culrure oizooplankton such as rotifers, copepodes and brine shrimp' These zooplankton

are the live food for late larval stages of crustaceans and fish' N' oculata can be useful in

establishing the rotifer, Brachionis plicarl//s culture protocol because of its high levels

of vitamin-B,, and eicosapentaenoic acid (EPA) content (Okauchi L99l)' C' muelleri is

high in HUFAs and its overall nutritional value is also high (Okauchi l99l)' T' chui'
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though nutritionally inferior to N. oculata, may also prove useful as a direct food in
culturing organisms that are too small to accept rotifers (Itrfilkerson 1998).

Growth of phytoplankton in nature is mainly controlled by various-environmental
factors such as temperature, salinity, irradiance, stratification, water turbulence, etc.

(Tomas 1978, Uye and Takamatsu 1990). However, nutrients are also very important
environmental factors that influence the growth of any alga (Okaichi et al. 1989). Since

the objective of growing mieroalgae in controlled condition is to obtain the highest

density in the .shortest possible time, utilization of natural seawater or freshwater

without enrichment is not expected to yield sigrrificant results. Nutrient media used in
the microalgae culture include Conway, Modified F or TMRL medium depending on

the species cultured (Kongkeo 1991). Microalgae grow best in media with quite different
primary and trace nutrient composition than natural seawater (Hoff and Snell 1989).

Marine or brackishwater microalgal species require a culture medium with a chemical

composition similar to that of seawater. Besides carbon, the requirement of principal

nutrients for phytoplankton are nitrogen and phosphorus, in an approximate ratio of 6:1

by weight, respectively. Trace minerals and vitamins (especially B,, and thiamin and

biotin) can also be added. These are necessary in most axenic cultures (Fulks and Main

l99l) with addition of silicate for diatom. The need for microalgae to employ either as

direct food for larvae and rotifers or in green water culture is important to consider in

light of the results of trials to test growth of some well known microalgae species against

varying microalgal culture media.
The effect of the three culture nutrient media, viz., modifted Guillard's f/2 medium,

Rix Mix medium and BFRI medium on the growth of the three species of microalgae'

viz., Nannochloropsis oculata, Tetraselmis chui'atd Chaetuceros Btuelleri, which are

commonly used in aquaculture, have not yet been studied in prevailing local condition.

Considering the need for a thorough investigation with the suitable culture nutrient

media for microalgae culture, rhe present study has been designed with the obiective to

determine the effect of three selected inorganic nutrient media on the growth

performance of above three microalgae.

Materials and method

The culture of the microalgae in these trials was done in a temperature controlled

(about 25 "C) microalgal laboratory at the Brackishwater Station of Bangladesh Fisheries

iesearch Institute (BFRI), Paikgacha, Khulna. The culture was maintained in 1'5-liter

mineral water bottles wittr sufficient aeration in axenic condition.'The brackishwater of

25 pptwas filtered through 1.Opm carrridge filter to remove particulate and treated with

lO ppm chlorine at the iate of 0.1gll and dechlorinated by using 0'175 gfi of sodium

thiosulphate. As excess of sodium thiosulphate may reduce trace metal availability (Hoff

and Snill 1989), the rate of application and period of dechlorination for 30 minutes were

maintained properly. Media types tested were modified Guillard's f/2 medium, Rix Mix

medium ,od BpRl medium. ihe standard nutrient medium used for algal culture was

the Medium-F presented by Guillard and Ryther (L962). The Guillaid's F medium is
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suitable for the growth of most algae and is being used extensively (Fox 1983). The
modified Guillard's fl2 medium used in this study was modification from Guillard's F
medium for microalgal culture. The Rix Mix medium used by the private laboratory in
North Queensland, Australia for stocks and medium size working culture (Braley 2001).

The BFRI medium was prepared at the laboratory, which contain similar trace metals
and vitamin solution of modified Guillard's f/2 medium. The composition of Rix Mix,
BFRI medium and modified Guillard's fl2 medium is shown in Tablel. The application
rate of BFRI medium and modified Guillard's f/2 medium was 1 ml/L brackishwater and
for Rix Mix it was 2 mVL brackishwater. The application rate of sodium metasilicate was

I ml to l-L brackishwater for diatom only. The algal cells were inoculated into the

bottles with equal initial concentration (17x104 cell/mt) for all species of microalgae.

Aeration was moderate and the source was aquarium aerators. The bottles were set up

approximately 15 cm from the two 'daylight' fluorescent tube light sources with a light
intensity of about 2500lux I m'l s.

Table l. Composition of Rix Mix, BFRI medium and Modified Guillard's f/2 medium

Ingredients Amount of ingredient(g or
Rix Mix BFRI medium Modified Guillard's

f/2 medium

Thrive *
Ammonium sulphate

Urea
TSP

Borax
Sodium nitrate
Sodium dihydrogen
orthophosphate
Citric acid
Iron (ferric) citrate
Sodium metasilicate
Copper sulphate
Zinc sulphate
Sodium molibdate
Manganese chloride
Cobalt chloride
Multi-Vitamin B
Vitamin B1

Vitamin B,
Vitamin Biotin

99gl1-L dw
27f,|-_L dw

20 glL dw

l- t.b crurh.d/1-d*

10 g/100 ml distilled water (dw)
23 g/100 ml dw
2gl100 ml dw

lgl100 ml dw

20 glL dw
igl100 ml dw

2.2 9/100 ml dw
0.691100 ml dw
l8g/100 ml dw
1gl100 ml dw

l0g/l00ml dw
0.05e/100 ml dw
0.05s/100 ml dw

75gl1000 ml dw
5gl1000 ml dw

16.8 9/1000 ml dw
3gl1000 ml dw

20 gtL dut

lgl100 ml dw
2.2 e/100 ml dw
0.69/100 ml dw
l8g/100 ml dw
lll00-ml dw

l0g/l00ml dw
0.0591100 ml dw
0.05s/100 ml dw

Australia havins followine chemical constituenl*Thrive is common garden fertilizer following
Nitrogen (N) as Nitrate Sulphur (S) as sulphatei 0.22o/o

Copper (Cu) as copper sulphate 0.005%

Zinc (Zn) as zinc sulphate 0.02o/o

Boron (B) as sodium borate 0.005%

Manganese (Mn) as mangandse sulphate 0.04o/o

Iron (Fe) as chelated iron 0.18%

Molybdenum (Mo) as sodium molybdate 0.002o/o

Maximum Biuret o'4%

Nitrogen (N) as ammonia form
Nitrogen as urea
Total Nitrogen (N)
Phosphorus (P) as water soluble
Potassium (K) as potassium nitrate
Magnesium (Mg) as magnesium sulphate

3.0%
2.60/o

21.4o/o

27.0%
5.5o/o

9.00/o

0.25%
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There wererthree replications for each treatment i.e. for each nutrient medium. The
total culture period wrs twenty;four ciays. Counts of algai cells were naade at every four
days intenal using an improved Neubauer Haennocytometer by applying the
methodology used by Hoffand Snelt (1991). All the data were anaiyzed statistically using
Analysis of Variance (ANOVA) and the significance test among mean values of
treatments was done using Duncun's New Multiple Range Test (Zaman et al, L982).

Nannochloropsis oculata showed the best growth performance in modified
Guillard's fl2 mediunq annong the three media tested in this study (Fig. 1). The peak

density of N. oculatain modified Guillard's f/2 medium was 221-+4.42 x 10a celVml at the
16'h day ofculture before stationary phase. Lim (1991) found a peak density of20-25 x
106 cells/ml using Walne's medium in 3 L polyethylene bag. In Rix Mix medium the
growth increased to the highest density of 185-+9.26 x 10a cell/ml at the I2'h day of
culture. BFRI medium showed the poorest growth performance for this species.

r 000
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16 20 24

Fig.l. Irgaritlmh ,"* "mffirchloropsis 
orulata inttuee

Fig. 1. Logarithmic growth curves of -ly'aza ochloropsis oculata it three culture media.

Chaetoceros muelleri showed unconventional growth pattern in fll and. Rix Mix
media, but followed the typical growth pattertr of microalgae in BFRI medium (Fig. 2).

The reason of this is less understood. C. muelleri attained the. highest density of 321'r

5.4lxl0acells/ml in Rix Mix medium and about same density (319+12.02 x lOacells/ml)

at the 24'h day of culture in modified Guillard's fl2 medium. The maximum cell density

of C. muelleri(1.35*e.qS x 10a cells/ml) in BFRI medium was observed at the 12'h day of
culture. Chen (1991) observed a maximum 2A0-250 x 104 cells/ml of C. muelleri in
cemented ponds and tanks in large scale using NaNOr:60g/ton,KHrPO4:4 g/ton, Vit
B:100 mg/ton and Vit B,r: 0.5 mg/ton.
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0{811161021
Cullure rJays

Fig.2. I-ogarithnric grorvdr curves ol Cliarto((tot tnu?ll(i ir llree
dillercnt culture media

Fig. 2. Logarithmic growth curves of Chaetoceros muelleri in three cuhure media.

Tetraselmis chui was grown reasonably well in both BFRI and Rix Mix medium
compared to modified Guillard's fl2 medium (Fig. 3). As water quality deteriorates and
algal cells starve with the increase in density, death and breaking of cells occur after
exponential growth phase of microalgae (Hoff and Snell 1991, Fox 1983). 7i crlur is less
sensitive to environmental stress (Liao er al. 1991), which could be responsible for the
extended exponential growth phase of this species in all the media. The maximum cell
density of L82t-6.26x10acelllml was with BFRI medium ar rhe final day (24'h day) of
culture. The highest density of the species with Rix Mix medium was 169+-4.48x104
cells/ml at the final day (24'h day), which was close to the maximum value with BFRI
medium at the same day. T. chui gave reduced growth in modified Guillard's f/2
medium during the entire culture period, reaching a maximum cell density of only 78 r-

4.24x\04 cells/ml at the final day (24'h day) of crilture. Different microalgal culture test
media resulted in varying growth rates of cultured microalgae species (Table 2).

Considering the increase in density at the 16'h day of culture, in modified Guillard's f/2
medium, the cel] growth of C. muelleri(222-r4h24xl0acelllml) was significantly (P<0.05)
higher than the other two species. After 16 days, i{ oculata and T. chui werc reduced in
their growth, but C. muelleri increased at the highest density up to the last day of
culture.

0 J IJ ll l(r l0 ll
( ulturt duvs

Fig.-1. I-*rri,nrr,. gro\\th curvcs of'l ctra.vlnis chrrl in three

different culmre media

3. Logarithmic growth curves of Tetraselmis chui in three culture media.
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In BFRI medium, considering the increase in cell density at the l2th day, growttr of
C. muelleri (135+6.95 xlOacell/ml) was significantly (P<0.05) higher than other species,
but at the 24'h day T. chui showed significantly (P<0.05) higher density (182'+6.26 x l}a
cells/ml) than other two species. N. oculata ar'd. C. muelleri concentration decreased after
12 days and reached at minimum level at the last day of culture. At the 12'h day of
culture in Rix Mix medium, N. oculata concentration was significantly (P<0.05) higher
(185+9.28 x 104 cells/ml) than other two species. After 12 days this species gradually
decreased but Z ciai increased up to the end and C. muelleri reached the highest
density (321'+5.4I x lOacell/ml) at the 20'h day and then decreased.

The growth of N. oculata reached a higher density of 221-14.42 x lOacells/ml in
modified Guillard's fl2 media at the l6't day than that of (141+- 10.54 x 104 cell/ml) in Rix
Mix medium. Modified Guillard's fl2 medium promoted significantly (P<0.05) higher
growththanothermedia.Hur(1991)observedthehighestcelldensity of 197.5 x 105of
N. oculata cultured inFl2 medium, which is much higher than the density obtained in
present study and this might be due to the changes in chemical composition of nutrient
medium. N. oculata gxew reasonably well in modified Guillard's fll and Rix Mix media

"*"+?"'ll'#;,"#;iT"#3ii::':,))il,,, ,tt,io.d between 12 and 16 days orcurture
period in three culture media. On the other hand, the cell number of T. chui increased

up to rhe 24'h day (final) day of culture and this difference might be due to the difference
in exponential growth phase of these two microalgal species. C. muelleri showed

difference in maximum cell density at different days of culture.
In the above view, it may be concluded that, N. oculata and C. muelleri might be

grown very well in both the modified Guillard's'fl2 and Rix Mix media. Better growth of
T. chui might be obtained while growing in BFRI and Rix Mix media. These three
microalgal culture media used in the present study may be useful for culture of different
algal species to supply as live food for suitable target zooplankton and larvae of fish,

crustaceans) etc. in marine and brackishwater hatcheries.
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Absract
A srudy was conducred ro evaluate the effects of feed made from locally available

ingredienrs on polyculrure of shrimp and three brackishwater finfish species. Hatchery

priOuced post-lirvae (PL) of shrimp Penaeus monodon (0.0059) were stocked at the rate

of ts,ooo Pls/ha. Brackishwarer finfish species Liza parsi4 Mugil cephalus and

Rhinomugil corsula of 0.63-1.419 collected from local rivers were stocked at the rate

8,000, 1,000 and 2,000/ha, respectively in four treatments. Shrimp and finfishes were fed

four different experimental diets composed of fish meal, mustard oil cake, rice bran,

oyster shell powei and vitamin premixes at the rate of 3-5o/o estimated crop/day for 195

days. Among four ffeatments, P. monodon showed comparative better growth in T. and

Tr. finfistr L. paniashowed its better performance in reatment Tr. Species rV. cephalus

aid R. corsulashowed insignificant production. P. monodon showed better growth with

diet of fish meal and *urt".d oil cake @ 28.84 a1rd 33.650/o, respectively in Tr, and 19'22

ard 43.2T%orrespectively in treatment To

Key words: P. monodon, L. pani4 LI. cephalus, R' conula, Feed, Polyculrure

Introduction

Brackishwater aquaculture in the south-west part of Bangladesh at the present time

is absolutely directed to farming the penaeid shrimp and some cases practiced as

polyculture with accidental intrudid finfishes. Now- a- days, trend being changing with

ih"-f"r-.r, to care about polyculture of penaeid shrimp with some selective fish species

(Shofiquzzoha et a1.2001). Cultur. po.ti..t are extensive in nature and rely on natural

productivity of warer body (Hoq et at. 1994) with little or without management'

Traditionaliy farmers do noi use supplemental feed and/or not aware of using any feed to

the._ gher(itradirional shrimp farm). In polyculture system, finfish may co_ntribute to

rhe slirimp glers a higher raie of production with shrimp, if a low-cost effective feed

from localiy availabte ingredients can be supplement to the stocked animal.

To obtain a sustainalble higher production the present experiment was undertaken to

observed the effect of feed lreparea from locally available ingredients on shrimp

Penaeus monodonand three non-carnivore brackishwater finfish species in polyculture

practice.
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Materials and methods

The experiment was carried out during May to October in 12 earthen ponds as four
treatments viz.T' T, T, and Tn with three replications each.

Prepantioa of the poad
The ponds (0.2 ha each) were drained and dried. Soil pH was measured and lime was

applied at the rate of.270300 kglha depending on the pH levels of the soil. The water pH
was also maintained in the same way. Mustard oil cake as an organic fertilizer was
applied at the rate of 100 kg/ha. Inorganic fertilizers like triple super phosphate and urea
(ratio 3:l) at the rate of 30 kg/ha were applied. Initially tidal water was allowed to enter
up to a depth of about 40-60 cm and awaited for natural feed development then level was
finally increased up to 90cm (Ali er at. 1999). As per necessiry, porrion of water
(approximately 20o/o) was exchanged from ponds during the new and full moon.

Stocking
Hatchery produced post larvae (PLs) of shrimp P. monodon were stocked (during

mid May) at the rate of 15000 PLs ha-r along with fingerlings of Liza parsia, Mugil cephalus

a;ad Rhinomugil corsula of collected from local rivers were stocked 8,000; 1,000 and 2,000
frylha, respectively in treatments T,, T, T, and To (Table 1).

Feeding
Commercial nursery shrimp feed (Saudi-Bangla) Starter-l was fed the shrimp twice

a day at dawn and dusk at the rate of 100% of stocking bio-mass during first week and
then the rate were gradually reduced to 60, 40 and 20o/o in the subsequent 2nd, 3'd and 4'h

week respectively.
After 30 days, shrimp and fin-{ishes were fed with supplbment feed made from

locally available ingredients. Four diets were formulated using rice bran (RB), fishmeal
(FM), mustard oil cake (MOC), wheat flour (!7F), oyster shell powder (OS) and animal
grade vitamin premixes (Table 2). Feeds were fed twice a day (at dawn and dusk) at the
rate of 3-5o/o of estimated crop. The ingredients RB, FM, V/F, OS and vitamin, were
proportionally weighted and mix together except MOC. The mixture were added with
soaked MOC and was made into dough balls (\(/ood et al. l99L). These balls were

supplied in some particular places in ponds as the animals could easily get their feed.

Feed supplying often stopped for day or per serve whenever the weather became cloudy
or after heavy rainfall.

Sampling and data collection
$[ater quality parameters i.e., air and water temperature, pH, salinity, transparency

were monitored once in a week. After 87th day of culture, harvest was done for P.

monodon by selective cast netting- Remaining finfish species i.e., L. parsia, tV. cephalus

and R. corsula rhose were reared in the same ponds for stipulated 195 days of culture.
The final harvest of finfish and rest of shrimp was done by completely drain out the
ponds.
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Table 2. Formulation of experimental diets (%)

Diets (%)

Ingredients T4TrTrTr

Fish meal

Mustard oil cake

Rice bran

Wheat flour

Oyster shell powder

Vitamin premixes

48.07

14.42

28.85

3.85

4.33

0.48

3 8.45

24.04

28.85

3.8-s

4. -1 -1

0.4E

28.84

33.65

28.85

3.85

4.33

0.48

19.22

43.27

28.85

3.85

4.33

0.48

Total 100.00 100.00 100.00 100.00

Calculated protcin (7o){' 32.90 30.94 29.03 21.03

*Protein level: fishmeal A grade

(17.7 8o/,) (Bhuiyan et al. 1989).

(50.81%), mustard oil cake (30.33%), rice bran (11.88%) and wheat flour

Results and discussion

Treatments wise physico-chemical properties of ponds during the experimental
period are shown in Table 3. The mean physico-chemical properties of water in the

treatment ponds during the experimental period were found suitable except salinity.

\(/ater temperature langed between 27.98 and 28.01-rSD "C, PH between 8.29 and

8.46+SD and-transparency was between 20.33 and 25.48-rSD'cm in all treatments

however, salinity, which was ranged between 5.97 and 6.09-rSD ppt. However) the

parameter wise range was found within the limit for shrimp and brackishwater fin-fish
culture (Ali er al. lggg, Roy er aI. 1999). The variation was observed for water

rransparency ranged between 20.33 arrd 25.48-rSD cm was also favorable for shrimp

culture (Grey 1990). The transparency/visibility oftel higher might be due to growth of
aquatic weeds and low for turbidity due to suspended particles after heavy rainfall,

erosion of dyke due to strong wind action or silt carried by tidal water' However,

Hossain (1987) attributed the variation to the differential formation of plankton and

qualitative incursion of silt laden in water during tidal exchange.

Table 3. Mean physico-chemical properties of water during the experimental period

Treatments \Water temp. ("C) Salinit-y (ppt) pH Transparenc-v (cm)

Tr 27.98 (+5.93;

T2 27 .85 (+ 1.791

T, 28.01 (+4.95;

Tr 27.39 (-16.121

5.97 1*2.991

5.91 (+3.221

5.91(+3.261

6.0e (12.88)

8.29 ('19.491

8.34 1-r9.52;

8.46 (r0.59)

8.29 (-+9.497

24.28 (.+9.01)

25.,18 (+9.16;

20.33 (*7.65)

24.17 (-r 12.221

F'rgr,.es in ttre parentheses indicated + standard deviation'
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Effects offeeds on polyculture

The treatment wise mean production in shrimp fin-fish polyculture was shown in
Table 4. Data revealed that, the total production range between 90.5 and 183 kg/ha/195
days in all treatments might be considered as low. Shofiquzzoha et al. (2001) obtained
242.68 kg/ha in similar species combination and stocking density while, the animal fed
with commercial shrimp feed (30% protein level) for 195 days. Ali er al. (2000)
formulating feed with fish meal, rice bran, mustard oil cake, wheat bran and vitamin
premix (30-32o/o protein level) and fed at the r?te 3o/o of estimated crop while stocked
40,000 PLs and 10,000 frylha for a culture period of 225 days and produced P. monodon
and L. parsia of 449.37 and 171.05 kg/ha, respectively. Roy er al. (L999) obtained 231

kg;/ha/crop of P. monodon for a culture period 149days in monoculture system. The low
production obtained in the present study might be due to inaccurate proportions or low
efficacy of the food ingredients used in the rations. Lovell (1989) mentioned about
dietary protein level of penaeid shrimp ranged 28 to 60% and for P monodon the range
were 42 to 460/o how eve, values differ on animals size, level of dietary energy, feeding
rate and availability of natural food organism. !7ood et al. (1991) mentioned that, feeds

to be water stale for minimum of two houn, raw materials must also be selected in terms

of their functional properties or ability to induced water stability, nutritive and as well as

an arrractanrs. Hossain et al. (2000) emphasized on digestible crude protein, organic
matter or lipid and energy content in feed and ingredients.

The treatmenr wise production of shrimp-fish were calculated (Table 4). Study
revealed that, among treatments, growth/production of shrimp P. monodon and finfish
species L. pania were significant ((P<0.05). However, species M. cephalus and R.

conulaproduction as well as total production found insignificant.
Among the four treatments, P. monodon showed comparative better performance in

rrearmenrs T, and Tn (Table 4) where the two of five feed ingredients viz., fishmeal and

mustard oil cake were used at 28.84 and 33.650/o respectively, in treatment Trl however,

in rreatmenr Tn, it was L9.22 and 43.27% respectively. Finfish L. paniashowed its better
performance in treatment T, (fishmeal 38.45o/o and mustard oil cake 24.04o/o were used).

Table 4. Production (kg/ha) of shrimp and finfish in polyculture system

i

I

Commodity produced Tt T,T3T2

Shrimp Penaeus monodon 39.51" 54.08" 108.25" 105.00'b

Finfish Liza pania

Finfish tVugil cephalus

Finfish Rhinomugil conula

(Total finfish)

Total producdon

37.12" 117.75 48.87' 66.83b

e.00 7.e2 . . 5.5! s.6
4.88 3.88 5.47 6.23

(s1.00) (r2e.ss) (s9.e3) (78.72)

90.51 183.63 168.18 t83.72

In this study,
mustard oil cake

P. moaodon showed better growth when fed diet of fish meal and

28.84 and 33.650/o respectively in Tr, and was 19-22 and 43.27o/o in

8l
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treatment Tn respectively. The results indicated that, it
selecting feed ingredients (e.g. protein, lipid etc) and/or

production of these species in polyculture system.

needed to be more decisive of
ratios to producing sustainable
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Effects of salinity and temperature on the larval development
of a sesarmid crab Neosarmatium trispinosumDavie
(Crustacea: Brachyura: Sesarmidae) from mangrove
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Abstract
The larval development of the semiterrestrial sesarmid mangrove crab Neosarmatium
trispinosum was studied under laboratory conditions at salinities 0-35o/oo and constant
temperatures of 20-300C. The larval development consists of five zoeal stages and a

megalopa. Larvae survived to the first crab stage at salinities between 15 and 357oo with
different percentages. At 0, 5 and l07oo, the larvae died within 12-18 hours without
moulting to subsequent suges. The highest survival rate was recorded ar 20-25o/n and
25-300C with shortest development duration to the first crab stage rauging from 24-28
days. At the highest salinity (35%o), survival rate was gradually decreased with increasing
development duration. There were significant differences (P<0.01) found in the
development period arnong the tested salinities. Results of this study suggest that the
larvae of N. trispinosum develop in estuarine water and recruit to the mangrove swamp
at the megalopa stage, where they spend the rest of their lives.

Key words : Mangrove crab, Neosarma ti u m tri sp i n o s u m, Larv al development

Introduction

The crabs of the family Sesarmidae are imponant components of mangrove

ecosystems in the Indo-W'est Pacific, Africa, the Caribbean and South America. By
retaining a large proportion of mangrove leaf-litter within mangrove forests, they
profoundly influence the functioning of mangrove ecosystems (Sheaves and Molony
2000). Crabs of the genus Neosannatium are among the largest of the intertidal mangrove

sesarmids (Ng er al. 1996). Among the recognised species, N. trispinosum is an

uncommon species found in the mangrove swamps of southern Okinawa Island, Japan.
Neosarmatium trispinosum builds large characteristic mounds at the entrance to its
burrow. This species is also found in the mud flats between low and high tide marks, and

mangrove areas (Sakai 1976,Dai and Yang 1991). The crab emerges from its burrow at



M.S. Islam & S. Shokita

night to remove litter from the surface of the mud (Gaddins et al. L986).This species is a

major leaf consumer, carrying leaves into its burrow where they are allowed to age and

decay prior to consumption (Gaddins et a|.1986, Neilson and Richards 1989).

N. trispiaosumhas long been confused with .AI smithi (H. Milne Edwards 1853),

from which it can be easily separated by the shape and position ofthe teeth on the.upper

margin of the dactyl of the male cheliped (Davie 1994). On N. trispinosun the three
spines are acute, and placed close together in the proximal two-thirds; whereas in -AI

smithithey are truncate, and spaced out over the proximal half (Davie 1994).

Sesarmid crabs are frequent inhabitants of transitional habitats between marine

intertidal and adiacent freshwater or terrestrial zones (Anger and Charmantier 2000). In
most of these species, however, reproduction depends on an export of the larval stages

into the ancestral environment, the sea, and later remigration of megalopae or benthic
juveniles into the brackish or semiterrestrial parental habitats (Hartnoll 1988, Anger

1995, Anger and Charmantier 2000).

Salinity and temperature are among the most important physical factors in the life of
marine and brackish water organisms (Browne and \ilanigasekera 2000). There is often a

complex co-relationship between the two factors, where temperature can modifu the

effects of salinity, thereby changing the salinity tolerance of an organism, and salinity
can modifu the effects of temperature accordingly (Kinne 1963, Browne and

$flanigasekira 2000). Several published documents deal with the effects of a variety of

saliniiy and temperature levels on the larval development of different species of sesarmid

crabs (Costlow etal. L960, Anger et al.lgg}, Schuh and Diesel 1995a,b, Diesel and Schuh

1998, Islam et al. 2000, 2002a).

irior to this study, larval development is known only for N. fourmanoiti (Islam era,L

2AA3), N. indicum(Islam et at.20A2b) and .AI meinerti (Pereyra Lago 1989, as Sesarma

meiaertf within the genus Neosarmatium. Their larval development consists of fiv1

zoeal stages and a megalopa under laboratory conditions. Considering the importance of

these spicies in the mangrove ecosystem, we examined the influence of salinity qnd

temperature on the larval development of N. trispinosum. :

Materials and methods

An ovigerous N. trispinosumctab measuring 34 mm in carapace length and 37 mm

in carapace width was captured by hand from a burrow in the Shimajiri manglove

,*"-p of Miyako Island (2t020'N-26030'N, 128010'E-128020'E), southern Okinawa, Japan'

The female Was brought to the Laboratory of Fisheries Biology, University of the

Ryukyus, Okinawa, and reared in a plastic container (32x18x22 cm) with L6'rlo/oo

;"ilil ig.S=o.rrt ambient remperatures and moderate aeration. The female was fed

with "tetra Fin" (small dry fish) and aged mangrove leaves. Seawater was changed daily

until the eggs hatched. Hatching occurred after 18 days of rearing. The larvae were

reared for mass culture under the same conditions as indicated for the ovigerous female.

The larvae were subiected to eight different salinity levels (0-35%o, by step yf 
-lo/oo),

measured with an Atago Hand Refractometer to the nearest loloo, and three different
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constant temperatures (20,25 and 300C). The above salinities were obtained by diluting
filtered seawater with dechlorinated tap wa{e.,g.. Temperature was controlled by
thermostat. tilTithin one day after hatching the'most photopositive and active larvae were
selected, and then used for experiments. A 5-ml glass pipette was used to retrieve active
larvae from the rearing container (mass culture) and to place them into the one-liter
plastic test container containing the test solutions (20 individuals per container). Half of
the aerated test water in each container was replaced daily. The larval stage was

identified based on the setal number on maxillipedal exopods, under a binocular
stereomicroscope.

Newly hatched nauplii of Artemia sp. were added daily to each bowl as larval food.

In addition, finely chopped meat of the shon-necked clam (Ruditapes philippinarum)
was fed to megalopa. Moulting, survival and development duration were checked for
each larval stage daily between 7:00 am and 7:00 pm. Dead larvae were preserved in 50%

ethylene glycol solution for later re-identification of stages. Experiments were terminated
when all the larvae had moulted to the first crab stage or died. Development duration for
larvae at each salinity level was analyzed using a two factor analysis of variance
(ANOVA) on the statistical package Minitab 11.12 for \0'indows.

Results

Larval survival of N.,trispinosumfrom hatching through first crab stage occurred

over rhe range of resred salinities (15-35%o), with a slight tendency of higher survival in
250/oo at 250C, 200/oo at 300C and 30o/oo at 200C (Table l). However, 0-10%o appeared

unsuitable, 100% mortality occurring after t2-18 hours exposure. At the time of
metamorphosis from the fifth zoea to the megalopa stage, survival was higher in 25o/oo at

300C, 25o/oo at ZS'C and 30%o ar 200C than at Llo/oo or in full-strength seawater (35 o/oo)

(Table 1). At 20, 25 and 300C, development was successful in the salinity ranges were

tested (Table 1), but with different survival and different development duration.

Development duration are almost similar except for the first zoea at 200C and fifth zoea

at 300C. Significant differences (P<0.05, <0.01) among the development duration of
larvae at different salinity levels tested at different temperature conditions was observed

(Table 2).
Total development duration required for metamorphosis from first ?oea to first crab

stage at five different salinities ranged ftom 28-32 days at zOoC,24-29 days a1 250C and

Z5--30 days at 300C (Fig. 1). Average development duration was p0 days at'200C, and 27

days at 25 and.300C in all tested salinities (15-35%o). Howeyer, minimum dura{9n

recorded 24 days at25o/oo (250C),25 days at20'25%o (300C) and'28 days at 25%o(200C)'

Results show that reduced salinity (L5%o) or ftrll-strength seawatet (35o/oo) increased

dwelopment duration significantly when compared with intermediate salinity

(20-256/ro). Significant differences (P<0.01) in the total duration for complete larval

development at different salinity levels tested at different temperature conditions was

observed (Fig. 1).
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Rc.rilg !.linity (L)

Fig. l. Dwelopment duration to the first crab stage of Neosarmatium trispinosum under five

difterent saliniry conditions at three consmnt temperatures. Vertical bars indicate standard

deviation. Significant differences 9P<0.01) were fouod among the salinity levels tested.

Discussion

The larvae of laboratory reared N. trispinoium were able to develop successfully

through meramorphosis in a wide range of salinities. Compared with the previous

observations on irs congener lI indicum (Islam et aL.2002a), however, the larvae in the

present study showed 
-a 

less euryhaline response. A salinity of. 20-25Voo at 25400C

,.pr.."ot, a suitable condition for early larval stages and possibly for the megalopa'

Hence, the intermediate salinity (20-25o/oo at 25-300C) appears optimum for the larval

development of N. trispiaosum.
Ai l5%o, N. trispinosumlaruae had poor survival and delayed development, while

Islam er al. (2002a) reported for this condition a low mortality and occasionally some

survival even at 5 or 10 o/oo in N. indicum.Campared with the optimum condition (20-

mortality was higher at 15 and 35%o, with an increasing development duration.

Development to the first crab stage was complete{ with different percentages, at

salinities ranging from 15-35%o. This represents a narrow range than in other sesarmid

crabs as Sesatma cufiacaoense (Schuh and Diesel 1995a), Atmases mienii (Schuh and

Diesel 1995b), Perisesarma bidens{lslam et aL.2000) and M indicum (Islam et a|.2002a).

Development to the fint crab stage in A. cinercumwas successfut at 20.1 and26.7 o/oo

but not at iZ.S and 3l Zoo (Cosrlow et al. 1960) and individuals of z4' icordi sawived at

ii-lSy*,but died at 10%o or lower salinities (Diesel and Schuh 1998), which was similar

to the present results. Unfornrnately, the above authors and the present study did not test

at hig-her salinities, so that the upper limit of salinity tolerance during the early
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development of A. cinereum, A. ricordi and .AI trispinosum remain unknown. In all
these species including the present one, the first zoea most probably hatches at low
salinity near shore or estuariDe waters; subsequent zoeal stages occur in the marine
environment, and waters of lower salinities are invaded by the megalopa (Costlow et al.

1960, Alvarez and Ewald 1990).

Tolerance of -AI trispinosum larvae to low salinity decreases in successive stages. The
first zoea had high survival rates at 20-30o/oo, and developed well at25%oo with a slightly
shorter duration. This may reflect an adaptation of the. first zoea to regular release in
brackishwater and early development in marine water habitats. Laboratory investigation
showed that the later zoeal stages of -AI trispinosum exhibit a slight preference for
brackish ro marine conditions, where they showed the shortest development and highest
survival rates. At 15 and 350/oo, they displayed clearly delayed development and increased

mortality. This shows that .AI trispinosum is a species whose development takes place in
near shore water.

Results of the present studies revealed that the major part of the larval development
of N. trispinosumappears to take place in lower estuaries and in coastal oceanic waters,

where salinities between ca 20 and 30%o are found. This salinity range was also found to

be optimum for larval development in other brackishwater sesarmid species (Costlow er

al. 1960, Anger et al. 1990, Islam er al. 200A, 2002a). The salinity tolerance of other

sesarmid larvae decreased during development where the first zoea ate released into
brackish near shore waters, and subsequent stages occur in the relatively stable

conditions in lower estuaries (Schuh and Diesel 1995a,b, Diesel and Schuh 1998, Islam er

al.2000,2002a).
The osmoregulation in decapod crustaceans did not change during development

from larval hatching through the adult phase (Charmantier er al.1998, Charmantier and

Anger 1999). Successful development of Sesarma aracaoensefrom hatching to the end of
the first crab stage through metamorphogis..occurred in the full salinity range tested

(15-32o/ro), although mortality was significantly enhansed dnd development delayed at

15%o (Anger and Charmantier 2000). Our results are most similar with these findings.

Larval survival of A. mienii was frequently higher at l5-25%o than in seawater (Anger

1996), while higher morrality occurred at the'extremes of 10 and 55%o. The present

result is'again similar to those observed in A. miersii. Lowest mortality and shortest

development duration occurred generally at l5-25o/oo, indicating an optimum at 'i

moderately reduced salinities (Anger et at. 2000). The optimal salinity required for

complete development of each larval stage of N. trispinosum vaied at ca. 20:30d/oo' Thii"'
salinity of the 

-shimajiri 
manglove swamp is nearly 20-25o/oo, which is lower than

seawater and similar to the ,"*iog water. Hence, the present results suggest that the

larvae of N. trispinoszzr develop in estuarine water and recruit to the mangrove swamp

at the megalop"itrg", where they spend the rest of their lives.

Temperature had a strong effect on development duration in A. miersii (Schuh and

Diesel 1995b). Larvae of N. trispinosum reared at 200C took a longer period to reach the

first crab stage rhan those reared at 25 or 300C, and they suffered higher mortality at

lower salinities. Similar effects have been reported for other sesarmid species reared
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under comparable constant laboratory conditions (Costlow et al. 1960' Alvarez and Ewald

1990, Schuh and Diesel 1995b). The development duration of .AI trispinosumat 250C was

intermediate between those observed at 200C and 300C, and survival was higher. The

resulrs are similar to those of A. mienii (Schuh and Diesel 1995b). The conditions of
constant temperarure and salinity used in this study are obviously not found in the

larvae's natural environment, but the ecological significance of our results can be

appreciated when the situation in the larval habitat is considered.

In future studies, larvae should be reared under optimum salinity conditions to the

megalopa stage and then transferred to different conditions of gradually decreasing

satinity. Thoie tests combined with field conditions, would hopefully show at which

developmental stages return from the sea to brackish or estuarine water, and eventually,

to freshwater habitats, and where their metamorphosis takes place (Anger et al. 1990).

Once the complete life cycle is known, this species could become an interesting and

suitable model for the studies of larval development in mangrove sesarmid crabs and

hence, a model for the development of physiological adaptations in crustacea during the

transition from life in the sea to freshwater and terrestrial environments.
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Absuact
The study was designed to determine the costs, returns and relative profitability of pond
fish and nursery fish production. In order to attain this objective, a total of70 producers:
35 producing pond fish and 35 producing nursery fish were selected on the basis of
purposive random sampling technique from 6 villages under two Upazilas (Sujanagar and
Santhia) of Pabna district. It was estimated that per hectare per year gross cost of pond
fish production was Tk 65,918 while gross return and net return were Tk91,707 and Tk
25,789 respectively. Per hectare per year gross cost of nursery fish production was Tk
87,489 while gross return and net return were Tk 1,39,272 and Tk 51,783 respectively.
The findings revealed that nursery fish production was more profitable than pond fish
production. Cobb-Douglas production function was applied to realize the specific effect
of the factors on pond fish and nursery fish production. It was observed that most of the
included variables had significant impact on pond fish and nursery fish production. Out
of five variables included in the function, all the variables had positive impact on return
from pond fish production but stock value of pond, material cost and pond area had
positive impact on return from nursery fish production.

Key words: Economic efficiency, Nursery pond

Introduction

Fisheries sector plays an important role in nutrition, employment and foreign
exchange earnings in the economy of Bangladesh. Most of the people in this country
depend on fish as main source of animal protein. About 63 percent of animal protein is

supplied by fish alone (DoF 2002).lt has been estimated that about 1.3 million people

are directly employed in this sector. Another 12 million people indirectly earn their
livelihood from fisheries related activities. Frozen shrimp, fish and fishery products

occupy the third position in the country's exports (5.77o/o of total foreign exchauge

earning). In 2000-2001, fisheries sector contributed 5.3 percent to the total GDP of the
country (DoF 2002). The country's total production of fish was 17181,057 tones in 2000-

2001 of which 14,01,560 tones were from inland sources ar.d 3,79,497 tones from the

marine sources. The growth rate of the production during the last decade on an average
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was 7.11 percent. However, the present growth rate is quite encouraging which, in fact, is

7.20 percent (DoF 2002).
In Bangladesh, there are two sources of fisheries- inland fisheries and marine

fisheries. The contribution of the inland fisheries is 78.69 percent to the total catch
while the marine's contribution is 21.31 percent. Of the different inland water bodies,
ponds are the most important for their easy access to fish production and about 79

percent of total production of fish comes from inland sources and of this, about 40
percent comes from ponds. The total area of ponds and ditches is 21411500 hectares (DoF
2002). The need for fish seed production is now more increasingly felt than ever before
as narural seed collection has been alarmingly depleted due to many natural and man

made causes. In Bangladesh, there are about 779 pivate and 113 public hatcheries. The
annual fish seed/fry production is about 21201217 kg. The stocking size of fish seed of the
country comes from nurseries, both public and private nurseries. In the country, there
are about 41133 private nurseries, with an average area of t hectare each and 82

government nurseries covering an area of about 60 hectares. In 2000-2001, both private
and public nurseries produced 5,055 million fingerlings (DoF 2002).

In Bangladesh, increased aquacultural production, mainly pond fish production can

help to meet the increased domestic demand for fish (20.75 lakh ton/2.075 million tones;

FFYP, 1997-2002).In order ro meet the shortage of fish, the Department of Fisheries
(DoF) and some Non-government Organizations (NGOs) are encouraging people to

increase fish production in their surrounding water areas (pond, haor, baor, beel etc.). In
response to government's initiative for augmenting fish production in the country,
people have srarted to be occupied in different types of fish production activities. The
two important activities are raising of fingerlings and production of table fish using
dif[erent types of technologies popularised by various government and non-government
agencies.

The focus of the present study is to provide information about comparative
profitability of pond fish and nursery fish production. Moreover, results of production
function analysis can indicate which input is used efficiently. Some studies (Islam and

Dewan 1987, Khan 1996, Malek 1997, Rahman et al. 1997, Rahman et al. 1998 and

Siddique 1999) were conducted on pond fish production and fish seed/fingerling
production based on economic returns. In this context, the present snrdy was aimed to

determine the relative profitability and resource use efiiciency of pond fish and nursery

fish production.

Methodology

The study was carried out from January to November 2000 in selected areas of
Pabna district. A set of interview schedules was pre-tested and developed. Data were

collected from 6 villages under two Upazilas (Suianagar and Santhia) of Pabna district. A

total of 70 producers: 35 producing pond fish and 35 producing nursery fish were

selected on the basis of purposive random sampling technique. In this study, a simple

tabular method was followed to illustrate the whole picture of analysis. The sum, mean,
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percentage, ratio, etc. were the simple statistical measures employed to show the
comparative performance of pond fish and nursery fish production. Relative profitability
ofpond fish and nursery fish production has been determined on the basis ofnet return
analysis.

Net return aaalysis
To determine the net rerurns from pond fish and nursery fish production, gross

costs (variable and fixed cost) were deducted from gross returns. An easy principle to
determine costs and return was followed to determine the profitability of pond fish and

nursery fish production. For this purpose the following equation was used (Dillon and

Hardaker 1993).

The equation has been applied for each ofthe selected producers.

II = Pm o Ym * Po o Yb - i fa* r .Xi)-TFC vhere,
i=l

= Net return
: Price of main product per unit
= Total quantity of main product
: Price ofby-product per unit
: Quantity of by-product
: Price of ith input per unit for producing pond fish / nursery fish
: Quantity of the ith input for producing pond fish / nursery fish
: Total fixed cost
: lr2r3, --rn(numberofinPut)

II
Pm
Ym
Pb

Yb

Px'
xi
TFC
i

Functional analysis

To explore the effects of variable inputs both linear and Cobb-Douglas production

function models were estimated initially. Data were converted to per farm basis to
facilitate the analysis. The results of the Cobb-Douglas models appeared to be superior

on theoretical and econometric grounds. So the Cobb-Douglas model was accepted for
interpretation. Five independent variables were employed to explain the gross returns

from pond fish and nursery fish production in the study areas. Regression analysis

(ordinary least squares) method was used to determine the effect of these inputs. A series

of regression procedures were carried out to be sure that serious multicollinearity
problem did not exist. Cobb-Douglas production function analysis was done taking 35

pond fish farms and 35 nursery fish farms into account separately. The function was

specified as:

Y = axhl *\? *!i ^lf ^3i 
.u'

The function was linearised by transforming it into the following double log or log

linear form:
ln Y : ln a * b, ln X,, + b, ln Xr, + b, ln Xr, + bo ln Xn; + br ln Xt, + U,
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\U'here,
Y = Gross return from fish/fi,ngerlings production per farm (Tk);
Xr : Stock value of pond Per farm (Tk);
Xz : Material cost Per farm (Tk);
Xi = Labour cost per farm (Tk);
X+ : Pond area (hectare);

Xs = Depth of pond water (metre);
ln = Natural logarithm;

I : l,TH:i,:n coemcienrs; and

U = Error term.
Some important inputs like feed, fertilizer and chemicals were included in the

model as matirial input. Furthermore, few important variables likq'experience in pond

keeping, number of ponds, duration of water etc. which might affect pond fish and

,rrr.ry fitt production could not be included in the model due.to non-availability of

appropriate data for the model.

Results and discussion

Costs aad retura,t
Among the different cost items, cost of fish seed lppeared to be the highest and

,.pr.r.rt.i 55 and 50 percent of total cost of pond lsh 1d nu_rs:Iy fish production' The

uu.rrg. per hectare .ort p", year amounted to Tk. 59,532'and Tk. 75,267 for pond fish

and nursery fish production (Table 1).

Table 1. Annual cost/ha of different items required for pond fish and nursery fish production

Cost items Pond fish production N fish uctl0n

Fish seed 32,562.79
(s4.70)

37,929.59

Feed 5,950.98
(10.00)

2,704.22

Fertilizer 2,120.69
(3.56)

4,443.29
(5.90)

Human Labour t3,121.55
Q2.04)

17,895.80

Q3.78)

Chemicals 1,431.71

Q.40)

6,056.95

Miscellaneous* 4,344.38

0.30)
6,237.46

Toml 59,532.10
(100)

75,267.31

000)
entage oftotal cost'

Miscellaneous included entertainment, transportation, medicine etc.
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Table 2 caprures information on cost and return per hectare of pond fish and
nursery fish production. Gross returns from pond fish and nursery fish production
amounted to Tk.9lr707 and Tk.1,391272 respectively. Gross costs were'Tk. 59,532 and
Tk.75,267 per hectare of pond fish and nursery fish production. The net returns from
pond fish and nursery fish production were computed at Tk. 32,175 and Tk. 641005 per
hectare. Net returns per taka invested were Tk. 0.54 and Tk. 0.85 for pond fish and
nursery fish production respectively. The benefit cost ratios (BC& undiscounted) of
pond fish and nursery fish were 1.54 and 1.85 respectively, indicating that production of
fish and fingerlings was profitable. A comparison of the net returns from production of
pond fish and nursery fish suggested that the net return of nursery fish was higher than
that ofpond fish.

Table 2. Per hectare annual cost and return from pond fish and nursery fish production

Measures Pond fish production Fish nu

Gross return (Tklha) 91,7M.61 1,39,272.20

Gross cost (Tk/ha) 59,532.r0 75,267.31

Net return (Tk,&a) 32,174.51 64,004.89

Net return per Taka invested 0.54 0.85

. Benefit cost ratio (BCR) r.54 . 1.85

Source: Haque 2000

Facton affectingpoad Iish and aunery fish production

Fish and fingerlings production in ponds results from the effects of the various

inputs employed in the production process. Inputs used in any kind of production may

be classified broadly into material inputs and labour inputs. Furthermore, in pond

operation there are some inherent characteristics of pond environment and factors that
affect its production such as pord area, depth of pond water and these fac,tors can be

employed to explain the variation in output of ponds. Accordingln some crucial inputs

have been included to explain the variation in productivity offish ponds.

Ia tetprea ti o n of tesul ts

Estimated values of coefficients and related statistics of the Cobb-Douglas

production function for pond fish production and fish nursery operation are shown in
Table 3. From the table, the following features emerge:

The function fitted well for pond fish and nursery fish production as indicated by F-

values and R2. The coefficients of multiple determination, Rf were 0.897 for pond fish
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and 0.916 for nursery fish production. R2 of 0.897 for pond fish indicated that variables

included in the model succeeded in explaining about 9tr/o of the total variations in the

value of pond fish. On the other hand R2 of 0.916 indicated that about 92% variations in
ourput of nursery fish was explained by the explanatory variables included in the model.

Thi F-values of the two _equarions were highly significant at 1% levels implying that all

the included explanatorf variables were important for explaining the variations in pond

fish and nursery fish output. The sum total of all the production coefficients (production

elasticities) ofthe equarions for pond fish and nursery fish pfoduction were 1.285 and

0.869. This indicated that the production function exhibited increasing returns to scale

for pond fish production while it indicated decreasing returns to scale for nunery fish

production.

Intetpreadon of Coefficieaa for Individual Variables

Stock value of pond (Xr): The regression coefficients of stock value of pond were positive

f"r p""d firh.116 nunery fish farm and significant at 1 percent and 5 percent levels

respictively indicating that each one percent increase in the cost of fry and fingerlings,

keeping other factors constant, would increase gross returns by 0.226 and 0.393 percent

respectively.

Table 3. Estimated values of coefficient and related statistics of
double-log production function model

variables fish ucnon
8.212

Stock value of pond (X,) 0.393**
196'

Material cost (Xr) 0.314*
I

Labour cost (Xr) _0.377***
I

Pond area (Xu) 0.699**

Depth of pond water (Xr) -0.160

usted) 0.916

74.92L***

Rerurns to scale t X uO

Not , Frg".* tn th. pat ntheses indicate standard error'
*** 51*i6."n, at 170 level. r* Significant at 5% level. * Significant at 10% level'

Material cost (Xr): The coefficients of material cost were positive for pond fish and

""*"ry 
firh f"fr and significant at 5 percent and 10 percent levels respectively' It
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revealed that each one percent increase in the material cost, keeping other factors

constant, would increase gross returns by 0.293 and 0.314 percent respectively.

Labour cost (Xr't: The regression coefEcient of human labour cost was positive for pond

firh pr"d".tir";nd significant at 5 percent level indicating that one percent increase in-

cost;f this input, keiping other factors constant, would increase the gross return of

pond fish producrion iy 0.226 percenr. On the other han4 the coefficient of human

iabour 
"ori 

*r. negadv; for nursery fish production and significant at I percent level,

which implied the indiscriminate and excessive use of this input resulting in

inefficiency.

Pond area (Xr): The coefficients of pond area were positive for pond fish and nursery

ffi pr"d"A; and significant at 5 percent levels. It revealed that each one percent

increase in pond area, keeping other factors constant, Would increase gross returns by

0.404 and 0.699 percent respectively.

Among the inherent variables, depth of pond water has no significant impact on

pond fish and nursery fish production'
Results of the regression coefEcients suggest that most of the variables included in

the production function were siguificant in explaining the gloss 
-refttrns 

from pond fish

and nursery fish production. The coefficients of stock value of pond, material input,

labour cost and pond area were highly significant for both the practices.

Conclusions

The study r'eveals that nursery fish production is more profitable tharl pond fish

production. The results of the study indicate that both pond fish 
_and 

nursery-fish

production can be increased by efficient realloeation of factor inputs' It is evident from

reg.ession coefficients that stock value of pond, daterial input, labour cost and pond

area of both the enterprises emerged as crucial factors. In the case of nunery' fish

production, labour .ort demonstrated negative coefficient, which implied the

indiscriminate and excessive use of the resource resulting in inefficiency' It may be

suggested that the producers have scope to attain full efficiency by reallocating the

resources in both the Practices'
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Short Note

Eco-biolo gy ofMastacembelus pancalus (Ham.) and their
distribution in different water bodies

M. Afzal Hussain, F. Adib Flowra and M. Aluf Hossain*
Fisheries Laboratory, Department of Zoology, University ofRaishahi, Ralshahi 6250, Bangladesh
*Corresponding author

Absuact
The eco-biological of the spiny eel, Mastacembelus pancalus in the river Padma, adjacent

flood plains and ponds were influenced by various physico-chemical factors such as water

temperature, water transparency, pH, dissolved oxygen, free carbon dioxide and

alkalinity. Flood plain areas are the best habitat for the M. paacalus with maximum
abundance.

Key words: Eco-biological condition, Padma, Flood plains, fuL. pancalus

Mastacembelus pancalus is a common freshwater spiny eel of the family
Mastacembelidae locally known as baim. The present study area comprised of the river
Padma and flood plain areas is supposed to be ideal for freshwater habitat of lotic typed

and lentic typed for the occurrence of. M. pancalus. The systematic account and studies

reported by Karim and Hossain (1972 a & b), Shafi and Quddus (1982), Rahman (1989),

Jhingran and Talwar (1991) indicated that this fish remained virtually unstudied.
To establish the eco-biology of /V. pancalus, fortnightly water samples were

coilected for a period of one year in the river Padma, adjacent flood plains area (beel) and

ponds. The water temperature was recorded with a mercury thermometer, pH by pocket

pH rneter (\[QC-OA, TOA). Dissolved oxygen (DO) and free carbon dioxide (COr) were

measured following the methods described by APHA (1989) and \$7elch (1948),

respectively. Vater current, aquatic vegetation and abundance of the fish were also

investigated. The monthly meteorological recorded data on the air temperature, rainfall
were collected from the Meteorological Department of Raishai.

The physico-chemical parameters of the river Padma, flood plain areas and ponds are

exhibit maximum and minimum variations dccording to change of month and season are

shown in Table 1, and eco-biological variation in distribution of tV. pancalus is given in
Table 2.
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Table l. The maximum and minimum limit of physio-chemical parameters

Parameters Limits \(ater bodies

River Flood plains Pond

Air temp.

rWater temp.

Rainfall

Transparency

pH

Dissolved oxygen

Carbon-di-oxide

Maximum
Minimum
Maximum
Minimum
Maximum
Minimum
Maximum
Minimum
Maximum
Minimum
Maximum
Minimum
Maximum
Minimum

May April
]anuary January

April
January

September
December

April

July
Oct.-May
July-Sep.
June-Nov.

April
January

May
January

May
December
September

April December
December August

August December MaY

January July April
August
April

August
June-Dec.

December

November
August
April

Feb.-May
Dec.-May June-Jan. Jan.-MaY

Table 2. Eco-biological distribution of M. pancalus in different water bodies

condition River Flood Pond

Soil texture
\fl'ater current

lVater temp.
Transparency
Dissolved oxygen
Carbon-dioxide
pH
Aquatic vegemtion
Species abundance

Sandy and sandy loamy
Very common

13.5-29.80C
0.05-1.24m

3.15-5.95mg/l
2.62-8.4lmsll

6.75-8.1
Rare

Common during monsoon,
rare in rest period

Mostiy sandy loamy
Mostly stagnant,
rare in monsoon

16.7 -28.90C

0.31-0.43m
4.23-8.33mg/
2.69-8.66mgll

6.97 -7 .63

Rare
Very common

Mostly clay
Stagnant

28-3t.40C
0.35-0.46m

3.19-6.54mg11
2.77 -9.83mgll

6.83-8.39
Common

Rare

On the observation, among the 3 areas studied, tV. pancalus were more abundant in
flood plain areas then ponds or river Padma. Among the {ishing season winter season and

early part of the summer are found as peak period for tV. pancalus along with other

fishls because flood plains becomes calm and water starts to be vacated. It was observed

that this species spawn in the monsoon.

Among the different parameters, rainfall is an important factor in the breeding of

M. paacalis as cloudy day accompanied by the thunderstorm and rain, seen to exercise

some influenced on spawning (Saha er al. 1957).In the river Padma, the minimum

turbidity was found in the monsoon and post monsoon months like June to September

due to strong current of water which washed away huge silt in water including many

t02
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other suspended matter. From October onwards up to May, water become slowly clear
with the maximum values of transparency due to absence of such disturbing matters (
Hickman 1979, Hossain 1989).

The calculated mean values of pH were recorded in the Padma indicated neutral or
slightly alkaline. In the flood plains and ponds, the pH values were almost same to the
river water (Table 1). Among the dissolved gases, in the flood plain areas the average

dissolved oxygen (DO) contents is more than the other \trater bodies (Table 2). The
fluctuation in the DO concentration is mainly influenced by the factors like dissolved

organic matter, plankton and bottom vegetation, The values of free carbon dioxide show

inverse relationship to the oxygen.
The present investigation aiming the physico-chemical condition of three types of

water bodies and a comprehensive obsenration do, however, make it possible to describe

which factors play a definite role are in need of more precise analysis.
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