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Histological distribution and ultrastructure of exocrine
pancreas in Indian major carp (Labeo rohita Ham.) and its
alteration in aflatoxicosis

I K. Sahoo* and 5, C, Mukherjee

Apuatic Ammad Haginh Dimsion

iearad Mmiuie af Froskusaver ﬂin.um.uhuhr
Kausrhoprega, Bhubaperear 750 07, Fedie
* Commponding mwkor

Abstract

The distribution panern of exocrine pancreas in Labeo redafe besides 1% general lscation
alemg the course of intesunal mesentery  was siudied. [z 35 evenly distribured within
the liver around portal vessels and  abio within the spleen near a blood vessel On
ulerastructire, twe sl wypes of different degroes of smining Inensios containing
atundant rough endoplasmic regicwlum, mitochondeia, pre-zymogen and zvmogen
grunules were marked, During aflsroxicosis, the mesenreric pamcreas and  hepaiic
pancreas were maostly affecizd  revealing. necroric changes 1w acini,  The zymogen
Eranidar activities were markedly redoced.  Ultrastructurally, the rough endoplasomic
recloulum were fully dilazed snd formed whorled pattern. The damage w the exocone
pancreas might be affecung digestive ereymes' secfttion which may be one of the cagie
af aflsexin-induced anorexiain fish.

By wards: Labee refifs, Histology, Ulrastruciure, Aflaroxin, Exocrine pancreas

Introduction

The distribution of pancreatic tissue vares considersbly with species and alsa even
within a single species. The most common sites for it are in the mesentery of pyoloric
cacca a5 scargered ishands  of secretory tissue interspersed among the far cells, &5 an
external laver around the hepatic portal vein and sometimes, in the subcapsular area of
the spleen . The dcimar pancreatic tdssue in a highly actve exocrine organ, which
produces digestive ensymes like lipase, amylase, trvpsinogen and chymotrypsniogen.
These enzymes are stored in brightly staining ecsinophilic granules within the acini.
The enzymes on their release after the damape to acini cause damage 1o surrounding
tissucs  Roberts 19890, In spite of these functions, this organ is ver o be studied for is
distribution in many species and  their alterations in various disezses. The normal fine
strucure of exocring acinl in Indian major carp are vet 1o be ebocidated.

Aflatexing are o group of extremely wxic metabolites produced by some straing of
the ubiquitous fungl Aspermlivg fovus, A. paresiticus and A, somizes grosen on agriculiurl
products under suitable conditions of temperatiee and mosmice, Aflatoxing one best
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collezted ar the end of the experiment. The dssues were preserved in 10% phosphate-
buffered formalin and processed for light microscopy using standard methed.

Transmission eleciron microscopy { TEM)

Similucly, the dssues were collected frewn 5 modomly selected fish fom all the
groups immediately after anaestherization with MS 227 ar the end of the experiment,
sliced and minced (1 mm® in chilled fixarive (3% glutgraldehyde in phosphore buffer,
pH 7.2) and fived in fresh fixative solution for 24 hour at 4°C. They were washed in 3
changes of phosphate buffer solution for 30 min st 4°C, dehvdrated in graded series of
acetone and iofiltraved in araldite resin (CY-212, Polvsciences, Inc, Warrington),
Semithin {1-2um) sections from randomly selected blocks of each liver were cut, stained
with toluidene blue for 30 seconds and examined, Ultza thin sections {(60-70 nm) from
not less than 3 selected blocks of each tssue were cut, mounted on copper grids and
srained with agqueous uranyl acetate and lead ciwrate before examining under JEOL
TEMSCAN-100 CX IT analytical eleciron microscope at 60 ky.

Results and discussion

The distnbution puttern of exocrine pancress of healthy normal fish which had not
received any trestment was studied. Like other species, the pancress was scamered in
the mesentery of pyolotic caecy surrounded by far cells. Besides, it was also abundane
urciind periportal vein ss if it follovs the major portal vein tract (Fig.1). Surpeisingly, i
was also noticed in the subcapsular splenic tissue closely associated with splenic
ellipsoids, red pulp and white pulp (Fig.2). Similar locations of spleniic ssue have
been recorded in few species of fish eaclier {Roberts 1989, On semithin sections,
intenselv-stained as well as  lightlv-stained cell types, both packed with secretory
granules were marked {Fig. 3). The owa cell types were distinctly differentiated on their
staining character. Abundant rough endoplasmic retleulum, glycogen, mitochondria, free
ribosomes, Iysesomes, founded owcleus with nucleclus aleng with rwo vpes of
cytoplasmic granules (one deeply  asmioplilic, 1.6 svmogen, and the other is poorly
osmiophilic, ie prezvmoren] were observed on  electron microscepy (Fig. 4) in the
avinar cells. The conreol grovp fish had almost similar srruciopes o lighe and  electron
microscopy withoot any marked differentiation.

Fig. 1. Lever of zormal rofea showing the excrine Fig. 1. Crom secinn of nommal spleen revealizg ecocrizse
Pancreay farmow) aroesd the poriaf vein (H & EXI97 ) pancreas (arpow] & splenic ellipaich jamow head ) [H & E X313}
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Fig. 3. Semihin s2coce of contnl mesenieric Fig 4 TEM seition of normal pancreatic acinae cell offish

peaciess sliowing noemal cywoplesmic granulasity | with abundani rough endoplasmic retiodies (per, milschimidria

Taluidese blue XR00) lm), msleus wiih nuclenlus, prexymegen: (arrow) and Fymogsn
arzmw Bead | granule wiihin tveo el types { EM mag. 43500

The aflatoxin-ireated fish showed dose-related changes in the liver, spleen and
exvcring pancreas. On necropsy, pale vellowish, enlarged and mottled liver were the
most commoen findings in toxin-treated fish, The spleen was mildly congested.
Similarly, Chavez-Sanchez er al. (1994 ohserved subcapsulur focal congestion and
hepatomegaly in tilapia fed with 3 ppm of aflatoxin for 25 davs. There was no gross
sbnormality in the pancreatic tissue of wxin-treated fish,

On hiswclogy, the liver developed clear preneoplastic nodule 1o hepatocellular
sdenoma and there was massive lymphocyiolysis o the spleen of mxin-treated fish
which has been described in detail in our earlier study (Sahoo e al. 20000 The acini of
panereas located within the liver were mostly affected and found o be  pecrotic, The
mesenicric pencreas also had necrodic acini (Fig3) and congested blood vessels in the
vicinity (Fig.6). Jantravotal et al (1990} alsp observed scinar necrosis during  acute
aflatoxin-toxicity in channel catfish. On the contrary, Chavez-Sanchezr o al. {1994}
mirked pancrearitis in aflawxin-fed Nile tilapia. The greater degree of damage to
periportal pancreas might be due to its location as because liver is the main target organ
of allatoxicosis. Ashley (1963} reported that rainbow trout force-fed with high doses of
aflatoxins had hypertrophic scinar cells and at times markedly desquamated and with
focal hyperemia in the visceral far. There was ulso marked reduction of cytoplasmic
grinules observed in semithin secrions (Fig.®) indicaring the decressed sotivity  of
pancreds which might be indicative of rendering less synthesis of pancreatic digestive
engymes there by hampering digestion and subsequent anorexia us observed in onr
carbier study (Szhooer ol 1998),

Fiig. 5 Mecrotic sconl of exocrine pancreas in aflatoxin -tmeated fsb 0H & E X197
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Flg. & Semithin sction of aflais-cewed esccioe Fig 7. TEM  secton of  aflatoxin-toesied
panceun. Mose dricemsdl coply imic gramlasity and - ygqepeqric acin with dilaved rough endoplismic
?.:I:Efd bloed vessels.in the peciphery [Toluioene W0 ey, condesed nuclens and another type of

geanules with esmiophilic core (Mag X080 )

On electron microscopy, the rough endoplasmic rericulum were markedly dilated
(Fig. 7}, somerimes forming whorled-pattern. The dilated rough endoplasmic reticulum
was alse characteristie in the AFBl-induced hepatocellular neoplasms of rainbew trout
(MNunez et al. 1991, The granules were mostly of prezymogen stage and many granules
with nsmiophilic core (Fig.7) were also found, The nuclear chromatin wis samewhat
condensed with poorly defined nuocleolus and irregular shaped nucleus was marked
hefore desth. The typical changes observed on TEM might be indicatve of wxicosts
and exposure 1o carcinogens (Ghadially 1982, « . .

In conclusion, the present study established the distribution patern ol exocrine
pancreas in rohu. This stady also showed rhar aflatoxin-induced pancreatic damage miy
be one of the important factor of reduced feed intake and growth in aflatoxin exposed
fizh.
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Binding of radio-iodinated gonadotropin to the ovary of
exotic carp (Cyprinus carpio Lin.)

E. Chakraborty” and §. Bhattacharya'
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Absteact

Hererologous mureel gonadotopic hoopone (-Gl binds o commaen carp oscvie
plosma membrane and enhances steroid secreton. With increasing concentratien of
radin-labelled hormane the recepror binding is glse found woinerease linsarly up 1w a
certain concentration and then decrease, The [*1] murrsl G1H bindiog charactedistics 1o
& preparstion of common carp ovarian plasma membrane shows saturabiliy with high
alfiniey. Scatchard plot analysis. gave dissociation constant (K of 081 X 16°M and
Ak bimding capacicy (MEC) af 22,05 § mole'mg provein.

Eay words: Cynmus carpio, Badio-ladinated gonadotrapin, Ovacy

.

Introduction

Hormomes, the messenger molecules of the body that help coordinaring the actions
of varipus tissues, produce a specific effect on the scrivity of cells, remate from their
paint of orgin. Initial step for any hormone action is is hinding o specific receptor
which leads to cellular acrivarion. So for hormone action analysis number, affinity and
characteristics of binding sites of hormone recepror is considered. As 9 peptide bormone,
tH has its receptor in the plasma membrane of gonadal tssue, Afier its binding with
specific receptor GiH helps in sterodd secretion which regulate gonsdal growth,
maturation and ovolaton or spermiation. For artificisl spawning of fish LH-RH
analogue or HUG are commercially wsed becauze the biological sctivity of piscine
gonadotropin can be shared by LH or HOG buar not by FSH (Yamazaki and Donaldson
1968, Sundaramj ¢ al. 1976, Pickford or al. 1972, Navvar & of, 1978, Mukheres and
Bhattacharra 19823 which indicares the specific recepior similastty of mammals and fsh.

The present concepr of Gonadotrophic hormone (GrH) actlen suggests thar the
rarget cell responsiveness is a function of availability of hormaone specific recepror a5 well
as the efficiency by which the hormone-receptor interaction is mediared within the
target cell. For a seasonal breeder the number of receptor varies with the cvclic activicy of
gonad. During the preparstory, pre-spawning and spawning phase of a fish the receptor
numbers increase consecutively whereas in post-spawning phase very low number or
absence of receptors has been found (Manna and Bhattacharva 1993), During oogenesis
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there are developmental changes of GrH-receptor properties in the ¢varian follicles of
Amago salmon { Kanamori er al. 1987). Specific binding (3B of radio-iodinated fish GtH
binding sites have been demonstrated in the ovares of chum salmon, Crearfrichas ke
{Van der kraak and Donaldson 1982, Van der keaak 1983), amago salmon, O, rhoduns
{Ranamorl o o 19871 and in the tests of goby, Glssogebie slracews (Adda and 1shil
195%),

The in=vitro binding studies have been observed in the catla, murrel and climbing
perch but no work on common carp, Cyprings cerpio has been reported yet. So, the
present study was concentrated on determining the binding patmern of heterologus GeH
to the ovarian tissue of exotic carp, Cvhrirus caro,

Materials and methods

Experimontal animal

Adult female, Cyprings  farpee oer, commumzs (Lin) was wsed in the binding
experiments. The fishes weighed betwesn §00-1200 g and were 28-30 cm in length. The
experiment was conducted for @ period of four months berween July and Ocmober?7 in
the Laboratory of the Department of Zoology, Bisva-Bharati Universiny, India.

Preparation of eocyre membrames

The Enropean carp, Cyvprines carpie were collected alive from the marker and killed
by decapitation in @ cold room (4-6°C) and ovaries were removed surgically from the
abdominnl fegion. Ovares were immeadiately placed in a sterile petri-plate containing ice
cald sl oocyvie culure medinm, as described earlier by Mukherjee and Bhattachara
(19825, Wirh the help of fine scissors and non-serrated forceps mesp-ovarian cutting was
cur from posterior 1 anterior reglon and runica albuginea and germinal epithelium was
removed very cautiously resulung in loose and free suspended mass of oocyre within the
medium.

Afer isplation, oacyies were washed theee or four times with chilled cocyre culoare
medinm. Oocyies were then bomegenized (lg/fml) very gently @ 04°C in sodium-
phosphate buffer (001 M, pH 7.5) in a reflon coared glass homogenizer for abour 3
minutes under ice. The homogenate was passed through double lavered stenle cheese
cloth e remove far and cell debris and subjected o ceninfuganon in a refrigerared
centrifuge at 1000z (3431 rpm) for 10 minutes,

Chpevte plasms membrane was then prepared wsing the method of Bimbaumer and
Swartz (1982). The protein content of membrane preparation was messured according to
the method of Lowry e gl (19515 using bovine serum albumin {BSA) (Frction V.
Sigma Chemical Co., 5t Louis, A) as the standard.

Hormanes
Purified murrel genadotropic hormons (miGtH) was supplied by Endocrinelogy
Laboratory, Department of Zoology; Vieva-Bharau University, Santiniketsn, India

8
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specific binding (5B), which was done by subtracting the opon specific binding (M5B}
from the total binding (TB). Fig. 1 shows that specific binding of [ [] murrel GiH
increased with incressing concentration of oocyte membrane preparation. Binding
increased linearly from 1 ng 1o 4 ng of [** I] murrel GiH and reached saturarion at 3 ng
of iodinated murrel GoH wader the present incubation system. The dacs from saturation
expeniment was used for scarchard plot apalysis. It could be seen from Fig 2 that the
meximum binding capacity (B-max] of oocyie membrane preparation was 22405 f
mole/mg protein and high affinity GiH binding sites with a K, of (.81 X 10" M.
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ovary, Scatchard plor anabysis of mGtH was made from the dace presented o Fig, 1.

Discussion

Hormene acts via its binding with the receptor and therefore the function of u
hermone depends on its binding characteristics with the recepror. To understand the
biological activity of hormone it is imporant 1o know the pattern of hormone receptor
complex which imparts biological activiry.

In the present investigation we used beterclogous radio-labetied piscine GeH (2 1-
mutrel GtH) for ecepror binding assay with faiely pure plasma membrane preparation
frem common carp pocvte. Standardization of common carp GrH receptor binding assav

14



Fadao-tpdizated gnsadnrrapin 1o the ovary of L darfro

was followed as published by Manna and Bhamacharya (1993), A linear increase in
receptor binding with increasing concentration of radiolabelled hormone was sbtained
and a scarchard analysis of the plot revealed thar the affinity of receptor binding was high
(K, =081 X 10° M), The value obtained was compared with the results of published by
other workers, Jamaluddin and Bhatacharya (1986} observed heterologous binding of
catla GrH to murrel oocyte plasma membrane receptor ind obiained maximum binding
capacity of 6.27 { mole/mg protein of murrel evary bur Manna snd Bharacharya (1993)
abrained a different result because of the use of homologous GrH and cocyte prepatation
(K, = 0.86 X 10" M). 1n our result we obtained musimbm binding capacity (MBU) of
22,05 f mole/mg protein of common carp oocyte.

Binding experiments were conducted with fairly pure plasma membrane preparation
where the amount of receptor/mg tssue taken was more than the crude homogenate
prepacation s was used by majority of the investigators (Van der krank and Dionaldson
1982 Therefore, due 1o the receptor enriched plasma membrane preparation makimuimn
binding capacity {MBC) has increased considerably (22.05 f mole/mg protein) while (.EB
[ mole/mg of tissue was observed for trout testes (Schlaghecke 1983) and 0.24 f mele/mg
of tissue for goby westes (Aida and [shii 19355,
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Abstract

latea-and interspecific virtual niche measures and feeding strutegies of Barbades
ponignors and Oveockromss spp. were siudied from a ricefield in Bangladesh.
Appropristeness and ease of imerpretation of different indices were evaluzied.
Small sizes of both species had a relatively wider dietary breadth and used many
of the resource categories available o them than the large size groups, though
none were generalistic feeder. The dietary overlap of large B. pomonotns on the
small was greater than the reverse, but biologically insignificant. While the
dietary overlap of large Oveocliromiz spp. on the small was significantly grester.
Interspecific dietary width was  relatively ihmudtr for B poriorotis than
Oreacleroony spp. and  overlap of B gomiomone on  Oreschropds  Spp. was
significantly greater than the reverse. Evidence of significant intruspecific
dietary overlap between the two sizes of tilopin reflects strong competition and
cautions for mixed-size stecking in rice-fish svatem, Besides, there seems fewer
opportunicies for habitat segregation berveeén B pronmmones and Orecferomis spp.,
due to the significant intetspecific dietary overlup of the former on the latter in
rice-fish system. Tilapia specialized on periphytic detrital sggregare while silver
barh rended 1o consume aguatic macrophytes and melluscs. Small sizes of B.
gosivnons should be preferred for rice-fish integration over the Oresclivomns spp.
due to their broader niche width and pronounced ontogenstic dietary shifts with
the aging of the stock.

Key words: Silver harh & tilapia; Intra- & mterspecific niche indices, Rice-fsh svseem

Introduction

Concurrent rice-fish farming is being practiced in most of southesst Asia, stocking
one or many species of fishes with limle or no knowledge of resource partitioning,
foraping habits and stearepy, dietary breadth and overlap. Therefore, fish vield is
penerally low,
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Dictary overlap is affected by food availability, competition, and the size of the fish,
smong other factors. Though fish mav broaden their dietary breadoh when food resources
Bre scarce, food items mav remain sufficicntly partitioned for competition 10 be aveided
(Keast 1977, Keast and Fox 19900, Intraspecific niche overlap decresses with ontogenetic
shifts in diet, i.¢. differences in habitar utilization by young and adults and increasing
disparity in size {Pen eral. 1993, Esteves and Galerti 1995).

The silver barb or tawes, Barbodes gorionotes Blecker {formerly P, pavenecns) ond the
tilapias [ Oresclrosrs rmoraonbions (Peters) and O, miboricas (Linnaeus)] ave widely siocked
in the southesst Asian rice-fAsh systems (dela Crup e of, 1992, Fernando 1993, Haroon
al. 1994). These two fishes are exotic in Bangladesh and are very popular because of thedr
rapid growth and ability to thrive in seasonal waterbodies which are nor surtable for the
indigenous carps (Cruptaand Rab 1994, Haroon o «f. 1994, Kohionoor eraf 1994, Miah o
al, 1994, Wahab ot of. 19951 No reports are available on their dietary breadch, overap and
feeding strategy in rice-fish systems be if Bangladesh or in other Asian couniries.

The present smady was undertaken o examine and compare the ina- and
interspecific dietary breadih, the degree of dier similarity, overlap and feeding strategy of
wo size groups of B, gorimioiis and Creoclirords sppc) mossemiicas € O mistear narunl
hybrid] and a single size group of B geworoms and Oresclroowis spp.. stocked in
ricefields. Different niche measures are compared und evaluated for appropristeness, case
of bislegically significant interpretation and explanation, Similar comparative work on
dietary breadih, degree of diet similarity, overlap and fecding strategy of two size groups
of B, gemorores and Oreachramis spp. were done earlier by Haroon and Pinoman (199803 in
the pond environment.

-

Materials and methods

The present work comprises three experiments carried our in an expertmental
ncefield at the Riverine Station, Chandpur of the Bangladesh Fisheries Rewarch
Institute, Two size categories (around 6 and 12 cm, wnal leagth) of B pomonotus, were
examined in the ricefield during April 1994 (Experiment [, similarly two size groups of
Oreackromity spp. were investigated during July 19935 (Experiment fH and during
Seprember 1995 (Experiment £11) &8 median size range (falling within 6 and 12 cm) of
boch 8, gowerions and Greochromis spp. were examined in the ricefield. The fish and sub-
surface plankion were sampled every 3 h for 48 hin the intraspecific trials and for 24 b in
the interspecific study for gut contenss snd available resources analysis. We have
categorized the fishes in size clusses, simply because fish farmers look first for the fish
size rather than the weight when selecting any stock,

Field prepararion, fish stocking and sampling

Experirmnt 1) Rice (trunsplant Aman: Faifam - a local variery of Orera satioa) wis
planted in an experimental Geld of 166 m° (havine a refuge canal of 1.0 m bresdh and 0.3
m depth, on one side of the plot) sccording o farmers aditional practice (Haroon et ol
1989). Once the dllers reached a height of 005 m and feld conditions were as close as
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possible o those of a nanral wer-season ricefield (water depth .25 m in the paddy ficld
and 0.7 min the refugel, teo skoes of B, gontonwas juveniles procured from the Riverine
Srarion™s hatchery were stocked ar a voral density of 7.0 juveniles m (581 individuals of
each size). The small fshes were 4.5-5,52 cm (mean 4.85 cm) and 1.28-2.72 g (mean 1.72
) and the large fishes were 11,54-13.4 cm (mean 1264 cm) and 21.44-32.36 g {mean 27.81
gl & stocking. Prior o the experiment the fish hod been fed a supplemental feed
composed of 40% rice brun, $0% wheat brun and 20% fshmeal ar 2-3% of body weight
{bw) day . Before scocking in the experimental ricefield the fishes were kept in a flow-
through system for 48 h 1o empty their gut contents, Two days after stocking, 10 fishes of
gach size were sampled every 3 b for a further 45 h with o kootiess hapa ner (3x2x1.5 m,
mesh 0.5 cm). A toral of 320 fishes (160 of cach size) were collected.

Experiment JT: Paddies were prepared in the following vear in the same way in the
same fleld, and conditions as close as possible to the natural wet-scason ricefield were
extablished. Two size categories of Oreochromi spp. juveniles procared from the Bivering
Station’s other nursery ponds were swocked in the rcefield =t a total density of 7.0
juveniles m™ (381 individuals of each size). The small fishes were 4.9-8.0 cm (mean §.82
crn) and 1.92-8,15 g (mean 3,02 g] and the large fishes were 10.3-13.8 cm (mean 120 cm)
and 17.74-46.2 g (mean 27.84 g} ar stocking. Prior 1o the experiment the fish had been fed
a similar supplemental feed ot the similar rates as for B, porionetus. Stocked Oreschromis
spp. had the same pre-trestment as B gommong prior 1o release in the ricefield. A
similur sampling regime was followsd and & towal of 320 fishes (180 of each size] were
collected for gut analysis,

Experiment I The same elcefield prepasation and fsh treatment was wsed in the
final interspecific experiment when both species Wwere stocked wogether. In this case a
single size of both B, gommwanes and Creackromis spp. were stocked ar a toral density of 7.0
juveniles m* (381 individuals of each species. The silver barbs were 5.1-10.1 ¢m {mean
7.1 cm)y and 2.5-14.3%9 g (mean 4,56 i) and the tlapias were 7.3-00.2 ¢m (mean 5.53 cm]
anid §.11-16.66 g (mean 10,48 gl. A similor sampling regiene was followed and a total of
320 fishes {160 of each species) were collected for gut analysis,

Ot amafysis

Fizhes were checked immediately after capiure for regurgitation {if seen, the fish was
replaced), and preserved in 10% buffered formalin untl examined. Each fish wus
measared for toral length (mm), and weighed (+ 0.001 g within two weeks after
callection and no correction factor for fixarion was used.

As B gotionsus lacks a well-defined stomach, only the anterior pormion of the
digestive tract Iving berween the esophagus and the first major curve of the small
imtestine was dissected out (Haroon snd Pintman 1997 as digestion is less advanced in
this portion and food items semain mostly identifisble. Silver barh have an intestine
usually 2-3 times their body length (Samar [RET). For Oesochromis spp. the antenior
portion of the digestive mrace lving between the esophagus and the first major bend of the
small intesting, juse afrer the stomach was dissected out {Haroon and Pitoman 1998a),
Tilupin have a relatively long and coiled intestine up to 14 times the body length
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(Edwurds 1987}, although food digestion and sssimilation is completed in the Grst half of
the intesting (Bowen 1981

Eusch gut or stomach was blowed uniformiyv with tissue paper, opengd longiudinally
and gut or stomach contents were transferred to a petridizh or vial with o standacd [0 ml
of distilled water, Food items of animal origin were wsuully cosnted under a dissecting
micrascope, but in the case of tny items and items of plant ongin the gut or swomach
wontents were well mixed, one ml was sub-sampled by a digial Finn pipetre w &
Sedgwick-Rafrer counting cell (1000 mm', 30x20x] mm) and 100 candomly chosen cells
out of LD0D were examined under an inverted miceescope, Three such sub-samples were
caumerated per fish, All organisms were identified 1o the genus level (Prescorr 1962,
Ward and Whipple 1978) and percentage abundance was wied for caleularing the
propertion of each food item in the gut or stomach (Windell and Bowen 1978, Bowen
1983%, Only fishes with food in their gut or stomach were considered for caloulation of
the proportion of each food item.

Plankion

Five 1<l samples of surface to sub-surface (002 m) water were tuken from different
areas of the ricefield (refuge canal, middle and exwreme end of the field) every 3 b, prior
ta fish sampling, fltered through 3 15 pm mesh plankion ner, washed ingo plastic jars
and made up w2 standard 200 ml volume with 3% buffered formalin. Once well serrled,
plankion were concentrated in & stndard 30 ml volume and preserved until
examination, Three | ml sub-samples were examined from each plankton satople and the
propoviion and identification of cach food ftem were done in the same way a5 for gut or
stomach content, 3

Niche measures

Diet breadeh indices were calculeied with Levin's modificadon of Simpson’s
diversity index B and B, {Hurlbert 1978, Keast 1978, Easton e ai. 19967,

B, = LZip) ida)

B, = I/E (p."} C1b)

where B, and 8, are the dietary breadeh (Shannan and Weaver informition staristic)
of x and v respectively (two different size classes or specleshy, p, and p. are the
proportions, out of all those respurces wsed by x or v, that consists of food irems in
resouree state ¢ & value varies from 1.0, when the popularion Uses one resource stae
exclusively, o equal o R, when the population uses all resource categories in edqual
proporiions. & is the number of food caregories,

B,, = TRE p"] f2a)

B,. = WIREp.] i 3]

In Eq. 23 and b, the index (reciprocal of Simpson’s diversioy index) 15 normalized
by K. Except for normalization other notstions are the same o4 Eq. lu and lh
Conversely, B, value manges from /R, when the populution uses one resource state
exclusively, to L when the population uses all respurce stares in equal proporticns.
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Feinsinger & of. (1981 stated that niche breadih, as defined by Levin (1965, cited in
Keast 1978, Huelbert (1978) and others, is simply a special case of sample similacity and
proposed for using Crekanowskis PY, the proportional similarity index mther than
Sehoenag’s (19H0) index.

Fs, = 1-05E [p.-q| {3a)

PS, =1-05%|p,-q| i3by

where p,, and p are respectively the proportion of resource items in category | out of
all iremns used by x ary and g, is the propartion of 1 itemns in the resource base available w
the population. Values for PY ranges from 1.0 for the broadest possible niche (when a
population uses resources in proportion to cheir svailability) o a minimum for the
nareowest possible niche (when a population iz specialized exclusively on the rarest
resoirce state and consequently bypasses all other items),

Diiet overlap indices were caleulated with Levin's &, and o, (after Keast 1978,
Wallace 1981} and Schoener’s @ (Schoener 1970% The Levin®s dietary overlap indices are
represented by o, (overlap of x ony) and &, (overlap of ¥ an x). Those are:

uﬂ. P I [Pu = F"n ;'l'l E P.-.-I [4&.]

Oy = E [!-’.:. " IJ'“:'-" E ]-".:-: ['ﬂb]

where g, and p; are similar as described for Eq. 2a and 2b. Values of &, or &, mnge
from 0 to slightly over 1.0 and measures respestively the ovetlap of x ooy or the reverse.

Schoener’s overlap {19707 index is denoted by o

i = 1-0.5{Zlp, - palt (5)

where o, and ., are similar s described for Eq. 23 and Zb. Schoener’s & index varies
from 0 representing no overlap w L0 reflecting complete overlap between the x and y It
is one of the least objectonable indices available (Wallace 1981, Martin 1984, Knight
and Ross 1994) and widely used.

All these indices have been caleulated from discrete counts, as animals choose
resources ipem by item rather than joule by joule (Feinsinger er af. 19813, and compared
to evaluate appropriareness and ease of hiological interpreration. We have followed Zarer
and Rand (1971 Wallace {19581, Martin (19584), Pen er ol {1993] in considering values of
dietary overlap indices above the arbitrary level of (.60 as representing 3 biologically
signiflcant overlap.

Feeding sirategy

Amundsen e al "3 (1996) modified approach of Costello’s (1990 method was used for
graphical analysis of feeding strategy. This i< based on a two-dimensional representation
where each data poing represents the frequency of occurrence (F)) and the prey-specific
abundance (%P} of a food category. Mathemarically F, and %P, can be described by the
CUaTEO TS

F, = (N (6

%P, = (Z5,/E8,] x 100 (n

where N, i the number of predstors with prey type ¢ in their stomach, ¥ is the total
number of predators with food in stomach, 3, is the stomach content comprised of prey
oype ¢ iin number, weight oo volume), and &, is the total stomach content in only those
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predaross with prey type f in their stomach. Only unidentifiable digested food items were
cocluded frowm the analysis,

Results

dniraspecific miche measures

B, pomonsius: Both sizes consumed relatively large amounts of macrophyres, 0.39
(propomicon as fraction of 1.0) in small Gsh and .23 in large fish {Table 1) Zooplankton
were more imporant o small than to large fsh (0.26 vs. 0,02}, 35 were insects (0.09 vs.
(.05}, OF the microalgae, Spirogra and Oedogonium (both flamentous green alpse) were
consumed in large amounts by small fish {>0.25), Large fish consumed only Spiragera
and Cladophors in small amounts, Cypris of the ostracods were consumed by hoth sizes.
Molluscs were found only in the gut of large fish (0.60) a5 small bits of shell and muscle
mther than the whole animal {Table 1),

Table 1. Resource availbilicy and wie by vwo sizes of Barkoder poessmour (4.5-5.32 ¢m and 1154154 cm TL)
dureng J6-2R April |99, dwa sives of Owockromdr sppe (4980 o ond 105158 e TL) during 19-21 July
1995, and by o single size camgory of Bolh & gowionceus (5,110 em TL) ard Oreacdiromis spp. (7.5-10.2 cm
TL) during 19-20 Seprember 1993, in 4 reclicld from Bangladesh (Unid.= cnidenified; empey guts or
senrneChE were ot indudad i che zaloulszian®

Feesaurce Inermpealic Inerpecific
_Guegary -
Frucion B gowionon  Fraction  Oechrowns spp. Fraction  Fraction used
svitlably Frection msed by svailable  Fracdon used by available by
small’ larpe! _small! lurg=t Bogon'  hapt
Chlnrapbyeeas
Amdeirerodaisig 00487
Cliprium 0034 0007 Q0012 Q0 D003 004
Hlewmmeninm 00045 0.HKE 00348 (2R
Pedbrrum Tt i1.0ngs 00007
Seendds s 03305 (L0374 Qumop
Sy L]
FVakoax oi208: 413 a0am
Dedegoninm GOGZL 01298
Effotkrix 0001
Spiragyra (P R e R 0 T T (T
Clndopksra 0006l (OG0
Tiihopkera i.345
Rhaclonmm 0721 0003 00032
Cyanuphyceas
Anebace QL0 GO0 GIDES (0208
Mertmingadie 0,195 i
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Bacallariophiei

Ccmndisrur (LM

Cuclornils (L8

Cromyplomemu 0,05

Melonr 10185 LU R LR e
Surirella [RLEH]

Syuedng IR0k

Euglepophysea

o [ELEICS INHIED

Ulnid. 0.3 G145 LnkA
Maocrophbyies

Ciliata

Vorteiia LR

Hatifers

Hearhninu 00T s i
Brchieau £

HEeraeelln 0037

Leceae [1AHKIZ ILIHEL T LR
Monemile H R

Plagyias L. 1003
Polvarthra 0,033 00lss LTy
Crustacea

Al R

FE L] (LKIEL [ENEFES)

Chiclons k1350 026 ROTED 00544 [RTE E ke 0.1011 0.0371

Dhrpluiy (TTE . Gt

Dhapioemna OLEF OO0 OHES  Da292 01527

Lhpbanmmmy L.IMIST 1. 006

Mazaa (el s sz oo 0ise Gl
Fadyphemis (L1} Er) (LS R [}
Uinid- egg 009

Undd. naupdil LIy NAET 1205 NS .07 02136 DOy 1L I
Unid Mums lary (BRI 5]

Dxtracoda

ey NN 0. 002 (kL5 LIRCIRE oooL2 00T 00X 00006
Unid. Insecrs IOEES (0563 s L et 1)1
remain

Ueid, mallusc 0T LT

remain

Dretrital aggregn I, 537 Rl L5380 0uSTed
Silt and sznd AR

Taial 14 1.0 1.0 13 14l ] 18 (1] L
V= |8, Eq= 7850 =Y = 3% L ¢ = 55 and “x = ¥5; nnly Bshes wich food in the somachs were considered.

Dietary breadth values were a little wider in the small sizes (B= 399, B = 0.12) than
the larger (Table 21 P8 indices aleo veflect thar both sizes of B, gontomotus. are using some
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resource items exclusively, though small ones have relatively broader selection of prey
items, about 3 times greater niche width (PS= 0,155) than the larger ones (Table 2.

Intraspecific dietary overlap of large fish on small (= 0.41) was much greater than
the reverse (g, = 0.24), but biologically insignificant in both wavs, Schoener’s index (o=
0.33] also supports this trend of bologically insignificant intraspecific dietary overlap
(Tuble 27,

Table & Intraspecific vtrual digt breadth and overlap indiczs™ of ren sizes of Barkode govnous (435,32 cm
and 11.54-134 cm TL) dardng 26-28 Apell E¥M and two simes of Ovockronds spp. (45680 com and 10158 cm
TL) duting 19-21 July 1595 in o ricefiebd from Hanglacdesh (v= srmall size, v= lirge tize; B, und B, = diseary
bremdhs ofx and v; B, and B,, = dictary bresdshs of & and 35 5, and P5, = proportional similarity index of
end ¥ respectivaly; &, = overlsp of x on v, e, = overlapofy on v and o= Schoener's overlap index)

iche indices
Fish species Crekarowski's Liwin's Schoene
5, s, B, H, H, B, m, i, i
. pewmiotur 0135 143 100 37 12 (o7 {124 o4l {133
Crenchnmuls spp o 015 (i Loz .05 i0.0sf (LR L.14 ik

® vl orverly vl sl 68 o shoam fa ledd o are sansidened 1 de ﬁﬂl;n..';]-.u.::.-li'h.‘:-...'.ull Faret and Send 1977,

Orgachrmmss spp.: Both sizes of rilapia fed mainly on the periphytic derrital aperesare
(FDA), 0.54 in small and 0.9% in large (Table 1) and showed an overall avoidance for
zooplankron, microslgse and consumed no aqugtic macrophytes. Of the zooplankion,
small fish preferred crustavean eggs and nauplis, 2nd randomly consumed Hoswina. Large
fish avoided all adulr crustaceans and their eggs but consumed a few nauplii. Rotifers
were avoided by both sizes while Cypets of ostrpcods were consumed by borh sizes,
Insects were consumed {0.03) by the small fish only {Table 13

Niche width values were marginally broader in the small fish (B= 1.42, B = (.05
than in the large fish (B= 1.02, B,= 0.04) (Table 23 Crekanowski's PS indlces alo
confirm this rend of dependence on single or few selective food items (PS= 0.02 in the
small, PS= 0.015 in the large), discriminating others. Dietary breadrh of Oreochromis Spp.
is relatively narrower than that of B. gestiomatus.

Drierary overlap indices revealed that both sizes of rilapis had bislogically significant
intraspecific overlap (o, = (L84, &, = 1.18) to each other, exclusively for the PDA. The
overlap sirength of large sizes on the smalls was about 1.4 times greater than the reverse.
Schoener's index (= (L85} ulso revealed biologically significant ineraspecific dietary
overlap between the sizes {Table 23,

Tnrerspecific miche meazures

B. gomigmarus fed on the PDA but in lesser proportion (0.34) than the Oveachromis
spp. 45 well as feeding on aquaric macrophytes (0.28), Valoox {0.13) of the green algae and
insects {0L.12). Chreochromis spp. fed exclusively on the PDA (098] avoiding blue-green
dlgae, most of the green algze, adult crustaceans and molluscs (Table 11
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[nterspecific diecary width (Table 3] was little higher for B, gomorones (B= 4,35, B =
.21 and PS= {.21] than Creechromiz spp. (B= 1.03, B,= 0L05 and PS= 002}, Oreachrama:
spp. dizsplay exclusive specialization for PIMA while B. goreonorus have many alrecnative
preferences in addition o PDA.

Tabde 3. Inierspecific virmual diet breadih and averlap indices® of & slngle size categoey of boah Saededes
g 501001 am TLpamd Greockrowis sp. (753002 ¢ TL) during §9-200 Sepiember 1955, in o riceficld
frien Bangladiesh (v = & gredonotue and ¥ = Ol app)

Hiche indices
Fish species Coekapawski’s Levin'y Schiene
P B B IE,, o, [E]
5. growicnoan 311 4,15 0l L& .34
Chrpdcnrem §op, [FAHES 105 s L33

*ghur overlap madver =060 are shoaw m fold and are comndered 1o b sagaeathe npngfcanT, Fared aud Rand JO7).

Interspecitic dietary overlap of B goniononir on COreachromis spp. (g, = Ld46) was
more than 4 rimes greater and biologically significanr rhan the reverse (m, = 035}
Schoener’s index (o= 0.348) indicated that the interspecific dietary overlsp between this
size range of B. portonoeus and Oréockromiy spp. was biologically insignificant { Table 3).

Iniraspecific feeding strategy %

Mot of the small individuals of B. gonisnone consumed moderarely dominant food
items, cccasionally including items with low specific abundance and low occurrence
reflecting mixed feeding strategy. Nonetheless, some individuals showed moderate
specialization {individual level) for aguatic insects while others showed moderare
populaticn specialization for aquatie macrophytes and Cycdeps of the crustaceans (Fig.
1z} Most of the large individuals of B, gonsmonas consumed dominant feod items as well
as rare food jrems have been consumed occasionally by some individuals (Fig. 1b).
However, some large ones showed individual specialization on Cyelops {crusraceans] and
aguatic insects while others showed population specialization for moelluses and aguaric
miacrophytes.

All small Oresclromiz spp. had been feeding on PDA, but small propostions of ather
food types were also included ocessionally, A few showed individual specialization on
certain food items like, crustacean egps and aquaric insects (Fig. 1c). Similarly, all large
Chrepchromis spp. were found feeding on PDVA but small proportions of other food items
were also consumed occasienally by some individuals {Fig. 14}

Trnserspecific feeding seravegy

In case of B, porfoncias (interspecific study) most of the prey were of rare oocurrences
[Fig. le). The most imporant foed items were consumed by more than half of the fish,
but their average contribution to the gut contents of these fishes was low. In additien,
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some individuals showed specialization for Anehaens, a blue-green algae (Fig. le) In
contrasy, Orsochrome spp. was found feeding exclusively on PDA but a few individuals
also consumed other food items in small proportions (Fig, I
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Figl. The feeding strategy disgram: prey-specific abundance ploned against frequency af
eccurrence of different food items in the dictof vwo sizes of Borbodes goaienors (4,5-532 and 1154
134 cm TL} during 26-28 April 1994, owo sizes of Oreochroms spp. (4.5%8,0 and 10.3-13.8 cm TL)
during 15-21 July 15995, and by a single size cawegory of both B, pomomsenr {5.1-10.0 om TL) and
Cheackromiz spp. (7.3-10.2 am TL) during 19-20 September 1995, in & ricefield fram Bangladesh
{Amundsen e al's 1996 modified approach w0 Costello’s 1990 method . (a0 B gonsonomy, §.5:5.52
e TL {u = 108); (b) B, gonsonceser, 1154134 con TL {n = 425 {e) Oreachromis spp., 4.9-8.0 cm TL
{8 = 9 (e Oreochromdr sppe, 103-134 om TL m = 39; (e} B, pondonoius, 3.1-10,] cm TL {1 = 55
end ()} Oreochroms spp, 7.5-10.2 cm TL {8 = 35), The black dois represent different food items
foml¥ the important items ace labeled on she fipures)
[Miscussion

The small size groups of both species had a wider dictary nicke than the large
individunls. Large fish increased their specialization on cemain food items {on aguaric
macrophytes by B. gesonotus and on PDA by Oveachromis spp.) and narrowed down their
niche width with incrensing size and competitive ability (Haroon and Pittman 1997,
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Interspecific dietary width {Table 3} was little higher for B. gonionoms (B= 4,35, B, =
0,21 and P&= 0.21} than Oveachromz: spp. (B= 103, B, = 0.03 and P5= (0.0Z). Oreocfermtis
spp. display exclusive specialization for PDA while B. gossenaris have many aliernative
preferences in addition o PDA.

Table 3. Interspecific virtual diet breadth and overlap indices® of. o single size catepary of borh Borkades
gt 5, 1-0001 in TL end Dveroheais spp. (7.5:10.2 cm TR} during 19-20 Septembsr 1598, I a ricefield
from Bangladesh (v = B poniossorss andy = Oreschremer sppl

Miche indices
Fish species Crekanowski's Levin's Schomne
Ps i3 B. - n, L
H. gonioueras .21 4,35 21 L.4& 038
CAncinin §pe. L2 ()] (H e 035

* daar overiap celes A8 ore riomem ta bold e are coniidined so b Beafogreally :ﬁ;{mnn Zarer amd Riwnd VT

Interspecific dietury overlap of B. gomsommn: on Oveochromis spp. (o= 1.46) was
more than 4 rimes greater and biolomically significant than the reverse (m.= 0.35)
Schoener’s index (o= 0.36) indicated that the interspecific dietary overiap between this
size range of B, pewionceus and Oreoclremy spp. was bialogically insignificant {Table 3.

Iniraspecific feeding sirategy L

Most of the small individuals of B. gonamorr contumed moderarely dominant food
items, cccasionally including items with low specific abundance and low ocourrence
reflecting mixed feeding strategy. Monetheless, some individusls showed moderate
specializaticn {individual level) for agquatic insects while others showed moderste
population specialization for aquatic macrophyies and Cvelops of the criastaceans (Fig.
la}. Most of the large individuals of B, gonionones consumed dominant food items a3 well
s rare food items have been consumed occasionally by some individuals (Fig. 1b)
However, some large ones showed individual specialization on Crwelops (crustaceans) and
aguatic insects while others showed population spectalization fer molluscs and squaric
macrophyies,

All small Oveochromis spp. had been feeding on PDA, but small proportions of ather
food types were also included occasionally. A few showed individual spectalizavion o
certain food items like, crustacean eggs and aqustic insects (Fig. 1ok Similarly, all large
Orzochromes spp. were found feeding on PDA but small proportions of other food irems
were also consumed occasionally by some individuals (Fig, 1d).

Interspecific feeding sirategy

In case of B. gosdonorus {interspecific studyv) most of the prey were of rare socurrences
(Fig. le), The most important food items were consumed by more thun half of the fish,
but their aversge contribution to the gut contents of these fishes was low, In eddivon,
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some individuals showed specialization for Anebaers: o blue-green algse (Fig. le) In
contrast, Cheochromee spp. was found fesding exclusvely on FDA bur a few individuals
also consumed other food items in small proportions (Fig. 1)
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Pig.l. The feeding swraregy disgram; prey-specific sbundance ploted against frequency of
occurrence of different food items in the disoof rwo sizes of Berboder ponsoncens (4.5-2.532 and §1.54-
34 em TL) during 26-28 Apeil 194, two sizes of Oreschremiz app, (4.9-80 and 103138 com TL)
during 19-21 July 1%%%, and by o single size category of bath B, gomicnarms (3,1-1001 ¢m TL) and
Clreechromiz spp. (7.3-10.2 em TL) during 1950 Sepiember 1995, in a ricefield from Bangladesh
(Amundsen & al’s 199 modified approach w Costelle’s 1990 methad), (2] B, penienorus, £.5-5.52
am TL (r = 108y (b} B, gewivaoras, 11.54-134cm TL (e = 42); (c) Oreochromts spp., 4980 cm TL
iw = B (d} Oreochromets spp., 103134 om TL (n = 390 () B. gontomoras, 5.1-10.0 cm TL {x = 55}
angd () Chveackramice spgr, 7.5:10.2.cm TL (r = 351 The black dow repecsent diffeeean food iems
tanly the imporiant items zre labelad on the Genres).
Mhscussion

The small size groups of both species had a wider dietary piche thun the lamge
individuals. Large fish increased their specialization en certain food items {on aguarc
muactophytes by B. posionones and on PDA by Oreachromas spp.) and narrowed down their
niche width with incressing size and competitive ability (Haroon and Pirtman 1997,
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19984 and 1998b). The interspecific dietary niche was wider for the silver barbs than the
rilapias, indicating greater specialization and less pronounced cntogenic dietary shifts in
rilapia.

Insignificant inteaspecific dictary overlap between the two sizes of barbs retflects a
resource partitioning accoerding 1o size or ontogenetic shift in diet, Resource partitioning
may also occur in time, since small barbs are feeding most actively around midday while
large barbs dre more active near dusk and after dawn (Haroon and Picoman 19975 By
contrast, both sizes of tlapia display peak feeding activity around middey (Haroen and
Pittman 1998a), suggesting that temporal, sparial and habitar overlap will affect the
resource utilization and the growth of tilagia in mixed-size rearing.

There was neither 3 high within<phenowype (generalization) nor high beoween-
phenotvpe (specialization) contribution to the niche width for the silver barbs, Small
silver barbs showed 8 mized feeding strategy, with varving degrees of specialization and
generulization for different food items. The population of silver barbs indicaved
specialization for certgin food items and the dietcy width was relatively narmow (P3=
{.16). Large silver barbs also showed a mixed feeding strutegy with some individuals
specializing on cermzin food rvpes and 2 population specialization on other food Types,
and the miche width was narrower than thar of small (P5= 0.03) When reared with
rilapia, the silver barh showed 4 relatively high withio-phenoope contribution o the
increased niche width (P3= 0.21}% indicaring more generalized feeding straregy.

sl tilapia demonstrated individual specialization for crusracesn eggs and aguaric
insects in addition to populadon specialization for PDA, giving 4 narrow niche breadih
{P5= 0.02). At the population level, large tilapia specialized exclusively on PDA and
hence the niche width wus narmowest (5= 0,015) When reared with barbs, tilapia
dizplayved a similar feeding strategy and narrow niche breadth,

Chur results suggest that an ontogenetic shift in diet ocours more strongly in silver
barb (Haroon and Pittman 1997} than in tilapia (Haroon and Pieoman 19983 The
various sizes of a single species may occupy several tmophic units depending on their
ontogenetic progression in diet (Egpold and Motta 1992, suggesting that oprimal
stocking strategies for B, gomemanis should consider a changing resource utilization with
the aging of the stock,

B, is more useful then B as the former incorporates the number of food categories
available while the larer does no. The vse of Czekanowski’s PS reveals more informarion
gbout the ecological determinants of dietary breadth & i simultaneously incorporaces
the availability and use of the partcular resource category. For example. the valoes of
.16 and 0.03 for FS indices of small and large silver barb respectively, (.02 and 0,015 for
P5S indices of small and large tilapia respectively and 0.21 and 002 for TS indices of
silver bark and tilapis respectively are easily interpreted - of all the food categories
available /645 ((L16) and 1/33.3 {0031 part of foods were obrained respectively by the
amall and large silver barh, while 150 (0002) and L'ee.7 (00015 part of foods were
ohrained respectively by the small and lacge tlapia, Similacly, b8 (0210 and 1550 {0.02)
part of the food items were obtained by the silver barb and tlapia, respectively,

B=J
Tl



AKY. Hareon & KA. Pittman

PS measures toost accurately the actual srea of intersection between wo [reguency
distributions and is therefore more robust than Levins B or B, and Irlev’s {1961)
electivity indices. It has oficn been used o measure niche everlap (Colwell and Futuyma
1971). Feinsinger o of, {1981 concluded that I'S 35 more appropriate than Schoener's
(19707 index for measusing the degree 1o which an animal’s diet is specialized for testing
hypotheses on foraging ectics, P5 values will pither change 2s the resource Spectrum
changes if the particular species or size being considered discriminsles Jgainst resource
(e in other categeties, or maintain 3 similar value if the same selectivity over time (s
found regardless of changes in resource states (Hurlbery 1978, Petraitis 1979, Feinsinger
g o 19813, Another consideration is thart, niche breadth messures the variability in
resource use while the conceptual basis for vanation in niche breadih is resource
selectivity by the individuals {Petraitis 1979,

In investigating the available resources, we sampled ¢nly plankton, which conmined
mostly minute forms. Had we taken benthos and macrovegeration into secount, the
dierary breadth indices with PS would have been mere robust and different. However,
hecause of the use of absolute differences berween the resource use and availability in
Equarions 3a and 3b, there is a PS value for a certain resolrce item even though thar
particular food item was not ingested by the species or sizes concerned,

The interspecific dietary overlap berween the silver barh and the tilupia was
hiologically insignificant with Schoener's index. However, Levin's overlap indices
reviealed that the dietary overlap of the silver bark on the tilapia is much greater and
biologically significant while the reverse is not significant. Here lies the significance in
the use of Levin's dietary overlap indices over the Schoener’s,

For future wok on niche messures, the appropriate index would seem e be
Ceekanowski's PS (Eqns. 30 and 3b) for the niche breadth and Levin's e, (Eq. 4a) and
iz, (Eq. 4b) for the niche overdaps. Although Schoener's index is widely used, we agree
with Wallace (1981) and Marrin [1984) that it &5 the least objectionable of the indices
only when resource availability data 2re not preseat,

In general, an observed biologically significant dietary overlap {=>0.60) is considered
indicative of comperition, which may not always be the cuse. The existence and Inlensicy
of competition can only be ascertained by comparing acrual to vistual diezary overiap of
the competiters. The existence of competition would be certain if virmal overlap excesds
the actnzl overlap value {Colwell and Futuyma 1%71). Niche breadth and overlap, when
measured under naturmal conditions, are called ‘actual” merrics, while “vimeal” niche
breadth and overlsp are the corresponding values measured in the absence of
competiiion ameng species. It is the condition under which data are cellected, mrther
than the method of calculation. Hence, our metrics are virtual niche measurements a8 we
exploited natural conditions as closely s possible in the absence of other competitors,
Such clarifcation between acrual and virtnal messurements is essential when expressing
niche sverlap, which by anyv mesns 1% 4 measure of competition,

In the present study resource avallability and use estimated by counting duscrere
individuals seemed adequare, Discrete cowats are more apt to explain the degree of
discrimination than are values calculated from energy contents of items (Feinsinger of al
1981, Wallace 1981, Martin 1984). However, these measurements are vulnersble to bias

due 1o parchiness of the plankton and 1o digestion rates of particular irems (Strauss
1979,
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As our present snudy on the two sizes of B gomdomanie, two sizes of Craochroms spp.
and between £ gomisnoni and Oreachropns spp. were separately done these indices dre not
directly comparable wwards either small sizes of B, giumion versus small or large sizes
of Creaciromis spp. or lange sizes of B. gonfonsns versus small o large sizes of Oreovhromss
spp. However, interspecific niche measures estimated with a single median size range of
B. gorionctas and Oveochramis spp., as shown in Table 3, gives an indication of what
digree of overlap may be expected.

Significant inrerspecific dietary overtap of silver barh on rilapia caurions for mixed-
species stocking in the same system. It seems thar there gre less opporunities for habitat
segregation berween the B pmmionce and Oreocliromiz spp. when stocked together in a
rice-fish system. Haroon and Alam (1992} repomed poor vield of tilapia with mixed-
stocking of silver barb and tlapia in concurrent rce-fish culture in Banglodesh. Mixed
vearing of barhs and tilapia in the same habitar will likely result in & suppression of the
growth of tilapia, due 1o their high degree of specialization on items with low aurmient
value and their dierary overlap wirth barbs which have a broader niche width.
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Feeding metabolism in an Indian major carp (Catla catla
Lin.) fed on different protein diets
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Absiract

Feeding metabolism o oan Indian mapar cam, Cado coile Eogerlings of HEE+0.56g was
tnvestigaied in o fow-through water recirculacing sysiem. The metabollc crergy loss In
rediing mitabelism and feeding membelism were dewrmined by che indirect method of
ovoen consumpin followed by muliuplication by suitahle nxycalorific coefficient, This
was dene in four metabolic chambers of 3 respicometer svsrem, Ten fish fingerlings o
mean weal weight of (085 10k4 and 112.8g<chambers respectively each in two
euperlmental uns of three treatments 3. b and © were gsed. The mean resting membolic
rate during unlfed condition showed e significant variation io different oesments, The
fish in three irearments 2 band ¢ fed on dies coniaining 28, 33 and 38% crude protein
bad signifieantly different (po003) post-fed SDA magnitude of 497.7, 6387 ood 735.5
mgl)chamber'day having an equivalent energy does of 1268, 1468 and 15836 K)
reapectively. The STH co-efficient in three treamments 3, b and ¢ were 1453, 19000 and
23 M% pespectively whercs, respirniory energy - B as % of mean wial ingeseed energy in
three weatments were 2693, 3117 and M.74% respectively showing & significant increase
[pr<0.0E] with inerease of proton.

Key words: Feeding merabatism, protein diets, Carly caila

[ntroduction

The metabolic heat energy loss sssociated with the digestion and transformation of
ingested food into metabolisable is known as specific dynamic action (SDA). SDA can
Fepresent a major component of respimatony energy budget. To derermine the food rarion
and growth performance of fish, it i¢ necessary to know the specific dyvnamic scrion
which may range from 4 10 43% of the ing=sted energy dnd generally approaching 3% of
the gross energy ingested. In peikilotherms SDA has been observed as a post-prandial
increase in the rate of oxygen consumprion expressed as mgD. {then converted intae KJ or
Eoal) Following food ingestion the oxygen constimption rate in fish increases and then
gradually declines hack to its resting level (Jobling 1980). The principal component of
SDA effect - the total magnitude, the peak increased level and the duration {Jobling
I780). The "magnimude” is the sum of excess merabolic hemt production expressed as
mgd; (or expressed into Keal) induced by the ingested meal, integrated from the time
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metsbolism first rises to the peak valoe and falls back to the base 15 determined by
plotting the curve of increased cxygen consumprion after feeding against dme until ic
subsides to the prefeeding rates (resting rate} and then intergrat ng the area beneath the
curve. SDA is expressed a5 a percentage of the ol caloric value of the food ingested
(Hill 1978) in metabolic rerm of SDA coefficient (Smith er of, 1978, Whereas, SDA
duration is the time during which the oxvgen consumption by the fed fish s above
resting metabolism.

Estimation of the metabolic expendinere asseciated with feeding are usually obtained
from laboratory experiments using different tvpes of respirometer where the motor
activity of fish inside the respirometer (metabolism chamber) chambers may be
contrelled a5 much as possible (Chakrsbony & el 1992h). The increased oxyeen
consumption for @ fed fish with a defined ration in the chambers may be measured
accurately over a defined period of time. The 5DA magnitude is dependent on s0 many
fuctors among which the quantitative and qulitative wspects of diery protein is
important, The SDA cocfficient of a particular fish in response to particular dier is very
important in fish culture where they must be taken into consideration when constructing
energy budgets involved in feeding and growth during holding on growing period.

Till to date, there have been no reported work on post-fed oxvgen consumption
{specific dynamic acrion -SDA) in Indizn major carp, Catfa catle. The aim of the study
wis (o investigate the feeding metabalism - SDA in an [Indian major carp, Carle catle fed
en different protein diers.

Materials and methods ]

Healthy fingerlings of Indian major carp, Cale carfa {10-12g) from a single stock
was collected in August 1996 from local fish farm. Acclimation of the fingerlings was
made for 13 days in large plastic pool with continuwous seration at 28+1°C.The
fingeelings were given prophylectic treatment with NaCl (3%) dip for 10 minutes and
5mg/l. methylene blue bath for 24 hours. Faecal matter produced by fingerlings were
remaved everyduy morning and evening. The pool water was partly (abowt $0%) replaced
with fresh aerated water every moming. The fingerlings were not fed on first two days of
scclimation. From the third day they were given pelleted diet containing fish meal,
mustard oil cake, wheat flour and bran etc. having 30% dietery protein at the mte of 1%
as maintenance ratdon. Normal dark- light period was maintained throughout the study
peniod,

The experiment was conducted in metabolism chamber in & flow theeugh warer
recirculalory system in laboratory of Fisheries Technology Depariment. Measurement of
respiration rutes in unfed, fed and post-fed condition were done in system of metabolism
chambers acoording to the design made by Chakraboroy (1992

Thres experimental dicts A, B and C containing 28, 33 and 38% crude protein levels
respectively were prepared by using fish meal, musiard oil cake, duck weed, rice bran
and wheat bran {Table 1). The dicts prepared as pellers were sun dried for 1 day followed
by oven drying at WC for over night. The proximare composition of these dry
experimental dicts are given in Table 1. The diets were fed at a known ration to three

8



Feading menabolism in ) cala

trearment groups of fish in metabolism chambers, Each of three treatments had wo
replicates each having ten fishes of 10.8+0.56g fish in merabolism chambers. The
metaholism chambers were marked as M,, M,. r and M, where the chamber “t™ was used
as reference and had no fish in it. A constant water flow- rate of 30 L'h through the flow
meter was maintained in all metabolism chambers duging direct monitoring of exygen
consumpion by an oxygen probe kept in cuverte, After the first day in unfed condition
for acclimatien in the chambers, the fish fingerlings were subjected 1o measure resting
metabolic rate for the following two unfed days over 24 hours period. The 24 hours
measurement of the oxygen consumption {directly measured by oxveen probe of oxygen
meter in the cuverne) in each three group of fish were measured as resting race and the
values wers expressed as mg O,ke'h (Chakraborty er gl 1599,

Table 1. Formulaticn and proximate compasition of experimensil diets prepared
from variows ingredicnts

[ngredients Diet (8]

A B c
Fish meal 20001 =00 SO0
Mustard ofl cake 21.50 17.50 1850
Diack weed 11.1x 1206 16,00
Rice bran 15,0 1500 &)
W'heat bran LLEHE 5, 0H) 5,00
Chrmic vxide 050 .50 054
Vitmnin and Mineral premix® PR 2.EHh 2.0
Proximate composition (% dey matter basis) "
Farameters 3
Dy matier 95.16 9344 Q3.7
Muistsne 4459 .52 623
Crude proten 2808 Z1.K2 £l )
Crude lipid 17 7R3 10uA6
Ash 161 1870 il B 1 |
NFE** 42.20 3133 2341
ELE&EEE‘E!“: ﬂ:]l_.:El"" 2115 21.31 21.74
*ltkone Poatens, Beugiaden

=+ NFE = Nimogen free exmrucr, coloulated g 200 - (ruds proveis + lipld 4 gad = sasdned)
wuw Cplenfared iy Famek cadnrmeeier (Galieekans

After 3 days, the fishes in merabolism chambers g, b end ¢ were given known amom
of diews having either 18, 33 or 38% crude protein. Feeding of fish started ar 900 @m and
continued up to 4.00 pm. The pellers which were lelt uneaten and entered into faecal
column collected, dried. The unesten weight were subtracted from the amount offered o
fish und the value was treated s= the amaunt of dier ingested. Alrernate hourly fecding of
fish continued according to their response during feeding period. Twenry four hours
hourly menitoring of cxvgen consumption as mg O, kgh of the post-fed fish group of
fish in each metabolism chambers was recorded for aliernate 13 days as days 3, 5,7, %, 11,
13,15, 17,19, 21, 23, 23 and 27 for each ceplicates.
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The provimare composition of the dies, fish and faeces were analvsed according
standard procedure given in ACRAC [1980% The gross energy content of fish, feeds and
faeces were determined by Bomb Catorimerer (Gallankamp, Automaric Adiabaric Bomb
Calorimeter). The gross energy loss through metaholism - respiration (R was derermined
indirectly by measuring oxygen cansumprion (Brafield and Llewellva 1982} of fish in the
chambers. The values thus obiained were multiplied by the calculated O, Coxwvealorific
co-efficient of respecrive subsrrace) vilue of imdividual dier which were 14,15, 14.01 and
1387 Jimgp, respired by fish fed on diet A, B and C respectively.

Oxygen consumprion by fish in the chambers was directly measured a5 mg'l by
uging an oxvpen meter {Check:mate, oxygen probe) and calcwlated by the following
formmula:
mg O,/ kg'h = L)

wi. of fish () in chamber

Clxygen consumplion,

where, O, 5at = Dissolved Oxvgen (DO in the reference chamber
L'.'h- ot = Drissolved Owygen (D0 in e el ket ol meabelism chamber commming fsh.

The vatues thus obrained were multiplied by the respective Q,, of 14.1%5, 14.01 and
13,87 ['mg()y for fish fed on dier A, B and C respectively w0 convert the values into
SIEIEY.

Statistical -analysis of the study was done by analysis of variznce (ANOVA) w
compare realment means using the statistical package of Minitab (Fvan e al. 1985),

Results

Duygen consumption of unfed Cerle cotls  in different trestments showed no
significant variation (p>005) for resting metsbolism (Chakrabormy o 2l 19990 The
mean oxygen consumption of fish during resting metabolism over 24 hours period were
131.664 4.86, 15391 +6.2% and 150264 4.38 mpD. kghr for rresrments a, b and ¢
respectively considering oxyenlonific value of 13,56 (Brafield and Llewellva 1982}, These
villues were recalcolated and found 3,40, 5,32 and 552 K]/chamber/dav in crearment 2, b
anid ¢ respectively.

Figure 1. shows the post-feeding oxyvgen consumption aver resting eate of Catle catla
fed on 28, 33 and 38% dietary protein. In all cases oxygen consumption swrted 1o
increase afier the feeding commenced and continued for several howss 10 8 level 1o reach
the highest (peak) and then started o decrease 1o the level of resting rate showing no
further effect of feeding on respiration. Fish feeding at 38% dietary protein, the mean
oy gen consumption over 24 hrs period were found a much higher value having a longer
duraticn thun those found with 28 and 33% protein diet (Fig. 1), Vanous aspects of
oxypen consumption by fish in three rrearments fed on dieis A, B and C conwining 28,
33 and 38% dietary protein respectively is shown in Tuble 2. The mein dailv oxvgen
consumpiion (R} over 24 hrs in fish fed on 28, 33 and 38% protein diet in trearment g, b
and o was found 341, 3% and 419 mpe0.%kgh respectively, These values were found
significantly different (p<0.05) from one another and found to increase with an increase

0
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af dietary prorein [Table 1) The higher mean peak value with a larger SDA magnitude
was ohrained in fish fed on 38% dietary protein. Table 2 also shows that the peak ooypen
consumprion by fish fed on dier A, B and C was 3635, 657.5 and 696.0 meO kgh
respectively with percent increase over mean resting rute (peak mean) of 273, 327 and 363
respecrively. These values increased significantly (p<0.05) with the increase of dietary
proein. Mean 3DA duration was guite high with values of 21 1o 22 plus hours in fish fed
on the three diets. -

-
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Fig. 1. Fast leeding oxvgen consumplion over resting race of O carle
ted on X8, 33 and 3% dietary prossin,

Table ). Different uspects of specific dynamic action {SBA) in fsh in three trearment groups 4,8
anid ' Ted on28, 33 and 38 % diecacy Protein ( 5 = 2

Treatrnent Todtal fizh Mein Mein Piak axygen Peak mean Tire= 2o
wi[glio ratian resiing cOnsUmpLica (% increas: reach the
enetabslism {g/dayi Efe | migli kgt OVET [Edn prak
chambers gl ke'h) resring rage)
A& | 04 51k 219 L5l I3 50 ITLET T
B | L4 221 [53.90 GITA0 32T, 19 4
= C 11240 410 L5038 e 0 F3,00 i
Trearmen Druration thi Man aDA Mean daily A0 Coe " wx % ol
metabulis  magnitede  energy Inceke %) b ik

m(mgll; gl icha { Kliday;
-'I;E.'h:- mb'day

s 2 34140 457 5% 4705 1498 20493
B 2Ry 304,140 H3.72 47.10 1900 iy
LB 24 UEL TH.53 44,65 prk Y 34.74

The post feeding effect in fish fed on 38% dietary protein still had some effect which
continwed bevond the scope of measurement due to dara recording time over 24 hoors
cycle. However, this amount being an insignificant was overlooked. The mean SDA
magnitude in post fed fish in treatment a, b and ¢ over 24 hours was recorded as 498, 639
and 737 mgOychamber/day respectively (Table 2). When recalculared the mean
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metzbolism (B} in fish in cach chamber fed on 3 dicts was found significantty different
(=005 hoving the values of 8%, 1048 and 1143 med,/chamber'day and showed an
equivalent energy boss of 12,68, 14.68 and 15.86 Kl /chamber/day respectively {Table 2%
Whereas, the equivalent energy of SDA magnitade was 7.04, 8.95 and 1021 K]/'chamber!
dav in fish fed on dict A, B and © respectively with resuliing 5D coefficients of 14.95,
1900 and 22.36% in fish in treaument a, b and ¢ respectively showing a significant
increase with the increase of dietary protein (Table 2). Toral daily merabolic expendinue
including resting metabolic mate - B, as % of ol ingested energy {consumption, C°
was 2693, 3117 and 34.74% which was found directly dependent on the dictary protein
content {Table 2). The regression mode]l doawn for the relationship between energy in
conswmption: C° and energy lost in mewbolism, B as % of C° is expressed by the
following metabolical model ;

Y = 50737 + 0.781 X (' =0.9%74)

Where, ¥ = Energy lost in metabolism, R a5 % of ingestion C7 .

X = Dietary protein level (28 o 38% rangel,

Miscussion

There have been repors aboor the values of oxyvgen consumption for resting
metabolism in different fish species and  a large varation 5 evident (Hamada and
Macda, 1983, Chakraborty o of. 1992) depending upon seme factors like size of fish,
wateT temperature; fsh species et Thus; Kausch (1%6%) found that 16-0.5 g size young
carp, Covprines corpio had resting metabolic rate of 80, 136 and 214 meOukeh ac 10, 13
gnd 20°C respectively whereas, Huisman (1%974) showed that Cvprikus carpio of 31-47g
and 2-16g had resiing metabolic mte of 45 and 33 mgO,/Be'h respectively. However,
Chakraborty er af. (1992} obtained mein resting rate for unfed common carp of 70 + 10g
size 85 152 mepOyKgh. Therefore, this experiment had showed a guite reasonable valoe
umong the reported values for resting metabolic mee.

Fig. 1 shows that the post-prandial oxygen consumption in response to feeding of
different diets containing 28, 33 and 38% crude protein increased with increase of dietary
proetin, Similar results were obrained in blue gill, Lepomis machrochin by Pierce and
Wissing (1974} in Cyprinus carpis by Chakeaborty ef af, {1992b), The time 1o reach the
peak oxvgen consumpricon in this study varled from 7 to 8 hours afer feeding and was
not significantly affected by the energy intake and dietary protein contene (Table 2. In
the study with largemourth bass, Microprrus salmoides Tandler and Beamish (19813
observed that maximum oxvgen uptake reached within 2 1w 4 hours of feeding whersas,
Chakraborty er al. (1995) obtained this time w reach the peak value by © carpao with 1 10
7 bours after feeding. Jobling and Davies {19800 noted thar the peak level of oxvien
consumprion 1o plaice, Plearoredus platzsse reached before satistion and concluded thar
the processes of preducing the SDA effect are limited by cellular metabalismm, Hamada
and Ida (1973) reparted two peaks in post-fed common carp, one 3-4 hours after feeding
and the other after 3-7 hours after feeding which was dependent 10 the amount of food
intake. The duration of elevated metabolic rte is variable berween fish species under
different experimental condition. Present study shows a small difference in duration (h)
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of elevared metabolic of 21 w0 =22 hours (Table 23 Similarly, the 5DA duration tangeid
berween 10 1o 1% hours, 12 to 1% hours and 10 to 21 hours in common carp fed on 20, 33
and 307% digtary protein respectively which was dependent on ration size but ool digtacy
provein content (Chakmborty 19920 This study showed the simmlar findings that there
wis o significant varistion in duration of SDA effect of Osh fed on different protein
diets. Tandler and Beamizh (1981) showed that the rate of oxygen uptake rermained
elevated which was positively related to energy ingested, negetively reluted w body
weight wnd unrelated with procein content of the diet in bhass (Micropierus sofmoidas],
Soofiani snd Hawkins (1982) obtained similar results for juvenile cod, Cradus: morkna,
LeGrow and Beamish (1986 working with rainhow trout Seims geirdeer found that
prowein content in the dier dees not significantly influence the duration of elevated
metabolism. SDA magnitude in this study was found clearly related 1o protein content in
the diets (Table 2} and iocressed significantly  with  iocresse  of  dieracy
profein.Chakeaborty & af, (1992b) obtained that DA magnitude was related o bath
energy intake from varving dizgeary protein content. In largemouth bass, the SDA
magnitude increased linearly with the prowein coneent of the diets {Tandler and
Beamish, 1980, SDA coefficient values in chis study with C. caels fed on 28, 33 and 38%
dietary protein were 14.95, 19.00 and 27.38% respectively (Table 2). Cho at al., {1976],
Jobling und Davies (1980, Tandler znd Beamish (19207 obtained che 3004 co-efficient
values of 8.0-12.0% in Safvwo gairdaerd , 10.0-18% in Plarorecrss plaressg and 5.1-17.5% in
Murapters  calmoider  respectively. Similarly, Medlind and Beamish [198%) and
Chakruborty o al. (19920 cheained the SDA co-efficient as 8.5-33.7% in Salme gairdnen,
B.99-15.94% im Cyprinss carpio respectively. Noted that SDA co-efficient is dependent on
the protein content of the diet in rainbow rrour. LeGrow and Beamizh (1986% and
Chakraborty e ol (19970 found that SDA co-efficient ia reinbow moutr and common
carp respectively incréased with the protein content of the diet a5 has been obrained in
this study with Carla corla,

In the present stiady the oxvigen consumption was considersd as total energy of
metabolism comprising resting, feeding and resimicted active membolism and was
designared as B, Whereas, SDA was derermined by subtruction betwesn 'R’ and 'medan
resting metabolisin value® for feeding metabolism. However, this study showed a
significant (p=0.05) in¢rease in metabolic rate with increase in dietary protein (Table 2.
Similarly, Chakeaborty e al. {1992h) obtained the values of 'R as 27.90% o 30.51% of
energy in 'C ™" which showed were inereasing with the incresse of dietary protein In
Cyprinus cargio.

From the model developed for % energy lost in ‘B is of importance for aquacnlnarise
because, the post-feeding oxvgen requirement in the intensive culture system can be
calculated where the protein levels (and if mtion levels) are known. This §s also

important in energy budgeting 1o determine the amount of energy wasted or expended as
EDA or R,
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Effects of duckweed (Lemna minor) as dietary fishmeal
substitute for silver barb (Barbodes gonionotus Bleeker)

J. Moor, M.A. Hossain®, MM Bard’', K.M. Azimuddin
Diepuaremens o Apurcilnme, Banpladed Agrioufmmal Demennny, Mymedmagh-2000 Ranplodes)
' Deparnmiiet af Patbolap, Bregionfett Agroulmral Dlegesps, Sowerigh

" Corggpanding cuthy

Abstract

A B0day long grawth traal wus conducted to evaluate the selabalicy of duckweed Lewma
manor % diecary fish meal sobshtote for sibrer barh (Barfoder gomonots Blecket), Five
BEo-mirogenous dics weee formulated e conein 35% prowein and cach reacment had
thres replicaes with 15 fish in each aguarium with a mean inidal weightof 1.5 £ 42 &
Duckwesd was ased in the experimens o replace F, 2, 30 and 353% ol the dicary fash
atedl in diet 2 3, 4 and 5 respectively. Fish meul was wo=d o the sole source of protesn in
contol dier{Dler 11 Fish were led theee wmes dadly an sastation level. In cerms of growh,
iood comversion and provein wtilizaden, the concrol dier and dies contining 17.07%
duckweed showed the best (F={0.03] performance fellowed by dies containing 34145,
£1.21% and 5% 24% duckweed. Fish fed dies containing higher levels of duckwesd had
higher corcass mastore and lawees Tipld  cenlent comparsd w othe centrol dist
Histepathotogical examination seveated abnormealsies m the lhver of fish fed dizs
containing higher inclusion of duckwesd. 11 was noved that 1% of the distary fish meal
proagio could be replaced by duckweed (L. miwer] in the disood silver barb {8, gondanims

Key wards: B, poniouscus, Duckwesd, Fish meal

Introeduction

Duckweed are small flosring aquatic plants, widely available in Bangladesh and
consists of four genera wz. Lemng, Spiradels, Wollfia and 1Folffells among which sbout
40 species hove been identified so far (Journey & of. 1991}, In Bangladesh, it can essily be
grown abundantly with minimum cost, made svailable in much cheaper than other
alvernative plant protein sources. Fresh duckweed is widely used o5 fish feed but only 2
fesw reports are svailable on the wse of drv duckweed as fish feed.

Silver barb, Barbodes pomionone is one of the best suited species for bnnging the
uniitihzed or underutilized water bodies under intensive culiere. This fish was alsa
found to feed well on supplemental feed (Hussain eral. 1987 The fish can grow fast at
high stocking densities (Sipitekhiar and Leenannod 1984,

The present investipation was designed o evaluate the suitability of duckweed as
dietary fishmeal substitute for silver barb (B, ponisnone) fingerlings,
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Materials and methads

A swEtic indoor rearing svitem was used for the growth trial, Rectangular glass
aquaria of 33 L capacity containing about 30 L of water was used a5 experimental tanks.
Tap water was supplied in the aquaria during the expesimental period and acration was
provided to maintain the adequate oxygen level. Induced bred fingerdings of silver barb
(8. gowianoms | were obtained from a stecking pond adjacent o the Faculy of Fisheries at
the Bangladesh Agricultural University (BAU) Campus, Mymensingh. Prior to the stan
of the experiments, the fingerlings were acclimated 1o the laberatory condition for seven
days.

Five iso-nitrogenous diets were formuluted to contain 35% protein w evaluate
duckweed (L. miror) as dietary fish meal substitute for silver barh (B, gowmionore ). The
tish meal was prepared in the laboratory by grinding small dry fishes of mixed crigin and
selved o pass through 0.3 mm mesh. Duckweed were collected locally from a fish pond
in a village adjacent to BAU campus. After collection, duckweed were dried in the sun
and ground inte powder to pass through a 0.5 mm seive. Before formulating the test
diets, all the ingredients were subjected 1o proximate analysis and the results are
presented in Table I Then the various ingredients were mixed together in reguired
quantities according o formulations as shown in Table 2.

Table 1, Praximate compodition of protein spurses (% drv maner basis)

Pratein sources Dey Frolein Lipid Ash C. b NFE'
mateEr

Fish meal 06,55 B34 0.0 0,39 .19 EET

ek weed CERS 0,54 1.0z 14.41 13.47 44, Gl

* NFE [Nirogen frad dctraes) caleulared ax J00 = % [waisiure + peosein +hipid +ash +omade fibe |

Table 1. Farmulation of experimental diets

Diier N

_Ingredients (%) | 1(Conwrol) | 2 | ] & [ 5
Fish mesl 5348 45.13 4278 37.43 34,76
Duck weed : 17.07 3414 5121 59.24
Cod liver gdl - - 1.1} .30 LA
Sovhean oil 5.00 4.00 304 1.50 L.aa
Starch 22,00 230 1358 286 1.00
Vitamin 1.00 1.00 106 100 1.0
premix’
Mineral premix’ 200 2.00 200 200 100
CMC? 200 2.00 20 2.0 1.00
re-Cellulose BN 2.30 . - -
Chromic oxide (.50 0.5 (.50 .50 (.50
Taral 100,06} 100,00 100 100,00 1000

4 Accondiag s Horsan gad Jounsey (/989 ‘Carbonsecd cellufore of high TirCos.
ELD
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Adeqguate amount of water was added o moisten the mixture and the mixiure was
extruded through 1| mm diameter die of a pellering machine {Hobarr Mixture machine A
200, All the diets were subjected o proximate analysis and the results are presented in
Table 3.

Table 3, Proximate comgosition of the experimental dets (% doy manier basis)

Paramelers Diet Na.
I s 0 3 I 4 T =%

Diry marrer 91 KH o193 a7a 23,09 02,05
Crude protein EER. 3 33.K5 3457 34,28 34,39
Lipid 1k 34 G55 11.65 10.33 10,531
Axh 1541 14.61 15.44 1612 17.9%
Crude fibre .05 G.4E G.oE B0 g.03
NFE' 35.72 35.21 il26 Alle 20 24
Ciross energy  (keal’gr 4.2 4.20 .25 4.10 4.03
FE ratin’ 7353 B0.5% E1.57 CER 25,33

* Murapen free axiracs = IS (Crade provetm + [isid + o2k + ot b
! (s exerpy cakeubured after Taewcey and Rios (1RE7
! Prodein o anergy ravie te mg pranis | Mool of meal dnergy

The uniform sized fogeclings of silver burb were randomlyv distcibuted ar the rate of
15 fish in each replicate with initial mean weight of 132002 g, The fish were fed ar
satiation level with the formulaed diers three times daily ar 4 bowrly intervals berwesan
(.00 and 17.00 bours. In order 1 mainain good warer quality, abour half of the water in
each tank was changed every day theoughour the experimental period, Fagces were
collected during the last two weeks of the experimental period for the study of protein
digestibility of dier. Warer quality parameters such as temperature, dissolved oxvgen and
pH were monitored weekly and the ranges were: temperature 17-300C, dissolved oxvgen
f.2- 8.3 mgland pH 6.8 - 7.5,

Feed ingredients, experimensal diess and fish sample were analvsed for their
proximale compositon (Horwitz 1980). The chromic oxide content of the experimental
dier and freces was determined after Furukawa and Tsukahara (1966} The histological
study of different organs were done according to the procedure and methods described
by Luna (1968). Specific growth rage (SGR), weight gain (%), food conversion ratio
(FCR), protein efficiency ratio (PER), apparent net protein utilization (ANPU} and
apparent net protein digestibility (APD%0 were calculated after Castell and Tiews (159800
Statistical analysis was performed by one way analysis of variance (ANDOVA ) followed by
Duncan’s Mulrple Range Test (Duncan 1955) to test the significance of variarion among
the treatment means.
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Resulis

In term of growth, tood conversion and protein wilization, control diet and diet 2
(eonlaiming 17.07% duckweed ) showed significantly (P> 0,05) best growth performances
among the experimental diers. Fish fed dier containing 59.24% duckweed produced
signlficantly (F=0.05) the lowest growth performance. The growth performances of
silver barb fingerlings during the experimental period are presented in Table 4.

Table 4, Geowth and food uniliziion of B, geswmsores fod expennsental dics

Parameters Diets

i T S T A PR T L
[mitial wi. () | .45 L.30° 151" [52" 1.49° 0.2
Final wrig) 5.14* 106 4,52 3.65° 1,354 0038
Weight gzin (g) 366" 1,56 it 1% 136" 0.034
% Welght jain 247 237k 199° 1401 125 2,46
SGR (% dav) 207" 202" [.83 1 46 I35 0.016
FCRE 1.6 192" 2a 321 1.66° {1,043
FER 1.5%* L.54* |.28" ICT] 0.794 0.033
ANPU (%) 7553 25054 194" 13,76 1164 0.164
APD %) o4z EEAD RS 16" 1244 8014 (.43

! e i ne s reo fodill s msencaen and o pr ey dfining (P 0es
¥ St gvenr of eevarmernty colowlised from ohe residial mean spuore i ske manfel of tarance,

The highest SGR value was obtained from fhe control diet and dier 2 contining
17.07% duckweed {Table 4). The FCR values ranged between [.86 to 3,66 with dict I and
2 producing significantly (P=0,05) the lowest FCR. The PER values ranged between 0,79
to L3% DHer | oand 2 produced higher PER values of 1.5% and 1.54, respectively. There
was o significunt difference (P> 0,05} berwreen the ANPU values of conteel dier and die
containing 17.07% duckweed. The ANPU values of different diets ranged bevween 11,69
e 25.53%, Comarol dier produced significantly che highest APD value and diet 5
contiining 5%.24% duckweed produced the lowest APD value, In general, the AFD value
decreased with the decreasing level of fish meal in the diets.

Histological examinstion of control diet showed oo evidence of any degenerative
changes in any organs. Plute la shows the sections of liver of fish fed control dier. The
maest noticeable microscopic chunges were recorded in the liver of the fish fed diers with
higher levels of duckweed (59,24 %), The striking lesions of liver was the appearance of
fat changes which was characterized by the presence of empry spaces in the hepatocytes
iPlate 1b), There were also focal sccumulatien of leukocyees and haemmerhagic lesions
in the midzonal area of heparic lobules (Plae 2,

E
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Plang La. Section of (ish liver frorm conarul dies (400 Plate U, Showing ey changes in the crmplasm of
times ) showing eo evidence of fariy changes. hapetie el (400 times) In liver of fish fed &
canimiming 5% 24% duckweed.

Plate 2 Section of liver shawing focal secumulation of beulocvie in the
hepatic lobules of Asb fed dies (H & E x 406,

Proximate carcass composition of the inignal fsh and fish sample ar end of
experiment 1% shown in Table 5. The highest carcass protein (15.46%) content was
obtained in control diet followed by diess 2, 3, 4 and 5 duckweed. In general, there was a
decrease in carcass protein and lipid content with the ineresse of duckwesd levels,

Table & Proximate carcass composition of the Gsh ad the start and
at the end of the experiment (% fresh matier basis)

Parameters Initial Final diers

Y T R e T
Moisture TH.40 7407 7556 7554 T84 Thild
Crude protein 14.06 1546 1545 15.02 14.50 14,44
Lipid 488 G6.18 548 4.55 5.5 3,685
Ash 266 331 3.21 1,43 369 387

L
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Discussion

In the present study, control diet and dier containing 17.07% duckwesd showed
berer performance in term of growth, food conversion and protein wobizaton in
comparison o other diets. Digts containing 34.14%, 31.21% aod 39.24% duckweed
resutlted poor growth performance. The poor growth performances are also substantiated
by the histological examination where kidney and liver of fish fed dier containing higher
levels of duckweed revealed degenerutive changes in the liver,

The Godings of the present study indicawe that duckweed is comparutively less
siveessful in replacing fish mesl protein in comparison o other plant protein sources,
Hossain ef @l (1994} reported that up o 30% of the fish meal protein in P pemonores diet
could be replaced by plant proteins (muostard oileake and sesame meal) withow affecting
the growth performance,

In contrast o the present Andings, Ohove and Mbagwu (1985) odserved higher FCR
e poor geowth performance of Sorotherodor galfeers fingerling fed diet contaiming 33%
crude protein with 10% duckweed. Attempts by Devaraj o all (1981) to incorporate 40
Lemoras powder with ricebran, oilcake and ragiflour in common carp dier resulwed
similarly poor growth and tood wtilization

The reason for comparatively bemer growth of B gendomane fed on dier contmining
I7.07% duckweed may be due to the combination of plant protein and animal protein
which gave a good nuiritional balance. A mixrure of plant and animal proteins is much
mare efficient than that of a single source of protein (Cho ar of. 1974, Meske and Pruss
1977 Hossain and Jauncey (19%0) also reported that use of different protein sources in
combinglions can prevent a high inclusion level pf any single anti-nutritional factar in
the diet and can also be a means of compensating for essental amine acid deficiency [n
dfy single protein source.

The significantly lower growth of B gorowestws observed with diet containing
24, 14%, 51.21% and 59 34% doclkwead may be due 1o the decreased level of fish meal and
higher level of duckweed inclusion. The growth responses for fish fed diets containing
increasing level of duckweed may presurmably be due 1o the presence of anrinutritional
factors, low essential amino scids (EAAL) and polvensamocated ey ocids, although na
reports are dvailable on the toxic substances present in duckweed. Although the EAAs
content of the experimental diers were not analysed, another possible cause of retand
growth may be that diets conmaining higher levels of duckwesd were deficient in some of
the EAAs. Duckweed is reported to contain very low amount of EAA (Hossain 1996)

Tn this study, the apparent prowin digestibilicy (AFD} decreased with the higher
level of duckweed inclusion. Plant protein appears to be basically less digestible than
animal protein (Singh and Pandey 1980} The APTY values obiined from this stedy
ranged from 8010 to $0.42% (Table 4). The fishmeal bazed conteal diet in the present
study produced the higher APD value (90042). According vo NRC {1977) carp can digest
up to 93% of fish meal protein. However, the value may be decreased 1o S80-35%,
depending on the origin and processing of fish meal (Ogino and Chen 1973). The lower
AP walues obrained in the diets containing duckweed may be due to low digestibility of
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plant procein. Hasan & @ (1990} also reported lower digestibility of diets with increasing
Level of dietary warer hyacinth and lewcaena meal in Zabve rofue.

From the histological evidences in the livers of the fish fed higher levels of
duckweed it 13 assumed that an unidentified toxic component in the higher levels of
duckweed is responsible for the degenerutive changes

In the present study, the diets containing higher level of duckweed inclusion
produced significantly (P=0435) the highest carcass modsture und lower lipid contem
{Table 53, Hassan and Edwards (1991) reporied that feeding duckwesd to tilapia had a
profound effect on carcass composition i.e. increase in carcass moisture and decrease in
carcass lipid contenr. Similar resubts have been reported with higher level of dicary
plant protein inclusions in common carp (Hossain and Jauncey 1989 and rainbow trowr
{Yurkowski e al, 1978).

Therefore, considering the findings of this sody and the availabilicy, cost and
wbundance of duckweed in Bangladesh, it may be used 35 an alternative profein source
for silver barh bur the inclusion level should not excesd 2% duckwesd on dry marer
biasis,
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Larval development of a mangrove crab (Perisesarma bidens
De Haan) ( Crustacea: Brachyura: Sesarminae)
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Abstract

Larval development of Peeisgrarmg bidens (D¢ Haun) wes dovestigated in laboratory
conditions. Morphiology of ol larval stages and lst orsb srapge was described and
illuseratesd in detail, and esmpared with orher species of sesarmid cmabs. The xocal
morphological feamces of 2 fidews are almosa simikar © other species of Sdsarsa in
lackiog a pake of lateral spimes on catapace,

Eey words: Mongrove crab, Perterarma badams, Morphology

Introduction

Sesarmid crabs are one of the brachywran, which show various degrees of adapuation
e semi-terrestrial existence, runging from the dea-bound and intertidal preference
terrestrial life, Many brachyuran crabs, paricularly the members of Ocypodidee and
Grapsidae {Sesarminge] have achieved the transiton from life in the marine
environment to terrestrial and freshwater habitats {Harnoll 1988). While most of these
species need 1o reruen 1o the sea in order to reproduce, others show abbreviared larval
developmens as an adaptation to their life on land or in freshwoter [Powers and Bliss
1983, Rabalais and Gove 1985, Zimmerman and Felder 1991}

The mangreve rearing sesarmid crab, Persergrma biders (De Haanl, is widely
distributed in the Indo-West Pacific region, the Bay of Bengal to the Andamans, Malay
archipelago, Hong kong, Formosa, Korea and Japan {Saksi 1976, Aiyun and Silng
1991). In Japan, this species mainly oceurred from Tokyo Bay e Kyushu and the
Fyukyu Istands { Mivake 1983 The present species generally live in burrow constructed
in the edges or within the forests or in the reed marsh higher than ordinary high water
mack. This crab commonly gecurred in Okingwan mangal aress {Watanube 1993).

Larval development of this crab is not well known. Watanabe {1993} described the
population structure and feeding hahiws of it from Okinawa Island, but not investigated
its larval development, The larval development of several sesurmid crabs have been
deseribed by many workers in the past { Terada 1976, Lago 1993, Mio and Shokia 1996
and 1997, Cuesta ¢ al. 1999), But until now; the larval development of P. bidens have not
been described. The objectives of the present smdy are to provide the detail
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maorphological descriprions of all the larval stages including megalopa and 1* crab of P
Beders, und to compare them with other species of sesarmid crabs.

Materials and methods

An ovigerous femule of Persesarmg didens (16.2 mm in carapace length and 193 mm
in carapace width) was caprured from the mouth of west bank of Nuha river in Manko
estuary, Naha, Okinawa Island, Japan on 16 April’99, and placed it in a plastic holding
tank. Then the crab was broughr o the wer laborarory of the Department of Chemistry,
Biology and Marine Science, and reared in a plastic trough containing seawater of
27t1%, salinity with moderateé serstion. During the experimenral perlod, water
remperature ranged from 21.3 0 23.5°C

Huwching occurred on the morning of April 21. Among the hatched larvae, most
photo positive zoese were transferred to 10-liter capacity plastic bowls that were coversd
with black paper sheer outside and reared under the same conditions s mother. The
water was also aerated und renewed 50% daily. The newly hatched nauplii of brine
shrimps, Artemia teling were supplied o fed the larvae, The minced meat of clam with
brine shrimps also supplemented to fed megalapa and 1¥ crab daily.

Evervday several numbers of larvae were preserved in 50% ethylene glyeol solution
for the identification of larval stapes. The larvie were dissected under a hinocular
stereomicroscope. Diruwings and measurements were performed with the aid of a profile
projector and a dissecting microscope. At least 10 specimens of each stage were measured
und dissected. Measurements were taken for the zoeul stages include the distance
between the tips of dorsal and rostrum spines for wnal length (TL), from the base of
ristril spine to the posterior murgin of carapace for carapace length (CL) and maximum
distance across the campace for carapace width (CW). For the megalopa and 17 crab,
distance berween the 1ip of anterior margin to the posterior margin of carapace for CL
and maximum distance across the carapace for COW. All messursments were taken
following Konishi and Shikatani (1998). Specimens of all larvul stages and 1* stage of P.
bidens have been deposited in the Marine Science Laboratory of the University of the
Ryvukyus, Okinawa, Japan.

Results

The larvae of P. bidens hatched ourt of about 6.3 pm on 21 April'99 and reached o
1" crab stage after passing through 4 zoeal srages and one megalopa stage, Measurements
of typical features are summarized in Table 1. Segmentstion and setation of appendages
of zoese and megalopa are listed and compared with ather species in Table 2 and 3,
respectively. The major characteristics of esch zoeal stages, megalopa stage and 1" crab
srame are described in detail below,
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Table 1. Measuremenis of morphological features of Perdeserma bidens leroay

" Characers Larval srages Migalapn la2 crab
Fd | £11 L11 LIV
TL {mm) 07805 1,93H0.02 L1 133013
CL {mm} 0426007 0414002 QA 2HE05 DT ha R 1 08344,0] 1504
CW (mm) 03ZHL0] 0,37 41003 0424001 0400408 007 L0, 0 16202
LI (dav) 35003 (k] 3 EHLT] 36x101 654002 B.2].13
VL- miaal dewgrit, CL- carapoes bngale, OB canevrce tardnh, LD- kool dhinrom,
Talble I, Disringuishing characters among the zee of Perresarmg bidens,
Serarmg rorarie®, 5 aniermedne® and 8, erpthrodacadies
Sceges and appondeges Pobidens 8, puravup 5 furermeadis 5. ernhrodocrids
Lo 1
Maxillale; Senie on basad & coxal endies 5 35 5.5 55
Maxiila: Se1me on basal end coxal endites 55, 3+5 S5 843 4+5, 35 4+5 345
Lo 11
Maxiblisle: Setas o basal & coxal endites 7.5 7.5 7.5 Th
Maxilla: Sewe ob basal end coxal endies S+E 345 Bbd 5+13 45, 345 £4+3, 345
Eoea 111
Maxillule; Seuac on basal & coxal endiies 7 T 7.5 T4
Muovilla: Sene oo basil and coxal endiees 545, 3+5 8448 9.3 445, 345 545, 345
Setpe oo scaphngrarhice 12 Ll il iz
Foea IV
Mexilluke: feme on haal & coxal endites 118 1,7 s LET
Muxilla: Scrae on besal and coxal endings 546,347 G+RTH4 44+ AT, &5
Sent on s chiie 1% 17 I 3

= Loge ({7935, %% Permda (F976)

Table 3, Distinguishing characters (setal arrangement) among the megalopa of
Pertsesprma bidons, Sevarmes guttatum®, 5. mrermedio® and 5. erpthrodacila**

Appendages . hidens S gumaraw 5. intermesdia 8 erphrodacos
Antenng

Sepments E 4 a b

Senac b{] 13 15 7
Maxillale

Encogod T b h ]

Bzl and coxgl endives 15, L1 18,11 18,12 s
Maxilla

Endopod ¥ 3 0 3

Fazal and crval endines 12, 12 1B, 15 12,15 13, 12

Seaphugmaihice iZ+2 W+2 1542 +1
¥ mxilliped

Endoped i 3 i 1

Exapud 474 53 3.3 3,4

Epipad i 7 1 4

Bazal ans] conal codies 12,9 1% L7 9.7
2% maxilliped
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Endopod 1,546 o l.4 7 1,37 LU P

Exapod 1A L7 1,5 L7
I maalliped

Endopod B 56,9 86,257 084,57 B 5 345

Exapod 1.3 1,5 15 1.5

Eplpasd o 24 1% | P

* Lapa (TUDT), ** Terda [1976]

Morphology of zoeal stages

Carapace (Fig. 1. A-D}: Carapace smoeoth, inflated, no lateral spine, roseral spine
relatively shorter than dorsal spine, which is all zocal stages. Carapace increased in size
in each moulting. Eves sesstle in zoea | but stalked or movable in zoeae 1T o IV,

Antennules (Fig, 2. A-D): Zoea 1 bear 3 equal size of bioad fat terminal sesthetes,
Zoeae 11 1o 11 bear 4 broad flaz terminal sesthetes and small seta, Zoeae IV has 4 broad
flar terminal sesthetes and 3 emall serae of which 2 were subterminal, small endopod bud
appeared. Antennules also increazed in size in each moulting.

Antennae |Fig. 2. E-H: Spinous process well developed, bearing 2 rows of denticles,
exopod with 2 shom serze in all zoesl stuges, Endopod  developed in zoea 111, well
developed and shorer than spinous process in zoea [V

Mandibles (Fig. 2. I-L}: Incisor and molar processes differentiated in zoea 1, incisor
processes with 4 teeth, molar process subcylindrical in zoea 11, incisor processes with
teeth on one side, unarmed on oppoesite, molar process denticulated in zoea II1, incisor
processes with 3 teeth on one side, mosticatory surface of molar process gradually
flattened, no palp in zoca IV,

Maxillules (Fig. 3. A.D0: Endopod 2 segrfented, diswal segment with 4 terminal
plus | subterminal hairy spine and 1 seta on inner of proximal ségment which was
constunt in all zoeal stages. Basal and coxal endites of zoeae | to 1V bear 6,3; 7,5: 7.7 and
11,8 hairy setae, respectively. One additional plumose seta was presenr ar the base of
endopod that was also constant in zoeze [1 o 1V.

Maxillze (Fig. 3, E-H} Endopod unsegmented but hilebed with 3+2 hairy spines in
all zoeal srages. Basul and coxal endires of zoese 1 we IV also bilobed and bearing 3 +35,
3+5: 545, 3+5; 5+5, 3+5 and 546, 3+7 hairy setae, respectivelv. Scaphognathite with
4 soft plumose setae on distal margin, apical process tapering with fine setac in distal
half in zoea I, 5 soft plumose sctae on distal margin, apical process flattened, distally
rounded with 3 plumose setae in zoea [1, § plumose setae on distal margin and 4 on
apical process in zoea [11, 19 long soft plumose setae in zoes [V.

1" maxillipeds (Fig. 4. A-D» Basis with 10 medial setae in all zoeal stages
Endopod 5 segmented with 2, 2, 1. 2, Ssetac inzoea Two 101, 2, 2, 2, 2,5 in zoea 111 and 2,
3. 1, 2, 5 in zoea IV from proximal to distal scgments. Endopod 2 segmented, distal
segment with 4, 6, § and 10 plumose natatory haoirs in zoeae I 1o IV, respectively.

2 maxillipeds (Fig. 4. E-H): Basis with 4 medial setse in all z0¢al stages. Endopod
3 segmented with 0, I, & setae in all zoca stages. Endoped 2 segmented, distal segment
with 4, 6 8 and 10 plumose natatory hairs in zocae [ o IV, respectively. Small but
segmented 3 maxilliped {Fig. $.I) bud appeared in zoeas TV.

A
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Endopod 0, 1,54 01,47 1,37 Ll,57

Exapod L& L7 L5 57
3 maailliped

Endopait 56 56, A,6,24,7 0B 487 B 5 346

Exopod 1.3 1,5 1,5 1.5

Eplpad 9 24 1% iz

* Laga (T00F), ** Temada {1976

Morphology of zoeal stages

Carapace (Fig. 1. A-Id): Carapace smooth, inflated, no lateral spine, roseral spine
relatively shorter than dorsal sping, which is all zoeal stages. Carapace increased in size
in each moulting. Eves sesstle in zoea | but stalked or movable in zoeae 1T 1w IV,

Antennules (Fig, 2. A-D): Zoea 1 bear 3 equal size of bioad fat terminal sesthetes.
Zoeae I1 1o [11 bedr 4 broad flaz terminal zeschetes and small seta. Zoeae IV has 4 broad
flar terminal sesthetes and 3 emall serae of which 2 were subterminal, small endopod bud
appeared. Antennules also increased in size in each moulting.

Antennae |Fig. 2. E-H}: Spinous process well developed, bearing 2 rows of denticles,
exopod with 2 shor serze in all zoesl stuges, Endopod  developed in zoea 111, well
developed and shorver than spinous process in zoea [V

Mandibles (Fig. 2. I-L}: Incisor and molar processes differentiated in zoea 1, incisor
processes with 4 teeth, molar process subcylindrical in zoea 11, incisor processes with
teeth on one side, unarmed on oppoesite, molar process denticulated in zoea I, incisor
procestes with 3 meeth on one side, mosticatory surface of molar process gradually
favtened, no palp in zoca IV,

Maxillules (Fig. 3. A.D0: Endopod 2 segrfented, diswal segment with 4 terminal
plus | subterminal hairy spine and 1 setu on inner of proximal segment which was
constunt in all zoeal stages. Basal and coxal endites of zoeae | to 1V bear 6,3; 7,5: 7.7 and
11.5 hairy setae, respectively. One additional plumose seta was preseat ar the base of
endopod that was alse constant in zoewe [1 to IV.

Maxillze (Fig. 3, E-H} Endopod unsegmented bur hilebed with 3+2 hairy spines in
all zoeal seages. Basol and coxal endites of zoese 1 1o IV also bilobed and bearing 3 +35,
3+5: 5+5, 3+5; 5+5, 3+ 5 and 546, 3+7 hairy serae, respectively. Scaphognathite with
4 soft plumose setac on distal margin, apical process tpering with fine setac in disal
half in zoea I, 5 sofi plumose sctae on distal margin, apical process flattened, diseally
rounded with 3 plumose setae in zoea [1, B plumose setae on distal margin and 4 on
apical process in zoea [11, 19 long soft plumose setae in zoes [V.

1" maxillipeds (Fig. 4. A-D) Basis with 10 medial setae in all zoeal stages
Endopod 5 segmented with 2, 2, 1. 2, Ssetac in zoea Two 101, 2, 2, 2, 2,5 in zoea 111 and 2,
3. 1, 24, 5 in zoea IV from proximal to distal scgments. Endopod 2 segmented, distal
segment with 4, 6, § and 10 plumose natutory haoirs in zoeae I 1o IV, respectively.

2" maxillipeds {Fig. 4. E-H): Basis with 4 medial setse in all zoeal stages. Endopod
3 segmented with 0, I, & setag in all zoca stages. Endoped 2 segmented, distal segment
with 4, 6 8 and 10 plumose natatory hairs in zoeae [ o IV, respectively. Small bue
segmented 3 mazilliped {Fig. $.I) bud appeared in zoeas TV.
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Larval developmemt of Portearms Moves

Pereiopods (Fig, 1. C-E}; Present as small bud in zoea 111, elongated and segmented
in zoewe [V,

Abdomens and telsons (Fig. 5. A-D) Five somites plus relson in zoeae T and 11,
while 6 somites plus telson in zoeae IT and IV, Somites 2 and 3 with a pair of spines on
domolsteral margins, former directed anteriorly and the lawer posteriory, posteralateral
margin on somites 2 or 5 prodeced modemtely in oall zoeal stages, One pair of lateral
spines presenis on 2 o 3 somites in each stage. Telson bifurcated, each fork moderately
widened, slightly fomger than basal portion, bearing minuie hais on inner margins,
posterior margin with 3 pairs of setae. Somites 2 and 3 with posterolateral pieopod buds
in zoea ITE; plespods well developed but unsegmented in zoca IV, Somires 6 with buds of
uroposds in goeae 11T and BV, Structure of telson unchanged in all zoeal stages.

Fig, 1. Periaesarma didens (De Hoan}. Zoeal stages: A- z2oca 13 B- zocs I1; C- e T D- zoea IV B-
peretopods rudiment of zoca IV (scabe bars= 0.2 mm).
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Fig. . Perserarmag bidews {De Haan), Antennules: A-IN soea IV Antennac: E-H: rocae [-1V;
Mandibles: [-L, zoese I-IV {scale bar= 0.1 mm),

Fig. 3. Perizerarma bedens {De Hoon Maseloles: A-D, zoeae 1-1%; Maxilloe; E-H., zoeae 11V {scule
bar= i,| mm).
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Fig- 4. Prrireearma bidems {De Hoand. 1" maxillipeds: A-D), soeae [1IV; 2™ maxillipeds: E-H, moeae
I-I%; 3" maxilliped bud: I, zsoes [V (szle bar+ L] mm)

Fig. 5. Poricesarma diclens (Dre Haan). Abdomens: A-B. dorsal view of zoeae I-11; C-13, vencral view
of zoeae HLIV fscale bar= 0.1 mm).
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Maorphalogy of megalopa

Corapice (Fig, 6,A) Domsal surfices smooth, longer than borad, eves large and
sallead.

Anennule (Fig. 6.B): Enlarged base with out seta. Peduncle 2 segmented inner
flzgellum sbseat, outer flagellum with % acsthetascs and 3 short setee,

Antenna (Fig, 6.C): Peduncle 3 segmented with &, 1, 1, 3, 2 sctae.

Maondible (Fig 6.1 Cutting edge rounded, palp 2 segmented distal segment with §
short setae.

Maxillule {Fig. 6.E): Endopod unsegmented, bearing } terminal, 3 marginal and 1
lateral zerae. Basal and coxal endites with 16 and 11 setae, respectively, Basis wirh | long
simple sera.

Maoxilla [Fig. 6.F): Endopod simple with our seta. Basul apd coxal endivesbilobed
with 347 and 5+10, respectively. Scaphognuthite with 30 plumose setae on marginal
and 2 simple setae on blode surfuce,

1" maxillipeda (Fig. 7.A): Endopod with 3 terminal and 1 subterminal setae, exopod
2 segmented with 3, 3 plumese setoe, epipod with 4 leng simple setae of moderate length.
Basal and coxal endites with 12 and © setae, respectively,

I maxilliped {Fig. 7.B): Endopod 4 segmented with 0,1,3,6 setae, exopod 2
sepmented with 1, 6 plumose setae; shor epipod with 4 marginal setae.

¥ maxilliped (Fig. 7.C): Endopod 5 segmented with 96,369 serae, exopod 2
segmented with 1, 3 serae, Basis and coxa fused, bearing 4 hairy setae. Epipod clongated
with # long plumose serze.

Perciopeds (Fig. B.F-J): Cheliped of 1" pereiopod was subequal in shape and size,
woth with imregular cutting edge. Second o 4% pereiopods were similer in structure,
dactylus tapering and slightly curved fnwards with several seme on both surfaces.
Dactyls of the 3™ perelopod with 2 log seiae.

Abdomen and tetson (Fig, 7.C): Six somites, posterolatersl marging of each somite
robnded, somites 2 w & with several seige on posterofareral posterodorsal margins.
Functional plespods (Fig. 8A-D) present en somites 2 w 4, endepod with 3 minute
hooks, unsegmented exopod of pleopods | 1o 4 bearing 13,13,13 and 11 plumase natatory
setae, respectively. Uropods (Fig, 8E) scgmented, bearing 6 nawatory plumose setae on
distal und I on proximal segment,

Marphology of 1™ crab

Carapace (Fig, 9A) Carapace as long as board, dorsul surface unsmoth, narmowing
angeriorly, eyes large and movable, antenna situated out side of orbit,

Antennule (Fig. 9B): Enlarged basal segment with % marginal and 10 lateral setne.
peduncle 2 segmented, busal segment 2 sewse, inner flapelluom absent, ourer flagelium
with 3 aesthetascs and | sewme.

Antenna (Fig. 9C); Peduncle 3 segmented with 1, 4, 3 setae, flagellum § segmented
with 2, 2, 3, &, 2 setae.

Mandible (Fig. 9D} Cutting edge shamp and almost straight, palp 3 sepmented wich
3,4, 15 setae.

50



Larval develepment of Merderares didins

Fig, 6. Periserarma bidens (De Haon), Megalepa: A domsal view; B- antennule; C- anpenna; [-
rmanclibie; E- maxitlule; F- maxilla [scale bar= 1.1 mm),

i II.'.:
Fig 7. Periresarmg wdvas (De Haan), Megalops: A- 1% mexilliped; B- 29 maxilliped; ©- 3
maxilliped; I} abdemen (dorsal view) {scale bar= 0.1 mmi). 51
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Fig. 8. Porperanma didens (e Haan). Megalops: A-Tk 194" pleopods; E- uropod; F-J: 153
perebopods {seale har= 0.1 mm).

Flg. 9. Piriesarmn Bidens (Dhe Haan). 1Y ceabe A- dorsal view: B- aoteanules C- antenna: [3-
mandible; E- maxiliule; F- maxcilla; G- dorsal view of sbdomen (scale bar= 0.2 mm).
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Larvil develepment of Perissnired Sidim

Fig. 10. Perisarme bidens (De Haan) 1% crab: A- 17 maxiiliped; B- I mexilliped; C- 3%
maxilliped; D=7 1 =5 pereiopods (sele bar= .2 mm].

Maxillule (Fig. 9E): Endopod unsegmented, Y shaped, bearing 3 plumose and 4
simple setae no margin, Basal and coxal endites with 27 and 28 setae.

Maxilla (Fig%F1: Endopod simple withowr seta. Basal and coxal endites bilobed
with 5+6 and 8+4, respectively. Scaphognarhite with 38 hairy setae on margin,

1* maxillipeda (Fig. 10A): Endopod wiangular in shape with § marging] and 2
lateral setae, ¢xopod 3 segmented, dismal segment with long plumose setae, epipod
elongared with # long plumose setae of moderare length. Basal and coxal endites bilobed
with 13 and % setae, respectively.

2™ maxilliped (Fig. 10B): Endopod 4 segmented with 2,0.5,10 setae, exopod 3
segmenied with 2,14 plumose setae, epipod bilobed with 5+7 naked setae. Basis and
coxa fused with 7 setae.

3 maxilliped (Fig. 10C): Endopod wider then in megalopa. Exopod and epipod
similar we those of megalopa, but setation of exopod and epipod more complex then in
megalopa.

Perciopeds (Fig. 10D-H): Chelipeds equal in size with numerous serae, 2™ 1o &
perciopeds similar in structure, podnted, oearly equal 1o propodus in lemgrh, 3°
pescioped Largest, 5" one smallest,
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Abdomen and telson {Fig. 3} Six somires, each somite with several setae on dorsal
on surface and latersl margin of elson reund with pamersus setad, Pleopods and
wropods degenerated.

Discussion

The characreristics which sre useful for the identifving Perseserma bders larvae
include: the absence of literal spine on the carapace, the setation patierns of the
antennule and the basal and coxal endires of the maxillule and muxilla, the segmentation
and setation on the exopods of maxillipeds and the presence of dorsmedian setie on the
whdominal segments (Table 23 The following characters thar were constant through all
the zoeal stages of P. bidens, found during the experimental period: a) absent of lareral
kpine on the campice, b) the pamemns of serse on the endopod of maxillule were 1,3: the
protopod of 1 muoxdlliped were 2, 2,3,3; the same of 2™ maxilliped were 1,1,1.5; the
endopod of 2" muaxilliped were 1,1,6; ©) the elson belong 1w A, tvpe { Aikawa 1937,

The characters which undergo changes in the development progresses, the following
were common to all the specimens examined: a) in the zoea stage I, antenns has
rudiment endopod, b} in zoes stage I, 4 plumose setae appedars on the basis of the
maxillule to persist through subsequent stages, o) the endopod, basal and coxal endites
on the maxilla were bilobed in all zoeal stages, d) the 17 maxitiule has setae a5 2e2-1-1-5
on the endopod in first two stages, e natatory serae on the endopod of the 1" and 2™
maxillipeds incresse in their number after 8 formula of 2X (S+1+, where § 15 the
ordinal pumber of zoeal stoges, 11 the endopod :'i::limem of antenna becomes distinet in
the final stage, g) plumose sétn on the scaphognathire of maxilla increase with the seages.

In order to identify brachyvuran zoese, Aikows (1929, 1937) propesed the following
characters: o) grouping of chromatophores , b} character of the telion, including is
armature, ¢) character of the 2™ antenna, d) presénce or absence of spines. on the
carapace, According to thess criteria, the charucter of the 2oee of P bdes may be
summarized as ollows: a) chromatophores of dack browa color present on 2™ o 6
abdominal segments, the protopedite of 1* maxilliped, carapace and mandible; d) welson
was A rype: e) second antenna was B, tvpe and d) eosteal and dorsal spioes present on
the carapace but absent in lateral spine.

In order to clarify the specific difference of the larvae of P, fders, wome comparisons
have been made among the species of some sesarmid crabs, and the informatien related
1@ the larval development on the basiz of the previous studies and rhe presenr research
are ¢ompiled in Table 2. The number of zoeal stages comprised in enrire coarse of
development differs according to species, this being 4 in P fders, and 5 in othar three
species when compared (Table 2). Thers were 10 setae on the basal endires of zoea Tof .
badens, while 8 in 5, pusterem ( Lago 19930, 9 in 5, sstermedis and 5, erphrodactyls (Terada
1976). Differences also observed in the patterns of plumaose setae on rhe scaphognathite
of maxilla of zoeae IT] and [V stages (Tahle ).

Generle differencet in the chanciess of megalopa of P dodess are compared with
ather species (Table 11, Mo remarkable differences were nored armong the other thres
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species of sesarmid crabs, lirtle variation wes found in the setation of some appendages:
eodopod of maxillule bear 7 setae in # bidens while & in other three species (Table 3), In
maxilly, basal and coxal endives bears |24 12 seate P bedenz, 18415 in 5. gurtorem, 12413
in and 5, reeemedia and 13+12 in 8 enwhrodecoia, respectively, Differences also
observed smong these four species when compared in the setsl arrangement on the basal
and coxal endites of 1® maxillipeds, the endopods of ' maxillipeds, and the epipod of
3™ maxillipedd (Table 3).

There is no gvailable informarion reloted to the development through 19 crab of 5,
guriatum, 8. mtermedie and 5. anthrodeciyl. The curapace length of 1% crab of P. bidens
alwiys larger than the other species of sesurmid craby including Helice formorencis (Mia
and Shokite 1997 Helice leachi (Mia and Shokita 1996} and Helics Faporica (Baba and

Monyama 1972) when compared.
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Culture of pearl in freshwater mussels (Lamellidens
marginalis Lamarck)
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Clpuringeni of Aguactitens, Banplede Agreulrared Usieeny, Muoseemgh 2202, Sangladen
‘Diaparrmear of Faourie Manggeavery, B L
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Absiract

A pond trail o pead culiere in Freshwaner mussels, Lasallidens sovginelis was carrded ol
lor ane vedr io &0 amaficial perenniol pond, Four types of foreign partcles of indigenous
sources, sand, stone, fish eyeball and beads of arificial pear] nuclens wese wsed =5 necleus
for pearl production. Amang the nuclei inserted mussel highest survival rae (72%) was
recorded for swoe aod lowesy suovival race (5000 for amificial pear]l by nuclous
implanstion. Highest pear] production rate (%) was recorded for the insenion of stone
and lowest for the sand, All nuclel inserted musssl prodeced peard accept the mussed
which was inserted beads of pear] nuclens for peir] focmation. Growih raie {lengih snd
weight} was found highes for uninseried mussel thaf msclel inserted mussets.

]':'E‘]-' worde: L. .I-.I-l.lr:g'irm'.l'l'r. Peacl culiare

Introduction

In Bangladesh, there is o gond prospect for commercial pear] production from the
joint venture with Japan, China or the countries which are rechnically developed in this
sector. Lamellidens margmmalic (Lamarck), an Impornant pink pear] producing freshwater
mussel is increasing demund in peart producing counteies (Ram 1989 Placune, Placenta,
Mywilus, s species are found abundandy in Cox's Bazer, Mokeshkhall, Sonadia, 5t
Martin Island of the country (Alam 1994). Despite of the fGvoruble envirenment, our
country could not develop the modern pear] culture techniques, though the pear] culture
rechniques is easy and simple. Ahmed (1968), Hossain (1983) and Begum & af. (1990} did
sorme work on pearl culmre from L, merginalis, Selection end production of low cost,
available and suirsble nuclens of indigenous sources for the insertion of the mussel is
essential for pear] culmare. Production rate, shape, size, ¢olour and quality of pearl and
accepiability of the nuclens by the mussel depends on the nuclens. The present studies
were conducted 1o study the pearl culture system in a freshwater mussel L. mangnaliy
using different indigenous nucleus materiats.
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Materials and methods

Exporimental pond

The experimental pond was about 200 m* and the sources of water were rinfall and
ground water from deep-tubewell. The pond was completely independent with an sutler
on the western side to dischucge excess minwater, The average water depth of the pond
varied from 1.2-1.6 meter. The bottom mud of the pond was silty and muddy with a
depth ranged from 15-22 cm.

Pond management

The pond was fertilized with different chemical fertilizers: Urea was applied at the
rate of 100 g40m’ and triple super phosphare at 50 g/40m’ in the months from March w0
Cherober. Lime was applied at the rate of 500 g/40m®,

Cage materials

The cages of 100 cm x 100 ¢m x 90 ¢m (length, breadth and height) were made of
stee] framework with 1.5 cm mesh sized nylon netting. The cages were closed on all sides
by net except the top. Cages were placed in the experimental pend at a water depth of 1
meter. Fifty mussels were kept in each cage.

Selecrion of foretgn partcler as nucleus for inserrion

Different forelgn particles of indigenous sources (1-2 mm diameter) like sand
particles, stone {small pebbles), beads of pearl nucleus and dried eveballs of small fishes
were used as nucleus, To manage eveballs of fishes, small fishes were boiled for half an
hour and eveballs (1-2 mm) were pressed our from soften head and kept ar freezer after
washing them at 5% alcohol.

Collecrion of the mussels

Bivalve mussels {Lamellidens merginaliz) were collected on from the experimental
pond, adjacent to the Department of Agquaculture and Management, BALU. These
mussels were collected by hand from different depths ranglng from 0.6 m w 1.5 m. The
mussels were kept in the container and rransferred 1o the laboratory immediarely.

Insertion of foreign pardicles

The large mussels having 8.9 to 12.2 cm in length and 84.5 to 149.6 ¢ in weight were
sorted out in the laboratory, Weight and length (L: grearest dimension along the
anteroposterior axis) of every specimen was recorded on 1994 and kepr for 2 days in the
aquaria filled with pond water for conditioning. Afrer 2 days, mussels were transferred in
it tray from aquaria and washed in 40% alcohol. Sands and stones were placed a1 the end
of a hypodermic injection needle and inserted them inte the epithelial layer at the right
side and middle pesition of the mantle by opening the valve of the mussels with the help
of knife and sharpended bamboo pegs. With the help of knife, the valve was first made
open and & bamboo peg was inserted w keep the gap wide open. The gap of about .5 cm
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o 1 cm wis made open hetween the shells. Sands and stones were pushed in a proper
pasition by passing a platinum wire through the hole of the needle. Fish eyeball and
beads of pear] nuclens were placed into the proper place with the help of forceps.

Pearl production

After insertion of the foreign particles, mussels were than transferred to the cages
placed =t the experimental pond. Fifiv mussels were kepr in each cage with two
replicarion for each different nuclei wsed. Besides inserted mussels, uninseried mussels
were also kept in the cages ar same density and replication. Mortality race were recorded
at every four months of intervals. Mussels were finally harvested from the cages afier 12
months of the expeniment and transferred o the laboratory., Mussels were killed to
abserve the conditons of pearl development,

To determine the survival rate of mussels, every individual of each cage was counted
for the number of alive mussel. Any mussel having its valve open or having the smell of
decomposition was treated as a dead one. On the following sampling date every alive
individual in each cage was spain counted for the number of alive mussel in the same
way. Sampling was done ar every four months of intervals. The sunvival rate of each cage
in each sampling was expressed in percentage and was caloilated using the foliowing
formula:

S=n/Nxl00

Where, § is the survival rate (%) for each sampling, o is the number survived for
each sampling, N is the initial number stocking. Finally, at the close of the experiment,
the entire stock of mussels of each cage was collected and survival rates (%) were
computed from the inirizl and final dara.

To determine the geowth sate of mussels, 5 mussels were collected from each cage
and the average increase in length and weight of each Individual was compured. The
growth rate of mussels of each sampling at each cage was expressed in percent and was
calculared by uzing the following formils

=L x 100

Where, (3 i5 the growth rate (%/day], 1 is the increase in shell length (em) or weight

(£}, and L is the imtial shell length (cm) or weight (gl

Results and discassion

Survive! rare
Highest survival rate of 804 was recorded for ouclei uninserted mussel. Among the
inserted mussel the survival rams of 72%, 71%, 7% and 50f%% were reconded for the
insertion of stone, tish eveball, sand and beads of pear]l nuclens, respectively (Table 1),
Lower survival in the nuclei inserved mussel than the uninsered mussel might be
due o phwsiological injury or other environmental siress during experimental period.
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Begum o af, {1990} and Hossain (1983) found similar suevival for the nucleus inserted
museel in cose of L morginelic, Alagavswami and Qasim (1974) and Bausl and Boulle
1992} alzo found similar resule for Pircrada fucare and P. margarrifora.

Table 1. Survival rare of mussels with and withour insertion of aucleas

[nwerned Initial Afrer 4 Afrer 8 Final suraval
locuign MY % = mMx L
: tockin monrhs manths

partiies 2 Survival sase (%) Survival rate (%) ()
Lend A6 L 73 a7
Krang 11 b4 78 72
Fish evelall 11 B2 ) 71
Artilical a0 5o 54 a0
peark
Withoat a0 %3 36 an
nichei

Crromerh rare

Highest average growth rate of nuclei uninserted mussel was recorded 0.06%/day,
Mussels with sand, stone, fish eveball and artiticial pear] resulted average growth rateof
D03 dday, O3 day, 003 wday ond 0.04%, respectively ([ Table 23,

Tabde 2. Growth rae (in weighe) of mussels vdoh and widthour nserdon of nucheus

[nserred Avetage wenght of the “Increase in Avernge
[ureign mussels wiight groewth
stk LE) (Hsdan]
Inittab weighn Fimal
iRl welghit (g)
Sand e [EVES LY 0 05%:
Stone 1.8 1285 9.3 05%
Firh gyeball e 124.5 138 L 03%:
Artifletal prard 124 15y [6.4 044,
Withou 1Lz 1333 153 I (%
sl

Growth rate of nuclei uninserted mussels was recorded highest might be due 1
without disturbance of mussels however growth rate of nocled inserted mussel might be
hampered for physiological stress, operational injury and hazards. Chellam {1988) and
Amin (1%77) found the similar results in cheir experiments in case of Pincesda fucata and
Corbicula faporiza pespectively.



Pear] culmure

Pearl produciion

Muzsels which were insemed amificial pear] did not produce any pearl due w
elevtion of all nuclei. However other mussels which were insered sand, stone and fizh
eveball produced peacl. The pearl production was recorded highest {72%) in case of stone
and lowest (674 in cose of sand (Table 33,

Tuble 3. Survival rue of masssls and pear] prodacion rave nging differeny Foreign pariicles as nucleos

Forezpn pumicles Moot survived | Total oo, nf pearl Pearl|

e an mucleus miuzs] production rate
(3]

Saml f7 a7 67

Sreng Fi) b b |

Tish eyehall 71 ! 71

Ariificial pearl H - -

FPearl production was highest in case of stone nuclei, might be due w i
acceptability by the mussels. Alagarswami (1974) and Hossain {1983} reported the more
or bess similar results in their experiment in case of Pieoada fiecare and L. marginalls,
respectively.
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Water quality management on the enhancement of shrimp
(Penaeus monodon Fab.) production in the traditional and
improved-traditional ghers of Bangladesh

S.U. Ahmed*, A.F.M. Shofiquzzoha, M.R. Saha and M.5.1slam
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Abstract

O-farm ressirch on enhancemene of B mosador production thoough waier gualiny
management was carried out in five ghers of Paikgachs, Khulne, Besed on the prevailing
condition of the ghers, lime in the form of CaC0;, wres und TEF were used 25 the major
ipuls 1o punimdee the soil-water acidiny and to ensure the avallabilicy of natural food
partiches in the water bidics, Exchange of water at required level 2lse practizsed for the
gralitarive impravement of culture water, Ghers of varving sizes showed thar water
guality management and fertilization have o positive impect oo production performance
of & monodsn [61,.59% increment) that vielded an average production of 385.43kg/ha'orap
against the present traditional rate of 23850 kg'ha'vear.

&£ .
Koy words: P, mornador, Water guatity, Tradittonal aroving

Introduction

The present shrimp farming ares of Bangladesh covers an area of 130 000ha out of
which approximately 80% area are under rraditional and improved traditional farming
system {Anonymows 1996), Traditonal shrimp farming is chamcwrized by low lving
coustal water flonded areas that allows to enter shrimp, finfish and seeds of other species
through ridal wave action and grows there up to markeable size. Though a significant
development in the aditional shrimp gher operution through releasing of shrimp seed
at a particular densicy (1.0-1.3/'m*) observed during the last few vears in many pghers,
where from an production of 175-250 kg'ha is obtainable, but due w the lack of proper
management of soil-water of the gher and shortage of natural feod pamicle in the gher
water, culture species neither grows healthy nor attain i considerable size for marketing
in the stipulated time. Among the soil-water purameters, Jow pH value and absence of
natural food partcles in the water body are mostly responsible for low growth
performance. Other requirsd factors like dissolve oxygen content, water salinity, waler
temperature, water depth etc. also plays significant role in shrimp production. But in
the prevailing improved traditional shrimp culture system of the country these factors
are not taken into consideration by the farmers. Many of these problems has arisen as
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resuln of undesirable farming practices. Despine the namre of the current problems, it iz
possible 1o increase profin and reduce environmental damage through the application of
curzently  available  sheimp  farm  management  and  production technigques
(Chanratchakool & of. 1995) To this contest, the present soudy was underaken to find
out the appropriate shrimp farm management wechnigues with a view to obtain higher
production,

Materials and methods

Prepararion of ghers

The soudy was carried our in Ave selected  ghers of Paikpgacha, Construction of dikes
and gates were complened by the farmers as per instmuction and then sllowed w0 sxposed
the drzin our wet field by sun light for about fificen days. Based on the level of acid
coment gher borom was fushed 3-5 rimes wich tidal water o minimize the acidity,
Lime were also applied depending upon the pH level of the soil. Cow dung and mustard
oil cake (MOC) were applied ar the rave of 500 kg and 100 Eg'ha, respectively, Inorganic
fermilizers, like, triple super phosphate (T3P} and urea were also applied at the mate of 30
kEgha (TSP:LU=3:1) Afterd 1w J davs of fertilization, ghers were filled with water up w
i depth of about 13-20 ¢cm and then after ooe week. the depth of each gher was finally
maintained at about 90 cm on an average.

Swocking of P. monodon seed

P monodon postiarvae from local fivers nfavéagf 0.006g were stocked at & rate of 1.5
w 1.75m". Depending upon the wnavailability of local seeds farmers sometime sed
impored seeds from Thailand, India, Taiwan and Indonesia (Table 17, In all the cases.
L were screened before stocking by high rate of acration in 100 ppm formalin solution
for about thirty minutes.

Table L, Culfture mansgement of expermental ghers

Farm Cultare  Water Specking Lozl Final  Gaman Burvival Productien
Tk & period.  depih density wigl wr(g] wrig rate Gk (kgha)

area thay  (days) Lm) imos.ha)
I

1. 46.7 150 17300% G006 435 43,45 522 3949, B
240 135 1.1 1500 47 Ha6h M 00, 2%
3,240 148 125 17500 440 4399 563 44551
4. 89 LE 1.0 1500 Mk 5.0 44,90 .6 334,80
5. 3.3 130 L15 15NN 448 4489 31.0 34349

- Laoval sdad 5% noh nuporaed seed J0%



Waser qualicy mamigsmanl in gher

Water manugemens

Wiater quality pammeters such ss dissolve oxvgen (DO, pH, salinity, water
lemperklune, runsparency, uo-ionized ammonis, hydrogen sulphide and alkalinity
content were monitored weekly basis. Based on the prevailing soll-wamer condition and
as per need, fortnight water exchange were done by tidal flushing during new and full
moons fliowed by application of chemical fertilizers ara rare of 15kgh (TSP:Us 1230
To keep the pH and alkalinity of water at 2 standard level, lime in the form of CaC0, was
applied a3 per requirement {130-130 kg'ha).

Crrowweh data recording

Faor the calculation of growth performance average weight of shrimp were recorded
by forinight sampling. The final growth and survival rate was calculated ar the end of
the culture period. Major pomion of the shrimps were harvested after 120-150 days of
rearing. But partial harvest of the markerable size shrimps before the stipulated period
were encouraged o enhance the growth of smuller ones by increasing space and feed for
the individuals of the remaining stock,

Results and discussion

Because of variation in witer quality and management technigues of 8 shrimp farm,
i great variacion in production rave (238 kg for improved tradivionsl farms and 2500
ki'ha for semi-intensive farms) and survival rate (35-63%) can be observed (Anonvmous
1%%4], It is beyond deubrt that water quality management plays 4 vital role to promote the
productivity of a shrimp farm directly. A healthy environmental condirion and
importance of entire management practice at different level from site selection 1o beter
production performance is crucial (Boyd 19950 As application of many prodection
oriented management techniques require major. Among the important water quality
paramerers of gher, the major difference in pH. alkalinity and water transpurency was
recorded which were probahly because of the direct effect of warer management of the
ghers under study (Table Z). The monthwise water quality parameters chows thar
temperamure, sulinity and dissolve oxvgen content of the warer of all the ghers are in
good form which might also be similar for the taditional ghers, becsuse these paramerers
are mostly controlled by namral envitonmental condition which indicates thar
management of @ shrimp farm effectively require an understanding of the relarionship
between the shrimp and the environment. Interactions of some particular components,
such as, oxygen, alkatinity, pH, dissolve nutrients and solid wastes are vitally responsible
1 produce such environment in a water body. Within a production pond, conditions
which are less than perfect for culture are more commenly found than conditions which
is directly respensible for shrimp death and cause low survival and poor production.
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Tabbe 2, Waer quality parametees dusing 5 manths culiure pesiod in experimental ghers

_Pamameters _Farm 1 Farm 2 Farm 3 Farm 4 Farm 3

Temperzowre ('C) 120320  25.0-32.0 23.5-31.5 14,5-31.5 23.5-32.0
Transperaney (cm) 2a.0-30.2 200278 24.0-28.40 13.0-26.5 23.0-26.5

oH T.5-8.2 7.5-8.2 T8 T.8-8.2 7.7-8.1
Salinity (ppt} 12,5-22.5 13.0:21.0 135205 12.3-21.0 154-22.0
DO (ppm) 3070 6.0-8.5 k3.3 Toa-8.2 FA0-E0
Alkalinity {ppm) 1{e}-325 L25-3D0 156- 330 140350 [22-320
(o CaCl)
Un-ionised 000,08 {L05-0.08 0.05- 0.0 1.05-0.0% .060.05
Ammonia {ppm)

_H;§ (ppm] 0.03-0.04 0.02-0.03 0.02-4.03 0.02-0.03 0.021-0.03

In the experituental ghers, this sors of problems were overcame by occasional water
exchange and lime application. As these trestments sre not implied in the raditonal
ghers: #s a4 result, this condition herm the shrimp, reduce the productivity and increase
susceplibility to disease [Chanraichakool ar af. 19981 Another cause of Iow production in
the shrimp ghers of sourh esst Asia is undesirable predator fishes. Because in the
traditional shrimp farming svstém, most of the predators divectly killed and  feed on
mullet and shomp (Anonymous 1978,

The natural breakdown of toxic substances and wastes in shrimp ghers are
performed by bacteriaz and plankton, This process are affected by the amount of oxygen
present in water, temperature snd water movement. [T wastes are produced faster than
the rate of breakdown, sccumularion of waste substances will occur in the pond warer. If
the situation persists, this can lead 10 undesizable rearing condition (Chanrmrchakool ar
al. 1998 which is common in rraditional and improved wraditional shrimp farms of the
country and which wes minimized in the experimental ghers by required level of water
exchange. Production data reveals thar, considerable higher survival, growth and
production of . monedor  can be achieved by keeping the environment of the gher
suitable for shrimp farming (Tabla 1). Because in such 2 situaon the main abjective of
the warer mansgement was stand 1o avoid lethal conditions and o provide adequate
culure condition. As the traditional shrimp culture system in our country is 2 continues
process and in many cases extended up to 240 days or more, 5o thers has been svery
possibilities of producing ammonia and hydrogen sulphide at toxic level in the bottom
woil, In such case ammonis may produce by the excretion from the shnmp and
decomposition of nitrogen containing organic materials, wheress, hydrogen sulphide
produce under anaerobic conditions in sediments with high level of organic muterials
where reduced iron compounds are also present, Prior to culture, as the ghers under
experiment were dewateted, exposed to sun light for several days and limed, and during
culrure operation, water exchange wus done properly to a reguired level to keep the
culture condition and water quality of the gher ideal, = in no case, unionised ammonia
and hydrogen sulphide found to exceed to toxic level.

T
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In traditions] farming, in course of reducing the salinity level toward almost fresh
(10 ppe) due 1o dilution by tein water a0 the end of the culouee period (foom Larer part of
July 1w Seprember), shrimp shell become soften because of low alkaline nature of the
willer where (he presence of carbonaresbicarbonates are poor. Acid leached from the
podid soll breaks down carbonates and bicarbonates reducing the water alkalinity and
this process may continue until there is litdle or no carbonste or bicarbonate left in the
gher water, Application of cabopate lime in the experimenmal ghers supplemented the
level range 100 - 350 ppm (Tzble 2) against minimum required level of 80 ppm of
carbonares and hicarbonares and helped o maintain the level of warer alkaliniry.

Froduction and water guality parameters of experimental and some traditonal ghers
shows that the low stocked traditional ghers with continuos long culure period has low
sirvival and prodocrion compare to that of well managed shrimp ghes under study
(Table 3}, 5o management of water qualicy is vically imporant for cwo basic reasons,
sich as, it will help o direct the farmer to maintain optimum environmental conditon
within the wuter body that will help to maximize growth and sarvival (Faul and
Khondoker 1996 and the other is the mainoenance of a good water quality chat will
eliminute most of the disease related problems of the paricular warer body [ Tareen and
Farmer 1983)

Table 3. Comparison of production performances and water qualicy
mansgement in the experimental and the maditional ghers

Culrare praciices und water management Experimental ‘gh-l:r " Traditional gher

" (o= §] (n=10)
Culrure period {days) 13% 110-240
Farm area (ha) 3.9.46.7 (av. 1698)  3.0-100 {av. 20.5)
Application of fertilizers, lime Applied Mot applied
Sracking rares (PLm%) 1.7 Lo
Exchange of warer Done, as per required  Done, only during

harvesting

Transparency (cm) 24-30 Above 30
. 75840 5.5.7.0
Allalinity (ppm) 100-350 60-225
Irntind wt. (i) 0.005 0,006
Final wi, (g) 44.42 12
Sutvival rate (%) 5416 380
Yield (kg'ha'crop) 183,43 238.50
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Abstracy

A hive years investigasion on fish biodiversity in connection with anificial swocking was
conducted in theee south-western flondplaine of Bangladesh from 1992 w1996, The oo
wop most available and wen most carest fisk species were identified. Pandinr sp., Chanaa
puncrarus, Myseus 1., Anabus wsrudiniee, Ambars p., Colisha sp. snd Marrobrachum op, e,
were the most common available species. On the other hand, Mwius gor, Nowpern
chirala, Clupisema garua, Aplackeils ponchax, Clenopharyngrdon ideilla e, were the most
rarest specicd. However, the most abundant and the mren fish specics behaved
differently in different floodplains in different years. Shannon diversioy index was used
L assess the exvent of diversiey in different years. The study revealed thar che arificial
SICKing PrOgramme, o sorne extent, influenced the biodiversdty in floodplains,

Kay words: Fish biodiversity, Floodplain, Shannon weaver index, Artificial sincking
i

Introduction

The world wide loss of biodiversity is widely accepred as a major problem, ver it is
poorly documented, because of our knowledge of the taxonomy of most organisms is
scant (Movle and William 1990, Though loss of aquatic species is occurring rapidly,
aquaric organism have received comparatively Lictle attention to the conservarion
biologists (Allendorf 1988). A rich diversity of fish species are critical to the ecology and
sustainable preductivity of the floodplains. While rremendous genetic diversity is
embodied 500 fish species which inhabit Bangladesh's inland, estuarine and coaseal
wilters ever little substantive data on the ecology of these species is not available 1o say
something significantly (Nuruzzaman 1993},

In early sixties the open-water fisheries contributed shout 90% of the romal fish
production which in the recent years has drastically dropped to 49% (Mazid and Hossain
19953), The decline is due to habirat degradation of aguatic ecosystems through over
exploitation of fisheries resources with increasing population pressure, adverse effects of
natural and man-made catsstrophes  including human  interventions through
construction of floed control embankments, druinage systems, sluice giles, conversion of
inundated land to crop land thereby reducing water area, siltation etc, Under this
situation, it is really impertant to take necessary steps so that flopdplains may remain 1o
the harmony with the environment, However, since 1992 government ¢of Bangladesh had
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Abstracy

A five years investigation on fish biodiversity In connection with anificial swcking was
conducted in theee south-wessern flondplain of Bangladesh from 1992 1o 1996, The oo
wop most available and wen most carest fisk species were identified. Pandier sp., Chaonna
puncrarus, Myseus 1p., Anabus wsrudiniee, Ambars p., Colisha sp. and Marobrachum op, e,
were the mast common available species. On the ather hand, Mwimus gor, Nowpera
cheirala, Clupisema garwa, Aplackeilss ponchax, Clenopkaryngrdon ideila e, were the most
rarest specicd. However, the most abundant and the mren fish specics behaved
differently in different floodplains in different years. Shannon diversioy index was used
L assess the extent of diversity in different ypears. The stody revealed that che artifcial
SICking [rOgramme; o sorne extent, influenced the biodiversdty in floadplains,

Kay words: Fish biodiversity, Floodplain, Shannon weaver Index, Artificial simcking
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Introduction

The world wide loss of blodiversity is widely accepred as a major problem, ver it is
poorly documented, because of our knowledge of the taxonomy of most organisms is
scant (Moyle snd William 1990, Though loss of aquatic species is occurring rapidly,
aquatic organism have received comparatively lile attention to the conservation
biologists (Allendorf 1988). A rich diversity of fish species are critical to the ecology and
sustainable productivity of the floodplains. While tremendous genetic diversity s
embodied 300 fish species which inhabit Bangladesh's inland, estuarine and coasesl
witers ever little substantive data on the ecology of these species is not available 1o say
something significantly (Nuruzzaman 1993°

In early sixties the open-water fisheries contributed about 90% of the romal fish
production which in the recent years has drastically dropped to 4% ( Mazid and Hossain
1995). The decline is due to habitar degradation of aguatic ecosystems through over
exploitation of fisheries resources with increasing population pressure, adverse effects of
natural and man-made catsstrophes  including human  interventions through
construction of floed contml embankments, druinage systems, sluice Eiles, conversion of
inundated land to crop land thereby reducing water area, siltation ete, Under this
situation, it is really impertant to take necessary steps so thar flopdplains may remain 1o
the harmony with the environment. However, since 1992 government of Bungladesh had
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raken & massive fngerling stocking program in some selected floodplains asiming fish
production sugmentation Trem the foodplains under the Third Fisheries Project
brocked species were Labes rofite, Cotlo cade, Cirrftimict  mrgals, Cypeinuz  carpie,
Hypopehalovicthves molirs and Painr pomesnuotus. Present investigarion is worthwhile
heciuse, it i3 an important 1ask ™o ascerain wherher stocking floodplains with carp
fingerlings had any adverse Impact wpen cesident fish species or not. This stedy deals
with the status of fisheries diversiry and irs dynamics in three floodplains of Bangladesh
during 1992 1o 1996 in relation w arificial stocking,

Materials and methods

The study was conducred from June'92 to December s in three major floodplains of
Bangladesh. These are the Chanda bee! of Faridpur-Gopalgonj depression, the Halti beel
of Pabnz-Natore depression and the BREB (Basukhali-Salimpur-Kola-Barnal] beel of
Khulna-Marial depression. Each flondplain possesses distinctve features. The BEKB is
completely closed system floodplain and regulated by several sivice gates. The Halti is
semi-open while the Chanda beel 1= an open system floodplain. The area of Chanda,
Halti and BSKE are 10,870ha; 16,770ha, respectively (BCAS 19915 All these beels are
prone to monsssn flooding and remain flooded for periods benseen four and seven
monihs depending on the severity of flood in different years. During the dry season,
however, the swater arez of the besls shrinks o a negligible amaunt and most of the
dried-up land is culvivared with various crops. To accomplish the investigation a weekly
dara collection scheduls was maintained Dara was collected from the fishiag spors and
peripheral fish landing centres, which are usuallv called pera or gals. Carch compasition
by mumber for individual gear was recorded through the examination of carch for the
respective gear. In order 1o data collection most of the gears i.¢., more than 23 tvpes of
gears, both selective and non-selective were covered in which oaly 11 were of selective
tvpe. A toral of 5,535,760 specimens were sampled in the present study of which 2,185,052,
L.71.985 and 1,623,732 samples belonged to Chanda, Halti and BSEB respecrively,

The Shannon weaver index (H'} was used to measure the extent of diversity by
combining aspects of species richness and evenness, It is perhaps the most commonly
wsed diversity index i ecology. Goswami (1985 used Shennon wesver indey to sssess
tooplankton diversity in coastal waters of India, The formula for Shannon diversity
index is; H'=-EP, Log, P,

Where F, (the propertional abundance of the ith species) = (o, /N}

n, = aumber of individusls recorded of reh species
i = is the species reference

N = wotal of individuals in the sampls

(Log, = 1442 Log.).

Inferences can be drawn on the basis of the H' values calculated. The lesser values
will be the lower diversity and vice-versa. For staristical analysis, using Shannon weaver
index student’s t-test was performed o find out significance of stocking.
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Reszults and discussion

Bidiversity in Boodplains

Top ten most available and ten rarest species i different years in different
flosdplaing have shown in Table 1. Total number of fish species caught in the Chanda,
Halti and BSKR beels were 47, 55 and 49 nos., respectively, Punting gp. (both . strgma
and P, picts) wae the most available fish species in sll the beels during the study period
except 1993 and 1994 in the BSKE becl, Seversl fish species were found o be exclusive
for paeticular floadplain and as well as some other were not found in other’s floodplain.
Such as Anguilla hengalosiz, Mystus bleekery, Calisha chuna, Nemacheilus o, Fllsha hsa,
Avvaous gremmepomus, Chrhivas seba, Boria daro, Haa i, Silorwa silondia and Channg
garchua were not available in the Chanda beel; Anguilla bengalensis, Riotee colie, Nandus
wandus, Awaous grammepamas, Badie badis and Chawra gaches were not available in Halu
beel; and Anguilla henpalencis, Ailia coile, Colisha chuna, Nemachetius hotta, Rhoree cotio,
Labeo ganta, Conica sobormar, Arwaous gronwsepomss, Badis badis, Silora slordia, Bata darea,
Rita rita, Labos batz and Dawio devenio were aot available in the BSEB beel. Thesz species
can be treated us species ot rsk, Total 67 species of fish were recorded in thres floodplains
under study, Ali (1998) enlisted three locally exiinct fish species of Chanda beel vz,
Puntivs sarana, Bashors alengs and Anguilla hengolensic. He added thar Nwopeerus chutals,
Labeo calbasu, Myene aor, Gudusia chapra, Oreochromis mogrambica, Euthropischthye vacha
werpe rare in the same foodplain.

Tahble 1. Top maoet svailahle and the rarest ten fich specaes 1 different fleodplains during 1992.%5

Status | Chanda beel Halli bedl B0 heel
Scleniilbe name Lircal Schentific nome Lol Sgigific mme  Local
- i L Eaus
Al Primius spp TFursti Funiiuz spp, Funnl Chamme Tuki
Juncrares
AT Mocrobrackium sppe. Chingr Mysms spp. Tengra Fliastiug spp. PFanu
A3 Cafinia vt Bholiska  Ambaniz app Chunda Anabas Eoi
rexrivd Pl
A% Meustue spp. Tesgr CRemsapaiva P Falls Labes rofiing Foai
AS Sasdar nandus Blads CHaHRE PRI Taki Heprepmeares Shing
fortieliy
Ah ol i Juns Tt Tk Coerriniiiug Ay Raikhig (IETTTIT R o Tt Shbrmal
AT Xomnodon cancna Fakila Chieda sppe LChela Cirrhieur magads Mopel
AE Lrisrogoking gIurr Haila Mastecembelur Eochi Mvinis spp. Teagra
panicetun
AQ Ieveropmeume Shing Calizia faciams Eholisha  Marsscewbe Baln
fmrilys AFTaILT
AlD Channa sirizmic Shial Covice roborur Kaerchilks Cahekd fecuahe Khalish
Rin Larben calbymi Ralibasy  Brpgarus buginm Baghalt Clupuopsr garvae Ghaun
Ra Cremphanm gedos Giwass Clarirs Breraciing Magur Prausamegre Hatashi
wiledia carp erdernaslic
ER Labio gania Trhomla Elfonka rdovaita Shilong Camrdninus rba Raskbor
i) Buropdiciuing Bacha Nompearwr ciirala Chital Avzons Mandl
taicha Eraoein o bails
149 Crtidurie clizpea Chapuls Teanadiin 2iilchrad Tepa Mardis Headur Bheda
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K3 Tl spp. Tilapia Labes hesr Kam My bleakeri Dukaha
Ba Carics sobarmr Eenchki Filer aliska Hilzza Chudurs chagra Chapila
3 Mivapierns shitelp Charal Nowpearas noepoerur Phali Ao oor Aim
B2 Miwmas aoe Alre Aplacheilus punchax Ean-pona  MNivdfiierue Chizal
ciiraia
Kl (Clupinoms pars {rheurm Crrmnpharegadin Grass Hhaddis bailia Haph
iidrdle R ki

A= Avaiiindfe, R= Rrre

Yearly variation of Shannon weaver index and its trend line of the Chanda, Hald
and BEEB beels are shown in Figs. 1, 2 and 3, respectively. Table 2 represents stocking
and noa-stocking vears and Shannon diversity index for those wears, Chanda beel
chowed the hiphest diversity index (H'=3596), this was the consecutive third year of
stacking, when the maximuom number (43) of fish species were also caught (Fig. 1) In
1995, the index was found to be lower values (H'=4.03) seems due to non-srecking
effects. Haltd beel showed the highest diversity index (H'=4.27) in the vear 1992, After
1993 it showed decressing trend might be dus to desist on stecking program from 15994
(Fig. 2). The BSKB beel showed the diversity index (H'=4.14) in 1995 when total
number of fish species were also the highest (43). Perhaps continuous stocking program
made this positive rrend. It can be mentioned that among thres study floodplains enly in
BSEE beel, srocking program was continued up to 1986, Student t-test using Shannon
weaver index showed significant impact (a1 1% level) of stocking in Chands besl and
BSER beel. In case of Halti beel it was not derived because stocking program in this
fleadplain was held only first two years. Shannog weaver index was also derived by Rao
at, al, (1991) {n Chambal river, India. They found thar species diversity was drastically
reduced due o mndustrial efffuents,

Tahle 1 Shannan weaver index in ditlerent years

S s s

Beels 1952 1993 Iohd 1995 R
Hh Hﬂ Hm Hﬂ- H_ﬂ Hi| le Hr: H H‘I_

Chanda 413 376 427 3585 596 539 405+ 405 474 400
Halti 427 403 354 341 341% 341 335 335 413 413
BSKE 351 249 386 282 153 289 414 33 408 379

. Mo arnifieiol wosling

Present investigation reveals that the overall performance of . carpio, L. rokiza and
Carrla carla was sarisfactory and they arve suitable for floedplain stocking. But it was mot
clearly understood wherher there was anv adverse effect of stocked species, especially of
exotic carp on any specific resident species oF group of species or not. Jhingran {1997
commented transplantation of exoric fish into open water as a subject of controversy. He
also stated that, withour anv knowledge of productien potential of the floodplain ad hoc
stocking could be considered as a wasoeful exercise.
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Figs. 1-3, Vearly variation of Shennon-weaver indey of Chanda, Halti and

Conelusions

BYEKEE beels and chetr trend lines.

The overall diversity index of fish in the Chanda and Halti beel were found 1o be
lewer after stopping the stocking, while diversity Index showed increasing trend in
BSEB beel as stocking program was continued. The findings of the present study reflect
a primary piciure of fisheries biodiversity of the three floodplains. Although it can be
conclided that, stecking program had an impulsive impact on fish biodiversity but
impact of stocked species on non-siocked resident species was not clearly understood in
the present study. Food habit and food competitions are very crucial factors with respect
w survivability in case of amificial ssecking. So it i% suggested that, cautions and
scrupulous study sheuld be conducred before such open-water stocking 1o find out the

13
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competition and intersction berween resident and stocked species. Special attention and
further studies also should be continued on presently recorded rare species.
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Some aspects of population dynamics of juvenile hilsa shad
(Tenualosa thisha Ham,) from the Meghna river, Bangladesh

M.5. Miah, M.A. Rahman*, G.C. Haldar and M.A. Mazid
Homgiadesh Fiserins Rarcarch Fnstie, Soemre magom, Clhauadper- 22 Baagiaded
* [ orresfomdiag auinor

Alsstract

Population dyvnamics of the juvenile hilsa shad (Temucfosa idfisha ) in the oursery ground of
the Meghna river have been swdied on the bams al e I.mgth cobire analvsis of =23
specimens. The growth parameters v asymptotic bength (Lo}, curvamre charcrer (K]
and initial Gmele) were found o be 30,69 cmy 12 yrland 045 ' respectively. Corvature
parameter indicate thar jarka is a fast groweh performer. The natural, fshing and (ol
morality were found wbe 137 yr® 141 v and 2.78 vr' ceypectively. Survival rame (5) was
found te be 6,7%. A small difference was found between the age at first caprure (T} and the
recruitment age (T 1. Stocks of ptka seems w be overesploited and need 10be consereed.

Key words: |urenile hilsa, Population dyanamics, Meghna mver

Introduction <

Jatka is the juvenile stage of the hilsa shad It is the most exploied fishery in
Banpladesh svater of rivers, estuaries and the coast As an open water fishery, is
exploitation is a crucial phase for susmminsble vield Recruitment is @ continwous
biologically renewable process in the open water system. If by any medns, the recruiiment
process impaired the adult population will decline in the long run, Binmass is regenerated
baoth from recruitment and tissuwe growth, Nonetheless, it s necessary 10 huve establizhed
clear and strong reladonship between the adult stock and the recruiting young 1o obtain a
sistainable vield from any fishery [(Cushing 1968} Therefore, jatka fishery has 3 significan
effect on hilsa production vear after year. The growth parameters diffier from species o
species and also vary from stock w stock within the same species and age (Fauly 1980a).
The sim of this investigarion is o provide practical guidelines to understand the impacts
of juvenile hilsa population as 3 capure fishery,

Materials and methods
Lengih-frequency data colfecrion

Length-frequency dara of #8023 individuals of jadka were collected from the nimsery
ground of the Meghna river in and around Chandpur during December 1993 through
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April 1996, Length-frequency data were collected both by experimental fshing a5 well a3
from commercial catches. In each month adequate number of length-Frequency dary were
randomly collected. Toeal length (cem) was mensured from the tp of the snout w cthe
posterior most margin of the caudal fin. Experimental fishing was doene by a beach seine
net {[30m x 18m, 0.750cm mesh) manually hanled by 12 people. Comumercial catches were
done by 3 large seine met (400m ¥ 3m, (.75cm mesh) employing about 60 fishermen for
hauling.

hara analveis

Lengrh-frequency data were analvzed by using the Microstar and Escel-sraristica
computer software packages program. Growth parameters of jatka fishery viz; asvmptotic
length (L.}, curvature parameter {K) and initial time {} when fatka begins to grow just
after hatching, were estimared on the basis of the Von-Bertalanffy growth analvsis by using
the follewing growth equation model;

Iy ES Y B ) FERARPRNRIVETSRPRUR WSS |
A linenr regression analvsis wis dooe berwem the tvo varables X and Y ustng the formula;

b i T LIRS P UE R | | 1 |

Considering AL/At a5 X and mean length [L'1)] as Y. Asymprotic length of jarka was
calcolared by the formula;

-

AR L S e S s - ke

Mean length [L ()] was converted by the formula of -laf1-L (00 L.] and was denored
& Y, vardable In this case the independent variable (X, was denoted a5 assumed cohort
age (1). By the regression analvsis between X, and Y, vadables, Curvature parameters (K
was caleulated as K=slope, by and the inidal ape a5 ©,=-2,/b,. After determining the valoes
of L., K and t, length data converred into age dara by using the Inverse Von-Bermalaniffv
growth equation [ 1938);

EL)= - LR*In [1-L (e L) coveccinnimiicci comnd I

The growth pattern of jatka was determined by ploming length against age.

Toral mortalicy
Total momality was caleulated by the "lincarized length- converted carch curve’
method. The linearized length converted catch curve formuks was;

In L LW oLl = a-Z5 (L # Lali2] s o [¥)

Th
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Where t=1/K*In[{l_-LML.-L,), X = fiL,+L)2} = t VK*In{l{L +L¥L] and
Y=ln GL,LJ} ol,L.) (IL, L} is the number of fish caughe, L, und L, were the lower

and upper limit of exch length class, “a'was the intercept and the slope b (-2 was the total
martaliny.

Nooral and fisfing morteliny

Nutural momality (M) for jatka fishery wae caleulated by Pauly’s empirical formula
(Pauly 1980 b) through wvarious combinations of L, K and sverage anmual
temperature| T°c). Here annual temperaturs was considered only for the period of
November w April when Jutka is wvailable in the riverine nursery ground. Narural
martality was calculared by the fbllowing formuls;

M= 08%exp[-0.0152.0.279%In L. +0.6543*In K+ 0.463%1a T)......0¥)

Fishing mortality rate (F) was derived by subtracting the natural montality from the total

mareality, since £=M+F, where Z, M and F were the instantaneous rate of total, natural
and fishing mortalicy,

Exploirarion rate
The rate of explodtation of jatka in the Meghna river wes caleulated by the formuls;

Exploitation rate, E=F/Z.....cu... g S S e oo (vid}

Results o
Lengrh-frequencies of 8023 specimens of jatks from the riverine numsery grounds of
the Meghna river were analyeed and shown in Fig. 1
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Fig. 1. Length cohart annlysis of jatka population for pvertie
narsery grownd of the Meghnaz river,

Length-frequency analysis revealed that the length cohorts of jatka population were
<1, <9, =15, <19 and <22 cm respectively (Fig.1}. Cohort assumed age (t), cohor mean

L
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lengeh [*AL/A 1], growth rate  *{AL/At) and individual mesn length [L{r)] were shown in
Table 1. Through a regression woalysis berween ¥ (AL/AT) and X (L{t)}, the intercept o
and szlope b were found to be 3622 and -1.13 respectively. According o the Von-
Bertalunify growth equation asymptotic lengrh {L.) of jatka was 30.69 cm, cohor mean
length [Li{1}] converted into -ln [1-Liry L.] denoted as ¥, and assumed cohorr age (t)
denoted as X, were put into a simple regression, The values of curvanire parameter K and
initial rime 1, were found as 1.2 vr* and 0.45 yr{Tahle 21

Table L. Groavch mate of Temualoda dieha as & funsrion of cohert age

Ager M Cohont AL Growrh rate Lir+an+Lini2= L1}
YEars mean length Lit+Ar-Litht= AL'At
cm

0.5 0,25 <2 70 8 CE.
75" 0.25 = &1 24 12

1o 0.25 =13 4.4 1% 17

125 (L35 =19 3.0 12 0.5

L.37 =22

N=d, x= 175 a fmerzapel = 3672, b= {ulape} = 118

Table 2. Calculation of Curvature parameter [K) and Tnivial dme (1], (using [ = 3069 cm)

Colort age ¢ {vear)  Cohem mean length -Im[1-Lit)y L]

(IR, Litlcm = ¥y,
Q3" F. .06
0.75° o .35
1o 13 &T
1,457 19 0.97
Tis" s 1.26

& fearereaps)= 054, b= [slopei= [L2pr i I.% ot it i
e by vl e L] Do 4S5,

The values of curvatiire parsmeters are indicoting that jatka is a fast growth performer.
The growth rate of jatka was calculated by using Inverse Von-Bertalanffy growth equation,
The lengrh of jatks was converted inco age (. Growth is the change of absolute incresse in
length and weight with respect of age. The instantanecus rate of increase in length with
respect of age AL has been estimated by the Voo-Beralanffy growth equanon. The
growth curve of mtka was shown in Fig.2,

The growth pattern indicating that the insmotaneous rage of growth in the younger
phase of life was found much higher, Jotka sttain up 0 28 ¢m within 2 vears. Buc 7-15 ¢cm
attain within one year, [t was also found that maximum peak catch attain with 8-12 cm size

groups (Fig. 11
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Fig. 2. Growth curve of jatka from the dveripe oursery groand.

Tortal mortality rate (F)

The instantaneous rate of rotal morality was estimated by means of the length
converted catch curve method. The woral mormality rate {£) was found 10 be 278 yr',

which indicaring 3 high value. The length converted age based catch curve was shown in
Fig.3.

118

______ o '_._..r_ L Hawe Wi diinmi |
% i TR A e T |

5 ] LY L] '} i &
BB b |';.|r|.| |
= i '.i-.l":lllll' *
= TH |
T} [
S o™ e
1 asl i -
s .
. | ¥

51
| : .

f] ST S

a— e e B |
“F 0 %] [ 13 oA 1 i3

Ehm ! Lesgdh FaspuL =135

Fig. 3. Lengsh Comverved Carch Curve used for estimation of oeal moralicy of jutks fshery.

The descending pare of the carch curve was oot calculated due o oo close o L. and
hence it was avoided. The high £ value for jatka fishery was not a good sign o obrain a
sustainable vield. From the £ value it was calculated that the supvival rate of jatks fishery
in the riverine nursery pround wag § = ¢® x 100 = &% x 100 = 6.2%, which was very low,
which indicsting that the hilsa population catch will be serously hampared in the long
rum,

Naturad and fishing mortality

The natural mortality was caloulated by the Pauly's empirical formula {19806 and i
wiis shown in Table 3, Where L. = 30,69 cm and K= 1.2 yr" were used in the caleulaton.,

Mean natural monality M was found to be 1.37 pr' was found. The instanraneous rare
off fishing mortality a5 derived from the values of Z and M, was obtained F=Z-M=1.41vr".

™



MiE Mioh et ol

Table 3, Namrd maraliny calealaied by Pauly's empiticd feemuke 19800 for
warious ambient warer cemperaiuee (meni-wise, during the @gika seasen)

Ambient water temperamne (T

L. K Maov. Deec. Jan. Feh. iar. Apr
30,69 Lz | I3 19 L7 20 12 4
M=| 145 1.33 128 1.39 1.34 L43

Moz M= L3, M= 0%k [JL0I530. 270 L. +06547 InE +HL463InT"C)

Exploitarion ratio

Exploimstion mtio, E = 0,51 has been estumated oo the basis of the relationship
E=F/Z, which rends 1o overexploitation for the jutka fishing. Tends of overexploitation i3
not 4 poed sign for any open water fishery.

Discussion

Length-frequency analysis of jatka population reveals that major share of jarka fishery
in the nverne nursery ground were caught between the sizes of 8-12 o in November o
Apnland the peak were %-10 cm size group. In the riverine nursery ground, the abundance
of jatka was found from November to April and peak in March in each vear (Rabhman e ol
1995 ) which supports the present findings.

The first caprure age (T} was calculated a5 T, =0.% vr (6 months), und the recruitment
size was B-9 cm, 50 the recruitment age was T,=0,70 v1 {84 months). It was seen that the
differences berween T, and T, was verv small (¥4 months). The results for Tr and T.
showed that T, age was smaller then T, age, which was not true for the proper
management, Therefore, to obtain a sustainable hilsa populadon, T, ape must be less than
T, age Beverton und Holt (1957} reported thar in the open water svapem the fish
population are affected by the napural mortality during che ages berween T, and T. Bur in
case of jatks Bshery in the Meghna river T, to T, peded suffers from both by patural (M)
and fishing mortality (F}. So, it can be said that due o fishing pressure at the recruitment
phase, the toral mortality might be high for jatka popularion.

A stock is supposed to be optimum when E_, =0.51 but when E value is more than L5,
the stock of & fish population is overfished (Gulland 19650 So, it appears that the stock of
jatka fishery tends to cross the overfished level in the riverine nursery ground of the
Meghna niver.

Csirke and Sharp (1984) opined thar if any pepulation affected by high monality in
their meeruitment phase the population might be seriously hampered in the long run. So, as
the fishing pressure on the jatka fishery was on the way to cross the optimum fishing
condition, it is urgently needed 1 control fishing at their recruitmen: phase.

Al
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Studies on the post-mortem changes in shrimp and prawn
during ice storage: I. Organoleptic and physical changes

M.M. Rahman, L. Yasmin, M. Kamal®, M.N, Islam, 5.U. Ahmed'and M.A. Mazid'
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Absiract

The arganoleptic characteristics such a3 appearance, textoral condition, colour and odour
indicaved that the M. rosebergii stored in loe for $-6 days were accepumble for processing
in the industry while ® momodon under similar ice storage condition were accepble for
B-9 days. In bath species, samples stoted in beadless condition in ice had longer shelf life
than that.of stored io head-on conditien.,

Physical changes were evaluated by determining expressible morsture and breaking
strengrh of sample of muscles. The expressible moistirs increased conusuously in both
sunples with the lapse of swrage pegied. The expressihle moismure increased up w
arouid 4% in 4-3 days of ice stored M. rovenbergal muscle while i1 was around 40% in §-9
days jee storsd P monodon. At the end of @ days of ioe storage, the expressible moaistune
content (0 M. resambergi incressed up 1 60%, while jt was up 1o 47% in P monodon after
11 days of ice storage. The breaking sirength declined from 0.78 kgiem® o (.52 kgiem? in
tiger shrimp after 8 days of ice storage, while in case of inemediately killed prown, the
breaking strength of muescle was 0.8 kgfom® which dechived to 043 100,35 kgicm®,

Key words: Pemacus moradon, Macrobrachfum rorenbergis, Tee slorage, Cualicy changpe

Intreduction

In Bangladesh, considerable guantity of post-harvest loss of prawn and shrimp are
reported 1o occur at different stages of handling and transpertation, The major source of
raw material supply is various categories of shimp farms located in the coastal belr of
Khulna, Bagerhat, Satkhira and Cox,s Bazar area, The collection of raw material passes
through a nusmber of steps and finally delivered 1o the market and exporting indusiries
using road, rail and water transport {Uddin and Das 1994), It mkes usually 12-44 hours
to ransport the shomp in iced conditlon from shrimp farm to the processing plants.
Diepending on the supply of raw marerial, in the industry, the shrimps after beheading
are stored in the processing plants for abour another 2-3 days pamicularly when the raw
material supply is abundunt compared to per day capacity utilization of the planes.

A considerable information is available on the ecgancleptic and physical changes in
shrimp during ice storage but mostly on the species from colder region. However, very
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little is known on the giant freshwater prawn end marine tiger shrimp of the tropical
megpon. An essenral prerequisite for designing the infrastnicture for handling,
transportation and marketing 15 to know how long each particular commercial species
can be kept in ice condition. This paper reports the results of the orgenoleptic and
phyvsical changes of freshwater and marine water shrimp during ice storape,

Marterials and methods

Materialy

Glant freshwater prawn (Macrobrackivm rosembergti] snd marine tiger shrimp
{Pmutens monodor ) were used for the study. Live fresh water giant prawns were collecred
from the local market of Bangladesh Agricultural University Campus, Mymensingh.
They were caught by the cast net from the nearby Brahmapuira river by fishermen and
ransparied to the market in live condition. While the tiger shrimp were obrained in lots
Frotn firms of Khulna region ia live condition and transpared o the Laboratary. It rock
gbout 18- 24 bhours from  catch point o destinaton hefore start the subsequent
experiment,

Experimental condition

The samples (M, rosenbergis average size 25/kg, Pemaeur monodon average size 22/kg)
were ohrained in lots several times from March to October8, The samples of each
species wete divided into two groups, head-on snd headless conditions and stored
separately in ice in an insulated box. Ar selecfed time interval, 3 desire number of
samples wese Wied to assess the degree of freshoess by evaluating organolepric and
physical changes.

Chganolepric assessment

The srganoleptic methods used in this study is based on the existing procedure of
the Fish Inspection and Quality Contrel Service (FIQU) of the Department of Fisheries
(DOF) the Government of Bangladesh which is a modified version of Multiliogal
Guide 1o freshness grade described by Howgate et al. (1992), Six members panel were
constituted to evaluate the organoleptic quality changes of giant fresh water prawn and
tiger shrmp on the basis of oder, texture, color {with shell), color of flesh and general
appearance of shrimp. The guality was evaluared by grading the shrimp using the score
from 3 1o 15 in case of feesh shrimp and 4 to 20 in case of boiled shrimp, The grade
defined in terms of the toral number of points were: 22 10 23 considered as very good o1
excellent, 19-21 good, 14-18 acceptable, 8-13 bad and $ 10 7 very bad condition in case
of raw shrimp. In case of boiled shrimp, the score point 18-20 considered & very
good/excellent, 14-17 good, 11-13 acceprable, 7-10 bad and 4 to & very bad.
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Expressible motsture tost

The expresiible moisture test was determined according to Saban & ol (19870, At
selected tme interval, the camples were raken from the container and cut into 2 number
of pieces. About | g of muscle was placed between double layer of filter paper No. 102
and passed at 1 kglem® for 3 minute. Decrement of weight wos measured and the rato of
decrement 1o the original weight was defined us expressible moisture (%) in the
fnllowing formula:

¥ of expressible molsture = W W, 2 100

Where, W, = Weight of the shrimp muscle before compression.

W, = Weight of the shrimp muscle after compression.

Texrural test

Texural test was determined according to Wakavama o of (1993) with some
modification. The shell of shrimp was removed and cut into equal picces of 2 cm from
near the middle ponicn of the shomp body. The puncture est was done by measuring
beeaking force of the shrimp muscle against the penetration of o ball tvpe plunger. The
cutting muscle wes placed on the pan of an electronic balance and pressed by & spherical
plunger (6 mm diameter) over it until penetrate into it, The force {in gram) required 1o
break the shrimp musele by the plunger was recorded from the balance display window.

Resulis

The erganoleptic quality changes in tger shrimp and fresh water prawn during ice
stoTage afe shown in the Tables | and 2, respectitely for fresh shrimp and Table 3 for
cooked boiled tiger shrimp. The organolepric characreristics such as appearance, textural
condition, colour und odour judged by panel members indicated thae the shrimp in a lot
were acceptable condition in term of commercial standard for processing in the indusery
up ta 5% dapy of ice storuge. On the other hand, when the shrimp obtined from the
same lot apd stored in ice in headless condition were organoleprically accepiable
condition up to 6" duys in ice. That is keeping time of headless shrimp in ice can be
increased one day more than that of head-on shrimp.

Table 1. Changed in erganolepiic qualities of different davs of jce siored
head-ta gRant freshwater prasm

Stoeed LW
pericd Organodepis: qualities Number Cwvemll qualiry
o day |

0 aday Fresh bright shining snd lrvidessent. Firm consiscern and elagtic 5 Very good
textume. With characierisiics of white colowr of flesh. Odonr and colowr
of shall iv mancral

1"y Slighr boss of brighimes. Moderately ofl and some los of elsste 20 Gond
texture. SHght chamge in coluar of fleshiand shell. Odour iy cetimal.

T day  Slighs bosi of brightness. Some wftening cexaure. Slight penk aloigr of 1 Gioeeed
flesh and shell. Meutral ador.

¥dsy  Slighe dullness sad Joss of brighmess. Some soltening exture. Skigha 1E Aseptable
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pink cokour of Gexh and shell, SEight sour odour,

4" day Defindre dullses and loss of brightness. Some softening wexrure. Pink 14 Accepaahle
polowr af flesh ord baremizh red of shall, Stght wsur odaur,

Say Deelindee dullocss and s of brighoness. 5ot and wasery cexoore, Pink 10 B
codowr af flesh and shell 5 discolour. Ammonvaal edour

6%dsy  (eenerel appsamnce dull. Saf and watery teatens, Drall'disoclour of 7 Very bud
ezh. Shell discolous. Botigd oo,

M dsy  General appeaance dull. Sofr and juicy texiure. Dull'@seolour of ! Very bad
flesh. Shell disceéons. Koced odour.

HE day Generzl apprarance is dill Saft and juley rexrure. ¥ Wiy bnd

G daoy  Trulliscoloar of flesh. Shell discolowr. Rosted odour, 3 Very ad

Table 2, Chunges in crganaleptic gqualities of dilfercon days of ice stered head-on nger prawn

Srored Organeleptic qualities MNumber | Ceerall

penod gualry

of duvs

“day  Fresh beight shining snd irridssomne. Firm consisteny and elasic 25 Yery good
wexrure. Colaot of flesh is whice. Odowr and colnwr of shell is natuml

F<day  Slight loss of brighomess. Moderately sof and . some los of clate all Crowsd
texture. Slight pink colour of tlesh and shedl-odoar & agurrl

iy Slight loss af Brighrness, Some sitening rensure Slighy pank colowrof 19 Good
flest end shell-odour iy peumal.

iy Slighr dullness and loss of brighmess. Some softening lestore, Flesh 1B Acrepaahle
and shell is slight pink coloar and edour s shghl sour

Moy Balinieg dullness and boss of beighiness Soeme saftening wxvsre: Flesh L& Aecapiuble
and shelf slight pink codour. Odour is skight sour.

6 day Drefindte dullness and [ews of brightness. Some safiening texnare. Slighe L5 Accepinbls
pink calowr of Aesh. Shell is brownish ced and odedr is slight saur

Todey  Defimite duliness and ks of brightness, Soms soffening rexoure. Fink L4 Accepiable
calowr of flesh and shell i beowrish red. Odoar is slighe sour.

f%day  Ddefinize dualiness amd Boss of brightness. Socme saflening LExiure, Fink 14 Accepmble
color of Mesh amd shell is browrish red. Cdour 1s slighs sowr.

M day  Genernl sppeamnce is dubl, Texture is saft and watery, Flesh is pink il Bad
coloiar gnd shell is brownish red. Odouy i smmaondcal.

L Genernl appearsnee is dull. Texvare is shoft and watery. Flesh pink i Had

day colour end shelf i discoloqir, Odour i5 rored

LL™ General appearamce s dull. Texwre (s seft and juicy. Flezh is 5 Very bud

_LHJ: dulldisealear, Saell i 2l I].':!-Mh]LEr-ml'rE_r'iﬁ- msineed

Tahle 3. Changes m oopimalepeie gualites of diferent days of ice soored boiled head-on dger shrimp

Srored Oirganinlepric q,u:.ﬁlie: Kumber | Creerall

puatiod queliay

or days

[ P Didficuli to remore the shell, Mavaral semell while chewang. Cdour (s i | ¥ery gund
narural and 1egoue |5 very gand

LU Difficuli ap remeove the shell, Meutral smell while chewing. Odour i& 17 hod
neuiral and ekt is good,

34 day ‘Slight difficult 10 remove the shell. Menml smell while chewing. 12 ol

&

Ohdoaur i3 newtral end wesruee is good,
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£ duy Sleghs difficull w remeove the sbell, Slight sweet odaur while 14 Giod
chewing: Odour is nevrral end iexrare is good.

=y Elighr difficulr 1o rermove the shell, Slight sweet odour while 13 Apcepiable
chewing, (doar |5 neusral end exre 15 sighuly hand

gy Elight difficuli o remmove the shell. Slighi sweei odour while 12 Accepiable
chewing. Chilcar |5 slight sour and sexune s slighsly herd

™y Slighe difficult w remove the shell. Sour edour while chewing 18 Arccepmble
Crddaur is shightly sous andd sexnure i sleghily Bwed,

EY day Easy vo remowe ke shell. Sour odour while chewing. Sligh sour # Bad
odour. Texbare is shightly hard.

e day Easy 1 meenove the shell. Souar odour while chewing, Odour (s ) Baid
ammanszal and rexcure js very hard,
10y Fasy to remove the shell. Eored odour whiile chewing. Sour odour. L] Very had

Solt and walery texturne

Similar studies were also condocred with tiger shrimp either head-on or headless
condition. The head-on sumples were acceprable condition wp e 8 days and the headless
shrimp for % days. The changes in erganoleptic characreristics of ice stored tiger shrimp
were ilso judged upon boiling based on fishy, favours and odeurs. The results obtained
upon conked were more or less similar to thar of the results ebrained judging
organaleptic qualities in iced condition.

Fig. | shows the changes in expressible moisture (EM) of head-on giant tiger shrimp
duning ice storsge. The EM of shrimp muscle gradually increased during ice storage.
Creganoleptically the shrimp were found acceprable conditon up o 8 days of ice storage
and the expressible moisture convent ar that time was recorded around 41%. However, ai
the end of 11 days of ice storage the expressible goisture content increased 1o around
47% and organoleprically 1he samples were rejected with objectionable odour,
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Fig. I. Changes in expressbble mplsnars (EM)eonnr  Fig, 3, Chenges in expressible meiswee (EM) comem
af tiper shrimp dhead-on ) during ice sintage of freshocarey giant preas (heid-an snd hesdlese)
during ioe srorige.

Similar studies were also conducted with giant fresh water prawn either in head-on

or headless conditions. The expressible motsture of live prawn immediately after killed
was around I7% (Fig. 25 A rapid increase in expressible moisture content was found
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after one day both in head-on or bead less condition, Crganoleptically the freshwarer
prawns were accepable condition up to 4-5 duvs and the expressible molsure conrent
increased up to around 44%. At the end of 9 days of stomage expressible molsture was
69% for head less sample and bead on about 57%. At this stge, both the samples were
already rotmen and nog fit for consumption. The result of the present study indicaoed
thar expressible maisture content up o around +4% was upper lmit for organoleprically
ascceptable condition borh in head on and head less prawn.

Studies were also conducrted on the changes in breaking strength in shomp muscle
slice. The rexmral west of hesd-on giant tiger shrimp was done with one day old ice
srored shrimp, The shrimp showed obvious sign of fresh organoleptic characteristics and
the breaking strength of muscle ar this srage was (.78 kgicm®. Then the breaking
strength declined graduwally with the increase of storage period, Afier 8 dayvs of storage
when the sumple reached the upper limit for organoleptically acceprable condition, the
breaking force decressed down to 0.53 kgiom® together with considerable loss of
expressible moisture. At the end of the 11 days of ice stomge when the shnmps were
rejected by organoleptic assessment, the breaking strength decrensed 10 0,42 kgicm®. In
fresh water prawn the breaking stength of immediately killed shrimp muscle was (LE
kg/cm®. Organoleprically fresh water prawn stored in ice either head-on or headless
conditon were acceprable for 4 1o 5 days and the breaking torce during the periosd
dropped o 043w 035 kg'om’.

Diiscussion 5

The shelf life of . monodom and M. rovenhergnl determined by various organclepric
and physical aspects waried greacly between two species. The available reports sugpest
that the shelf life of shrimp/prawn during ice and frozen storape varies [Eom species [0
species, chemical composition and ambient temperature in which they are kept (Tukada
ef al. 1988, Santoso e @, 1992, YVamagata and Low 1995). The resuls of the present
study demonstrated that the quality of shrimp for shrimp for expor by seatood industry
could be mainmined in ice § w 6 days for freshwaser shrimp and & wo % days on
brackishwater shrimgp either head-on or head less conditions afver catch. Spots on the
shell, offensive sulphide smell and loose shell were the reasons commonly atribaced for
sphilage as reported for P owumodon by Fonseka and Ranjind (1994

Sabam, of al. {1987 ftound thar the expressible moisture increased graduslly with the
lapse of storage time irrespective of remperature. The largest change was observed for the
specimens stored ar <2070, It increased from 22% o around 3% afier 3 months and then
decreased po 18-22% after 9 months [rrespective of storage temperature adopred.

The breaking force in head on moscle was comparatively higher than thar of head
less samples throughout the storage penod. Organoleprically giant fresh water prawn
stored in ice either head-on or bead less condition was accepiable for 4 to 5 days and the
breaking force during the peried dropped 1o 0.43 10 0.35 kg/cm®. A negative correlation
between the textural changes and expressible modsture content either in fresh warer
prawn or marine sheimp was established where expressible moisture increased with the

1]
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decrement of breaking force, The breaking force for giant fresh wawer prawn
immediately after death was 0.8 kg'cm® which decressed to around 0.6 kg/om’. On the
other hand, initdal expressible moisture content of the fresh water shrimp was 16%
which increased e argund 30% during the same period. At the end of the storage period
the breaking force decrensed from 0.8 kglom® w 0.26-0.31 kg'em® while expressible
moisture increased from about 16% to 6% either in head-on or head less condition.
Makayama o of, {1993} reported that the breaking strength of stressed and unstressed
fish muscle decreased sharply within 16 and 31 hirs after death respecrively.

Conclusions

The ergancleptic characteristics indicated thar the freshwarer prawn were found
pieceptable condition in term of commercial standacd for processing up w 3 days in head-
on and 6 days in headless condition during ice storage. On the other hand, marine riger
shrnmp were found acceptable condition wp o B davs in head on and 9 days in headless
during similur storage.
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Studies on the post-mortem changes in shrimp and prawn during
ice storage: I Biochemical aspects of quality changes
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“Comespond ing qahor

Absiract

Srudies were conduceed on biochemical changes in F, monadea and M, r'n.:m.ilﬂrpl d'|.|1'i|'|.5
ice sporage. Ar e and af 10 dave of e sborage, smedsture and profein content of
freshwater prawn slightly decreased from TE34 w 77.35% and 1846 1w 1710,
respectively, while lipid and ash content slightdy incoessed. The msdsmere, coude protein,
lipid and ash coptent of one day Ece stored dEer shrimp amplss wers 7807, 1806, 1.3
and 1.2%% respectively, The prowein composition of fresh water prawn immediately after
killed were 36.50% garcoplasmic, 44.63% myofibrillar, £.12% swoma and 6,44% alkali
saluble prot=in. At the end of 10 dsve of ice storage, sarcoplasmic and storma protein
slightly decreased while there was fitile or oo changes observed in myodibrillar and alkali
soluble protein. o cise af one day ice stored tger shrimp, the compasition of proiein
were 35, 320% sarcoplasmic, #6.25% myofibeillar, T.06% stroma protein and 7.08% alkali
galuble provein. At the end of 10 days in ice, sarcopfsmic proein decreased from 35,3294
cx 32 6% while there was slight change in other pratein fractons, The TVE-X value of |
day ice swored shelmp was 1005 mp/ 10 of sunple, I incresed grudually wath the lapse
of siorage pericd god an the end of 10 days sterage 10 bog, the value inceegsed up o 40
mg/1i0g sample. The tiger bead on shrimp in fce storage were found organeleprically
atﬁtpEaHE condition for ¥ days and at that time the TVE-N values were 32,2 mag'1 Mg
which is elightly above the recornmended limit for TVB-N for export.

Eey words; Pencess monodon, Macrobrachiam resswbargi, [oe storage, Qualisy change

Introduction

Fish and shellfish muscle protein is known 1o consist of sarcoplosmic myvafibrillar,
alkali soluble and stroma protein fractions and the extractability of muscle protein varies
from species 1o species and  sccording 1o the post-mortem changes (Mavruyama and
Swruki 1968, Hashimoto et al 1979 and Suzuki and Watabe 1987). Preservation of
shrimp in the ice or other refrigeruted medin @5 an imporant way of delaying
biochemical changes or in other words, preventing deterioration from spoilage. Tt is well
known thar protein and other components of shrimp are generully labile and denaure or
degrade very quickly. Because of influence of chemical composition on keeping quality,
it 15 impomant to determine the proximare chemical composition (modstureg, far, protein,
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and ash] of the samples, althongh chemical composition waries with season and fishing
ground. To assess the porendalities of effecvive wrilization of shrimp for indusirial
purpeses and alse o decermine the changes during storape it is necessary o know the
composition of material under investigaion.

It #5 well known that 3 variety of chemical compounds or groups of compounds
accumulate in post-morcem fish flesh, These chemical compounds are intermediaries or
end produces of bicchemical changes ocour in the muscle of fish after they have died or
result from the action of exogenous bacterisl eneymes released by the bacteria. The
amount formed can be used as an index of spoilage. It is, therefore, of interest to sec the
changes in pH and TVB-N values during the ice storage. There has been an exvensive
series of studies on the value of pH and TVE-N as a meazure of fish spoilage bur very
litrle is known the feshwater prawn and marine tiger shrmp of Bangladesh.

Materials and methods

Samples

Gignt freshwater prawn (Maecrobreckivm  rosenbergti] and marine tiger shrimp
[ Panages monedon) were used for the study. Live fresh water giant prawns were collecred
from local marker of BAU, Myvmensingh. They were caught by the cast ner from the
nearby Brahmapurra river by fishermen and rrnsported 1o the matket in live condition,
While the riger shrimp were obtained in lows from cogstal farms in live condition and
transported 1o the Laboratory, Department of Fisheries Technology, BAU.
Mymensingh. T took abour 18=24 hours from catch point untl start of the expeniment,

Bivchemical analysis

For muscle pH, two grams of peeled shrimp muscles were homogenized with 10 ml
distilled wuter in a blender and the pH was messured using a pH meper (Corning Model
231k),

Fresh ice stored shrimp were used for the smudy of protein fractionation. After
remnoving the shell, twenty grams of muscle was fractionared by a procedure describad by
Hashimaro e al, (1979, All the operations were performed at 3-4°C ag quanritarively as
possible. The protein ohtamed after fractonation was determined by Kjeldahl merhod.,
TVE of the samples were determined sccording to the method described in European
Commission {1997} Proximate analvsis such as moisture, ash, lipid and crude protein
were carried our according to the methods given in ADAC (19800

Besults

The changes in proximate composition of freshwater giant prawn and tiger shrimp
are presenred in Tablé 1. The initial moisture, protein, lipid snd ash content of
freshwater prawn were 78,34, 18.46, 1.8 and 1.1 5%, respectively. At the end of 10 davs of
ice storage, moisture and protein contents slightly decreased from 7E.34 to 77.33% and
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1846 to 17.03%, respectively while lipid and ash convents slightly increased. For
convenient of calculution, the protein, lipid and ash contents were calculaed on dry
welght basis. On moisture free basis, protein contents decressed considerably from 85.22
to. 75.2Me There is little or no change in lipid content while ash content slighily
increased,

Table 1. Changes of proximate composizion of tiger shrimp and
giant freshwater prawn during ice sgorage

Mame of species Starge Muoisture % Proein % Lipicl % Azh %
period in ice |
Cllay'
Mamrolnachaum [ TH.A4 1846 I8 1.l5
rusimhergil (8520w (R.31* (530~
10 7135 17405 1% 1.42
(75870 tB3R (625
Prenenis | TH.O7 1845 L3 .=
o [B2.35)" 592 (380
1n T7.98 16885 1.35 169
(7a.45)" (625" [T 66"

*Reiselix t prvrachernes exprested i dry o b

Proximare composition of tiger shrimp was also investigated with one day ald ice
stored samples, The moisture, crude protein, lipid and ash content of the samples were
7807, 18.06, 1.30 and 1.29%, respectively. A1 the end of 10 davs of storage, there was
lirtle or no change of moisture content, During the storage on wet weight basis, protein
content decreased from 1806 o 1685 while on moisture free basis, it decreased
considerably from 82.35 10 76.45%, There is little change in liptd and ash content either
in wet weight and dry weight basis,

The chinges in protein fraction of giant fresh water prawn and tiger shrimp are
presented in Table 2. The composition of fresh water prawn immediately after killed
were 36.51% sarcoplasmic, 44.63% myofibrillar, 8.12% stroma and 6.44% slksli soluble
protein. At the end of 1) days of ice storage, some changes in composition were acourred
in protein fraction. Sarcoplasmic and stroma protein slightly decressed while there was
lirtle or no changes occurred in myofibrillar and alkali saluble protein.

Table 2. Changes of protein frection of viger shrimp and giant fresh water prawn during ice stonge

Mame of species Snorage Sarcoplasmic | Myofibrillas Stromi Alkalisnluble
period in prodcio (%) | prodein prowedn prMEin
ice {day) | | (%) i) (%)
Macrobraskinm H 5.74 L L.50 i-19
rosenivrgdi (351" (Ld.ATm (3.1~ {644
1 5,82 7.52 L.2& 114
(3413 [ 10 (7.500" G
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Feravus l .38 4.6 .42 1.28
meradon (35.3%m (452 {780 ]
4] 5.47 T.hd i3 l.1%
(3L 161 45340 "-'_‘.E?':' {700y

*Fesulis i piremioere sl frerraiage o S proscin

Similar studies were also conducted with one day old ice stored tiger <hrimp. The
composition of prowein was 35.32% Sarcoplasmic, 46.29% myofibrillar, 7.86% stromi
protein and 7.0B% alkali soluble protein. Some changes in composition was ocourred
during ice storage. Ar the end of 10 days in ice, sarcoplsmic protein decressed from
35.32% 1o 32.06% and slight changes alsa accurred with other protein fraction. In both
experiments, the prolein compositions in various fraction were almost similar where
surcoplasmic protein ranged 35.32 - 36.51%, myofibrillar 4463 — 46.29%, srroma 8,12 -
7-85% and alkali soluble protein 6,44 - 7.08%.

Early post-mortem changes in prawn were associated with a drop in pH from .93 10
6.22 within an bour after death but the pH increased again during the later phases. Fig.
| shows the pH changes in fresh water prawn during extended ice storage for 7 days barh
in head-on and headless conditions. In both cases, the pH increased gradually with the
lapse of storage perdod and at the end of 7 davs of storage, the pH incressed from 6.85 to
8,18 in headless and from 6.89 10 8.3 in head-on peaws,
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Fig.l. Changes in pH of giant freshwarer prawn Fig2. Changes of pi arul TVE-M of liger shetmg
thead-um and Beadless) dusing i sorEgs, {head-on ) during ice stomige,

Studies were also conducted on the changes in pH and TVE-N values of head-on
tiger shoimp duning similar ice storage (Fig, 2). The pH of the samples measured | day
after ice stotage was 6,44, The pH increased slowly and at the end of 10 days of ice
storage, it reached 1o 7.86, The TVE-N value of one day ice stored shoimp was 103
mg/ 1y of sample. [t increased grudually with the [upse of storage period and st the end
of 10 duys storage in ice, the value incrensed up o 60 mg'100g sample,
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Discussion

In both the experiments, an inverse retationship existed berween moisture and lipid
comtent %o thet some of these two constitured approsimately 20%. The decrease in crude
protein during 10 days of ice srorage in both experiments is due 1o the formarion of free
drip accompanied by some sarcoplasmic protein. Tar (1965) reported thar some loss of
organic nitrogenouss constituents, largely sarcoplasmic protein and inorganic sales with
free drip are probable contributing factor of such loss of protein contents in chilled fish.
A slight increase cither in lipid or ash content during siorage period could be explained
by individual variation since lipid content varies greatly even within the same species.
The values of proximare composition obtained in fresh water gilant prawn and murnine
water shrimp were within the similar range reported by Babbitt ot @l, (1974) for shrimp,
although proximare composition varies greatly from species to species and within the
same species depending on size, sex, sesson and feeding habic They repormed the
composition of shrimp were 78.3% moisture, [9.22% protein, 1.28% lipid and 1.77% ash
content. The results obtsuned in the present study indicaved thar both freshwater prawn
and tiger sheimp contained higher smount of sarcoplasmic proein and lower
myofibrillar protein than thet reported for teleost fishes (Shimizu and Shimidu 1960).
The available reports suggest that extractability of muscle proteins varies from species 1o
species (Shimizu er ol. 19767 The sarcoplusmic protein are reporied to extractable from
ordinary muscle, even in water but in pelagic fishes, the amount of extractable proteins
in the ordinary muscle reported o be increased rapidly with the incresse of ionic
sirength of homogenate (Suzuki and Watabe 1987). However, the resulis of both
experiments indicated that the shorter period of ghelf life of shrimp/prawn during ice
storage iz probably velated we Joss of sarcoplasmic protein with free drip.

The decline in pH in early post-mortem muscle is the gradual hydrolysis during the
first few hours of glycogen to lactic acid. The decline in pH also accompanied by the
natural pest-mortem stuffening called rigor-moris. The available repors suggest thar the
generation of basic nitrogenous compound like TMA and ammonis due o bacterial
action gradually rises the pH dunng the period after rigor-mortis has pussed off, A good
relationship between changes in pH and organcleptic qualities of prawn wis observed
where the quality gradually decressed with the incremse of pH, The values above 7.5
seems 10 indicate spoilage. Melangsis, offensive sulphide smell and loose shell were the
redsons commonly atiribured for rejection.

However, the present study revealed thar the hend on tiger shrimp was
crganoleptically scceptable condition for 7 days. Ar that vme the TVB-N value was 32.2
mg/100g which is slightly sbove the recommend limat for TVE-N value of exporiable
shrimp. The TVB-N values of 25 mglllg is recommended for import of marine
products (Cobb er al. 1973, Reilly and Dangla 1984, Connell 1995}, Aceording 1o Cennell
(1995} the value of 35-40 mg TVB are usually regarded as the limit beyond which whole
chilled fish cam be considered spoiled for most uses. The availuble reports suggest that
the fin fish such us cod, haddock, eel and sea pike, the upper limit of 3mg TVB-N/100g
i congidered for acceprability,
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Scientific Notes
Fecundity and sex-ratio of Thai silver barb Barbodes

gonionotus (Bleeker)

A5, Bhuiyan®, . Nessa and M. Begum

Farheries Rerearch Lobardiry, Daporrmere of Zonlegy, Loingrainy o Saiohaii
Rufihak 6305, Bargladesh

"Carmerpainding dabar

Abstract

The fecundity and sex- ratio of Borboder gomionons were studicd. The fecundity of %
gravid females varied from 18000 {total length 197 mm and body weight 72 g) o 434134
irotal length 187 mm and body weight 159 g). The mesn fecundiny wae 405023 &
B4R (for mean waal leogth 210504 17,26 mm, mean body welght 118, 16437 34g,
mean ovary lengih TOL2EE27.30 mm, mean ovary weight 13.66% 7,12 g ond mean ovary
breadih 134 22.7% mm). The reladonship between fecundity (F) and other parameiees
such as total length, ol body weight, overy leagtl, ovary weight and ovary hresdoh
were studied. The fish was highly fecund and the number of cggs produced wis more or
less direcily proportional to other differsnt lengths,

Eey words: Fecundity, Barboder gamonotus, Sex- ratio

=

Thai silver barb Barbodes gemonotws is commonly known as Thai sharpunt or
rajpunti, This fast growing fish was introduced in Bangladesh from Thailand in 1977,
Works on the fecundity of different fishes have been reported in our country, e.g. Prnenes
species { Mustafa or af. 1982), Chanra species (Bhuivan and Rahman 1984), Anabar
testudiness (Nurgis and Hossain 1988}, Gofira fasciata (Bhuiyan er af, 1995), Oraschrmnis
nilorice (Bhuivan and Afrose 19963, Nundws mendus (Hossain & of, 1997) ete. Bul
published information is not available on the fecundity of rjpunt in Bangladesh. The
present study was undemaken o siudy the fecundity and sex- ratie of B, gonfonsas, The
relationships between the fecundity and different lengrhs ie toral length, ol body
weight, ovary length, ovary weight were estabiished.

A wmal of 274 specimens of B. gonionorus were collected gt mandom from different
places in Rajshahi city of which 130 fermales were identified, The gravid females were
easily identified by their swollen sbdomens. All collected specimens were preserved in
3% formalin. Total length and total body weight of the specimens were recorded, After
dissection the gonads were taken out and then moisture was thoroughly wiped from the
ovaries with bloving paper and weighed by a sensitive pan balance. The average total
length and the average breadth of the ovaries were also recorded by a messuring scale
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and a divider. Gravimewic method was wsed for the stimation of fecundiny (Lagler
1936

Drara from %% gravid females of B goramous showed that the fecundity varied from
180011 (for a fish with length 197 mm and body weight 72g) vo 42034 (for a fish with voral
length 182 mm and toral body weight 1592). The largest fish with 4 wotal Iengeh 240 mm
and body weight 169 showed the fecundity as 4105, The smallest sized fish in the
sample with a roral lepgth 180mm and body weighs 68 showed the fecundity as 17090,
The mean lfecundity of gravid females was recorded as 2495923 £ 6961 48 eggs for a fish
with 3 mean 1oral length of 21003 £17.26 mem and mesn body weigh of 11806 £ 37342
The observed mean total length of ovary 7021 = 27.3 mm with mean total weight of
ovary was 13.66 £ 712 and with mean breadth of ovary was 15.4 £ 219 mm.

The relaticnships betwesn Fecundity (F) and (i) wotal lengeh (TL), (i) ozl body
weight (TW), () ovary leogth (OLY (iv) ovary weight (O, ) ovary breadth (BN
were & follows:

i. F=.3463389 + 378,11 TW [r = (L937).

. F=d4478902 + 173317 TW {r = 0,929},

iii. F="9%12105 4+ 224.13 OL {r = 0.HBOY,

iv. F=117539 + 95684 %W [r = (958,

v. F=996220+ 2267.61 BO (r=0.909),

Therefor, in B, goronets the relationships berween tecundity and wotal length, with
ratal body weight, with ovary length, with ovary weighe and with ovary breadth were
found 1o be strongly correlsted. This fish was highly fecund and the number of eggs
produced was more less directly proportional to the toral length, toral body weighs, ovary
length, ovary weight and ovary breadth, Varlation of fecundity among the same sized
figh was noticed, individual physiology of the fshes and their surroundings may be the
controlling factors for such vardation (Hossain ef al. 1997},

Sex-ratio

During the study period, it was observed that out of 274 specimens, 144 were males
and |30 were females. The ozl male and femzle ratio was 22,55 4744 op 10 0,90 Tt was
observed from the Table | that the males were predominant during the months of
February, April-Tune, October-December, while the females were predominant in the
rest of the months, The chi- sguare test shows thar the male and female distribution in
the natural pepulaton is significantly different ar the 5% and 1% level of significance.
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Table 1. The make and female ratio of Bardodes pomiomans

Moenths Taoral Percenrapes Sex-ratio
fish Male: Female
Male  Femal
e
February'™4 0 63.33 36,64 1:0.58
March 6 4415 5384 1:1.16
April zn Bou00 20, 1:0.25
May Zl 7142 23,57 1:0.40
June 23 5LI7 4782 1:40.91
July 0 45.00 *55.00 1:1.22
August 20 40.00 6000 1:1.50
september 25 4400  56.00 1:1.27
Ocrober 19 63,15 3684 1:0.58
November 20 000 30.00 1:0.42
December 20 G000 4000 L:0.66
January™@5 1] 13.33 Hi.66 L:0,65
Taousl 174 5255 4744 L 0.5

[ Manuserpl recdivid I3 Sepembaer 199E)
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Scientific Notes
Toxicity of malathion to silver barb (Barbodes gonionotus
Bleeker) fingerlings

M.M. Hoque®, Z. Nahar and M,A. Hossgin
Freviraaer Sueoue, Hawglodih Fabersr Benarch Jresrivus, Museencingh 2280, Besplodinh
"Cormeoneting awskor

Abstract

Sutic binassays were pesformed to observe the wwic effecs of malatkion to Barbodes
Loriowarus at (L0 w 2000 ppm concentrations.  Malathion at 5.0 ppm way harmless i 5.
goriomass and conceniration above .0 ppm were found e be lethal, Malechicn st 2.06
PR was safe for the B, porioeans,

Key words: Toxciey, Maluthion, B goriomon

Thai silver barb or rjpunt (Barbodes pomdonotus) was introduce o Bangladesh from
Thailand has shewn considersble promise & a culturable species in ponds, ditches and
other seasonal water bodies with low cost Eaputs at low level of management. The fish is
becoming popular in paddv-fish culture sistems sfeo, The main problem of widespreid
culture of B. gemtmans in rice field is the indiscriminate use of insecricides for control of
insect pests.  Pesticides may cause extensive dumage to different vital orgens of fishes
(Gosh and Dhurts 1985} and also cause degradation of aguatic ecosvsiem which gradually
reach disastrous limits and thus become a potential killer of fish population (Mckim er al.
1974}

A good number of literatunc's has been reported on the wxicity of agrochemicals o
varieties of cultivable fishes (Ghosh and Duna 1985, Haque 1989 and Hoque ef al. 1993,
with little information §s wvailable on the wadc effects of malathion to fishes. Since
malathion has become a regular part of pest management in rice ficld, therefore, it is
essential to evaluate the woxic effect of malathion 1w B, gowonors  with a view to
formulate recommendation for the safe use of this pesticide in rce-cum-fish culture
pracrice in Bangladesh.

The smdy was conducted a1 Freshwater Station, Bangladesh Fisheries Besearch
Institure, Mymensingh, during the period during August'98. Twenty six aquaria cach of
0 litre capacity were used for this purpese. Two squaria were kept a5 control, Healthy
rajpunti of three months old were scclimatized 1o the laboratery condition by keeping in
holding tank before bioassay experiment. Initially a few screening tests were performed
o find out rthe momality range of B. gomomorus. The fishes were supplied mixed
plankion food collected with a plankton ner (mesh size, 150 jm.
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Malathion chemically known ss O, O-tdimethy| phosphorodithicare of diethyl
mercaptesuccinate with 7% active  ingredient was collected from local BADC dealer
and tested at 00, 200, 4.0, 50, 60, 70, .00 S0, 100 1200 160 amd 200 ppm
concentrations with three replications. Ten fishes of uniform size (7.6=1.0 cm, 6.321.9g
i were placed to each aquariam at least 24 hour prior to the additon of the pesticide o
water. Relarive toxicity of malathion to rajpunti was determingd by means of standard
Po-h semi-sraric boasay (APHA, 1973 method. Tnatially the observiations were made at
% hourly intervals and after 24 hours, the interval time was 6 hours. The behaviours of
the fish was observed regulacly ar 3 hours inmerval Dead fishes were recorded and
subjected to a binomial formula after Ward and Parrish (1982
LC,= (AR
Where A = Hiphest toxin concentration in which none of che test organisms died.
B = Lowest toxin conceniratdon in which all organisms died.

Hafe level of concentrations were caleulsted wstng the fallowing  formuels,
Cwd8h LC,, x 0.3/8°

Where C = Harmless concentration and 8§ = 24h LC 480 LC,,

Towicity 1o fish depends on 4 number of factors such as species, age and health of
fish, concenriation of chemicals, exposure period and physico-chemical chameterizics of
water, During the period of investigation temperature of water was 28.0 + 0.3 while
dissolved oxygen content varted between 4.3 to 5.5 ppm. The total hardness of the water
was in the range of 108 - 110 ppm and pH was fairly srable (80 4+ 0.3). The physico-
chemical parameters of the water were wirhin the desirable range for fish (Bowd 1979,

Per cent morality of the test fish ar different concentrations are shown in Table 1.
[t can be seen from pahle | thar the morralicy of fish incressed grodually with
concentrations of woxin. Malithion below 5.0 ppm was ineffective to kill any fish within
26 hours. Malathion at 9.0 ppm killed all the B, gomionones in 24 hours, Low rates of
moreality were shserved in B, gosiononss when exposed 1o 6.0 ppm of malathion for mone
than 72 hours. Morality was found 1o incresse ss the dose of the mulathion was
incressed. Total morality within 3 hours (3 LC. ) was observed at 12.00 ppm. Nine
ppm of malathion killed all the fishes in 24 hours whereas diszinen and sumithion
cansed total mormality (24h LC,,) at 6.00 ppm and 5.00 ppm respectively on more or less
same size B. pomaomore: (Hogue @ al. 1993). Lower than 5.0 ppm concencration did not
case any mortality, The safe level of this insecticides was found 1o be 2.06 ppm for B,
gomonotes,  In the same species the safe Jevel 15 163 and 142 ppm for diazinon and
sumithion respectively (Hoque & al. 1993%, Sharuma o of, {1981) repored thar malachion
wirg safe. for Clanas hasrgchus ot 2.72 ppm concentration, whereas it was 1.12 ppm for
Fabeo rokrte of 105 cm size at temperature of 21.0°C (Rahman 1989), These variations
apjreared o be related with the differences in species of fish.

Median lethal dose congentrmtion (LC.,) of malathion were estimared to be 13.83,
9.16, 8.36, 7.07, 7.07, 6.70 and 6.52 ppm for 1, 3, 6, 12, 15, 24 and 48 hours of exposure
respectively (Table 2. The LC, value of malathion for 96h exposure was found w be 56

in:
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ppm for Heempneustes fossiliz (Ghosh and Dures 1983}, 4 ppm for Chama pusciatis
(Dubale and $hah 1979) and 0.35 ppm for . rerfasus (Choudheri of ol 1984 which are air
breathing fishes, LC., value of malathion for some non-gicbreathing fishes like futheads,
blue gills, gold fish and guppies was 23.0, 0.0, 0,045 and 0.84 ppm (Pickering er af. [%62).
LUy, doces for 48h in Tilapia mossambrca was reported to be 5.54 ppm (Sailatha o of, 19813,
The 24h LGy, for B, sco was 4.0 ppm and B, dewicowne was 6.0 ppm (Singh and Sahai
1954,

Tablel. Cumulative pesceniage murtality of mipuni to maladion ag differsnt conosn rarions

Doses 1h 3h tih 12h [Eh 24h 4Eh 7Ih Bl

[ppm]

.i-5.0 L1 0 0 1] 0 0 ] Q i
&l (] 0 i L 10 10 10 ] 10
7. i 1 1] L0 i an a0 ) £l
k.0 i} L ] 50 i i) 70 70 70
5.5 il L a0 L] 1] o 100 L] 10
5.0 1] 40 Bl L] on 100 100 10} 100
10,4 1l R 100 10} LoD 100 100 100 104
12.0 ] 104 L0 1040 L 100 L 100 100
16.0-200 100 100 L0y 101 100 10n 100 100 100

Table 2. Values of LC, of malathion af varying ueme intervals

H A B LC,
1 L2.0 160 13,85
3 7.0 12,0 ER L
f 7.0 10.0 B.3n
12 30 10,0 a7
18 50 O r.ov

24 50 0.0 G.70

48 2.0 8.5 6.52

H= Time passed during the experiment (in howr)

A= Highesl lexio concenerattan (ppm ) in which nene ol test arganizoms died

B= Lowest wadn conecotration (ppmy in which all test erpamisms died

Ly, = Calonlated medisn leihi] concentrasion ippm) of mrliibicn agains
rajpuedl cilalated from Bnomisl e LG = (ABY of Ward snd Parmah 15823

After application of malathion in the squarium the fish exhibited various signs of
distress, At high concentrations an initial period of excitation was noted. Fish swam
rapidly and opercular rate increased. A severe reaction invelved in fin extension and
remporary body curvature. Similar resction was observed by Hogue ar of, (1993, Most
of the fish came 1o the surface water showing sign of suffocarion with in 10 @ 15
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minutes, Gradually they lose equilibrium, became paralyzed and finally settle down to
the bottom of the aquarivm and remained to game pesition till death. Similar reactions
were also cbserved in tilapia, Oveochromis milonca (Hagque 1989) and in B, gedenors
{Heque e al. 1993),

In aguatic medium the organephosphorus insecticides enter into the blood steeam of
fishes canse rupture of the gill epithelium, hemolyse the red blaod corpuscle and destroys
the nerve impulses by inhibiting the cholinesterase {(FBiren 1967). Thas inhibirion
resuls in the apparent death of the crganisms, The mue of inhibition is related 1o the
degree and duration of exposure
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