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Mauhseer, Tor préstors with 1275, 1214, and 12028 of inidal wesght were fou - | 1o anmin
2 met weight gain of 120 kg, 113 kg, and 114 kg respectively in pond-1 (commercial
leed], pond-2 (farm-made feed), and pond-3 [farme-made fesd), respectively againae 782
wg, 703 kg and 681 kg feed fod. Gross energy comtenis in fish were 135%3 Kealikg,
L2815 Kaalkg and 1266.6 Keoabkg, respectively in pond-1, pond-2, and pond-3 against
36304, 38709 and 3570,5 Koal'kg encrpgy in the food fed, Ouly 945, 10.5% and 13,7% of
the protein, and $.9%, 3.4% and 3.3% of the lipid fed w fsh were converted into muscle
respectively in pond-§, pond-2 and pond-3, It wae oheerved thar the higher the protein
comtent in feed, the lower the rate ol conversion in muscle; the same was also trae for
iapid, Tv o5 suppossd chae food denved wasies comtribute porentially o water qualioy
deterioration and currophication. Lower food cooversion, higher nitrogenous aod
phosphatic concentrations and higher plankton biomass in the ponds are all supportive
10 855 Lhservanien
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Introduction

An effective feeding regime is one of the key factors affecting the goals of 2 fish
production unit. Considersble research on fish nutrition have so far been done buot
information regarding the proportion of supplied feeds thar is actually utilized and
transformed into fish muscie, the proportion lost in one way or other is not adequate or
coanplere. AT the same time, production of wastes from feeds and the role of feed wastes
on pond ecology and prodoctivity are also important considerations,

An effective feeding megime must take into account the composition of feed, its
digestibility, feeding rate and frequency, method of preparation and supplving all of
which affect feed consumption and wtilization (De 5ilva and Davy 1992, Chia er sl 1987,
Das and Ray 198%). Morcover, a fishery manager must be aware of the ecological
implications related o feeding of aquatic animafs, Bven if feeds are sppropriately
formulated snd fed, the smount of feeds thar iz actoally utilized and retsined in fish
body is very low, not exceeding around 40% of the ingested feeds (Bergheim and Bratren
2000). The remaining portions are lost In the environment us waste, fish fecal marters,
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cxcretpty products et and increpsing feed Josses are associated with higher FOR values
(Das and Ray 1989 roselting oot only in poor pesduction but alse ewlogical
vimiplications, Leaching of nutrients from feed contrbutes further 1o incremse FUR
vl

Waste management in aguweculture has been difficult for & oumber of rescons
Prediction of feed intake and optimum feeding level, collection of wastes sod mpd
dispersion of wastes into surreunding water are all complicated to s considerable extent.
Therefore; feed waste contributes a relatively large proportion of ol weste outpat in
many dqudculiure operations (Che er &f 19940, In recent vesrs, sttentions have begn paid
o redoce feed Josses and productien of wastes from feeds. Improved dier quality and
feeding regimes hove contributed sipnificantly in redocing feed losses and feed derived
wastes., The present study was undertaken o observe the pattern of utilization of feeds
sigpiplied 1o aquacelmre popds of mahseer, Nor paednors

Material: and merhods

Formipiarion and prepamrion of feeds

Fice bran (33%), mostard oil cake (20%), sovbean meal (15%), Bshmeal (3, blood
meal (ET%, whear flour (6%, casein ©2.5% % vitemin and mines] premix (0.253%) and
common sale (1.25%) were used as ingredients for preparing feed B, Feed "C7 was
prepared with only the conventional ingredienss such s rice bran (5084, mustard ol
ciike (20%), sovbean meal (15%) and wheat fodr (15%). All the feeds were supplied as
pediets of 3-4 mm size. Among the three feeds. feed A was an commercial feed, purchased
from SABINCOY feed industry, The other two feeds (feed B and C) were prepared ot the
Leboratory. Feed 'C" was prepared completely from locally available ingredienss. The
ferpds were different in proximate composition as well as i the total epergy conrent.

Froximate analvais of the prepared feeds and experimental [foh

The experimental dicts were analyzed for proximate composition using the methods
described in ADAC (19801 Nirogen Free Extrmce, which was considered -us-soluble
carbohwdrate, was determined by ‘substmcting method' acconding 1w Casiell and Tiews
(19805

Pond preparstion, stocking sad manigement

The selecrad ponds were drained, renovated and cleaned of aquartic vegeration. Lime
(limestone, GaCo,) was then applied by spreading over the bottom a1 the rare of 250
tx/ha. The bottom was then plonghed and Ieft to dry for about a week. Ponds were then
filled with water of & deprh of abowt 1.5 meter and a mere or less same depth was
maintained for the whole experimental period, Cowdung a1 the rate of 100D kg'ha and
iurea zod TP both ar the mace of 25 kp'ha were applied | week prior i stocking, dver-
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wintering fingerlings were stocked in the experimental ponds sz the density of 32 fish
per decimal (40m),

Feeding

Feeds in the form of pellers (3-4 mm) were supplied on a tray once every day
between 09.00 and 10.00 h ar the rate of 6% of the body weight of the fish, The trav was
cleaned every dav before placing the feed an it and any uneaten feed wos cavefully

observed and recorded. Abour 40% of the fishes were sampled fortnightly to adjust the
feed requirernent on the hasis of the weight gained by the fish.

Warer guality criteria

Important nutrients of water such as nitrate mitrogen (MO ML mitrite: netrogen
[NC-NY ammonia nivogen (NH,-NJ and phasphate  phosphorus (PO-FY ware
monitored formightly between 0900 and 10,00 hour on esch sampling day. The
concentrations of the nutrients were used as an index of eutrophication ( Cho s o 19940,

Water sumples were filrered through glass fibre filter paper (Whatman GF/C) and
treaied for nuirient analyses. Clean white PV plastic bottles of 250 ml were used io
collect water samples for nutrient snalyses. Standard methods and procedures wese
foffowed during sample collection and care was taken to aveid comtamination. Nitrst
nitepgen, nitrite nitrogen, and ammonia nitrogen were determined by o HACH wares
analysis kit (DE2000, direct reading spectrophotometer). Phosphate phosphorus was
measured by a specrrophotometer (Milton Roy Spectronic, model 1001 plus) fellowing
the method described by Sticling ( 1983).

FPlankeomn studv

Quantitative estimates of phytoplankion and zooplankeon was taken fortnighily as
an index of the extent of eutrophication resulting from waste feeds, Depth invegrazed
samples of ten liters of water were pussed through plankton net {mesh size 0.04 um} o
et a 50 mi sample. The sample was preserved immediately in small sealed plastic bortle:
with 3% buffered formalin. Plankton were enumerated following the simple method
described by Vollenweider {1983} using s Sedgwick-Rafter cell (5-B celll. The slide was
ichi for 15 minutes 1o allow the plankton w settle and then all plankton cells and colony
torening units were counted using ¢ binocular compound microscope (Swift M-40001 in
W) ragcdom fields from each sumple The plankion density (number of cells per litee of
warer spmple) was estimated using the following formula:

WN=(FXCX oo /L
W here,
N = the nunber ol plinkiom cells ar usits per [fig of criginal water
I' = the number of plankion counted inl 6 fialds
C = the volume of (el concenirare of hc wmple in ml
L = the vadugne ol waler samplein liere
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Lstimation of growdl and feed veilization parameters

The growth and feed wrilization were caloulated in terms of the feed conversion ratio
(FCR), specific growth rate (SGR), protein efficiency mtin (PER), and the gross and net
produstion of the fish per unit arca. For calculntion of FCR, the dry weight of the feed
wis obtained by using a correction for the analyzed moisture content of the diet. The
FCR was caleulaped after Castell and Tiews (19807 s follows:

FCR = Feod fed (dry weight)
Live weleh gain

For calculstion of FCR, the dry weight of the feed was obwained by using a
correction for the analvzed moismre content of the dier. However, for calculation of the
FCR, the amount of feed supplied was raken into account rather than the acrual amount
of feed fed by the fish and (he amount lost in the environment

The SGR is the instantaneous change in weight of fish caleulated as the percentage
increase in body weight per day over any given time interval. The SGR was calculared
after Brown [1957) as fol lows:

SGR (% day) = ﬂi_l""_i:- ZLog W, .00
Whene,

W, = The imitial live body weight {g) a1 time T, {day)

Wy = The linal Hive hody weight (g) ar tiee T (&5

The protein efficiency ratic (PER) was calculared according 1o Steffens (193%) and
Wy and Dong (2001] 25 fisllows:

Protein efficiency ratio (PER) = 100 x (W2 - W11/Dp
Where,
W2 and W1 = final and inbikad wet weight (gl of the [k
Dp = ibry proeein immke (g)

The gross energy content of the diet and fish muscle was calculared according w
Hossain er al (2001} using a Bomb Calorie meter. The gross and net vield of fish for each
treatment was determined by multiplying the average weight of fish by the roral number
and was expressed as production in kg'ha.

Estimation of waste discharge

The estimation of the waste discharge wis done by using the simple equarions given
by Einen er il {1995} as follows:

Waske discharped = nutrient fed - nutrient gain (1]
Where,
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nutrient fed = ravjosn fed () = mutrientin feed (g g * dier) {3
nutrient gain = growl (g = murHent in fAshig gt die (43

Besulrs

The formulation of the experimental feeds and their proximate composition e
shown in Table [ and Table 2 respectively. Feed B was highest in crode protein content
followed by feed A. The highest peoteln content (28.3%) in feed B was atrribured 1o the
profein sources used parmiculasly fishmeal and casein,

Table L. Formulation of the supplemenmry feeds food *B' and feed 'C8

I'."J:mpmi:iq}n ['.-*':J

Bpdicaty Foed ‘A" Feed B
Hlosd mead i7

Musard oil cake | 20
Rice bran iz A0
Fish omcal 5 -
Sovbean meal I3 i3
Wheat flowr (Saca’) ] ES
Casein 25

Salefcommyen sal) 125 -
Premix (Embavic fish premiz} 023 -

Table 2, Biochemicsl compositian of the supplied feeds and experimental fish

e Compusitiog (%) —

Moo Mpisture Crude prosein  Crudeliped  Ash Crude fibre NTE®
Feed Fish Fexd ]-'ﬂh Feed Fish  Feed Fish Fepad Fizh Fead Fieh

1 ILE3  F6e1R XTFE 1B ARS EN | I &9 12 0As ATI2 05%

1 1E T ORI IEH 1243 244 1542 L4l phds AL 3T 06T

3 L . 3 N - 50 1313 307 ILF 0 L23 15T 0eR 3aa: 0 v

Water quality and plankton

Mean values of nitrare, nitrite, amimonia nitrogen and phosphate phosphomus and
the total plankron counts are shown in Table 3. Total number of phytoplaniton vared
berween 1,254 x 10F and 2,253 x 10F {mean = 1,916 = 220 x10*)in pond 1, 1,372 x 10" and
2,139 % 10" {mean =1,80% = 192 x10")in pond 2 and 1,247 x I0%and 2,444 x 10" (mean =
1,945 = 231 x 10°) int pond 3, Total number of zooplankton varied between 24 x 10" and
42 x 10" (mean = 3 = 4% 10" in pond 1, 23 x 10%and 31 x 10'{mean = 29 = 2 x |0 in
pond 2 and 27 x 100 and 38 x 10F (mean = 31 = 2 x 10°)in pond 3
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Table 3, Bange and mesn (4 507 values of warer qualis veRilnia and plankion counts

Pand MElmite Mirrite Armmnia Phospaare Mankron
N, gl gl AMER) (mgl) (Mo ol cellsT)
I ELE B 0.0]-fud 1]-1.4% GAT222 120 x 102255 x 10
LA 040 (U250 I'.'-_l|| 530480 (L :::[I_E: 1856 = 12w [0
2 L.ik-1, 70 Q0150058 iL1l-1.33 11, ali=2 s 1372 = Ip-FH0x 0¥
(LAL=D2OY (002500015  [O45 2066 (131 £0.65) NAGA = 152 % 10%
3 L0157 000E-0.072 AN 05275 1247 5 IP-2444 = 111
(1. 2602 (REES=001) Ads048  (LET=0TH (1945 = 237 % 10%
Lrrowth and feed wriliestion

Results of different growth paramerers of fish - differens treauments & the end of
the experiment are showsn in Tables 4. The net increase by length and weight recorded
were 8.3 cm and 76.7 g in pond 1, §.1 cm and 68.3 g in pond 2, and §.6 cmand 6926 g in
pond 3 respectively. The trend of formightly averaye increase in length and wetghs
showed that the growth rate was more or less rapid at the besinning and ther slowed
down rowards the end of the experiment in all the reatments, The FOR. SGR und PER
values were respectively 5,26, 0,56 and 0.55 in pond 1: 5.28, 0.75 and .58 in pond 2: and
5.43, 0.55 and 0.7% in pond 3,

Table 4 Growrh and Teed ofilization paramerers

Feed fed _ Prodwerion |k Mewn lengih Megn wi LR SR FEE
(zrass Mt paif {Em Ein [gi 5 oy

Feed A 34425 497 .15 L ACH] ThES 526 {5naT -5%3

Feed B R 41,50 En 4. 41 5,28 CLTEET 1578

Feeid W74l dATL.24 6] ARA2 45 nesd 0.7k

Table % shows the mass balance of the amount of different ingredients of feed fed
and the amount cenverted to respected ingredients of fish muscle. Comparitive energy
conrents hetween feeds and fish muscles are wiso shown Onlv 15.33%%, 1636%, and
16.74% of the supplied feeds were converted inte harvestable components respectively in
pond-I, pond-2, and pond-3. Muscle protein of 2.04 kg, 209 kg and 1.99 kg were
obtained against 21.7 kg, 19.9 kg and 14.5 kg protwein supplicd, which, in case of lipid
were (148, 0.29 and 0,31 kg against 5.4, 8.5 and 8.9 kg supplicd 1o the Gsh which means
that only 9.4%, 10.5%, and 13.7% of the pretein and 894, 3.4%. and 3.3% of the lipid fed
10 fish were converted into muscle respectively in posd-l, pond-2, &nd pond-3.
Calculated gross energy contents in fish were 12593 Kealikg, 12815 Keal'kg and 1246.6
Ecalkg by supplying respectively 37304 Kcalkg, 3876.9 Kealkg, and 37705 Kealke.
These values, in addition to those obtained in FCR, PER and SGR clearly indicate very
froag feed utilizaton and conversion.
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Table 5. Estirmated mass balance ol the amount of feed fed and the amoont fsh produceyd

Feed fed Feed & Feed B  TeedD
Total feed fed (kg 78.2 0.3 Foh
Crude prodein bed (kg .7 [9.9 14.5
opticle it ted (kg 5.4 B3 K.
Crade ash fosd fod (ke 124 109 11.7
Crode fibre i ki) B 11,6 {14
NFE fFed (k) 204 19,6 222
Grostenergy (Koallkg) in feed 17304 ARThY AT70S
Feod tevained in fish body
Traal net biomasa (kg 1241 11.% LT
Prateti =48 [Itg':- 2 el ) i.ta
Lipid gain (k) 0,48 2% 0,11
Ash gain (kg) Q.19 k12 L13
Crade fibre gain (kg {1.09 [T 108
WFE mn kgl {108 R 0,07
{arpss energy | Kol kg o dxgh [ 35003 12%1.5 | Hhh G
Dnscussion

It is evidenr thar the pertormance of the fish in all ponds was very poos in terms of
growth and feed atilization. Two majer factors dre supposed 1o be responsible; one, 4
mizjar portion of the supplied feeds might not be aken by fish and, therefore, lost to the
epvitonment and the other, the digestibility of the feeds were poor which resuled in
poor feed wrilization even though the feeds were eaten. Asgard eral (19987 reported thar
losses of feeds to the environment depend wpon o number of factors such as feed
formubation (halance of natrients between that supplied and that required), notriemt
digestibility, feed supplving methods including the ranon sire associated with feed
intake and ioss erc. Io order to maximze feed unlisarion, fish should be fed by methods
thit gllow feeding to satiation, but do not wasie feed.

Considering the ubove-mentioned factors, there were many poscibilities for o major
part of the feeds supplied in the present experiment o be lost in the environment. The
restlts of the nutrient anadvses of water as well a5 thar of plankion study also give logical
support to this point (Palmer 19800 Very high concentration of nitrogenos
(particularly ammonia niteogen) and phosphatic nurrients in water in the present stady
are mest likely to come from decompesition of onearen feeds (Kissil and Lupatsch 1992,
Ackefors snd Enell 1994, Axler oraf 1998), Part of this mey also be contributed by
undigested feeds, focal wasres and excretion products (Bergheim and Braaen 2000). Yery
high teadiag of wastes resalted from fecd loss was alse reported by NCC (190

The lower growth rates might also be associated wirh lower appetite and inefficient
food urilizarion. The causes might be. among others, higher ravion size, poor
digesribility and wastape of feed. Andrews and Srickney (1972), Reddy and Katro (197%),
and Das and Ray ( 1989) observed increasing trends of FOR valoes with increasing ration

7
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size, Ashosh er af (1984) obtained FCR values 1.5, 292, and 4.29 by teeding commin
carp with supplementary feeds at the rate of 2%, 4% and 6% of body weight, De Silva and
Dy (15928 stated rhat digestibility of fish plays an impoctant role in lowering the FCR
value by efficient uniliztlon of food which, in men, depends on daily feeding rare, i
frequency and the tvpe of food vsed (Chiv er sl 987,

The ubtimarte source of wasies In any fish cultare wnit 35 feeds and feeding,
Therefore, coniral and reduction of fish culiure wastes can best be achieved through an
effective nurritional approach focussing on feeds and feeding. Such & nutritional
approach should include four main poines; thess are careful selection of ingredients
based upon digestibility, balanced feed formulation to ensurne maximuom feed utilization,
avoidance of excess nuirients, and an offective and strict feeding regime (Cho 1992 and
Cho eraf 1994),

A further more critical analysis and discussion may be done from the waste
production point of view according to Bovd {1999), From the FCR (the amoung of feed
in kg which results in the production of 1 kg of fish] values shown in Table 4, it may be
concloded thar 4.26, 4.28, and 4,43 kg of waste is generated in the production of 1 kg of
fish each in crearment §; 2, and treatment 3 respectively. But 2 more carefiul analysis of
the retationship berween feed inpur, fish prodection and waste peneration reveals a very
high loading of wastes in aquaculoure ponds. For example, feed A" contained 83.7%% dry
martes and 1 1.83% warer. Fish (o trearment 1, on the other hand, contained 13.82% dry
matter and 76.018% water, Thus in the prodoction of 1 kg of fish with 3.26 kg of feed
(FCR of 5261, 484 kg drv marrer in feed vields only 0,14 kg dry mateer in fish
Therefore, in the production of | kg fish dry matter the dry feeds required is as high as
33.14 kg Thus the dry matter conversion ratio is oniy 33,14 (33,14 kg drv feed, | kg dry
fish). Therefore, the rate of fish o wastes of 11426 based on the wsual method of
estimating feed conversion ravio is an apparent ratio, But the true mto based of diy
matter conversion is 1; 3214 in treatment 1 with feed ‘A", Similacly, in teatment 2 and
treatment 3, the dry matter conversion ratios were 3646 and 22,59 and the ratos of fish
to wastes were 1 3546 and 1: 2159 with feed ‘B and feed “C respectively.
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Early developmental stages of Nandus nandus (Ham.)

M. Das®, M AE. Tarafder and 5. Pal

Treeparsitient of Aguacwlnre, Bangladesh Agricimnal Universiry
Mymensingh X1, Bungladesh

* Carrespnnaling aushor

Absmmact

In order o study the carly developmental stages of Neados naadns an eXpenmann was
coimducted, where eges and milt were phmined from the laboratary eeired N mamdus by
strapping after 13 hoursof 150 mgikg body wetght of cacp PG exirace injection. Then the
g were fermilized in the lnbamory and subsequent developmenial stages were studied.
First cleavage {owo celll, four cell, cight cell, siswen cell and mult cell suges were found
Ml 50, T, 105 and 160 mosures after foilizagion respecrively. Moruls, casly gastruld,
middle gustrula, lawe paserula and wolk plug éages were found 5 B, %, 11 and |3 howrs
after ferrilizntion respectively. Hiuwhing ocourred within 2042 hoiers after fertilization,
and lzevae were measuted A0 mm in dinmeier, After ang kour of bawching mwo
mekophose bands were found ot the candda] region of the Body of the larase, Byes were
fisse observed in 10 hours, pectoral and pebde fin buds gppeared in 22 hours and woll
developed in 38 hours old larvae. Maouth cleft and brain lobes were visible when the
larvae were 34 and 38 hours obd respectvely, Myomerss portialty uppenred in 16 hours,
which were clearly visible in 74 hoirs old larvae. Larvae stactes] wanidenog and scarching
Jor food after 56 bours of barching. The yolk sec wus comploely sbeorbed when the
Tarvue becume 62 s ald,

Fev words: Early developmental stages, N mandis

Inreaduction

Nanduy mandus locally known as ‘Mondoi’, *Meni® o *Veds' isa common freshwaier
small carnivorous fish {Mustafa er & 1980) of Bangladesh. It was commonly found in
natural water bodies of the country. The fish 15 geing to be ravely available and now 2
days is considered to be an endangered or threatened species. The species should be
pritected from being extinct, In view of this the species shotld be studied thoroughly 1o
wike measures for its available in quantities in the natural water bodies of Bangladesh.
In wiew of this, proper domestication technigues should be developed and for this,
hiological data on the species shoubd be as complete as possible.

Embrvonic and tarval stages of a fish are the most delicate past of their lite. Fish
early life stages are especially sensitive 1o stress and some times succumbed o desth an
mass due to the unavailability of sppropriste quality and quantity of larval food
E!-]?EfiH.”_\' a1 the fst fecding Far supecessiul rearing what should be done and whes
should be done is very imponant. Although the species have been studied for collecting
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datn on disease and parasites {Chandra snd Golder 1987, Golder er. al 1987, Giotder and
Chandra 1967), on the food and feeding habits and fecundity {Muszafa ef ol 19501 on
the predatory behaviour and fecundiry (Akiher 1999, Das eor al 2001 and an 1sharalory
rearing of ¥, owmdus from voung to sexusl maturity (Tas and Zzamal 2000), no published
information abeut excly development of the species is avatlable: S0 it was felt necessary
1o stwdy and charsctesize its various stages of embryonic and larval development o
uniderstand the biological clock of the species, identify the early life history stages and m
detect firse feeding rime. These biological informaticen will allow us o take approprise
mieastres in evolving culure rechniques of the species.

Materials und methods

The experiment was conducted from August'®? to August'0l in the lahoratory of the
Deparrment of Agquaculiure Bangladesh Agriculinm] University. Mymensingh, Eight
wlers aquaria each having size of 60 x 33 30cm were wsid toostock the brood fish Lot
nhtaining experimental embeyo and larvee Six whole glass agquariz each having size of 30
< 30 % 1% ¢m were used gs epg incubation chamber and subsequently us larval rearing
rank. Early developmental stages of N manduy were studied ap go 96 haurs sarting from
e fernibizatan.

The wquaria were cleaned properly aod filledd with fresh sap warer for The
experiment. Sixteen cxperimental fsh of N agndus (8 male + 8 female) were ysed from
a previons experiment conducted by Das and Famal (2000% Two fish were reared @0 each
aquarium feeding live prawns [ Macrobruchicm Japrarnel) onee 3 day (10 am} as bas heen
ceporied by Dras and Zumal (2000). Maturity of fish was first percesved by abserving
baciy colonr and efection of eggs and milt by means of gentle pressure on the abdomen &
the femaie and maje respectively. The dark brown colour and even size of the egys alio
confirmed ripening of the cigs. To abtain ferilized cggs si% pairs of mamere fish were
kept in different aguaria at 10 am July 1400, 150 mgkyg of carp PG solution was
administered intramyscularly on the dorsal reglon above the luteral line mst heneath the
st of the dorsal fin ar 3 p.m. Injecred breeders were kept in pairs in cach aguarium. At
& am. of the next morning fshes (2 pales) started spawning. T observe the exact time of
{artilization, male and female fishes of the remaining four pairs were stripped- Chrulated
v were eollected on an enamel plate and milt was collected in a glass capillary tube. A
drop of milt was poiired on the ova, Ova and milt were mixed thoroughly and small
amount of water was added to enhance fertilization and warer hardening of the epps. The
fertilized sy on plate were allowed to remain undisturbed for Fve minuges on 1he top of
the table. The eggs tht ¢ obrained were delicately washed several fimes with ap water
annd finally reansierred in aquaria for ineubation. The fertilized eggs were incubared at
smbient temperature 28-19°C in the aquans. Aeration was given 1o the water of aquariy
to keep the oxvgen concentration 4t high level.

Sample was eoliected (five eges) randomly from the wguaria every 5 10 minutes
{rterval till the completion of morste and then after every one hour interval up o
hatching The lerval sample (five larvael was collected right from hatching up to 56

1~



Early developmental seages of & namduy

Bosies after harching at houely interval for fitst 22 howrs and then every 6 hours, a5 the
development smages dfd nor vary very much. Samples were preserved in 710 percent
ethanol for further studv, Eaely developmental stages were siudied under a
stereomicioscope (Olvmpus SZH IO and an ocular micromerer was used 1o measure the
egs and larvae. Three individuals from each of the samples were examined for
conficmation of developmentol stiges and the timing of development. Tndividuals were
temporarily stuined with methylene blue for clear ohservation and carly stages of A
mandeswers drawn by hand uwsing o Caosera Lucida (Olympus 366311 sering on stercoe
MicTosCopE

Resulis

Present smdy was performed to find out the developmental clock of A mamduy for
garly developmenta] stages, The stapes of rmbryonis und larval development of N
mandus with relarion to the dme pericd after fertilization and hatching respecrively and
charscterstic featnrsy of cach of stuges ure shown o Tables 1 and & and Figs: 1 (A0
ang X (A-J7 First cleavage (owe ceily, four cell, wighn cells sixreen cell and muln cell
stzpes were found 30, 30, 70, 105 and 160 minutes after fertilization respecrively. Mormla,
garly gasrtrula, middle gastrols, late gastouia and volk plog swges were found 3, 8 % 11
and 13 hours afrer fermilization respectively. Starting of heartheat was At found ar che
age of 16 hours, Harching occurred within 2042 hours afier fertilizarion, and larvae were
measured 160 mm in dinmeter. After one oot of hatching twe melanophore bands were
found at the caudal region of the body of the lirvae. Eves were first observed in 10 hours,
pectoral and pelvic fin buds sppeared in 22 hours and well developed in 38 hours old
lurvae.  Mouth cleft and heain lobes were vigible when the larvae swere 34 and 38 hours
oid tespectively. Myomeres partially appeared in 16 hours. which were cleatly visible in
T4 koues ofd lervae. Lanvae stamed wandering and <earching for fond after 36 hours of
harching. The valk sac was completely absorbed when the larvae became 62 hours old.

Tahle |, Embrvonic development of Merdfoy menifns i the Inbomiory

Mz Seage| Pig. | ‘Timegaliee | Tomp | bcam soisl Charscieasiy
M | M | hemilizacion | %0 divmeter
I | [he: mmind [emmi)
Unferiifianed [ ES f e L] | Eags sphenesl, beowsish-pello, demend
E0EN b — | onil sligialy adbesive
Falileed | 1 1.1 i 7 (T Eggn sliphtly odhesive, sphinesl, demeisal
HEEY and Brownish: yelloe
[ ii:13 | (51} itmpaiedine formed ot animal poke
i lasrulenien il ' [[FE[H] [ (L] | ian af [ Cleavazo which wis seaifieed o
| wmall iz of cpwopbsm ab awrsal pole

dlviding hissipdise ino two blassomemes

|

1% |.E Bl L] (R | The socond i visein of che 1wa Skasgamere
| resihied Tour hlagleoenz

i 1B R Li] bl (R A blasizezres frmod

Wl 1.3 1. 4% g L |y ik e

ol I'H b 4 | It | Wlumiple el v visibie
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i Dhasaad
Whirra s VIl 1.1 400 = LY Cap-like  szmclns af  hlastms wis
vizihle of e anital pale whick prifually
incrensed in sieo By LiME
Gsmilanoe | 1% 1.1 ELHI E.] ELY Blasimmomy et mvading the i by
spreacmp ver e yolk iathe foem o3 tnf
Ty
X 1.k REL]] I 1.0Hp Germinal fAme was wishle which pecupy
ghogt Tl of the yalk by biasiode
Mol LL j i 2 Wil Bhsioderm  gnwered 14T of the yolk
Embryi shield was il
Yk plug X1 [ 13048 1% (NI The waik invesien completad Tha hind 484
sagE i ends become differessised
Sureng oo XL | LN [LHLE - 1.0 fhcih il oo head-eed were charly sizible
gt bneas Hezirl was besling
Bl bafoef XV [ 14D 14=2 o) 1 41 Trelating el Beooime mom Vg
hawching and the embrs rujiiEed P ez cyeile

Al hECRiRE

Fig. 1. Embiyonic development of N sanaos in different ime inserval .
(A1 UnBemilized g, 15 mm in dizmeter, jus afer relesse (B3 Fertilized egg, 98 mm i diarveter, pust abier
fertilimtios (C1 Blastediac formatsom, 4.8 mm in dizmetr, 75 nidnutes afver fertibizion (T T celked sbge.
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Early developmenial smpes ol A raraa

0% mmen i dlasigter, U munuves e ferdléntion (5 Four celled mage, 09 many i diameier, 10 minuces after
fernlizmnan (F1 Frghs celled srage, (0% mem ie dogmeter, T manuies after fertilization (L) Siateen ceblid stage.
0 im0 diameier, 105 munues alver ferilizasion CH) Muli celled stags, 0.9 man by dismeres, 175 minutes
alter femilizanon (T4 Moculo scage, L0 mm kn diameter, & hours after ferslimntnn (1 Eardy gastruls, D00 mim
in disneter, 8 howrs afer fertiliznon: (8] Middle gasiule 100 men io didmeter, ? haers ater ferilision;
(L3 Lare gasarals, 100 mom i dismeter, 11 hoies afer feevilizicion (M Yelk plug sioge, [0 mm in diamwtes, 13
hours afier feriiiizaion (N} Organogenesis, 11 mm in diamezer, 18 hours afier ferrilfzcien (O Hewching
siage, L6mm, 192 kours after Erillzaon,

Table 2 Larval development of Maodus nandesin the lnboratory

Srage | Fap | Age WeanTl { hemctensie
S, | Mo | dh | G
1 K 1] 16 | Larver cene elmler mmsparen showing inersal argans The lanne wil avin
shaped, epremash eolorod sk sy

TH EE N [0 | Bendy al the lsvae sellovwish m coloor. Yolk e sl femained stioched 0 the
bedy. Twa sirical mekinpptere hands were apgesnd 88 Ihe cineld fegion.

. | 3L 3 z Bexly of e larvag was mone fromsparent, Heaal and pody latemily compressod
Yulk sie gntially devreassd.

o [2D | & 21 | Twse melmephee: hands s apprared. Move melimopsores appeened dm bead,
ircrasd anil e o the yolk sac One mebinophocs B sppeaned @ brin regom

L3 1E | & | 204 | The wlk see ety redeced, No chainge in melascpieics distnirtion

vl 2F | o | 3k | ik soc redaced. Exar and anog becamie sfighily visiblo Inbaslime W i,

B NEAE T35 | Wertical metneghoe hands were very mnch prominem. Melaophoros s
forming & shmder bl stove he vyve aronnd thr ok sae osdior oo the yodl e

VIH | 2H | 6 | 233 | Yolk sae shighthy decressel Myomeres wers miriolly sasible. Melsophon
comoEnimiim ksl "

i Rl T2 | 240 | The sy Became popmanbad and &ifk i ocooor Exsernal nelenopdins mppezrel
dorsally om hesid hyomeres were paiolly visibie Yaolk sic had hegeme hin

Pl and pevtoral fin-hud appeared

X T1 | 28 | 200 | Promninemi pevioral oncl peivic An-tud appearsil Myvosmerss were sSchiiy vishk

¥l | ALK | 3 300 | The coboas of larvee wore dhamped o wglleawash Black: Mouth el foemed.

%1 3.1 I kS 1 §4 The 2oy WenE it Hoslee nnd Ead hecome dl!l'l"lﬂlhi |1IE.|'|!'¢'|||I'-"!|- Winmh e
recarme more prominenl. Bran jobe wis visibie. Pocwml and pebvig fin fald well
devloped

NI | oM | 4 | 328 | Moanh clett casily disingulshed Operculn food appeared Batin lobe clearly
dlleihed.

Wlw | M | M | 325 | The yolk sac very mrech peduged Myt Sevarme more develupid, The lindy
Teime hete pigmented.

XV | 20 | = | 332 | Pecomal fin bud hocame mone promoenced. Eves were folly pagrmoansd. The aws
tevame well distmguished. The tarvhe saned wandering hore aml (e in seanch
af Fod.

WVl | 2P | 62 | 33+ | Brizn lbe clearly wisibh, The sk ac was complefely absiaed and ihe lirvae
Tadl sraned feeding.

WV | 26 | T8 | 33R | Myomess cleoiy visibi asd counied 18 post-ona] and & pre-anal, Lanas were
hlaciish bmmsparent m colvar.
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Fig. 2 Larval developmental of A semdies in ditferent thme iterval

iA) Harzhting, 16 mm in TL (Just afier basching) (B Ope hoar oid lrvae, 1B mam i T (6 Five houes ol
Livae, L9 mm in TL (1) %% houre ofd lurvee, 28 mm i TL {E} Eight howr old kirvoed 14 mm in TL (F]
Ten haors pdd larvae. 219 mm in TL (07 Fouweer howrs old larme, 225 mm i TL (H) Sieteds hoars ald
Raryae, 258 mm m TL (1) Tawaniy vwn hoars obd larvas, 280 wm in TL ff Twenry elght hoon old laeve, 2982
mm in TL (8 Thlry dour hour old laras, $10 @i in TL) (M) Foeny faur hours old larvee, 3.25 mm oo Ti
[N Pifiy hiurs old lrvas, 328 mom an TL OO0 Fify aiw hoars old srvae, 332 mm in T (P Slaty. vws bours
obd Barvae, 3.9 mem it TL and () Sevenny fous hawrs ald frrroe, 338 oo in TE

DHacussion

Diagnostic bright reddish colour with black strip was observed in the dermusiskin of
male N mandus st the month of April. Female was comparatively dull in colour and
their abdominal region was found swollen up. Genital sperture of female fish was found
protruded. Epps and milt were extruded by pentle pressure on the abdaomen of the female
and male respectively. The mature fish were injected with carp pituitary at the dose of
150 me'kg body weight (Fal, 2000). The fecundity of A meadis viried from 4858 o
153284, In the present study, the colour of unfertibized eges of A mapdus was found
brownish veliow, The findings apree with the findings of Akther (1999) for the same
species, Das and Dz (1999} found veliowish brown eggs in case of Neroprerns
sogoprerys ind the intensity of that coloration was found varied with the variation of the
sources of fish used, The cotour of the egg is the complex result of the species specificity,
mvpe and amount of food and the inhabiting environment.
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Early developmenial stages of & maeds

Average dismeter of unfertilized eggs of N merdos was 0.6 mm immediarely after
fertilizarion and 0.8 mm aflter water hardening, The two cell stape, four cell stage, cight
cell stage and 16 cell stage was found 31, 30, 70 and 95 minutes after ferilizatdon. The
diamerer of the egigs did not change (Table 13 afier water hardening although so many
physiological and developmental activities were going on, According o BEahman (1975
in case of Aosbws resridioens same series of stages appeared alter 13, 20, 43 and 7
minutes of fertilization respectively, In the present study morala, gastrula and yolk plug
stages were found 5, 811 and 13 hours after ferrdlization. The study revealed tha
hearthear was observed at 16 hours after fertilizagon, Whereas Rahman (1975} observed
the same in 163 hours in case of A, respaipers which sprongly supporns the findings of
this experiment. CGenerally closely related species are also close in their biological clock
{Hoar and Randal, 1988), In N oeodus haiching was observed 1912 hours afier
fertilization, Information is not availuble on this aspect of the species bur several aurhors
(Chakraburty and Murty 1972, Thakur 19807 observed incubation period of fertilized
eggs of some fshes lied berween 18-32 hours,

The length of the newly hawched larvae of A sardps was found o be 1.3 mm.
Rahman (1975 found the length of the fresh hatchling io case of A. resrudipens was 1.9
to 2 mm which was more o less stmilar vo the present study, Frome this soudy i was
fouamil that the pectoral and pelvic fin bud appeared in 22 hours ald larvae, Whereas, in
case of A, resrpdioess fin bads were found io 14 howrs after femilizsion {Rabhman 1%75)
This difference might be due 1o the species variation. Myomeres partially appeared in 16
howrs ald faevae butan 74 hours old larvae myomeres were clearly visible and counted 18
post=anal and 5 presanal. Wheress, Kohinoor er al (1997) found the grester number of
thiry six o forty myomeres at newly harched larvae in case of € pefds of which ten
were pre-anal. In this contest it can be said that the moscle arrangement is strictly own
by the species. Mowth cleft of & sandus had appeared in 34 hours old farvae. The brain
lobe was appeared In 38 hours old larvae in the present experiment. Kohinoor er al
(1997 found mouth clefr in 12 hours old larvae in case of 2 pabaz The larvae started
feeding ar 56 hours afier harching. Barua (1990) found & ferrachos larvae started
feeding on the 4" day. The larvae stared feeding before the completion of volk
absorprion keeping required nurrition in band in case of emergency. The same
phenomena of starting exiecnal feeding keeping a pam of internal food in the yolk sac
wias reported by Das (19950 for Garessius surares larvee. Conservation is of evolutionary
importance for the perpetuation of the species.

In the present experiment it was observed that the yolk sac fully absorbed in 62
howurs old larvae. Rahman (1973} and Kohinoor (1997) reported compleie yolk
absorprion in 144 hours old larvae of A. fesrodioess and 48 hours old @ pabds larvace at
mom femperace, which were not similar to the present study, perhaps  due o the
species variation. The timing of first feeding have eveludonary value and depends on the
availability of namral food and synchronized activities of dependable commumities in
nature. Perhaps those determine the different species to act differently (Nikolsky 1963%

The present experiment provides information on early developmental seages of M
namdis, first feeding time for larval rearing enriching the knowledge of biology and
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scology of the fish, The knowledge will help sustzinable development of culture as well
a5 management echnelory of N, mamdus to protect the species form being extinct.
Developments of culiure a5 well as management technology of M pandus will play a
subsrantial tole in the overall nutrition of rural people of Bangladesh as it had been
plaving for long tme.
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Early developmental stages of two Securor species (Family:
Leiognathidae) collected from the Bak-khali river estuary of

the Bay of Bengal, Bangladesh
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Mbsrract

Enrly developmental stapes of two Securar species, Secusor Sasidfernr (Bloch) (11.5-36.0
e standard lengrh, SL) and Secivor mcenius (Hamilton- Buchanan (14.0-33.0 mm 51)
coltected by ichethvoplankion nei from the Bak-khall river essuary of the Bay of Berpgal,
Cox's Bazar, Rangladesh are deseribed and illusiraied, Afl of the fins with supporting
spines and tays were present in the smallest collected sizes of both spectes, With growrh
of ihe specimens, significant changes in medanophore patterns were found, 5 fsiaiior
L5 simalar e & Fucowdes in having upwand protracizag mouth pas and boedy coloamation,
bt can be distingnished easily by its more clongate body shape (body depth 38474 of
S compared with 46-32% of SL in Secovor ruconins). Both the species accurred round
the year from August 1998 (o July 1999, The surface water temperatuee and salinity
during the swudy period varied from 22.0-32 8 Cand 10-37 ppe respectively.

E.ev wards: Early ontogeny, Bay of Bengal, Sacurar

Inreaducrion

Members of the Timily Leiognathidac are small fGshes (Jones 1983) shoaling,
hacterially bioluminescent and characterized by having silvery, laterally compressed
bodies, highly protrusible jaws and locking median fin spines (Seigel 19820 op of head
with bony ridges and nuchal crest; single dorsal fin with 8 spines and 16 rays, and anal
fin with 3 spines und 14 ravs; first dorsal and anal spines minute, second spines usually
longest; body colour silvery, upper half of the body usually with some dusky patterning
(Haneda and Tsufi 1972). Leiognathids are commenly known as slipmouths,
gilverbellies, dollarfish and ponyfish, which give the bead a horse-like appearance with
extremely protractle mouthparts (Jones [983),

Leiognathids are distributed throughout the coastal waters of the tropical and
subtropical Indo-Pacific, from the Red Sez and the eastern coast of Africa through Indea,
Indonesia, Ausrralia, Japan to the Pacific Islands, as far east as Tahiti and Hawaii (Jones
19857, and conspiture one of the important fisheries of India (Balan 1963), Bangladesh
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(Hussain 1971 Thailand (Euhlmorgen-Hille [968), and parts of the Philippine
Archipelago { Tiews and Ceces-Borja 1965).

The family Leiognathidae is composed of three genera (Lefognarkues, Ciazzs and
Secntor) with ot least 30 nominal species (Scigel 19820, According 1o James (1975}, 17
letngnathid species ocour in the Indian waters, O these, 13 were placed under the genus
Ledognarhus Lacépéde, two under the genus Secwtor Gistel and two under the genus
Lrazzs Rippell.

Mito { 1966) described L. mvnlerus larvae from the Seto Inland Sea, Japan, Kinoshita
{1088) described the larvae of L. mvuisnrs, L. mpochalis and an unnamed species from
Japanese waters, The last one was collected from around Ryukyu Islands, Japan and
supposed to be & arfmere Hague and Ozawa (1995) described early ontogeny of three
lciognathids, fefograrhus mvalais, L. nochalis and L. elongarus from Kagoshima Bay,
Japan. Hussain {19713 reported the occurrence of 4 leiognathids as adults, Lesogmatis
equulus. L. Bindus, Securor rucenius and Cazzs mipurs in commercial catches in the
Bay of Benpal, Bangladesh. Bahman et af (1995} noted some common adult characters of
Letogaarhns breviroseris collected from the marine waters of Bangladesh. There is no
comprehensive sudy om the taxonomy of leisgnathids in the coastal waters of
Bangladesh.

In the present study, the early developmental stages of 5, dnsrdiarorand S miconins
collected from the Bak-khali river estuary of the Bay of Bengal, Cox’s Bazar, Bangladesh
were siedied.

Materials and methods

The specimens used in this study were ¢ollected from the Bak-khali nver estuary of
the Bay of Bengal, Cox’s Bazar, Bangladesh. The samples were collected monthly during
day time at high tide from 3 selected stations from Augusc9s 1o July'99.

A cylindrical-conical type ichthyoplankeon net (General Oceanics, USA) made up of
nylon (500 um in mesh size, 50 cm in diameser, 2.5 m in length} was wsed for collecrion
of fish larvae and early juveniles. For taxonomic study some larger specimens (juveniles)
were taken from lecal sheimp fry collectors,

A circular metallic frame was used at the mouth of the net and a specially designed
plastic pocket was used at the cod-end. The ner was towed on board a mechanized boat
{speedhoat) a1 2 speed of about 2 knots per hour using 20 m rope lengrhs (10 minutes at
each station). A sinker was hanged with the bridle of the net. A General Oceanics digital
fow-meter (Model 2030) was set st the center of the mouth of the ner 1o pet data
necessary for computation of the volume of water filiered. Surfuce water temperature and
salinity were recorded during each sampling by using a Celsius thermometer and a hand
refractometer respectively.

After collection, the samples were immediately preserved in approximazely 5%
buffered formalin in seawater. In the labomtory the fish lorvae were somed out under
magnifying glass and were preserved in 70% ethyl alcohol.
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Early developmencal stages of Secuior spp,

The collected specimens were examined under a stereo-microscope (Olympas,
5ZHI0 Rescarch Steren) and were measured wsing an ocular micrometer. Some
specimens were temporarily stained with methylene blue for clear observation of spines
aned fin rays, For diagnosis and messurement of the specimens Lefs and Traski (1989)
was followed, All of the specimens were measured as standard length (SL).

Results
Securor insidiaror Blach

Idemeifving characiers

Most of the adule characreristics of & fnsidistor were given by Fischer and
Whirehead (1974), James {1973} and Jones {1985). The present specimens were idenrified
by the following characters: dorsal fin with 8 spines and 16 rays, anal fin with 3 spines
and 14 rays, and pelvic fin with one spine and 5 rays; body depth 38—47% of SL in
specimens of 12-36 mm SL, body depth increases with length; mouthparts protracrs
upwards: lower jaw ascends ar an angle of approximately 85-90" when mouth closed:
ventsal profile of body more convex than demal profile,

Larly entogeny

The sizes of the collected specimens weee [1.9-36.0 mm 5L, All the fins with
supporting dpines and mys were developed in the smallest collectest size of 11,9 mm 5L
tFig. 1A} Significant changes occurred in melanephores with the incresse of standard

length (Fig. 1).

Bodv form

Body was moderare 1o deep {38-47% of SL) and strongly compressed laterally, dorsal
profile showing 4 concavity on top of head and is less convex than ventral profile (Fig.
1A-G). Body depth was 3.1-40 tmes of the length of second dorsal sping and 3.86-5.0
times of the length of second nnol spine. Pointed snout, snout length 36-50% of HL
{when mouth protracted); snout length increased with the increase of 5L, Mouth smail,
when protracred forms a tube directed upward {Fig. 1A-G). Lips were broad and thin,
Lateral line was developing in the smallest sized specimens of 11.9 mm 5L (Fig 1A), at
first the line showed a slight concavity, later running slightly less ¢onvex 1o dorsal
profile; extended posterioely almost up to the base of the caudal fin ar the size of 28 mm
to 36 mm SL (Fip. 1F, G). Eves were round and moderate in size {eve diameter, ED 25-
33% of HL). Moderate gut (pre anal length, PAL 39-48% of SL). Lower jaw ascended an
an angle of approximartely 83"-%0" when mouth was closed, in all of the collecred sizes
(Fig. 1A-G).

Teeth
Teeth minute, numerous, arranged in irregular rows, in a villiform band.
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Fig. 1. Early developmental stages of Securos inaidioror: A, 11.9 mm 5L; B, 138 mm 513 C, 161
mm 5L; 13, 12.0 mm SL; E, 21.2 mm 51; F, 280 mm 50.; G, 36.40 mm S1-
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Early developmental srages ol Securor ipg.

Head sproation

Na significant head spination was observed in the collected specimens of 11L.5-36.0
mm SL. One small spine was found on head, immediaely above the eve on its front
horder, Preopercle with an abtuse angle, its lower margio finely serrated in all of the
collected specimens {Fig. LA-G)L

Fin formation

All of the fins with supporting spines and rays were completed in the smmallest
collected size of 119 mm SL specimens. Dorsal and anal spines wesk, compressed.
Second dorsal and anal spine lengths incressed with the increase of SL. Second 1o filth
dorsal spines and, 2nd and 3rd anal spines showed sculpiure along the posterior Mmargin
in all collected specimens (11.9-36.0 mm SLJ, Third and fourth dersal spines and third
angl spine were anteriorly serrated, about 13 of their length from the base

Pigsentation

(ine stellate melanophore appeared along kteral line behind head at the size of 11.9
mirm 5L, the mumber increased gradually with size, coalesced and a heavily pigmented
vertical band was fortmed. Similarly some other bands were formed, the number was ong
at 18 mm 5L, 2 at 21 mm SL, % ar 28 mm 5L and 10 a1 36 mm 31 A fow melanophores
were developed along dorsal fin hase at about 15 mm SL, the number increased with
growth and became heavily pigmented in largest specimens. Scattered melanophores
wese ohserved on brain and nape of the smallest collectsd specimens and hecame heavily
pigmented in the larger specimens. Melanopheres observed on gular region in the
specimens of 220 mm SL. Pigments appeared on preopercle m about 14 mm 5L, the
aumber increased with growth up o 21 mm SL, and later decreased with growth. In
specimens of 218 mm SL no melanophores were ohserved on preopercle. Melanophores
were dlsn observed on abdomen and mid-ventral region of the il Aleng the median
line & series of dot-shaped melanophores was formed from the upper anzle of pectoral
base to the opposite end of the soft dorsal m specimens of =20 mm 5L. rhese
melanophores were started to develop from the size of about 14 mm SL. A black curved
hand of melanaphores was developed from lower margin af eve 1o the posterior angle of
jower jaw, pigmentation increased with the increase of 5L, (Fiz. 1A-G), The upper 173
nartion of the spinous dorsal membrane hetween 2 1o 5 spines were black at all of the
collected specimens {membrane berween 3 1o 8 spines were damaged). Inner side of
pectoral base was black, Black spots were ohserved along the edge of the lower half of the
gill opening from the antenor Base of the pectoral (observed by opening up the opercie
using forceps). Melanophore patches were present dorsally on candal peduncle in I1.2-
36,0 mm SL specimens. Fourteen melanophores, ane at the hasc of each of the anal fin
rays were present at the ventral contour of tail in the specimens of 11.9-21.2 mm 5L.
Melanophores were also present ventrally on the caudal peduncle {1396 mm SL; Fig.
1B-C}, on casdal base and on caudal fin a1 all of the coliected sizes {Fig. 1A-G).
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Secwtor rnconiws Hamilion- Buchanan

Identifying characiers

Fischer and Whitchead (1974), James {19753} and Jones (1985} described the adul
characters of & rucomius The present specimens were ideatified by the following
characters: dersal fin with § spines and 16 rays, anal fin with 3 qpines and 14 rays. snd
pelvic fin with one spine and 5 mays; body depth 46-52% of SL in specimens of 14-33
mm 5L, body depth increases with length; mouth parts protracts upwards: lower jaw
ascended a1 an angle of approximarely 85-90° when mourh was closed; ventral profile of
body more convex than dorsal profile.

Fig. 2. Early developmenial stages of Securor ruconivs. A, 140 mm 515 B, 156 mm SL; G, 1740
man 51 [, 330 mm 5L
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Early develnpmensal steges of Socmnrspp

Eurly oftogeny

Thie skzes of the collected specimens were 14-23 mim SL. All the fins with supporting
sppines and mayve were comploted 1o the smalbese collecred size of 14 mm 51 Significant
chan ges cecureed 1o melanophores with the increase of slasdard lengrh,

Hody ferm

Body deep ($6-52% of 5L in specimens of 14-33 mm 5L and compressed laterally,
dorsal profile rising frem spout with 4 concaviry and is less convex than the ventral
profile. Body depth, BIY was 1.96-3.42 times of the length of 2nd dorsal spine and 1.8
vmes of the lengrh of 2nd anat spine and remained simitar up to the larpest specimen
Pointed soout, sacut length 32.37% of HL (when mowth iz closed), soout fength
decreased with incressed 5L, Mouth small, when protracted forms a tube directed
upwards [Fig, 24-0. Lips were broad and thin, Lateral line ecended to about middle of
the body from behind head ar the sic¢ of 14 mm 5L, at first the hne showed o slight
coneavity, fater foss convex to domal profile, extended posteriocly to the base of caudal
tFig. 2A-T3). Eves were round and large in size (33-37% of HL), Lower jaw ascended a1
an angle of sppresimately 855907 when mouth wes clesed (Fug. 2A-DL

Tecth
Teeth minute, numerows, srranged in irreguber rows, in 4 villiform band,

Head spination

Nosignificant head spination was observed in the eollecred specimens of 1433 mm
EL. Crpe smunll sping projected backward on head, immediarely above the eye on is fronn
Border. Preopercte sath an obisse angle, ws lower margmn Gnely serrated in all of the
collecred specimens of 14-33 mim 50 (Fig. 2A-T)]

Fin formation

All of the fins with supporting spines and rays were completed in the smallest
collected size of 14 mm 5L specimens (Fig. 2A) Dorsal and anal spines weak,
compressed. Second o ffth dorsal spines and, second and rherd anal spines sculprored
along the posterior margin in all of the 14-33 mm 5L specimens. Third snd foarh dorsal
spines and third spal spine were anteriocly serrated, about /3 of their length from the
hase. Candal deeply forked in smallest to the largest sized collecred specimens.

Frgmentation

Some stellare melanophores appeared dorsally [upper and lower side of the laersl
linel from behind the head ar the siee of L4 mm 51, the number increased wrth size,
codlesced and a heavily pigmented vertical band was formed. Similarly some other bands
were formed, the nomber was ofe at 17 mm SL oamd 160 ar 33 mm S A few
melanophores were developed long dorsal fin base ar the size of 14 mm 51, the number
peresed swith growth and became heavily pigmmented in largest specimens. Scanerad
melanophones were observed aon head above brain and nape of the smallest collected
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specimens and became heavily pigmented in the lsrger specimens. Melanaphores
shserved on pular region in specimens. of 2156 mm SL. Melanophores were also
shserved on sbdomen s mid-ventral region of the il Dot-shaped melannphares were
developed from the upper mnple of pestoral base along the median line, thiews
melanoplores were obmerved up o the half of the soft domsal fa length in srmudlest
collected specimens, and up (¢ the posterior most end of the saft dorsal in specimens of
33 tmm SL. A curved band of melanophores was developed from lower margin of the eye
10 the postering asgte of the lower jaw (Fig. 2A-D. The upper L'3 partion aof thie spinos
dorsal membranes betwes 2 1o 5-spines was black in all of the ¢ollected specimens (Fig.
24-T1% Black spors were developed along the edge of the lower hall of the il opening
from (he amedor base of the pectoral {ohserved by opening up the opercle using
foreeps . Melanephores were developed dorsally on caudal peduncle in 15610 33 mm 3L
specimens. Venrral contour of tail bear ahout |4 melanophores, one oo each of the dnal
fin ray base from 14217 mm SL (Fig. 2A-0). Pigments were ilso present seatmlly on the
vanidal peduncle i 14-17 mm SL specimens, on caudal fin base and on can dul fim n-all
af the collected spectmens (Fig 2A-13),

In the present stady, early stages of Secpdor species were found 1o ooour pomnd the
vear during the ssmpling period (August 1998 1o July 19997 with muximum number io
april 1999 (1242 individeals/100m") aod the mintmmm pumber in November |SRE F2.18
dividunds T00m':, During the smdy period the woter tanperature snid sphiniy varied
fmm 220.32.5°C apd 10-37 ppr respoctively. The ocourrencs of warly juveniles
thrmughout the vesr with maximuom shundonce in April (when temperature and suliniry
were 795°C and M ppt respectively) and mintmum  sbundance in November
temperatire and sulinity were 27°C and 28 ppe respectively) reveals that Secifor spp.
iy spawn mound the year fn the coastal witers of Bangladesh and their main spowning
sepsdon (4 during the spring

Crsiussion

The present specimens were confirmed o be under the genus Secpror by hining:
dorsal fin with § spines and 16 rays, anal fin with 3 spines and 14 rays, pebvic fin wath 1
spine and 3 rays; mouath parts protacted upward; lower jaw gscends sn wnmgle of E3-9F
when mouth i clesed: venral profile more convex than domsel profile: and body
sroportions and pigmentation different from other leiognarhids.

|uveniles of & insidisror resemble with those of Sevuror rocen/es ia having upwinst
protracting mouthparts and sbmilar body colourution, but can b distinguished br its
mare elongate body shape than 5 rucoadus, In the present study body depths were found
to be incteased with stndord lesgth, and similar sized specimens of the wwo Securne
species differed | theic body depihis. The body depth of & ingdiarorvure 4l.41,42 and
47% pf ST, ar the size of 13.6, 16, 18 and 36 mm 5L sespectively, On the other hand bady
Aepth of S sucpmmny weee 46, 48, 30 and 32% of SL a the size of 14y 136, 17 and 33 mm
Si. respectively, Simitar phenomena were observed in adulis of Secutarspecies by James



Early developmenml pinpes of Secomrapp.

(1975} and Jones (19E3), Body depth of Secutor species were found to differ between
specimens colluted from different repdons James 1975, Jones 1985, Thenelore, oame
shanld be taken in disnnguizhing diffesenr Securar species i 11 15 dane only on the basis
of hady depth. In & roceniis, second dorsal and anal spioes were more elongare than 5,
fnsfdianor

In the present study the Seceor speciex possessed deep Blotch of melunophores @
the npper ene-thivd pamion of the demsal Ao membrane between 2 1o 5 spines. Tances
9751 repoated simikar Blowch bermween 2 1o 5 ipines 18 S reecasius and berwesn 2 1o 6
spines i & smsidfarer Hal and Raeo (1990) alse fepored black bloich berwesn 2 o 6
spines in X inodizarwhich i oot consisteds with the present study. Tt might be doe to
ihe partial damage of the dorsal fin ar fin membranes in most of the present specimens
Some dnher leiognathids, ep. Lefgaeehay brecinosnTs, L davrs and L apfendenys atso
hesr similar block bloich en darsal fins {James 1975) bus they can be differentiated by
body proportions, mouth shape and ofher melanophores. Among the twe Secuforspecies
meianophores. on preapercles were found in 14-21 mm 5L specimens of X fowidfissor ot
wene absent in & pécomins

In the present siokdy some of the smaller sized specimens of the both speces
pasnessed] wupraoccipital crest without spines dt its degenerating stage and which =
dlready degenernted in the larpest specimens. Kinoshita (1988}, Lets and Trask (1989)
und Hague and Oeawa (19957 described and fipured different head spines during earky
fife history stages of different leingnathid species. They also found depeneration of head
spines in late larval or eacly juvenile stapes, The present specimens were larger than
thowe described by the ahove authors and possibly most of the head spines have been
degeneniled in our specimens,

Dnesing rhe entire study penod fom August 1998 (o July 1999 Secivor species wire
aciurred almost tound the vear with muximum number in April 1999 and 1he omnimam
mumber tn Movember 1998, Water temnperatuee and salimity in Apsil 1999 were found 1o
be 50 and 34 ppt respecrively and i Movember [998 wera 27°C and 28 pp
respectively. The oocourrence of early juveniles throughout the vear with maximum
abundance 1o April and minimom abundance in N ovember indicate that Secufor species
may spawn round the vear in the coasial waters of Bangladesh and their main spawning
season is possihly during the spring. Fujita | 1960} repormed the spawning season of one
leiognathid species, Lefsenariins prchalis, from Eite spring to eatly summer {middie of
Mav o end of Tolvd in Japan. Balan (1963) reported thar Ledogranhns Bimdns in Calicur
coast of India spawns anly once in a vear and s spawning pericd &5 shorer  from
Drecember 10 the end of February), bur James and Badrodeen {8973 reported that 7
hrerirsrrs, another species of the same family, in the Palk Bay and the Gulf of Mannar,
India spawns throughout the vear with ingemse spawning in May/Jone =nd
OctoberMNovember but individual fish spawns two fimes in a vear. Therefore, it seems
that some species of the family Leiognathidee muy spawn round the vear bug some may
not, and it may depend on the local enviconmental condition, However, to confirm the
spawning sedvon of Yeonfor species, it i necessary to <tudy the gonadal development of
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rhe species and survey the early life history stages more intensively, espectally pre-barval
iirrd earky Tarval srages.
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Albmtrac

Ciplrufe experiment of Afncan catfiel ( Clarias gariepimesy and Tho pangss ! Pargasing

hypapehalarmuy
lralas

with indigenous scnging cecfish  (Mercropricueros fassids)  was

comducied b the lakasary. The study was conducted for twi experiments, where =
ararepeos and L fvpoprialemas were gupld separiely with . sousiiis for o duraton od
21dnys with thoee feeding thaatmenes, T Tuhificid worms (T, ) SABINCO feed (T
and me supplemenial feed (T4 [0 experimens 1. thie {nitial lepgph snd weight af 44cm
and 0.60g of (& gemepdaws hecame f.7dem pnd 2.33g when fed Tubificid waorms, TA7em
anid 284 when fod SABINGO feed in the ireatment withiit supplemental feed the faal
length and weight were 3,67cm and 0.31g ar the cnd of 2| days af mol. The final length
amd weighe of &, fresiis reached 435cm and 33g from the inital 33om and (.15g
undet the trearment fed Tobificid worms while those fed SABINGO feed showed 2
length and weight ol 4.37cm and 0,438 resprctively. Howeser, both the initial lenprh and
weight were vediced to ZEHem and 0.2 respectively in the frealmnenl wi Lol
supplemenial feed, In experimen 4, the initiul length snd weight of 4.37cm and 057e of
£ bypapriafinu became 3.57cm and 0,57g when fed Tubificid worms, 482cm and
0,82 when fed SABINCD feed in the wealment withiul supplementil feed the firml
Tength and weight reduced to 3.95cm and 0145 a1 the end of 21 davs of trial. The final
Temgth and weight of £ Sl reached € |0pm and 082g from the indtal 3.25cm and
{130 yrder treatmiens fed Fubificid worms while Those fed SABINCO feed showed the
final lengib and weight of 4.93em and 170 respectivedy. And both the faicial Yength and
weight were reduced 10 3.07cm and 442 respectively in the ireatment without
supplemental feed. No predatory sfies ol i gariepisis and £ Wyvpoprhafass on £
sosxilfs was obsesyed in the experimenis.

Key wards: C gangnines P hypopehatamies, H. fosilis, Feeding, FPredation

fntroduction

To ritigate the shartage of fish, 13 exotic high vielding and fast growing varieties of
fish, which are disease resistant and well adapred 1o the prevailing environmental
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conditions, were introduced o Bangladesh Amoog them veo of the oatfishes—
Manepinns and P obepopchalisnes are peedatom. According to Maollah e /(19955

Fariepines 154 passive predator in pature and O garmeminns had oo predatoey effect an
the fingerling of camp species | Laheo molirzl On the aiher hand, Alam (1998 abiemved
that € gunepines and — surcly Chter changed o Fodvevpibafimud have predatory
effect on Fartwafes posfsaarnrs I, thesefore, seems thar predinory fishes have aoi some
spiecics specificicy and their peedarion kabits depend upon many Derors, vizo sige and
density of prev fshis, extent ol hoanger of predarar species, body shape of the prey,
refative body deprh of the prey in relanon o meuth gap ef the preduror (Heyle and
Koease 1987, Paszakawski and Toann 1904, Dhas or od 1990 ) uagd so oo Do rhig eontest, the
present experiment was condocted e determane fhe culture sudtabilioy of fwo exonie
catfishes, vz £ garepinus and B Apssptbalizmiy with an  indkgenoos catfish - &
fossifis, Thas will wrimately peovide information abour the compatibility of culturiag
thise species with the indsgenous one

Mateniate and methods

The frv of 0 mefepiops used in this experiment were obmined from the fish
artificially bred by using a mixture of 300 TU HOG and 2 g PG extract kg body wt. On
the other hand, & fosaiis oy were produced uwpon treating ihe female nt the rate of
TmgPa 100z body wt of fish, The frv of Fhrpoprbaismus were collectsd from
Banpladesh Fisheries Fesearch Iostitute, Mymensingh, Preys and predotors were
pcclimatized for ten days before starting the experiment

In both the experiments, there were three reatmments (1) anod each of the treatments
had three replications. Fish in T, and T, were fed with Tuhtficid worms and SABINCD
feed {Smarter-1), respecrively and oo supplemental feed was provided in T, Proximate
compositlon of the feed used are presented in Table 1. For each experiment ning aquana
of siwe Plom x 25cm x Mem were ssed with o waeer depth of 13em. In botkh the
experiments, the ratlo of predaror and the peey was mainiained ar 1:2 The fishes were
fed twice o dav at their satation level. They were considered satiated when they stopped
seprching food and assembled nt the corner

Eight fry of £ mrfepimnsof length 4.4 cm weighing 0.6 and sixieen frv of &
dosilis of length 3.3cm weighing 0.25g were used for each replicated trestment in
experiment 1. On the other hand, eight frvof P Aspoprhafomers of lengeth 3.37cm and
weight of 0,537 and sixteen fry of & fossiis of length 3.250m and weight of 0208 were
wsed forench replicated treatment in experiment 2,

The experiments were conducted for a period of 21 deys, Weight ond length of fish
wiere recorded st 7 devs intervals. Mortality if anv was slso recorded 8t that time,

S
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Table 1. Proximate composioon of Tublficd worma® and SABINGL Jeel (Srrter:1)** oo dry
wtighn banig

Elemenits ) Tubificid wartns SABINCL) ferd (Sraner-1)
Cirnde protein (¥ h31.%] i1
Cride lipid (M) 2844 3
Mg %) 793 i
Fibree (%) — 6

*Sonpee) Mallalsend Ahamed (1H89) o Ginprpe: SA RIS Daelt st dlmies

Fesults and discussion

In eperiment 1, the growth in terms of length and weight of € gurepinus was the
highest in weatment T, where the fishes were fed with SARINGCO feed (Stater-1) than
those in T, whees Tubificid worms were fed to the fishes, The growth of the fishes was
found to decrease in trestment T, where ne suppletental feed was provided {Table 21
Similar findings were also reported by Alam (1998); where the highest weighs gain was
abserved in O gariepinos fed with SABINCO feed. 1n the study of Degani & a4 (19897 1t
wis revenled thar feed containing 40% prowein favoured 2o gain the highest groweh in €5
gariepianse Madu and Tenmba (1989} alsa reported hetter growth in angudiians fed
with feed contining 40% crude prowin than those with lower or higher protein
conienes.

Teble 2. Eilects of differvnt feod pn the growth parametsrs and mommiine e ol predaroe [ Clenfis
paripping Gad prev | Meterapacusees fomilis; and the predaton rate ot I garicpiiis

Trenoeents

Paramesios T, T T,
S i 'Lubiicii wisisin) (AL AT feed! | Withuui kel

[nktial lengsh (em)

CTaries grriepi i & 4 14

Fleterapricasics Sl 1A 33 113

Final lengih (e

Clerian gareriai &4 T ER T

Hereropnewsees Fssidly 445 4,37 155t

Crain im Tength rom)

i larins SrTEpinns L3¢ A7 0T

Hereropoosies fsstii | 25 e -5

Taatial weipht {g)

Clariay paricphinem | a0 |

Heterapliorsres fivssifin 0.3 [ 01,25

Final weajsht [i£)

(ErTas SaE eI PR L 1y na

Herdryrmensies fsilis 53¢ 045 Ny

i1



Piedarniy: elfecy al s sotic cunfishes

Crain in weaight (g)

A ey e [ 214 029
Hrterapacsies s s 2% a1 13
Moralicy e { %)

ey garepines il Wil Mil
Hererapiewsies fossilis il M1l 5.0
Predatien raoe 4] N Wil Wil Mil

Wilues in 1he mame row haviog same sugensripl are not significancly different =001

On the pther hand the growth performance of B sl was the best in treatment
I', that received Tubificid worms than those in T, and T, receiving SABINCO feed and
no supplemental feed, respectively (Table 21, Similar finding was observed by Gheyas
(1998} where the growth performance of K. fossilis wis the best when fod with Tubificid
worms. Hagque and Barua (1989} also reported the highest growth and survival of A
fossilis with Tubificid worms, followed by the feed with zooplankron and beef Liver. Ir,
therefore, seems thar diffcrent species have different preference for food. Dunnag the
present siudy (& gariepings was observed to prefer SABINCO feed to Tubificid worms
while the case was reverse for A fosslss.

In experiment 2, the growth o terms of length and weight of B Aypoprbalames was
the highest in weapment T), receiving Tubificid worms. On the other hand the growth of
P. hypoprbalzmus decrensed in T, where fishes were not provided with feed. The
increase in growth with Fubificid worms mighe have resulted due 1o higher content of
provedn io Tubificid worms (about 64%) than SABINCO feed [3994).

Karmarudin er & (1987) also found thar the higher the protein percentage in the feed
the higher the growth rawe of £ swech/ Angerlings. Similar finding wos seported by
Seidel er #f (1980) where Atlanic silversides cultured on anificial diet with less protein
percentage showed poor growth than that of supplied with live brine shrimp nauplit
having more percentage of protein

The growth of & fossilis was the highest ln trestment T, where fishes were
provided with Tehificid worms and decreased in T, where no feed was provided during
the period of the experiment (Table 33, Hague and Barua (1989) also reported the highest
growth and survival of & fossilis fed with Tubificid worms followed by these fed with
gooplankion and beef liver. In another study of BERL (1997 live Tubifex showed the
best performance when fed to A fossilis in werms of growth and survival and live
zooplankien showed the poorer performance than that of Tubificld worms,
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Table 3. Effects of different feed on the growth parsmeters and mormdity e of predscos [P
bypoptbalemastand prey (M. fossilis) and the predation rte of P2 bypaprhalamies

Trearments =

Marameters T T, T

¢ Tubificid worms; [SARINGO feed) (Withow feed]
[micial lemgeh fom)
Pangasiys Sypopibalimmos 4% 437 +.37
Hererpprensics foxsilis 3.25 315 1.5
Final Junglh [ enitl
Pangasius frmpnialams 557 483" 395
Heferepmensies fossiliv 0% .93 3.4
Canin im length dom)
Fengassis fypopihalamis Loz 145" A
Hereropmensres Foxsilie .5 165 -0.1%*
[mirizl weight (g}
Fangasius fyopita b 57 .57 0.57
Hereropmreusics fossifo 020 0. 20 (.30
Final weighe (5]
Pangasivs hypopohalamrs LR 0HE a4
Hereropnensies fssilis .52 0,70 A"
3ain in weight (g}
FPangasvs bypopihalamgs 1,610 025" .23
Heteropreusies Fwsills 162 o5 .16
Moreality rare (%]
FPangasas kypopialamis Mil Nl Wil
Hereropmeusies fossiliy Nil Hil 4.0
Pralaton mate (% kil Hil Mil

WVallues io ine same row havin g Sanss SUesuori i are nst SIFIIﬁCI.ﬂI:h'Ei.HrI.'rEﬂI Loty |

Mefther (O garfepinus nor P hypopthefomns were found o predace on £, fossilis, in
experiment | and 2, respectively. This might be due 1o the size of the prey and the
species specificity of the predator. Merron (1993) alse observed that the predation of £
garfepdaus is velated to the size and abundance of prey. Ahmed er 2l (1991) reponted tha
there 15 ne predatory effect of ) sarepions on Catk carls but they have a little predation
L. roduras fey. On the other hand, Mollah ef &/ {1995} found thar there was no predation
of € garrepinns on Lo rofirs. Ermelin (1981) also observed thar there exits a linear
relationship berween the length of predator and length of prey. Here in this experiment,
perhaps B fowslic s not @ preferred prey for the exotic species used due o irs size or
phility 1o avoid predation. & fossiifis & first swimmeern, has toxic spine and the size of the
prey fish used &5 perhaps larger o be taken by the preditor. However, according to Alam
(1992} 2 surchi has predatoey effect on & gomroneris

The resulis clearly indicate that predutory species do nor predate on all the species,
hecause of their species specificity and predarion also depends on the size of prev. It was
sugpested that O garmepdans und P dypopriafames, can be culoared with £ @iy in 3
warer hody.
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In vitro phagocytic study of blood leucocytes and peritoneal
macrophages of walking catfish Clarias batrachus ( “am.)
against Aeromonas hydrophila and Escherichia colr.
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Departmen of Aquacutisrs, Fanpladesh Agriaelucal Unovemsity, Maymensingh 10, Bangladesh
"Deparmment of Paghalogy, Bangladeh Agriculian] Vinivesury, Mymensingh
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AbArrEcl

In ohservation of 5 wire phageovtic activity against Acronenas fyrdnophile isolae 34k
{a virslent form) and Eschonchis ol {an avizulent bocteria) of neasophil- and
monacyte-like cells of walking caifish Clweay farmcbnos showed  phagocynsis.
Mentrophils snd monocyres phagocytized the avirulent form of bacerial isnlae more
than the vimglent one. Criker dlood leecoovies did nor show phagocytosis Peritorcal
macrophage of the Gl were separated by glycogen clicianon and the macrophages were
being adbered on plastic cover skips far studying their fr vitre phigoeynie sctiviey. Most
af the cells were alive after adherence and showed phagocyresis against the vinudent and
avirilent bacteria, The percent pliagscytosis and phagoevtle index were higher against
the avirulent E ool than the sirulent A. fdropinii

Fory wards: L1 wiire plapgocyiosis, Clames faberelis, Loucocyies, Bactens

Introduction

Like human, fish blood plavs an impoment role in disease resistance because of the
antibodies in the serum and oiher soluble substances like Iysin, o growth and enzyme
inhibitor thar kave protective function and inhibit the growth of micro-organisms by
neutralizing the enzvmes on which the pathogens depend. The phagocytic cells like
neutrophil and monocyte that are present in the circulatlon are being capable of
migration to inflammatery sites via blood. They are avidly phagocytic for a wide variety
of infectious azents like varus, baceeria, yeast ctc. However, bath cells and soluble facwor
of bload plavs an important role in the defense mechanism of fish during the adult and
eatlier stage of infection, A wariery of cells are mvolved in the non-specific defense
mechanism. One of the primary defense mechunism against infecting ageat is the roke of
neutrophils and macrophages as well as monocyte like cells that phagocytize the
microorganisms and kifl them (Mamnur Rashid 1997,

As for the function of lewcocytes, phagooytosis of the foreign material is one of the
most important mechanism which protects the body from infection, There are some
works about phagocytosts of fish leucocytes. Watson o &l (1963) conducted an
cxperimental infection by bacteria in gold fish and found that neutrephils, essinophils
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and macrophages conlaining bacieria were accumulated at the sie of infection. Elles
(1977 ohserved that in pigice, monoeytes and macrophages engulfed colloidal carhan
particles. Hewever in plaice, Ferguson (1978) reported that thrombooyres, rarely
neutrophils and monocyies showed carbon uptake The present study reports  the
phogocnesis of virulent and svirulent bactena by bload leucocytes (monocyvies and
nenteophils) and peritoneal macrophages.

Materials and methods
Exprerimenral Hsh

Chirias farracius of shout 70-80 g body welght were used to observe the activity af
their phagooytic cells. They were avclimatized in aquaris contasning tap water for 7 days
prior to the experiment with acration and feeding a1 alrernative day with SARINOD fish
feed, Seventy percent water was changed evervday. The fish were not fed during the
EXpEr e

Hacrerts

Aeromongs fydrophila 34k, 2 virulent isolate and Fscherichia colf, an avirulem
hacteria, were used. These bacteria were culured on TSA plates ar 25°C for 48 hrs. A
suspension of 50 mg/ml of both the bacteria were prepared tn P8 for using in whole
Blaed anid 10 meiml for using in perteneal macrophage suspension.

Sezining procedire

Eoutine method of staining was performed for staining af Blaod smear on glass slide
and adherent macrophages on cover slip by Wright end Liemsa arain (Chinpbun er of
L I

Teolanon of pertionedl macraphages

Fish were iniected intra-peritoneally with 1.5 mil of 2.5% wiv slycopen ((Hivier &l
1992 in PS. After 3 davs peritoneal macrophage were collected following procedure af
Mamnur Rashid (19971 As much blood was mken out us possible with a syringe with
anticoagulamt from the caudal vein 1o avaid possible contamination of peritoneal
macrophage with red hiood cells. Abdominal region of the fish was disinfected with 70%
ethanol-corten and 5-8 mil of calcium and magnesium free Hanks balanced salt selution
(HESS, Sipma Chemical Co. USA: pH 7.2) was injected inmmaperitoneatly with a 16 gauge
seedle. Afrer 10 min the peritoneal macrophuge were collected after making a small
incision oa Che ventrl position of the abdomen with one ml sterilized pipette in 15 ml
plastic cenrrifuge mibe. The abdomen was rinsed with another 5-E ml of HBSS and
peritonei]l macTophoge SUSPEnNsIOn was callected, Afrer centrifuging the tube at 1500 mpm
fir 1% min the supernatant wis discarded and the petitoneal macrophage was
restspended in minimal. essential médivm with Earle’s salt and L-glutamine (MEM,
GIRCO |sboratories, L'SA) The peritones]l macrophage-MEM  suspension  wis

3
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centrifuged again for avoiding the effect of glveogen and the supersatant wis discarded,
The cell suspension was then passed through 26 gavge needle for several times o release
any possible clot of the cells, Viability of the cells was checked by staining with 0.2%
trypan blue and counting in bacmocyrometer, Almost 100% of the cells were alive oy this
stage, Cell concentration was adinsted to 4.5 % 1 cells/mm’,

Phagocvreals in whole blood culrure

One milliliter of blood was sseptically withdrawn from caudal vein of walking
cotfish with a svringe conteining one drop of wnticosgulont (3.6% sodivm cirrate) as
before. The blocd wos divided into owo allocares of 0.5 ml into two vials. Abour 30l
suzpension (30 mg'ml)of Aeremonss dvdrophils 34k and £ colfwere ddded o cach vial
separately, This mixtare of blood and bacteris were incubated under shaking condition
at 270 for 2 b Seesrs were prepaved from the vipl of blood spd stained with Wrighn
and Criemss stain

FPlagocyrosis in sepamated perfiones) macrophages

The peritoneal macrophape suspension was supplemented with 0.1% feral calf serum
(FCE] i MEM and was sceded on to several stenlized 10 % 18 cm plastic cever slips in
5w plasiic petridish under moist condition snd incubared for 2 h 1o allow sdberence
of the macrophages, The sover shps were then nnsd pently with phosphate buffersd
saline (PBS) to wash out non-adherent cells and abow: 200-300 1l of 0.1% FCS in MEM
was gdded again. Adherence was Checked by micrescopic observation. Abour 20 pl of
ahove prepared A, fedropdds 34k and B cold suspension were then added separately o
gach cover slip on the adherent macrophages, at a dose of 2.6x10° CFUlcover ship.
Cootrol cover slips containing sdherent macrophage: were not incculoted with bacteria
All worics were done in clewn bench “Edge-Gand Hood™ (Baker Company Inc. Germany?,
A1 30 min, 80 min and 20 min post inoculation dme the cover slips were fnsed with
FPBS, dried; smained wath Weight's and Girmsa stmin, Gxed on a gliss slide by mounting
s down surface with Canada balsam (Laba chemie; India) and the upper surface, where
the cells were adhered. were mounted agaim in Canada Salsum uwoder snother cover slip,
Slides were observed under oil immemion lems ar = 1000 magnificarion. The percenst
phagooytosss was caloulated pecerding to the felloaving formils afrer couating ar least
1003 phavocyeic cells either phagooytizing ar oot Mamnnor Bashid 1997

The phagocvtic index wss caleulated by counming ar lesist L00 bactertd that were
phagocyiized by cemain somber of phapecync cells/macrophages and expiessed by the
following formuls (Mamoor Rashid 19977

Total no. of phagocytized bacteria
No.of phagocytic cells phagocytizing bacteriy

Phagooyticindex =

” . Na.of phagocviic cell phagocytiz el
% Phagocytoss = S0 0 PMEOSHICC I phagocytizing bacteria
l'otal ne, of phagocyiiccells counted.

5
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Results
Phagocpiosis fo whole Blood culture

The results of fer wirre phagocytosis of walking catfish leucocytes in whole blood
culture were summatzed in Table 1. Lymphocyvte like and thrombocyte like cells
showed no phagocyvtosis. Neutrophil like and monocyie like cells showed active
phagocytosis (Fig- 1 2 and b). The phagecytic cells engulfed a higher number of the
avirulent bacteria £ cofithan the virulent form A. hydrophids 34k (Fig, 1),

Table |. Phagocyiosis af defferent cells of periphers] blood of © Sarmchas sgainet avirelent £ ook
and virubent A bedropdels Hk

Thognoviesis u..;:‘-llh:.?EE[ﬂiB

Hlood cells

E. ool A hrdephite 1k
Lyvmprhacvere - -
Thromboove - -
INeurophil ++ ¢
Muonocyie 44 -
= " .
: - . -I.‘ o 1
= . i " i'_" . !
- ¥
. '_'_t 8. e
il = w & i
. TR -
i £ ..15 y2 l'-' L » ¥
. 11 o = i Y
= ] L = ¥ ¥
r- . Lo - . '. - & »"
. - & = - - = i
-.-I & 3 - Ll - -'r-Ill - o
- b L] o : e
S m-"“‘_lli - T
" '-' A g ¥
L 'li A | - i
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Fig.l. Photomicrograph of stained hinad smear of whole blood culture with bhacteria showing a
phagocyiosis of monocyte like cell (arvow) apainet A. fvdrpid b, phagocyuosis of nevrophil Tike
cell agminst A, Bvdropdils thromboovee Tlike cell shows no phagocviosis {aerow] ¢, phagocyiosns al
maonocyte fike cell (areow’ against £ ooff & photomicrograph showing peritoneal macroplage of
wulking carfish phagecytizing A. Ardrophdie after 30 min incubarion (arrow), e photemicragesph
showing peritones] macrophage ol walking catfish phagooyviizing & e alter 6 min incubarion
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Phagacyiosis in sepirated peritonenl macraplages

Peritoneal macrophages thut sdhered on cover slips were mostly phagocyiic in
nsture. The phagocytic cells showed weak phapocviosis against the virulemt A.
bvdropifiiia 34k than the svimlent £ coff(Figs. 1 d and ¢). The percent phagocytosis and
phagocytic index of the isoluted peritoneal macrophage against virulent A Svdropfila
isalare mo. 34k and wirvlent B coff s different time of post insculaticn have heen
shown tn Table 2. Both percent phapocytosis and phoeocveic index incrensed with time,
The virulent form (4. Spdrphils 34k showed 31,66 % phagocyrasic at 30 min, 43.53%
at 60 min and 32% ar ) mun; whersas the avirulent form (5 cold showed TP, 20,33%
and 3266 % a1 the shove imes respectively, Simitarly, the phapocveie indices of 4.
drddropfiils 3k were 4.2, 5,13 and 8,43 whereas thar of £ colf were 288, 13.87 and 2335
8t 30 min, 60 min and 90 min post inoculation respectively (Figs, X and 3).

Tabdc 2. Change in percent phapocyiosis and phagooytic index of issiated pertionesl macrophages
by vieme piminsn virulens Arorronas Syoroniie 348 and pvirulent Eschersohi codd bacieri

Time | pist incubution |

Bacicria Marnmeiom

30 min Al emin Hrmin___
i S phingucyviones ERR L 43,33 S2.00
ArmanmsAWme MY prsoerieTndi 130 5.13 843
i R —, T 30,13 9,60
Echaren ol Fhopocytice Index BRA | 3,87 23,54
Bimnrgr —Erphm it ST TR
g, ——— —_— — - | A s W ks [ bt s p
¥ —=

Ayl gl g iy

e

Timw

Hlg B My v 9 phagorpbooss o sl i 10 Bl S T] gl By 0 il P b e ey e | s e o sl W i 0w el e i
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Discussion

In whole blosd culture, lymphacytes, thrombocytes and ervthrocytes did net show
phagocytesis but nentrophil ke and monocvie like cells showed active phagocytosis,
Higher number of avrinient £ coff bacteria were engulled by them than the virulent A
hypdrophils 34k Roberss (1978) mentioned that the monocytes in fishes have been
ohserved to take up foreign particles. Finn and Nielson (1%71) and Mamnpur Fashid eral
(1997} reported migration and phagocytosis of nutrophils and macrophages in hacterinl
inflamation expetiments in rainbow trout and Japanese flounder Peralichehye olivaceus
respectively, Weinreh and Welnreh { 1969 and Warsan er al, (1963} also found those cells
higlily phagoeytie o bacteria. These findings are similar to the lencocytic scrivity found
in this study, Kusuda and Tkeds (1987) found that monecyes and poerrophils are acove
phagocytic cells. They also faund thrombocytes o be weakly phagocytic but lymphocyie
and erythrocvte were not Van-Furth et al (1972 obseeved lymphocytes as being non-
phagoeytic and having no developmental relationship 1o phagoeytac cell Thase reports
agrees with the present result. Phagocytosis by thrmbocytes were not apparent in the
present investigation although many workers found the phagocytic nature of the cell
{Ferguson 1976, Ahmad and Banerjee L984). The thrombocvees may not be shle m
neutralize the extra ceflular product of bacteria which resist phapocvtedis (Plumb 1994,
Phagocytic cells are important in non-specific immunity because of their ghility
engulf and digest foreign material, thus they are important in a varery of bacterial
diseases ( Rlazer 1991). Interaction of peritoneal macrophoge as well as phagecytc cell
with bacterial agents have been studied for A sadmonicide in salmon Oncorlymeiis
mrvikies (Graham of al. 1988, in rainkow trout 8 gairdner (Sakal 1984) and in Atlanric
calmon & safar(Olvier er af 1992), Tt was shown by the present study that the vindent
form of A. Avdrophifs were more pesistant against phagocytosis than the avriulest
hacterin £ cofi This result is supported by the fadings of Mamnur Rashid (1997) In
Japanese flounder Parmiickehys alfvacens The higher phagocytizing rate observed at the
longest incubation time of 90 min werc commonly found (Daly ef @l 1994, Mamnur
Rachid 1997), Phagocytic index and percent phagocytoss were also abserved 1o be
higher in case of avirnlens E colf and with lomger time incubation than in vinalent AL
hydrophila and with shorter time incubation, These results agree with the study of
Mamnur Rashid (1997 and Anisworth and Dexiang {19,

From the results of this study it may be appropriate 5o conchude that the blood
leucocyte plays an important role in primarcy defense mechanism because of their
engulfing nature against foreign particles,
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Monogenean gill parasites of Indian major carps from different
fish farms of Mymensingh, Bangladesh
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Absiracy

All wogether 148 fish host samples of Caber sl Qimling mrigafs, Corfa ol anil
Labew gpowias were opflected from differenn fish farms of Mymensingh. The gl
monogeneans were then dislodged from the gill under disecting micrescops and fxed in
ammonium picrite. Five species of Decodngyres oumnely, Daciplagvrns mrgeit. 1
cheukanos, £ vogerdess, IV drbed and LU balvanensis were recovercd from sampled
fishes Al che parasies were stiudied and redescribed, and reported for the frst e fom
Bangladesh, The present investigation established Canla crefa as 2 new bosg of 2 fedeyr,
Eey words: Monogenecan fuke, Gill parasites, Indian major curps

Intreduction

Monogenea is one of three orders of the class Trematoda is known to infect the
external surfaces of bath freshwater and marne fishes. They vsoally infect gills, skin,
fins, mouth cavity and cause damage of host tissue by their anchors, hooks and sucker
during their feeding and they particularly infect fry and fingerlings in nursery ponds
{ Tripathi 1957). Hoffman (1967) stated that seme dactylogyrids cause grest damage to
gill filaments of camps and goldfizh in hacheries.

Me¢ anention has been paid by the workers 1o study the freshwater monogenezns in
Bangladesh. There is so far only @ published werk on this group of parusite (Mohanta
and Chandra 20040, Thus with o vigw to enrich our knowledge the pretent investigation
was undertaken. During the genern] survey of freshwater menogeneans of Mymensingh
region aurhors investigated Indian major carps Labeo robite, Cirmbing orogals, Cacl
catla andd Labeo gonius; and found them infested with five gill parasitic mondgeans.
They ave therefove, described and reported for the first time from Bangladesh.

Materials and methods

A total of 148 fishes of Indian major carps- 45 samples of Labeo rodiita, 38 samples of
Caela carlz, 38 samples of Ciming mogaly and 27 of Labeo gonius were collected from
different fish farms and nurseries of Mymensingh districr. Live fish were collected from
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BFRI (Bangladesh Fisheries Research Inseitute), Fish Seed Multiplication Farm,
Maskanda and privae fish farms of Shambhugonj, Digarkanda and Mymensingh. Oaly
the Fateo gonius were collected from fish-traders of Shambhugen;.

The collected fishes were carried live 1o the Fish Disease Laboratory by o water
containing hucker. Fishes were then killed by & blow on the head. Both the opercula of
the fish wese cut by a scissors 0 remove the gills and dissected gills were placed in
petridish containing clean water. Gills containing petridish was placed under dissecring
micrescope and ohserved the gill flaments o find out parasite, The live monogencans
were gently rubbed to dislodge from the gill filaments by the help of a beot needie and
forceps. The monogeneans were removed and picked out by using a fine pipete to o
smatll drop of water en a clean slide and covered with clean cover slip. Aftenwards, a
round circle was marked to confine the monopeneans by a marker pen. A small drop of
ammoninm picrate was introduced beneath the cover slip to fix and clean the worm. The
corners of the cover slip were sealed with sialant to prevent it from moving. Preserved
monogenetic trematedes were then studied under microscope and their size, shape and
chitinoid <tructire were noted, Figures of the hard parts of flukes were drawn with the
aid of 2 Camera lucids. Messurements were done with help of Oculomicrometer which
was adiusted with stage micremeter and the microscope. Terminology wsed following
Gussev (1976). Far parasitic infestation ecological verms were used after Margolis o al
{ 19577, All measurements are shown in millimeters unless otherwise stated.

Fesults and discussion

Infestarions

Diring the study period a number of monogenean flukes were recovered from il
filaments of 4 species of major carps. They were five different species under the genus
Ihectyiogyrus. The list of host and their parasites are presented in Table 1.

Table 1, List ol hosts and their parssives recovered

st Parasites
Lafew rofifta |, Dacevingvros lebed Musselius and Gussev, 1976
Larly catle L. D3, kalvanensis Musselivs and Gussev, 1976
2 I3, fbei Musseling and Gussew, 1976
Cirrding romgali 1. 02 porpgali Gussey, 1976
2. 7 chaphames Gassey and Musselios 1976
3. 0 yogendrai Gussey and Musselius, 1976
_i.abeo gowius 1. 12 Febed Musseling pnd Gusser, [9Th

A total of 36 fishes of Labeo rodire were infested our of 45 examined. From the
infested host, 120 monogeneans were collected. The prevalence was B0%, mean intensity
3.33 and abundance 2.67. The minimum prevalence was found in Corls carly was 63.16%,

it
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the mean intensity was 3.96 and the abundance was 2530, where as the highest prevalence
fornd in Crrrbice mmgels was 86.84%, mean intensioy was 309 and abundance 2aK The
prevalence in Lebeo gonfies was found 66.67%, the mean inrensity was .17 and the
abundance was 2.78. Parasitic infestation though was the highest in 0 mrigals mean
intensity and abundance was the highest in L. gonins. The infestation of monogeneans
in different hosts are shown in Table 2.

Tabls 2. Prevalence (%), meen intensity and abundance of reonogeneic tremaisdss recrrded foam
sampled fishes

Mool hiose fisla Wooaf parasiies | Prevalence Mian
Haul Expmined | Infestecd cullecied W intEnmy Akandance
Lrbew rohica a5 I 1 S ERE 247
Carie cavie 4B 4 ] A3 16 1,95 2.5
Girmving masts 3K i3 Ik B5 R ERIL 2R
Labeo gonius 27 ] 73 &5 &T £17 T4
Description of the momopemeans

Dacrpfogeris mrigaly Gussev 1976 (Fig. 1)

Forty seven specimens were collected from gill filaments of £ mrgeals, out of which
five specimens were measured. The flukes are small to moderate in length 0.37-0.51,
widdth s (L0810, 120, Haptor is well demarcated from body,

Anchors have well-developed roots and recurved point. Their total length s 0.037-
0,039 and the inner root 00100004, outer one 0,002-0.003, point is 0,008 and main par
is 0.027-0.032, Drorsal bar has considerably curved backward medial part, saddle shaped,
irs length and widel are 00230028 and 0.006-0000% respectively, Ventrul bar is 5 my
shaped, 1z size s 003300037 x 00050017, Marginal hooks have handle poocly
demarcated from pivol and projected heel of bookler, Their total length is 0.017-0.024,
hooks of 6rh pair are the shortest and those of 4th pair are the lonpest.

The copulatory complex is composed of slightly cuorved tube and accessory pisce.
Tube 15 slender narrowing towards end with bubble like inflated initial part. Toral
length of copulatory complex is 0.02%-0.031, Vaginal armament dextral, it has shape of
curved tube, it is 0012 - 0.0E6 long, its diameter is abowr 0.002.

Femarks: Daciyfogvrus mrigaliwas first repomed by Gussew, 1976 from Cirhing mrieafa
from the water bodies near Lucknow and from a hybrid O orrigals x Labeo rofirs in
Bhavanisagar water reservadir in India.

The present specimens coincide the detail morphology with Dacrplogyrs merzelf
Gussev [1976) and hence has been identified a5 0 magali However, the size of the
present specimens slightly differ from the previously described one. The present one
slightly smaller than the Indian specimens, (which may be due to the peographical or
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ecological effect on the worms in 4 new environment) the present specimens also
coincide o [ moigali Gussev (1978) in morphology of anchors, dorsal and ventrl bar,
and hooks. Present report indicates the availability of this worm in {frriing mrigala, also
in Bangladesh.

£
n
i ? H.F 2
Fig. 1 H.

Fig 1. Hard parts of hapror and coplatory complex of Dacpiagyras mrrigals
A, Diorsal anchor B, Dorsal bar & Ventral bar B, Copulatory complex
E. Vaginat armament H, and H, Marginal hooklets

Dactylogyrus chanhanus Gussey and Musselius 1974 (Fig. 1}

Nineteen specimens of this fluke could be collected from 38 Cierfiing mreafa examined.
Four specimens were measured for description. The flukes are small, body length is 0.36-
0.42 and body width ¢.099-0.100. Eyespot is absent. Anchars with well-developed roots
and greatly straightened (opened). The anchors i3 sabre-like {3 heavy sword with a
curved blade) point. Anchors bear wing and removed from the basal part to the point.
Their toral length s 0.044 -0.049, length of main part is 0.040-0.041, inner root 15 (L009-
{0.012, ourer root is (L004-0.005. Only one dorsal bas almost steaight, with mass widened
lateral ends and a linle widened middle part, its size 00040005 x 0,025-0.026, Hooks
thin, with well demarcated handle and its pivot, with projecting ronnd heel of hooklet.
Their total length are 0.016-0.022.
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The copulatory complex consists of a whe and sccessory piece. Tube is thin, faintly
farrowing towards the ends, spirally curved, has 25 - 3.5 spires, with bubble.like
widened initial part. Accessory piece has a shape of claw-like formation disposed near the
end of tbe. The size of copulatory complex (L021 - U030 % 0,010 - (012, diamerer of
initial part is 0.005 - 0.007. Vaginal rube is strmight in the beginning and a wavy in the
rest part. Bts length is abour 0001 = 0001 3, diameter 15 (0002,

Fig. 2. Hard parts of hapror and copulatory complex of Duenanms charhanis
& Dorsal ancher B, Dorsal bar C. Copulsvory camyplex
L. Vaginal armament H; and H, Marginal hookEers

Remuarks: Gussev and Musselius (1976) firat described this monogenean from the water
bodies in the region of Lucknow from the host Cirrbiag meigals. It was nomed in heoour
of Dr. B. 5 Chashin, Dactyfogrris chawhanps. Simultanecusly it was described from
Calcurta and Bhawanisagar reservoir, and alse fish from Kalvani, West Bengal, Indis.
The present specimens collected from the same hose fishes in Bangladesh coincide the
detail momphology with 0. chawhsnws (Gussey and Musselivs 1976} Present repori
indicares the availability of this worm in Crerfiing mrigads also in Bangladesh,

Dhacrpiogyrus yogendrar Gussev and Musselive 1976 (Fig. 3)

Only 8 specimens were collected from the gill filaments of & mrigals ond 3 of them
were measured. The flukes are relatively small 0.58.0.64 in length, 0.10-0.13 in width.
Eve spat is ahsent
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Anchors have well-developed inner root, small suter roor and small recurved point
Their total length s 0.041-0.048, inner root 15 0010003, outer eoot is (LOD1-0.002, peint
is 0.008-0.009 and the muin part is 0.037-0.041. These is only one dorsal bar, which is
almost straight, with thickened laters] bunz and with wavy anterior and posterior edges;
its size is OL004-0006 % 0027-0.020 and wings ave present in both anchors. The marginal
hoaks have clearly marked handle and its pivor and projected rounded heel of hooklet
The total length of marginal kook is (L024.0.025.

The copulatory complex congigts of 2 rube and an accessory piece. The tube is thin
and spirally curved, with 3.5-4.5 gpires. Ir s almost cylindrical, small and gradually
narrowing towsrds the end. Tube has bubble-like widened initial part and its posterior
edge has a cavity, Diameter of the initial part is 0,006, Tts size is 0.023-0.029 x (00D
0.011. Diameter of first spire i 0.010-0.012. Accessory piece has the shape of mangular
frame, which disposes near end-spice of wbe. The frame has a pitch fork-like appendix
with claw-like ends and joins initial parct of mbe by means of elastic ligament. Yaginal
grmament has shape of tube, struight in the beginning and wavy in the rest part. s
length is D.020-0.021 and diameter is abour 0,000

Fig. 1. Hard paris of kapror and copulatory complex of Dhoodagmins yogenaral |
A, Dol apchor B, Dorsal bar C, Copulatory complex, -
[, Vaginal armament 1, and H; Masginal hooklets ||
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Bemarks: Decrplogrrns yogendrar was fist reported by Gussev and Musseligs. LTy
from gill filaments of Clrrfifes mrigads from the waterbadies near Lockaew. This species
was s reported from Calcutin in © iy and Ladee rodin They also recorded it
from Bhawanisagar reservoir and from fsh farm Foulvany, West Beng=!l, India, I was
oamed [ hooowr of Dr. Yogendrs B Tripathi, an eminent parositofogist of Tndia, The
present specimen was wlso collected from the gill filument of Cirrfing mrgmly ba net
lound in Labeo robies in Mymensingl district. It coincides with the detail morphology
with 2. vogendral Gussev gnd Musselive 1976 Howevor, (he sire of the prresienl wom
differs slightly from the previous forime. Ir i slightly fonges then the Indian specimens.
a5 1t bas been only collected frolm © mmceiy. Ir hes also miner varation in
measurements in the chitinoid elementz of hapro

Dacevlogyrus fabel Musselivs and Gussey 1976 (Fig, 4)

A totai of T8 specimens were tecovered from L rokied, I, gondes und O capls, Wine
specimens were measured for description. The flukes ave small, The lenpih of body is
about 0.38-0.48, maximuwm width is ghoat 0070012 Evespons ane lacking.

Anchors are large, (sinct, wich well-developed moas and recurved point. Anchors
have wings. Their lengrhs is 036-0.038, length of main part s $.027-0.032, bnnes oot is
0.000-0.017, outer rool #0.002-0.007, Length of point s 0.082-0.013, There are rwo bars -
dorsai and venrral (additionsl) one. Dawsal har s without pisterar process, |is size i
(L004-0.006 x 0.021-0.025, Veniral bars |5 withour lareral process, 1o size i G00LD,005 x
0022-0.023, Seven pairs and two types of hooks are present. Morping] hooks with
projecting hieel of hookler and handle, slightly demarcared from 1o pivor Their lenuth
are 0.0 2-0.01 7,

Copulatory complex is composed of 2 tube an accessary piece. The tube is 5- shaped,
stender, with bubble-like inflated initial part. In frong of i1, there is o free Iviog chitinoid
piece, Its lengrh along curve is 0040 - 0.068, Vaginal nibe dextral, it i cvlmder-1ike; end
phate is not chin bur thick, 0.628-0.033 in lengrl.

Remacks: Doceplogyras fabed was fisst reporied by Musséline and Gusssy ( [976) from
Labwen swfiita, L, calbasi) from water bodien |r|_l1:l:|i: remon of Lacknow, ulsa £, b oo
the Rabynni fish farm, West Bengal, India, The present kpedies coincider el the defail
“morphology of £ Fabel Musselius and Gussey 1976 and hence hos been identifisd as I3
fabet. However, the size of the present species differs from the previousdy Jescribed one.
It is slightly larger than the Indian specimens collected from L. redirg. The specimiens
codlected from Girly carls also show cotnparatively larger body nad L'i‘|'l'-I|-'I1E-1'_'.' complex,
However, specimens from Labwes gnriers are comparatively smoller body snd chirinaid
strcturg than the other spa:iniem colfected: from. Lobeo rohits and Catle carle This s
the first ceporr of £ deber r::r:r]'l L. ponius from Bongludesh nnd alsa from o nes hest
el carle. Present investigarion indicates the availahiliov of this worm in J rediita, L.
aoriias wnd ©Caefa cecls in Bangladesh,
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Fig. 4. Hard paces of kapror and copularory complex of Dactplogprus fabed
A Diprsal anchor, B, Dorsal bar O Veniral bar D, Vaginel srmament,
E. Copulatory comples H, and H, Marginal hookles

Dacrpingyrus kalvanensis Musselius and Gussev 1976 (Fig. 5)

Only 3 specimens could be collected from the gill filaments & carfe and they were
measured. The fluke is moderare in size. Its body length is 0.51.0.65 and the greatest
body width is 0.012-0.081. Twa pair of scartered eve granules are present, the anterior
pair is disposed before the rounded pharynx, and the posterior pair is in the front pan of
the pharyny. Among the eve grunules, the posterior pair is larger in size.

Anchors are prominent, large but thin with long inner curved root, They are rarely
protruding outer root. Their main part has @ rypical widening in the place of attachment
of wing, which iz considerable removed from the base part o the point. The poinr is
sharply recurved, almost straight, Total length of anchor is 0.069-0.078, length of main
part is 0.046-0.050, inner root is (L031-0,032, the cuter root not more than 0.003, and the
peint is 0.025-0.026. The only purely connective dorsal bar is small dumb-bell shaped
with round widened lateral termination, Its size is 0.005-0.007 x 0.024-0.023,

Hooks {7 pairs) are small in comparison with anchors, with well-developed widened
handle and with protruding tongue-shaped heel of hookler. Two types of hooks and the
shortest hooks of éth and th pair have o emall pin shaped handle. Hooks are 0.01 300018,
Copulatory complex is composed of a tube and an accessory piece. Tube is very long and
thin narrowing 1o is termination, looped, with bubble.chaped initial part. The size of the
copulatory complex is 0.029-0.037 = 0.039.0.040, diamerer of the initial par is $.008 -
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0011 Accessory piece bas o shape of shield connected with initial part by clastic pivor
Vaginal armament has shape of o thin tube molled up into a clew.

Fig. 5. Hard pars of bapror and copularery complex of Decrelogyms Salranensrs
A Dorsal gnchor B, Dorsal bar C. Copolarory comples,
[ Waginal armament H, and H, Marginal boakleis

Remarks: Decrviomons kahanensss was first reparted by Musselius and Gussev {1976)
from Canfe caels from Kalvani fish farm, Wesr Bengal, India. The present species is very
similar ve J2 Favamersss  Mosselius and Gussev 1976, Except in certain measuremenis
the morphology of anchor, hooks, bars, and copularory complex are also similar. It is
slightly smaller in body gize bur the anchor, inner roor and outer root i3 larger than the
previous specimens. This species is reported for the firse time feom Bangladesh,
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Abmiract

Fo viiey tmactivadon of penacid shoimp larval pathogens, Frbefo hamverd and
spelegodios browvar |, by free chisrne and the influence of orgenié matier on the
bacrericidnd activity of chlorine were assessed. More thon 5 log umit (=99.859%] reduciion
e lurinous bacteria fzom = lop .00 ml sithin the fese 60 sec of exposure w0 froe
chierine at | ppm level was abserved. Chloring was ineffective at <30 ppm levels o
inhibit luminous Koo spp in the presence of 0,1% peprone as inferfering organic agent.
These cesubts revesled that lumineus bacteda are highly :um:piiﬂn 1o chivtine but the
bactercidal aetocty of chlorie s affected by asganic substanice,

Keywords: Fibneopp,  Chladne

[ntenduction

Hatehery production and rezring of penaeid shrimp larvae require good quality
water [ Lavillo-Pitogo er 2l 1990), Water treatment in shomp hatchecies usually consists
of sedimentation and Bltrztion However, in cases where micrebial contaminstion is'a
problem, such physical treatment 15 inodequate and some form of disinfectant i= nesded.
Chlorine is 3 powerful disinfectant that has long been used to conteol microorganisms in
water. Labormtory and field studies demonserated the biocidal effect of chionne on viral
iLeBlanc and Oversiree; 1991 wnd bacterial pathomens (Sako er ol 1988, Pascho er af
1995 of aquaculburs importance. Vibriosis cavsed by luminous Vibrio spp., paricularly
Vilerso Barveid, is 4 problem o shamp harcheey operations globally (Lavilla-Pivogo er ol
1000, Karunasagat «F oFf 19040, Mohoey ar ol 1994, Abeaham o af 19970 The purpoge of
this work wis 1o exurmine the /o vigm ipactivation of penseid shrimp larval pathogens
such as B berverd and U spfendidus bieovar 1 by chlorife and the influence of crpanic
marter on the bacrerseidal scrivity of chlorine under laboratory condition.
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Materials and methods
Test anganivms

Two species of luminons bacreria wiz, Vilbrio barvers SW,, and V. splendidus biovar
1 5%, isolated from penseid shrimp harchary source water (Abraham er 2/ 1997h) wers
used,

Chlormne safoifon

A commercial preparation of sodium hypochlorize containing available chlonne
concentration of 20 mg'ml, as determined by the standard iodomereic miration method
CAPHA/AWEAWEF 1993), was used. This solution was diluted in seswater (salinity 35
ppil, aged for more than 3 moaths and filtered, 1o provide 1-100 ppm free chiorine
(target) concentrarions when mixed with the inoculum.

Interfering subsrance

This was used to test the influence of organic substance on the efficacy of tanget
chlorme levels. Peptone at 0.1% {w/'v), dissolved in aged seawater, was used as interfering
substance, The medivm was adjuseed to pH 7.8 and srerilized ar 121°C for 15 min. Half
strength seawater made from 35 ppt aged seawarer was used ag diluent

Newiralizing solurion

A 001 mol/l sodium thiosulphate solution prepared in half strength-aged seawarer
was the neutralizing solution.

Cudrore medinm and prepamtion of cell suspensions

Complex seawater (CEW) medium, with or without 1.5% agar, containing 75% aged
segwater, 25% distilled water, 0.3% peprone, 00.3% veast extrsct and 0.3% glvoerol was
used for the growth and maintenance of luminous Vil spp, The pH of the medium
was TR0 Cell suspensions of Vobwsvers and 10 splendidr bievar 1 was prepared
separately as described in Abraham er o8 (1997a],

Suscepribilfty of luminons bacreria to free chlorine

These experiments were desipned o reproduce luminous bacterial inactivation, but
not intended to simulate natural environments. Luminous bacterial inactivation was
done in Erlenmeyver flasks containing 100 ml of sterile aged seawater (pH B.0). Sodinm
hypochlorite solution was added to these flasks to get a concentration of 1, § and 10 ppm
of free chlorine separately. The flasks were then inoculated with ¥ barvers SW, andfor
V. splendiduys biovar 1 8%, at 107 — 107 cells'ml levels and incubated ar 3041°C. The
numbers of bacteria in esch flask were determined after 1 min, 30 min and 24 h of
exposure 1o chlorine and 24 h after nevtralization. The effect of neurralizing agent, 0.01
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mol] sodium thiosulphate in half strength seawater, on lominous bacteria was evaluated
by incubating the cells in neurralizing solution for 30 min. The numbers of bacteria
before and after exposure o nentralizing agent were determined.

Enumeration of luminous bacterial counts (LBC) was done by spread plating on
CSW agar and/or by 5 tube most probable number (MPN) technique using C5W beoth,
Before enumeration, the residual chlorine present in one ml each of the samples drawn
from chlorine treated flasks were neutralized by vigorous agitation in sterile % ml of 0.0
mal/l sodium thiosulphare solution (10" dilution). Subsequent ten fold serial dilurions
were mide in sterile half scrength seawarer, All the plates and tubes, afier inecularion,
were incubared ar AE1C for 24-72 h, Aliguots from C5W hroth were streaked on to
CSW agar and incubated for 48 h ar 30+1°C o record MPN value. Bacterial numbers
were recorded as counts/ml All experiments were repeated at least 3 times and the
percentage survival caloulated.

Results and discussion

Adquzculoure is a large consumner of chlorine products. The use of chiorine has been
recommended to eliminate shrimp pathogens in harcheries (Baricodos and Pitogo 1990,
LeBlanc and Cverstreet 1991, Lewis er &£ 1992) and as a disinfectant and sanitary agent
for fish tanks, raceways, utensils, contaminared equipments and effluents ar 200 mp'l
tevel (LeBlanc and Overstreet 1990, Pascho er 2 1995). The resulrs presented in Table |1
showed thar hoth V. frarverd and V splerdidos biovar | reacred in 4 more or less
identical way o the baciericidal effect of chlorine. A reduction of more than ¥ log unit
(=99.%74) from =leg 500/ n] was achieved within the first &0 sec of exposure o free
chlering a1 I ppm level in the absence of any interfering agent, which indicared that
luminous bacteria are highly susceptible 1o free chlorine. At 1 and 5 ppm levels,
Iuminous bacterial populations were completely eliminated and no recovery was possihle
even after neutralization with 001 moll sodium thiosulphate and enrichment in CSW
broth. Similar chlorine effect was reported for luminous bacteria (Baticados and Pitogo
19900, V. anguilfarem and V. ondalif (Sako er af 1988), Renibacrerium salmonimarm
(Pascho er af 1995). The mechanisms of chlorine Inactivation vary smong
microorganisms and are a result of general oxidation of reduced chemical species. The
populations of 0 Aarvesr (log 6.778/ml) and ¥ splendidus biovar 1 (lop 6.873/'ml)
exposed to thiosulphate neutralizer for up to 30 min failed to show any difference from
the respective counts of log 6.781/nl and log 6.872/ml determined before exposure. The
neutralizer was, therefore, assumed to exert no effect on reswlis.
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Tuhle 1. Effect of sodium hypachlorite an the growth [countsiml) of Vibrio farveis snd V.
spigadidie biovar L sbemle seiwaker

Treatrent | Vitrio farverd SW., | V. splendidus biovar | 5%,
Exposure dime

L ppm i ppm | ppm i ppm
Before chloninatiaa 2 M1 44511 e g i 2 Elx1ld
After chlorinstion
| min b0 < |0’ b0 L0 = 1.0
A0 enin < 1.0 = 1Lk =100 < 1.IH
24 b = .0 = | N} e L0 o |GH)
Afer nenralization
1ih = .00 - 140 =1 A0 =140

Results on the interference of organic substancs on the bactericidal activity of free
chloring, as shown in Table 2, revealed thar chlonne is ineffective ot <50 ppm level
imkibir luminous bacteria { V. furvesy and V. spiendidus biovar 1) fn the presence af 00.1%
peprone. No baciericidal effect was seen at L ppm jevel. At 520 ppm levels. the LA
reduced shghtly immediately afier chlorination and then {nereased o = log 8.00 cellsml
in 24 h, Chlorine effect was apparent at 30 ppm level. Chlorination snd exidation
reaction berween amino group and chlosine are most likely responsible for this effect.
These resulis corroberate with the findings of carlier studies (Sae-Uni er af 1987,
Chanratchakool 1995). According to Chanrarchakool (1995), the minimim eifective
concentration of hypochlorite 1o inhibit V) Asrvesd and other Pibmio spp was I-B ppm
and 2-16 ppm af sctive chlorine, respectively. About 16 ppm of sctive ¢hlorine was
tequired for disinfection of water from the shrimp farfy contaiming. > log 40K
organisms’ml. Sae-Cui er al (1987), however, reported that ¥, Amreeyr could e
completely killed by treating with caloum hypochionte at 20-30 ppm., Mevertheless,
Earunasagar ef a4 (1995) using microcosm experiments deraondtrated thyt chlorination
would not kil V. harvers present in sedimenss and, therefore, repopulation of the system
securs immediately after dechlorination, The results of the present in virne study alsa
confirmed that chlorine treatment would nos eliiminste sheimp larval pathogens such &
V. harvers and ¥ splendids biovar Tina system where partculite and suspended
OIEamics are present.
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Tabde L inierference of 0,1% pepone on bacienicidal effect of sediom hypochionie: effect om
luminous hacteria

Trearment ! Looanii /il

Exposurs time Ippm Sppam : 1ippen e ] Slippm [ 1 pre
Vit v s S Wy ]

Hefzre chlornatns Al el i e MR [ B Ml 11V i 7% L Nt
Alyer chilprination |

Imin 3600 sl | Booule 280 LY AL « L[
3 mie el | Tameldr | R alet L3k LB < L = LW
Vo splemades | |

Beinze chicrinzizon 430 1 £ 1L H g
Adier cldorinarion |
Imin 25l Las=in® 450 in® , 150 1P 1010 = 1.IH
30 min £, 3 14 355xl0 +50x00" LR | =l ~ L.
The coants of Vi brrves 5%, and ¥ salnatafus hiowae 1 5W were inczensed after 30 min in 1511 and
20 ppm Jevels. Mo growth of lominoes creria was s2en m 50 and 100 ppm Bevely even afier 24 b

hlenear £ SW, l
! T S0nch” I . 1l Bl 1 T 0®

It is worth mentioning here that sodium hypochlonte was demonstrated ™ be
effective ar relatively high concenirations, =30 ppm, and for longer period of tme for
the control of baculovirus in shrimp maricolmure facilities (Lewis er &0 19920, In shrimp
prow-cur systems, chlorine disinfection is being followed in the reservoirs, although
wirh variable success, o inactivate the causative agent of white spot viral disease and
arher bacterial pathogens. As majoniy of the components of source water of the shnmp
aquacul e systems are particolaie and suspended organics, these components must,
therefore, be tharoughly removed by mechanical filiration or by sedimentation for
effective harchery disinfection protocal
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Diel feeding patterns, rate of gastric evacuation and foods of
Indian sandwhiting, Silfago sibama in Mulki estuary, west
coast of India
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L niveraiy of Agrsculivral Sciences, College of Fishenes, Marhsvanagar, Mangalore 575 00F, Insdia
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Absirace

Itie! feeding chronology of sandwhiting, S0ee sbants was examined from stomach
colleerwons taken dunng the months of April, July snd Diecember'®® in Muolki estuary
along Dhakzshina Kannads coast, India. Significant ditferences in mean stomach content
weight were found beitween severzl consecutve 3 hear pesiods with peak fullness
cocutring in carly morming and evening lours. The maie of gastric evecuacion of namral
food (crustaces, pelychaces end fish) was measured in the field was best described by an
exponential model, with an estimaced evacuztion ime B0 bk at a temperaiure al 245
=127 Swomach content analyss indicated that this species 15 a camivore on a wide
runge of benthic, epibenthic and plankwoaze prey. The peincipal food ems of £ sthams
were crustaceans, polvchactes and fsh. Fishes Iess than 100 mm TL preferred mainly
crusteceans while larger ones depends on polvchactes, crustaceans and fish. The feeding
metivicy of & sheme was influenosd by iidal cycle.

Fer words: Drigl feeding chonelogy, Gastric evacuation, Sillags sihama

Introduction

Fishes belenging vo the family Sillaginidae (Order: Perciforms) commonly known a5
whitingsdady fizsh have a wide diszrbution in the mropical regions. Eight species
belonging ro the family sillaginidae have been reported from India (Mckay 1978, Dun
and Suojatha 1980% OF the eight species, the Indian sandwhiting, Silfsgo sifama is a
highly esteemed table fish in coastal Karnataka locally known as ‘Kane meenn’, This
species has & great potential for maniculmre because of its faster growth rate and high
market price. The possibility of culturing this species has been reported by James ef 2l
{1976} and Dhulkhed and FRamamuorthy (1977]

Alchough the detail food habits of juvenile whitings in estuarine waters have been
ecxamined in several studies (Chacko 1949, Radhakrishnan 1937, Krishnamurthy 1969,
Gowda er &l 1988), there are little information on dietary rhythm of juovenile whitings.
The purpose of the presemt study is to describe the diel cyele of feeding, gastric
evacuation eare and feeding habirs of whirings in the tropical estuarine environment.
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Muaterials and methods
Died feeding patrern

Experiments were conducted in Mulki estusry, during pre-monsodn (April'?9%,
monsoen (July'?¥) and post-mensoon (December'™d) seasons. Sampling were done
during & different 24-h sampling periods at different locations in The esmuary USInE Cist
aet and seine net. Eight to twelve collections were made durmng each 24 b sampling
period, although not all were epcoessfinl in catching juvenile sandwhitngs. Water
teperature was recorded during each sampling,

The sandwhitings were sorted from the catch and their total lengrh and weight were
measured to the nedrest mm and neagest 0.1g respectively after removal of excess water.
The stomach contents were excised and the contents weighed to the nearest 0.01g and
preserved for later analysis. Fullness code between 0 {empty) and 5 (full distended
seomach) wae assigned to each stomach at the time of weighing as a measure of feeding
intensity, In addizion the stomach convents were also expressed as a % of body weight.

Esrimarion of evacuaiion fsaie

Juvenile whitings (size runge: length, 7.5-13.5 cm} were coflected from Mulki
estuary during easly monsoon, Approximately 50 fish were placed in each of four nylon
net hapas [(# 200 pm), 2m x lm x 1 m)] fixed in a nearhy hrackishwater pond. They
were fed on natural feed {polychastes, crustzceans, molluscan and fish meat) for 2-3
weeks before being used in the experiment.

Prior to experiment, fish were starved for a 12 hour peried to ensure empry stomachs
and then fod on natorsl feed for 20 minutes, later fish were transferred to food free
hapas. A random subsample of 16 fish {not more than 4 fish from each hapa) were
sacrificed immediately after feeding and the stomach contents and fish were weighed as
stated earlier and percentage of food recovered was determined. This process wis
continned every 2 hour interval until most of the siomachs sampled were pmpty. Dry
weights were determined by placing the contents in the pre weiphed aluminom pans
into an 80°C oven until they schieved a constant weight.

Linear, cxponential and square root models (Jobling 1981 and 1986) were used 10
describe the depletion of stomach centents with time in the evacuation experiment. The
co-efficient of determination (RY) was used to evaluate the goodness of fit of the models.
The dara were statistically analyzed following One way ANOVA and Duncan Muluple
THHgE [CS1

Qualirarive and guantitative asalysis

Fortnightly samples were collected from Mulki estuary using <ast mets end seine
nets 1o carry out stomach content analysis during April'®9 to March'00. The stomachs
with food contents were routinely examined under a low power sieren dissector
microscope or where necessary, under high power magnification. The occurrence
method (Hynes 1950) was used 1o guantify the diet, the number of stomachs in which
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each food 1vpe occurred was expressed as a % of the total number of stomachs containing
fond,

Results
Lef feeding pattern

The results of the diel feeding scrivity are presenred in Fig. la and 1h. To west for
discontinuity in feeding, the sampling times were grouped into eight swccessive 3 b
imtervals after adjusting for minor differences in day-length betwesn the sampling
perinds, The stomach weight ¢ body weight ratios were found e be significantly differem
(One way ANOVA) over the elght intervals tesved (Fig. la). Similar significanmt
differences were nored among stomach fullness code over the diel periodicity (Fig. 1k,
Feeding indices were generally found o be high during early morning (3,30 - 6.30 h) and
evening (17.30-15.30k) howrs with less percentaee of empry stomachs. Fullness decreased
afrer dawn and dusk hours. The tidal cvcle had impact on its feeding intensicy. The
feeding activity of whirings incressed or decrezsed w77 -g- v tidal flucteation.
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Fig. 1. The relationship between time ac day and {a} the amownt of feod in the somachs of
sandwhiting: expressed as % of wet body weight and (b Rilless code.
Diata are peeans [=5.0) placed ar the mid podnn of esch 3 h faterval, The number of swomachs
cxamined in each me period s given ar the wp of {8) and the percent of empry stomachs at the
top of the (k) * [ -—-——-- indicates tide in Fig. 102)]
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CragIric evacnsiion rare

The mezn wet and dry weight proportions of the initial meals recovered from the
stomachs clearly decreased with time (Fig. 2). Although the linear model gave &
significant fit for both wet and dry relationships, F-test for linearity indicated that a
non-linear funcrion was more appropelate for both relationships. The exponential medel
had the highest coefficients of determination for both wet and div weight relationships
of the three models tested {Table 1. This model also vielded fairly close approsimation
of the initial meal size. These fishes required about 8.0 h o almost completely evacuate
the stomach contents (Fig. 2). The values of the instantanecus rates of evacuation (1) and
the times to various percentages of stomach fullness for the exponential model are given
in Table 2,

[WITIAL MEAL RECOMERED
&
bl

i

oF

o

e _ |
R i E ' 1

ft1®E SIKCE FEEDIME [hl

Fig. 2 Wet weight and dry weight recovered from the stomachs of sandwhitings ot each sampling
inperval,

Tahie 1. Regression coefficlents for the depleton curves obmined using different models

%

Findd a r

Conditlon  Masdel [£E5.0) (=500 R innercept
Limcar B1BT=T7.46 019 =007 {86 BIE7

Wet Exponential 45600431 D007 =0,00] .95 L5 B4
Souare roat 9416 L] DAlB 0,000 {97 HH.66
Linear To0e4 913 MIER=0.038 180 1306

[y Exponential  £613=0837 00060001 sy ({1l
Srpuare roaf (47 =1.5993 D6 =001 1 1193 81.83
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Table 2, The instamaneous rate ol evacuanis | ) and ames (o varimes siages of evacuation for the
cuponcaial model

Food t(h’) Time (h} w % evacuation

Condition t&SE) 500 75 0

Wea (LT (00T ) LRT 3.53 £
Dy £.006 (0.001) |54 3.8% B.41
Composition of the fHod

The resules of the monthly stvmach content analvses s given in Table 3, The most
freguently occurring components in food of S sibana were a wide range of crustacean,
polychactes and fish in the order of their abundance. Polychaetes belonging 1o 5 genera
viz, Celyoens, Diopaiea, Pecrinara, Nerlels and Dendronerieds were recorded. Fish were
not identified owing 1o their advanced swtate of digestion. Semidigested matter
constitnted major pertion of the stomach content. Apart from this sand pamicles and
miscellaneous ivems were also recorded.

Segscnal varfation in food and feeding intensity

Crustacezns were recorded in all the months with peak in June followed by July and
lowest in November. Among crustaceans shrimps and crabs remaining dominared.
Polychastes were recorded in almost all the months with peak during March and lowest
in January. Fish were found to be dominant next to crustacea and polychaetes and
recorded in all the months. Presence of sand particles and miscellaneous items in the
stomachs indicates their botrom feeding narure.

Relationship berween food and fish size

Percentage ocourrence of food tvpes in the diet of 20 mm size groups is shown in
Fig. 3. In the smaller size groups (<100 mm) of S sifama, crustaceans especially
copepads, juvenile shrimps constituted majper  dies, In larger size groups (=100 mm)
crustaceans amd fish were reorded in various propertion in different size groups,
Polychaetes recorded in all the larger size groups and showed increasing rrend with
increase in size. As the size increased the proportion of semidipested matter decreased,
dand panicles and miscellaneous matter were recorded in almost all the size groups in
esser proportions.

LE



TE. Annaprassamy of 4

e

i ol . el ik D - - : . T3y P
w0 ] L] ] a0 2470 Rl ERY 1N aln B4l L Ty NUIOFR]
£l : £ . SE0 EFD S K T R L | SPRIMEIG
| BI'L a1 BE 0y i ANE T S 0 | LR T30 B < | Fon saoaud gy usden oy
N EDD - B0 0 &M S0 FL0 0 w0 0 : BRI
BLT 6 EE  HT 6T grd RIE BT BED WY &IT S5 SH131] SOOSUE RIS [A
T L . B - T T T A 1 ERE O I0Y e 0817 DEF s pusg g
GSF OB LETS RITE oSk 9SS STES LR ESSE IS 906D wEEE D B pAEAgng A
i5E T S T | IE BT BET o ®e0 AT ML SFEL &KE gseg 11
i | I+ S | 106 GPIE GEED LDLL OFW MW EEWL ESE1T OSSR BEED ssaryaijog |1
0 =] FEd HE0 [ T s O . R B 2 £ iH'1 okt D spodadory
kit Lr s 3 ¥ L y . x » e 500 spidrydisiy
E10 050 3 ] - = Y 5 L “qn - ) SpIRARY
ced {WE EMI ¥ @Y Wk BEL STL R SID EREL 019 T FTATE] IR P HIEL
57D < W T RED . - = : - E - o SR
Al ol 21 o R : EX = 504 T R1'E * eI o rarLAdErIRY
o' T £ £t £ TR BE0 Tl (1] it 'k L 13 £ i snavea
¥ e Lt SEl OFE SEE &0 oG EDEL DT§1 M £ ol sueas durpiyg
Gl PI'ST  BRE IWE) E5TL 0 FAL ZFED wLAE @baT ERDE SIVEE MWl BORE BAIEIENAT [
SERELIT e ] oo
35 (T ) 5 i B Ik ik 5 &k (m 15 POy 11 SR 5 O8]
561 Mree  OeLL eQof  aTil @RI OTEL Bl Dezi w8l Tl LN} 0% PRRUTLENE st §9 UM
“fmer wew W W[ aa asN o dag  dwy  w[  un] hEy .y
Ll

s Ry SEUTLA{WPIES J SEIENMNS 301 1] PSRIRAGT 121D J0 S TU3EELP Je BORISues S AIuow g Ijqe]



el feedeng patterns of 5 sibsun

Frmesizoy soqrrenm

UUHIJIJ] 000oan

1000001

u :h
'I:

1'-'=|:!

e —

.."F;E?J

Ll
- .."
E P

Fig. 3. Percentage occorrence of major fond items in the siomachs of 30 mm size groups of &
sifiarnr, {a) Cruestacea (b3 Folvcheetes (¢) Fish  {d) Semidigested matter (2] Sand particles (I}
Miscellanesus maner.

Discussion

The results of the study suggest thar the diel feeding behaviour of juvenile
sancdwhitings 15 wsually charactenized by two main feeding periods. A moming feedimg
period [down) begins before sunrise and on evening period (dusk) around sunset. The
petivity of feeding was positively correlated with tidal cycle with intensive feeding
during high tide, Similacly Gunon and Milward (1985) repormed that the feeding activity
of Sillsgo amalis is limired by the tidal cycle, a factor which may be a form of temporal
pamitioning. Tidal cycle ar the time of feeding probably plays a major role in
determining the availability of prey [ food ftems for fish, Odum (1968} alao observed a
relationship Between the stare of the tde dnd feeding invensity in case of . Mugdf
cepals. Al-daham er &l (1977) also observed a similar diel feeding periodiciny in
catfish, Hereropaeusmus fossdlis from southern Iraq. Thev reported that stomachy of the
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sk contmined food slmost thoughout the 24 h period wirh wo peaks ut | 500 b and
\7.00 b, Brodeur and Pearey {1987) reported that juvenile coho salmon Oocorlymcius
kisurch showed o peak feeding pertods one m the early morning and the other around
dusk. Kim and Kang (1991) reported that the duily feeding sctivity of rock bmur
Agramnss agramimis was moTe intense 41 SENASE a%d sunsel and it decreased in the iaie
moming of goon snd dunag the night

The sxponential model provided The best fir ta dati nbrained in (he expeniment with
whiting ot temperstare of 185+£1.2°C. Although d number of factors including feed
particle size, food quaisty, meal size, and in some Cases predaior size have Deen snown 1o
Affect evacudtion raies, tempersmare appears to be paramount importance (Fonge and
Grove 1979, Durbin of 2/ 1981). Higher emperature can iexd to substannally incressed
svacuation rates (Brett and Higgs 1970, Tyier 1970). Une shorcoming of the cxponential
sodel is that the stomach contents would theoretically begins vo level off when stomachs
are nearly empty, bur fullness never reaches zero. This leads w overestimaie of the
armount of feod remaining in the stomach a1 the later stages of evacuation.

& sihama 13 a camivere feeding on a wide runge of benthic, epibenthic and
plankeonic prey. The principal foods of 5. sfhama ate crustaceans, polychaetes and fish,
Presence of sand particles and miscellaneous food itemns indicates its borrom feeding
nature (Chacko 1949, Radhakeishnan 1957, Krishnamurthy 1969, Gowda er ab 1988}
Large aumber of empry stomachs observed in the monthly samples mayv be due 10
disgorging of stomach contents ac a result of shock sustained at the time of capture |
Fillay 1952, Jayaprakash 1976)

The considerable variation observed in the percentage occurrence ol CTUSIceans,
polychaetes and fish may be related to factors such as seasonal variation in abundance of
food items, its consumption rate, age of the fish and diurnal varation in feeding. Among
crustaceans, shrimps and crabs were dominated in mest of the months. The cccurrence
of amphipods in the stomach indicates the bottom fecding nature of the fish
{Radhakrishnan 1957). Polychaetes dominated over il other items of food in March and
August to [ecember. According to Bhat (1978} and Ramachandoa (1981 the
pelychactes are most abundant in the Metravathi-Gurpur and Mulki estuaries during the
pre-monsoon and post-monsoon months. Preseace of fish in the stomach was also
repored by Radhakrishnan (1957) and ir was not possible to fdentify all of them owing
1o their advanced srae of digestion.

Fishes of less than 100 mm TL seem to prefer crustaceans {juvenibes of shrimps,
czabs and their larvae along with mysids, copepods and amphipods) whereas Hshes larger
than 100 mm TL preferred polychaseres followed by crustaceans [ Pemgeus 570
Merapenacus sp. and crabs), other fishes and miscellangous food items. It is also evident
that irrespective of size both smaller and larger fishes prefer larvae, juveniles and adules
of shrimp which form a favorite food. A similar change in compaosition of the diet with
age of the fish has been reparted by Knshaamurthy {1969, Gunn and Milward (1985}
observed size related dietary shifts in & sihame from predominantly planktonic
crustaceans in fish less than 80 mm TL w0 polychaeres, penacid and brachyuran
crustaceans and molluscs at larger size. Burchmore er al. (1988) repored that the
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observed waristion in the diet were due w fish size and empora] and spatiol babitm
differences within and amoeag the specics
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Hydrography of the Bay of Bengal during south west monsoon
and its significance on oil sardine fishery

E.M. Bantosh*, H.E.V. Reddy and Arun Padivar
Dleparcment of Fishery Oceanographiy, College of Fisheries, Kankanady FOU Mangalor 57002, Indin
*Correrponding author

Absrract

Hydrographic datp colleceed from east coast of Indin doring 19%4 monsoon persod
revealed that these waters are highly charsceertzed by upwelling pectally in the coascel
waters with more intensity in the southern part of the reglon. Howewer, the near surface
salinity srratification conseguent o high fresh warer inflow imio the hay was absent in
the present study. (4l sardines are direcily influenced by hydrographic parameters such
45 salininy and rempessioee aed stracifcanon of these parameters are the majpr resgsoms
for pon-availabilinymegrasion of ol sardine from chis cegion io the eardier vears.
Considering the recent wopographicel change in the et coast coupled with hydrologizal
stability on scrempt has been made in this paper to give rezsonoble justfication to the
reporied homper catches of 9zl sardines from 1994 an wards 1o the east coast ol Tndiz,

Eer wonds: Hydrogmphy, Upwelling, Stranfication, Sardine fishery

Inrraduction

Eardier studies conducted in the shelf waters and adjoining areas of the Bay of
Bengal in the east coast of India revealed that these waters are highly influenced by
changing wind pamern over the Bay and the prevailing current system coupled with
large amount of fresh water discharge in 1o the coastal waters at different points along
the coast. The water guality characteristics of the area have been studied eariier b
Murthy and Varadachari (1968}, Hastenrath and Lamb {1979, Gopalakrishna and Sastry
(IRESY, Rasmal {1989, Sherye or &l (199]) and Survanarayana er af (1992, According o
Bamana { 19857 salinity and temperature appear to play a vital role on the appearance and
disappearance of oil sardine. Considering this aspect and available data on hydrography,
land vuse and nil sardine landings & comparative stody has been made.

Marterial and methods

The data for the present study pertain to the FORV Sagar Sampads criise No, 121 B
from the Bay of Bengal region during 1994 and fish landing daia collected and published
by CMFRI feom 1989 1o 1997, Water samples collecred an all standard depths from the
coastal and off-shore stations up w3 masieum depeh of 300 m aleng rransects 16730,
79300, 18730 and 19°30° M. Temperature, salinity and disselved oxyvgen were obizined



FoNL Sanmosh of o

pod charre: for spatial varston end- verticel dismribvrion of these pammeters werne
prepared. The salient festores of the sy were crinicaliy oxamined with reoenth
febricated strocures in the coastal behs of eaar coast of India and oil sardine lsndings of
gouth east coast of Indiy for g period from 19891997 (CMFRT hinding data)

Besulis

Along 1630 (Fig. 1) wpwelling fearures werme clesrly observed in the upsloping of

isotherms from deeper deprhs 1o shallower coastal region. The near shore gress were
characterized by compamtively lower tempersture, higher salinity and lower oxygen
values. The top 30 m layer o1 off-shore stations was found isothermal. In this area below
100 m depth temperature stratification was dominent and salinity remained more or less
constant Upwelling resulied in higher salinities towerds the cosstline. The upsioping
was noticed from depths up ©o 150 m in the salinity snd oxyvgen feids. Tempemature and
oxyeen vaioes sl sirface showed an incoease towards off-shors stations

Ar 1730 (Fig. I) upsloping of isotherms wes noticed in the shell region @ 4
maximum depth of about 75 m and beiow these depihs isotherms showed downward (i
indicating downwelling A low salinity poot was observed outside the shelf ar 17300 M
and bevond this zone the salinicy showed an increasing trend. The mixed layer found
extending up to 40-50 m depth zone in the off-shore stations (both 16730 and 1730° N,
The presence of higher salinity wager near the coast snd comparatively low oxygen
values near surface layvers were the characteristics of upwelling. Salinity gradient was
ahsent below 100 m deprh. However, surfsce empermiure values were comparatively
high near the ¢oast. .

Along the larirude 18730° (Fig. 3), isotherms showed an upwand tilt towards shallow
cogstal region from a depth of 70 m and below this depth isotherms tilted downward
indicaring downwelling. Temperature values near the coast were comparatively low and
showed an increasing trend towards off-shore region. The top mixed layer tempreranre
was generally high 2r off-shore stations. While in the coastal siations salinity values were
relatively high with low oxyegen coptent.

At latitude 19930 (Fig. 4), isotherms showed an upward tilt rowards the coast with
comparatively fow tempersmure values nesr the coast. Warer with higher salinity
prevailed ar coastal stations, while below 100m depth salinity values remained more or
less uniform, Dissolved oxygen values also were high ar coastal stations.

Upwelling intensity is observed more in the southern sections from the vertical
distribution of {solines. Temperature valuss at surface were lower in the sections ai
16°30° and 19°30N, while generally higher values were observed ar 17°30N. The
temperature (Fig. 5) values near the coast were also low rowards northern latitudes. The
surface distribution (Fig. 6) indicated the presence of high salinity near the coast and it
showed a decreasing trend towards off-shore region, Salinity values near the coast at
surface were comparatively lower in the northern latitudes. Surface oxygen valises {Fig.
7} were relarively low near the coast and showed gradual increase towards offshore
stations af 165307, 1730, and 18"30°'N, While at latirude 19°30°' N oxygen values were high
near the coast and decressed towards offshore station. From the salient features of the

i
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srudy, it was obterved thar the water ‘quality charscreristics did oot shew anv positive

influance of mver ra-off to the bay
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Ground-rruth information were gathered from land use data of east coast of India,
revealed that many dams were commissioned recently which are close 1o rivers Enshna
and Godavary in the east coast, this will creare a blockade to the river discharge,
ultimately 1o the Bay. This may be the possible reason for reduction in river water input
in to the Bay. This in turn affects stratification of salinity and wmperature.

3l sardine carches of southeast coast of Indla for a period of % years, 1.e 1989
1997 (Table 1) showed gradual increase in catch vesr after year when compared 1o
southwest cost carches of India. In 1994 it exceeded Southwest coast catches, The cawch
reported in 1994 in the sourheast coast wis 43,000 tones and in southwest coast wers
3,000 tones. Thereafter tremendous increase in catches were recorded inm the southeast
coast and in the year 1997 highest caich of about 1,11,500 wones was recorded.

Table 1. Ol sardine landings along Indian coasts (10ns)

_Ares 1589 195 192l 1992 1343 1554 199s 100 L7
Soath  ILOO0 J5,000  GA000  JBI00  H000  &3000 A7 Tmooe  LLLS0
-Faza
South  LALOO0  L2L000  LAZ000  6R00C 56,000 3 8000 39000 110000
“ESE

% E-Bay of Bengal & 5 W-Arshian Sea-CMFPRL Published daa)

Driscussion

The mixed layer tempersture was generally high ar all sections, but below the
thermocline layer the temperature profile indicated a decressing trend towards northern
latitudes. Salinity value showed an increasing trend towards the bottom ar all section
and decreased wwards offshore stations,

The general paitern of isotherms indicares upwelling of subsurface warers ro the
shallow coastal region. The remperare profile below the upwelling zone indicared
sinking which is more prominent at 17°30° K and weak at 18°30'N. Upwelling formarion
was best marked by temperature and salinity distribution near the coast. The upsloping
of isolines was noticed from deeper depths in the southern sections than the north. A
relatively less saline water was observed in the off- shore stations ar all sections (167307 1o
19°3¢ N). Below the upwelling band salinity remained more or less consrant,
temperature showed decreasing trend especially towards northern sections. The
downwelling features observed In cemain sections were indicative of sub surface current
prevailing in the area

From the earier reports during the southwest monsoon period peraining 1o June-
Aungust months, it was observed that these waters were under the strong influence of
fresh water discharge. However though refess 1o the beginning of the sourhwest
mensoon season, the water charscteristics did not show any positive influence of river
discharge to the sea in the present study. The newly commissioned dams near Godavari
and Krishna rivers, instesd of discharging into the sea, diverting the fresh water flow
which reduces stratification.

12
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Ganapari and Muorry (1955) reported fall in surface temperature during Apnil-May
and Tulv-Angusr. They arcribured this to the opwelling of waters from the sub surface
layers. Lafond (1954) reported wpwelling in some years during summer months,
Promouaced upwellng in March-April and July-Aupust at Waltmir was noticed, The
wind disrriburion over the Bay of Bengal favors upwelling in the east coast of Tndia
durng sauthwest monsosn period and upwelling driven by local wind alone occurs in
the western houndary region of the Bay (Suryanarayana ef af 1992), Curtler and Swallon
(1984) reported thar the drifis did not show consistent trend in the bay during May-
Seprember, although from September to Janusry the flow was equarorward and from
January 1o Mav it was poleward. The hydrographic featiires in the present smdy clearly
indicate the accurrence of upwelling in the section at 167307 and 18730° N charscterized
by pretence of lew temperarure, high salinity and fow oxygen, There have been reports
of upwelling during this period along the East Coast (Lafond 1957, Murthy and
Varadachari 19637 Sasmal {1989} repored that the isotherms of the subsurface layer
along 19°N associsted with low temperature water in the sourhern sector st 50 m level
indicated upwelling slong the coast. Sanilkumar {199%) observed upsloping of isotherms
towards the cosst off-Visakhapatnam throughout the upper 100 m warer column from
the observations of RV. (avesfiami cruise in June'86 indicaring the extension of
upwelling at least to a depth of 100 m. Shewve er &l (1991) repored signstures of
downwelling below the upwelling band along the western boundary of the Bay of Bengal
indicaring a souchward andercurrent. Similar features were also observed in the present
sy ac 17730 and 18°30° M. Maost of the freshwater influx 1o the bay occurs during the
southwest monsoon, The formation of low selinity plume like struciure in the norchern
lationde observed in the present study is due to the combined effect of upwelled water
and low salinity water in the northern latitudes, A similar structire moving southward
alen was reported by Shetve er al (1991) in their study during the sourthwest monsoon
period. Bur in contrast to their observation, a near surface salinity stranification
consequence of high fresh water inflow in to the bay was not found in the present study,

A far s 0il sardines are concerned, they connor tolecate large floctuations of salinity
and wemperature. According o Mathaniel [(1988) there 1% an oprmum range of
temperamure and saliniry, which coincided with sardine, catch and whenever salininy and
tempersmure recorded above or below the optimum value, lss oil sardine carch was
reported. Hence it is evident that ses water temperature, salinity and other
oceanagraphic paramefers have a sigpnificant bearing on the ol sardine. Maddikery
(19811 ohserved selarively high catches of oil sardine in January and September 1o
November off Gangolli, when surface water temperuture ranged from 2865 w 29.95°C
and surface salinity from 32.54 w 33.57 %o, Bensam (1970) observed high carches of
sardine, when the temperature and salinity fuctusted berween 27-28°C and 34-35%a0.

Usually rhe sieatification in salinity and temperature are more in Bay of Bengal
compared 1o Arablan Sea. This is one of the reasons of non-availability of oil sardines
eaclier from this region. The reduced siratificarion of salinity and temperature in the
Bay of Besgal is due 1o the recent mopographical changes in the east coast region ie.
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mainly because of new dams, This is one of the major reasons for the appearance of eil
sardines in the east coast of India.
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Population dynamics of two jewfishes (Jhonius argeniarus and
Johnieops voglers) in the coastal waters of Bay of Bengal,
Bangladesh
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Abgtracy

Population pammeters of fhopies sngensanrs and Johadenps voglers in coastal waters af
Bay of Bengml. Bangladesh were estimated by using FiSAT programme. The von
Bertalanfiy growth parameters, extreme bengih (cm) and growih constant K (vear ) were
found o be 456.50 ond 0.5% for £ angemieres, and 33,50 and L85 for £ vogfer The Lec
{com) and FF esirrmmies pm'ri.d-nd |.1_l.- Wetkherall ;ﬂul were 4060 and 1791 for S
argenearis, and 31,25 and 2623 for f vegders. The annual rawe of naoral (M} and fshing
mortality (F) were estimared gs 1,02 and 078 for [ segeniares, and 1,56 and 1.28 for £
vepderd. Rate of exploimasion (E} was estimared as 0.41 for 1 argendasas and 0045 for f
vaglorr. Ahaur BO.048% of ) srgerieens were found va be recruited duning peak pulses
{April-Mayl and 19.96% duding lean pulees (Cherober-Movember) and 83.75% 0 vogler?
during peak pulsss (Mey-Tulyl and 14.23% daring lean pulses (Seprember-Cictober). The
preaveh pecformance badex (0°) was 311 for f anpenrares and 1,93 for 0 rogdens The oal
length and body weight relatonship was found w be W = 0.0403 TL™™ for
angenrus and W = 0A%IT TL™* for J. vagdler,

Key words! Population dynamics, fhorivs anrenratvs, fohnienps voglers

Imtroduction

Shonfus argenrarus and Johnieops vogler, locally called “Lal pea’ and "Ken poa’, are
mwo most commenly appearing Scisenid in the codastal warers of Bangladesh. These
species live in school, usually close to muddy of sandv.mud botom and along with 1B
other Perciforms found so far in this region they sccount for abour 12.8% of the voral
demersal fish s1ock in the EEZ of Bangladesh and 66.5% of the demersal fishes found in
the contimental shelf within 20 m depih of warer (Sarker and Rahman 1991). They
inhabir shallow coaseal warers upro 100 m deprls in the Bay of Benpal. These nwo species
pay an imporiant fole in the economy of Bangladesh. Recently salred dehydration of
these fislies are being done o export to the foreign countries,

The fishing pressure is increasing day by day in the coastal waters of Bangladesh
and rhe indiscriminare operarion of Ser Bag Net (SEN) and other detrimental pears in
the Cox™s Bazar region is hampering the pelagic and demersal fish svocks in the region.
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However, information on fishing pressure and sustainable stock position is limited anid
little informarion on population dynamics and starus of exploitation in the coaseal waters
of Bangladesh is available.

Utilizing methods of analysis {FiSAT- The FAD-ICLARM Smock Assessment
Tools) of leogth frequenscy dara, growth parameters (Lo, K] of the von Bertalanfty
equation, insantaneous mortality rates (%, M and F), selection pattern (Lc), recruitment
pattern and length-weight relationship have been estimated for Jhomins argenestis and
Johnicaps vogler. Phi pharm (§) value was calculated to compare &' value of these two
species in this region as well 2% 1o establish 3 guideline of growth performance index.

Materials and methods

The study was conducted from November'?9 to Ocraber'0. Length and weight data
were collecred for present study from commercial carches af the fishermen operating
three types of gears w5z, gill ner, set nag net and long line at Cox's Bazar off Bay of
Bengal, Samplings were done moenthly and all length-frequency data for each month
were pocled and pooled data were entered in compurer through ELEFAN 0 program.
Total length was measured in em from the tip of the snout to the tip of the il for a toml
of 197% specimen for /. argenares and 2400 specimen for [ rogler,

FiSAT as explained in derail by Gayanilo 7 af (19594) was developed mainly for the
dewailed analysis of length frequency data. Length-frequency bused computer programs
ELEFAN 1 and ELEFAN II were used to estimate population parameters. L= and K
values were estimated by ELEFAN T {Pauly and David 1981, Saeger and Gayanilo 1986),
Additional estimate of Le and Z/K value was obmined by ploming L - L' on L
(Wetherall 1986 as modified by Pauly 1986).

The growth performance of . angencaras and . voglers popularion in terms of length
growth was performed based on the 0 index of Pauly and Munro (1984).

f = ]_.ﬂng + ﬂuﬂlnL:H: ------------------ wan ':.I]
The ELEFAN 11 esrimated Z from catch curve based on equation as:
K (Lo - L)
L= e g < 5 S A = (2]
L=L'

where L is the mean length in the sample, computed from L° (upper) and L7 (lower)
limit of the smallest length class used in the computation of L (Beverton and Holt 1936).
The parameter Z of equation 2 estimzted using the routine ELEFAN 11 (Pauly 1983,
Sacger and Gayanilo 1986) which is hased on the methed of catch curve analysis and an
extract solution found using the recursive model, i.¢,;

I (NiK-e B T T e e EN

where dti is the time nesded o grow through class i, o the relative age
correspending to the lower limit of class i, j is an initial value of Z and Ni is the number
of fishes (Pauly 1984). The parameter M was estimated using the empirical relationship
derived by Pauly (1980}, i

L
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Lagl0M = 0.0066-0.279Logl 0o+ 0.6543Logl0+0.463Logl0T ———eaen. (4

where L= is expressed in cm, T{"C) is the mean pnnual environment temperature
(Tere it was taken as 28°C 0. The catimate of F was taken by subtraction of M from Z. An
additional estimate of £ value was obrained by ELEFAN II (Jones and van Zalinge
1981). The exploitation ratio E was then computed from expression:

E= FZ = E{F+M\L

Lengrh-welght relatioaship

Total length in centimeter and total weight in gram were recorded. The relationship
berween length-weight was calculated by a computer program followed after Sparre
{1985). The intercepr (a) and slope {b) of regression line were calculated by using the
following formula; W =g, L

Fesulis and discussion
Lrowth parumeters

Growth paramerers of von Bertalanffy growth formula were estimared as L = 46.5
em and K = .39 per vear for J angeararys and L= = 33.5 cm and K = 083 per year for
[ vogferd (Fig. 1). For these estimates throngh FiSAT the response surface (ESP/ASE)
were 0,151 for main line {solid line) and 0.131 for secondary line {dotted line) in case of
[ arpentatus, In case of . vogler the ESPIASP were 0.136 for main line (solid line) and
01,114 for secondary line (dowed line). The t, value was taken as 0. The L= and K values
for [ arpencsns (50.0 cm and 0.72 year') reported by Shahanaz {1996) were close to the
values of the present study, Whereas, L= and K values for [ argensacus repored by
Ashraful (1998} were 45.1 cm and (.86 year' respecrively from the Bay of Bengal.

Ferimarion of Lo aod Z0K

The modified Wetherall (1986} plot analvsis incorporated in the FiSAT yielded the
regression line Y = 16,73 + (- 0358 % and r = 0972 for L argenmmms and Y = §.62 + (-
0.2761*X and r = 0996 for f eogfers, Based on these points from 21.5 cm show a good
linear relationship and that points of lengths below 43.5 cm smoothly approach the
extended line from which Les = 46.6% cm and K = 1791 were obtained in case of [
argenrarys and also from 21.5 cm show a good linear relationship and rhat poins of
lengths below 29.3 cm smoothly approach the exrended line from which Le = 3125 cm
and £K = 2623 were ohmined in case of 7 ropfed(Fig 2.

The growth performance index (67 obtained were 3.11 and 1.93 for J argentarus and
I voplery respectively,
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Morraliny

The morality rates M, F and Z were found to be 1.12, 0.41 and 1,90 for /. argestatus
and [.56, 0.45 and 2.84 for [ voglers respectively. Fig. 3 presents the catch curve urilized
in the estimation of Z. The darkened circles in the figure represent the points vsed in
calculation Z wia lesst squares linear regression. The correlation co-efficient for the
regression was 0.964 for [ sngenrams and 0,975 for f voglen,
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Fig. 3. Length-converted canch curve of fhomis argemraras(a) and foboseops vopfan (B,

Eaxploitarion rare
The exploitarion rate E was estimated from the Guilands (19713 equation

E=F/F+M. Thus from the range of values F and F+M it can be shown that the rate of
exploitation, E was 0.41for f argenearus and 045 for [ voglen

Recrufment pairern

The recruitment partern determined through FiSAT (Fig. 4) suggested that annual
recruitment consists of two uneven seasonal palses one in April-May (peak recruit) and
other in October-November (lean recruit) in [, drgrentares and May-June (peak recruit)
and September-October (lean recruit) in /. voglers It appears from ofiginal pattern of
recruitment with superimposed normal distibution that f sreesmtus s recruived
80.04% during peak pulses and 19.96% during lean pulses and [ virglers is recruited
85 74% during peak pulses and 14.25% during lean pulses.

Lengrh-welght relationship

In the present study 244 specimen of J sarrenrarus were measured where total length
varied from 6.00 to 44.00 cm and the body weight varied from 7.00 to T95.00 g during
one year samples. On the ather hand, 218 specimen of /. voglers were measured where
toral length was berween 6.00 and 28.00 cm and the body weight was between 7.00 to
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145.00 g. From the regression analysis of the length and weight the relationship was
found to be W = 0,0403 L 2 {n [ argenranes and W = 0.0907 L **¥ in [ voglerd

The value of b’ in this stedy was lower than 3 in beth the fishes. The equation
shows that the fishes increased in weight a power lesser than the cube of length e, their
growth was allomersic,
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Fig 4 Recruiimens piern showing recroitmend seaves B fhenlus angencares and Jokarenps vogler .
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Selective biochemical studies in a freshwater prawn,
Macrobrachium nobillf (Crustecea: Palaemodinae)
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Absracy

Calcium and phosphorows contents of sbdomen and cheliped museles of juvenile, il
and female Macrobrehivm pobilii were dercemined from field callecied sampbes. In all
the three groops calcium concentration was higher in chelipeds while the phosphorous
conlent was more in abdomen muscles than in the chelipeds. However berween three
groups the calcium content varied significantly both in the abdamen and cheliped
muscles {P=0.001% while the phosphorois content differed (F<0.05) only in ahdomen

muscles.
Key words: Calcium, Phosphorous, Mecrabrchiomn mobilld

Intraduction

A knowledge on the proximate composition (Ash, moisture, macro and micro
surrients and energy) of & animal chosen for agualculmre is essential for not omly
selecting an ideal stock bur also to formulate an ideal diet (Davis er al 1992, Davis and
Gatlin 1996). Available litersmare on the micro and macro nutrient composition of
various and even commercially important decapods indicate their inter and intra-species
variations and even within species with developmenial stages (Boyd and Teichert-
Coddington 1993%), However there is @ paucity of information on mineral content ol
freshwater crustaceans and its requirement for normal growth. Crustaceans obtain the
required minerals for growth from the enviconment either by ionic exchange across the
gill membrane or from the ingested water through gut absorption (Chuang 1995% A
dietary sources of some minerals is necessary (0 ensure normal growth since the perindic
exudation of heavily mineralized exoskeleton leads 1o 1oss of some minerals despite their
reabsorprion in premalt period (Greenaway 1983). )

Materials and method

Macrobrehinm  pobilit (Henderson znd Matai 19100 were collected from river
Cawvery, near Tiruchirapalli and rransported to the laboratory with enough aeration in
large plastic container and used for the study immediately, Tissue samples were obtained



= P Mariagggpan eral

from the muscle of abdomen and chelipeds in juvenile, male and female, A kpown
quantity of sample was dried a1 70°C in a hot air oven for 24 hrs and reweigh to quantify
the moisture content of the sample {Passonesn and Williams 1953} To find out the ash
content, the dried samples were shed at 550-600°C for 4 hrs in @ muffle furnace, The lefi
out inorgenic constituents in the form of ash was then weighed (Huner er al 1990,
Calcium and phospherous content of the tissue samples were estimated by drving the
samples in a hot air oven at 70° C o a weight constancy and then digested (Van Loon
1985) in scid-washed test tabes with o mixture of concentrated nitric and perchloric
scid, The samples wers slowly boiled to dryness oo a hot plate and allowed 1o cool to
room temperature. The died samples were-re dissolved in concentrated HCL and de-
ionized water to quantify the calcium and phosphorous content using the UV 1604
Shimadzu stomic spectrophotometer (Fiske and Subbarew 1925, Mendez er 2l 1998
Variations in the moisture, ash, calcium and phosphorous contents among juvenile, male
and female were analvzed through one way AMOVA. The varations in proximate
compesition betwesn the abdomen and chelipeds muscle in each group was mested
through Student’s “t™ test (Zar 19%6),

Resulis and discussion

The mossture content of shdominal muscle of juvenile is 72.40121.31% which differs
from rhat of cheliped {59,012 1.85%) (Table 1), A similar trend iz also found berween the
muscle of abdomen and cheliped of male (p<001, © 7.48) and female {1 7.99, 15, 278, df
= 4. To find out the variations between the moisture content of the samples obiained
from the three groups, ANOVA was performed which indicates thar there 15 a significam
difference between the three groups alsa (p=<<0.05) (Table 2). Bar no such relationship is
found in the moisture content of chelipeds (Table 23, Ash content (%) was more in male
chelipeds (40.57-H0.91) than in female (37.06£0.39) and juvenile (16,67t 0,33, The Ash
conlent of abdomen muscle of theee groups azre 07.37+0.27 for juvenile, 10.2%40.12 for
male and B.6440.28 for female which wery significantly between the three groups
(p<0.05) {Table 2}, however no such difference (p=0,05) 15 observed in chelipeds of
these groups. Between abdomen and cheliped the variation in ash content is statistically
highly significantly within the groups (p=0.001, t 24.61 for juvenile, 3306 for male and
32.38 for female, 1y, B.64, df = 4). Higher amount of ash content in male cheliped 15 due
o the heavier mineralization since they possess robust chela

Tahle 1. Maoisture, ash, calcium and phosphorous conten: (%) in the abdosnen end chelipeds af
juvenibe, male and female Mrcrobrachivm okl

Samiple Juvenile | Male | Female
Muoiszure (%)
Abdomen Mgscle Chelipeds Trli=132 TBAT=107 TR 3=l 18
JE= 1.k fil.1hx 201 HTha LEY
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sl (%)

Abdomen Muscle Chiel peds 07572027 | 0. =0n12 0B.64x0.28

1667054 | 05T =09 7. (el 59
Calcium (%]

Ahdomen Muscle Chelipeds ), $9:£0.03 o070 0047 =0.03

{i5. 11031 1ET9=0.48 LikAZ =4k 1
Plicspheormws (%)

Ahdomen Musce Chelipeds (2= 00 01,135 0.09 0l 38k

OL97+0.13 97013 DSe06

Table 2. ANOVA 1o find out the validity of relationship berween the studied parameters in three
chipsen groups of AMacerdrachivm pobdn

Variagion | 55 [ D | M5 | F
Molssure abdomen muscles
Tl Iz 14
Betwesn Uroups 42.10 173 2105 L%
Error 17.02 11 1
Hui:.wrlr%ipﬂh
Taral #0146 04
Berween Groups .24 azr (18 B 55"
Ernar 74.12 1L 0608
i Axh-Abdomen missces

Total 4l 14
fermeen Groaps 2151 az 1095 37 Gwwn
Ernar 3351 1z 00

.ﬂ.lh-Chuhpbdl
Taotal TI5.7 14
Berween Grovips 23 az L T S Rt
Errar Ol 44 1 ET

=%% Eparimically highly signifhcany (P <000} == Smestically significant {F <003 N5- not sigraficant (F=00%)

Calcium conrent in the abdomen and cheliped muscle, is significantly differ berween
the groups (Tahle 3). The variation in the caleium content berween abdomen and chelae
alen differ significantly wirhin each group (p<0.0011, 1 14.46 for juvenile, 23.17 for male
and 61.44 for female, 154, 5.61, df= 4). In juvenile Macrobrehivm gobilii the percentage
content of phosphorous is higher in abdominal muscle (1.62-+0.09) than male (1.13£0.9)
and female (1.38+0.11). The phosphorous content of juvenile, male and female cheliped
muscle did not vary significantly (P>0.05). However in the abdominal muscle there is a
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significant difference (p=<0.05} in phosphorous content (Table 3). But within the groups
there is a significant variation berween abdomen and cheliped muscle observed only in
juveniles (p<0.05L

Table 3. ANOVA 10 find put the validity of relationship bepween the ampdied parameters in three
chasen growps of Mecrobrachium anobii

Wariatizn [ 55 | ] | M5 | F =
Moisture- abdemen musdss - o

Total 1.4 T

Bermeen Groups .16 fx 108 12,514
_Errar Lo3 12 (0%

Minbsrure-Chelipeads

Todal 1007 4

Bewween Grougps 17273 az LT {25

Error H}. 34 12 | HLA]

Ash-Abdemen mizscles

Toral .55 13

Beruein Graups 151 2 L.75 G5

Ertur 3 AR | 12 (i)

: Aih-Chelipeds

Twonal 1.12 14

Berween Groups 441 02 241 005

Errar L.iE 12 .04

sor Granistically highly signifon (P-oo0ok] == Samannically Highly significant [P=00n
v Sracistically significant (P=00%) K5 not significant (P<D03)

Crustaceans require high amount of minerals since there is a significant loss of there
minerals during ecdysis (Huner er sl 1990} through the loss i3 partially compensated
by minerals obtgined from food. Hence it 15 recommended to lnclude seven minerals
{calcium, copper, magnesium, phosphorous, potassium, sclenium and zinc) in crustacean
diets (Davis and Gatlin 1996), of these calcium and phosphorous play a major role since
they contribute per se to the struciural components of hard dssues like exoskeleton.
Apart from this, calcium is also essential for muscle function, proper nerve impulse
iransmission and act as a cofactor for enzymatic process (Natignal Research Council
1993}, Phosphorous is a component of 3 variety of organic phosphates, such as
nuclentides, phospholipids, coenzyties; deoxyribomucleic acid (DNA) and ribonucleic
acid (RN A, Inorganic phosphates serves as buffers to maintain normal pH of intra and
extra cellural fluids (Zubay 198%). Through various decapeds obtain environmental
caleium for their normal growth, diemary calcium also pliys a supplementary role in

B&
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mineralization of exoskeleton (Deshimaru er af 1987, NEC 1993) and the interactions
berween calcium and phosphorous has aleo evaluated (Brown 1993),

Unlike calcium, phosphorous concentration is very low in natural sources and henoe
i1s proper incorporation in the crustacean diet plays a major role in their nurriton (Lall
1991, Mayeaux 1988). Lochnam er af (1992} reported the viral requirement of
supplemental phosphorous rather than other minerals for Froctmbars clarki. Usually
incorporation of phosphorous a1 a concentration of 1-2% of the diet promotes optimum
growth among various decupods; however, its proper utilization also depends upon the
awadlabiliny of caleium.

From the available literature, it is known that both calcium and phosphorous levels
vary from species to species. For instance calcium content is 0.35% in M. dayyanin (Paul
and Gupta 1995) and 26.6% in Auracus ascus (Welinder 1974). The phosphorous
comtent {1 vary from 0.49% in Merapearus spp. (Dall 19631 1o 2% In A. astacus {Huner
and Lindgvist 1985). For M. pobilif the calcium and phosphorous levels fall within this
range. The difference in the uptake of minerals in a species is adduced to the availability
of these slesents in environment, age and gex of the animal (Greenaway 1983 ),
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Ahuiracs

A study was conducred to exuming the fdwvour compoticnts of some processed fish and
fishery products of Japet by ges chromatograply-mass gpectrometry (GU-MS) In brief
the methos was to absosh e hesdspace volaties s 70°C inmo the fused silica fbre of the
needle of the salid phase micro extmaction Gbre. The abserbed components wers injected
to the GO-ME The componenss were identified by computer matching with hbmzy
database a5 well as by authentic sandard compenents In general the numbes of flavour
compodents were higher in the proceesd Gsh and fishery producs {excepi fTosen prwn |
than that of the raw fish and prawn, The concentration (guontity) of the favour
compenents in processed figh ond fishery products was much Higher than that of the Taw
fish and prawn. Smoked salmonr and baked salmoon prssessed double number of fiavour
cornponents tham thar pf the raw salmen Smeking resulied the highest nomber |
flavour componenes followed by baking (grilheg) and canning, sutiou. prOduUcEs
(Eamaboko and chakiowsa), drving snd lasty salting. However, freezing and frozen siomgs
ressubied boss of flavour componRents o praw

Key words: Flvour componenis, Backing, Conning, Kamabokn, Saling, Smeking

Introduction

Processed fish and fshery products are characterized by their specific mane, flavour
and sometimes by texture, which in general are referred to s ‘sensory atrribures’.
Sensory attributes of the processed fish and fishery products are important critesia for
consumers preference, It is mere important if such processed fish and fishery products
are ealen without any treatment of cooking. In such cases flavour is the mest important
artribute of the product, Fishery scicnce and technology need o retsin the original
favour of fish as well #s to make the processing and product development perfectly so
thar the consumers can fnd these tvpes of products with their desired favour. Thus
Aavour of processed fish and Ashery products are important for the consumers for thetr
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good dietary gatisfacrion as well as for the fishery industries o ger a good marker share
and cOnSUMmers acCeprance.

The favour of processed fish and fishery producrs differ with the processing
technology. Even such difference exist although prepared from the same species of fish.
The same result may take place with the difference of size, area of fish catch, season of
carch, storage condition etc. Therefore the experiment and research on processed fish
and fishery producis are necessary to specify and (dentify the flavour components of
sipch processed fish and fishery products,

The early srudies on the flavour chemistry of fish were on the identification of
flavour components of a particular species of fsh (Jones 1961, Tkeda 1980). Some
investigations had been done on the quantification of flavour components {MeGill ef 4,
1974), Some smdies have been done on the relationship between the far oxidation and
the flavour of fish (Lea 1953, Yo o al 1961, Aftken and Connell 1979, Forss 1960,
Badings 1973, Meijhoom and Streink 1%72), A few smudies have been done on the
idenrification of flavour components of pickled fish (Josephson er &f 1983), Some studies
are done on the origin of fish flavoar (Pokorny er af 1987, Lindsay 1990}, Despite such
studies there is a remarkable lack of literature on the flavour components of processed
fish and fishery products although such processed fish and fishery products have a long
raditional history in every country, community and nation. The purpose of this stady
was 1o idenrify the favour components of the processed fish and fishery products of
Japan. Such data are not available in the literamure (Lindsay 1990). The resulis of this
srudy are expected to contribute to fll up the gap of literarure / data in Fisheries Science.

Marerial and methods
Soirrce of experimental marerials

Smoked salmon, dried horse mackerel, salted pacific mackerel, canned sardine,
canned tung meat, kamaboko and chikuws were bought from 2 deparnmmental store at
Mara city of Japan. Baked salmon was bought from a fish shop. Tiger prawn was bought
form a fish shop at Mara city in chilled condition which afier hringing w the laboratory
was frozen at J0'C in the deep freeze chamber of a laboraeory refrigerator. The
experimental materials were bought with few days interval (as fresh materials)
immediately before the experiments were conducted instead of buying all items wgether
and srorage in the laboratory except frozen Tiger prawn.

Sample preparation

For smoked salmon, dried horse mackerel, salted pacific mackerel, canned sardine,
the muscle was separated by scissor, forcep, knife and cur into small pieces from at least
three sgamples. Canned mna meat, kamahoko, and chikuwa were cur into small pieces
directly as they do not conmin skin or shell. Froren tiger prawn was thawed at room
temperuture  in the labhoratory inside a polvethylene packer. Afrer thawing shell was
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removed and the muscle was cut into gs small pleces as the grains are. For all of the
experimental marerials ar least three specimen were used for sample preparstion.

Extraction of hesdspace volatiles

Immediately after sample preparation 5 g of experimenta] material was weighed in
20 ml vial (Perkin Elmer) and it was sealed with teflon lined rubber seprum to make the
vial air tght. This vial containing the sample was hested in an automated headspace
sampler at 70°C for 30 minutes to allow the volarile flavour components evaporate from
the sample but remain in the vial, The needle of the SPME (Solid Phase Micro
Extraction) fibre holder (Spelco) was pierced through the seprum and the Mavour
components were extracted to SFME fused silica fibre (Carboxen-PDMS) for 5 minutes.
The fused silica fibre of the needle of SPME was then retracted and the needle was taken
out of the vial. Before the extraction of each sample’s flavour components the SPME
fused silics Abre was conditioned by thermal desorption in GC column through the
injection port of the GC-MS. Such blank analysis was done 10 make surc that the fbre
does not contain any other volatile component before the extraction of sample’s flavour
components. o some cases it was necessary 10 do blank analysis twice or thrice to minke
the SPME fusad gilica fibre free from any compoenent.

Gas Chromarography-Mass Spectrometny (GC-MS)

The flavour components extracted into the fused silica fibre of SPME  nesdle were
injected and thermally desorbed for $ minutes to the capillary column DB 624 (60
m*0.322 mm 1D, 180 um film thickness) through the injection port of GC-MS
(Shimuaden QF 5050A). The desorbed components were subjected to GC-MS analysis
under standard conditions. The mass spectrum of each peak of GC was analysed by the
Mass Spectrometer and the componens were identified by computer matching of mass
spectrs of the components with those of the data stored in the mass speciral data base
(NISTY. In each case the component of highest possibility is reported. Result of each
experiments were checked in a subsequent ser of experiments.

Anslvtical conditions

Capillary column DE 624 (60 mx0.322 mm TD, 1.80 um film thickness) was used.
Helium was used a¢ carrier gas. The analytical conditions were as follows;

Oven temperasare 40°C, Oven eguilibration time 3 minutes, Injection temperature
280°C, Interface temperarure 230°C, Column pressure 35.0 (KPa), Column flow 1.5 (ml
/min} and linexr velocity 30.7, split ratio 25, toral flow 40.0 (ml /min}, carrier flow 40.0
{ml/min). Mass range (40-350 m/z). Scan interval (050 sec), threshold (SM0), scan speed
PODD ey sec,
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Confrmarion of resufts

Te confirm the results of these experiments another set of experiments was
conducted by the stondard authentic components (Nacalai Tesque). The experimental
methods and analyticsl conditions were same a2 for the processed fish and fishery
producss of this research study except heating at 70°C for 30° minotes. The resulis
vhtpined from GC-MS analysis by using authentic components were compared with
these of the previous results to confirm the findings of this research as well as o sort out
the unusual components and peaks resulted from unknown source efe.

Besults

The favour components identified in processed fish and fishery products in this
investipation are listed in Table 1. Corresponding chromarograms are shown in ]:jgﬁ 18
2 The mimber and concentration of the flavour components of processed fish und
fichery products were abtained to be higher except in frozen prawn than those of the mw
fish and prows Ideatified in our previous investigations. Among the 26 components
identified m the present cesearch study majority were aliphatic hydrocarbons (alkane,
atkene, cvclic hydrocarbons); some were carbonyl compounds {sldehydes, ketone); some
were glochols, an organic acid and two were aromatic compounds according 1o thetr
molecular structure, The flaveur components may also be growped according to their
molecular weight. Most of them were of meleculsr weight less than 100, some are of
malecular weight between 100 and 150 and a fewr above this figure. Some of the flavour
components were originally present in the raw fish while the rest of the components
were formed duning processing. In general processed fish and fishery products possessed
higher number of flavour components and the concentration of each flavour components
in processed fish and fishery produces are much higher than those of the raw fish expect
frogon prawn. The concentrition of each flavour compenent of the processed fish and
fishery products are shown 1o Table 1 as peak area (total number of fons).

Smoking of salmon resulted the highest number of flavour components followed by
hakicg of salmon (grilled salmos) and canning of sardine, surimi products (kamaboko
and chikuwa), drving of horse mackerel, salting of pacific mackerel. However, freezing
and froren storage of prawn caused the loss of flavour components.

Discussion

Among the tdentified flavour components of processed fish and fishery products
majority were originally present in raw fish and prawn which was identified in our
previous investigation, Some maore flavour components were identified in processed fish
and fishery products which may be the result of processing except in freezing and frozen
stopage ( Lindsay 1990), The concentration of the flavour components of processed fish
and fishery products wos companitively much higher. Two reasons may lay behind
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this fact. One 15 that such components are further increased as a result of biochemical
pathwayvs of protein and fat of fish (Pokomy 1980). Another reason may be the
concentration (guantity per unit mass) of such flavour components was found o be
much higher in GC-MS analysis because the moisture content is normally reduced
during processing which resulted a higher concentration of flavour components in the
final product, Any one or both of the reasons are responsible for such phenomenon
except during freezing and frozen storage.

During the process of smoking and baking of salmon the predominant couse of
higher number of flaveur components in the final product 15 the deposition or setiling of
smoke components to the fish, Biochemical changes due to shighily higher temperature
may also partislly contribute to the production or formation of such flavour components
(Jesephson and Lindsay [987), Three undesirable components were detected in smoked
sulmon and boked solmon, The undesirable components are octane, ehiylbenzene and
toluene. These are graded as undesirable becouse their role in human body or their
Bigfactars are nol koewn. Neither the muscle nor the skin of raw salmon contain ootane,
ehiylberizene and roluene. During our previcus lovestgation on raw fish and prawn it
wing Toiaedd than the muoscle and skin of raw salmon do not contain actane, chtvlbenzens
und telucne, Tt appears that the smouldering by the use of special wpe of wood, wood
shave, saw dust, straw and seceleration of smouldering by che use of octane produced a
considerable fruction of smoke components of woluene, ethylbenzene and ocrane which
continuously settled om fish during ‘'fish smeking' and “fish baking' process.
Ehtylbenzene and toluene may be resulted from rthe rhermal degradarion of materials
[wood, straw, saw dust) used for smouldering,

During the process of canning some flavour components formed as a result of
nonenzymic browning reactions during hest processing step of canning. Such enzymic
activities may resulted the changes in protein and fe which finally formed some flavour
components. It is alse possible that some favour components were formed during hese
processing step of canning due to the effect of hedat on the ingredients used in canning
e.g. oil, tomate sauce, (Pokorny 1980), However the possibility of such conrriburion of
ingredients to flavour of canned Hsh used in the present investigation is sovbean oil
because the experimental material was canned sardine with soybean oil

I the dried horse smackerel the flavour components were formed peobably as a
result of oxidartion of far as well & enzymic hydeolysis of the original components of fish
e.g. protein, far The dryving process of horse mackerel is sun drving for anly 3-3 days.
Spmerimes antioxidants are used during drving o prevent high depree of oxidation.
Shont peried of deying resuliz soft texture compared to the complete drying of fish by 7-
10 days. In the complerely dried fish the number of flavour components are usually
higher than that of the dried home mackerel, vsed in the present smudy, which is
partinlly dried.

Similur type of result obtained in surimi based proeducts eg. kamaboko and chikuwa.
During mincing of fish after bone separation and during rexture formarion sveps of
sinimi products the ensymic hvdrolysis of the oniginal components of fish eg progein,
far resulted the frmation or blogenerution of lavour components in surimi produecs. A
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certain degree of oxidation mav also be responsible for the phenomenon. Thermal
condition may accelerated retro-aldel degradarion of unsarurated aldchydes which lead
ta altered flavour in these produces (Joseophson and Lindsav 1987,

In case of salted pacific mackerel (Shio szba) the aumber of flavour components was
comparatively iess than the expectation. Because the pacific mackerel is fany fish and
culting process should give rise to the production or formation of large number of
figvour components. Bur the salted pacific mackerel used in the present investigation
was ealted in slightly different bur modern way. It was realized that the sumple bought
from departmental store was salted at chilling remperarure and ratio of salt @ fish was
ahout 1: 30 (1 part of salt for 20 pars of fish), and the process continued only for 2-3
davs ar chilling temperature (0-4°C) This is why the number of flavour components wis
comparatively less than the expectation. The reasen behind the formation of flavaosr
components in salted pacific mackerel may be the oxidation of fat. Prokomy (1980) has
reported such browning reactions of oxidized far.

In almost all of the processing and storage technique the process resulted an inerease
in the number and concentration of flavour components, However the opposite type of
resnlt was obtained in freezing snd frozen storage of prawn. Freezing and frozen storage
resulted loss of two flavour components (Dimethyl sulfide and hexanel. However,
another component (acetone) was identified in frozen stored prawn after thawing at
room temperature during the present investigation, The concentrarion of aceione was
also much higher in thawed prawn than that of the fresh raw prawn. Loss of flavow
components during freezing and frozen storage of prawn may be the condensation of
valatite flaveur components due 1o low temperature {-20°C) and leaching out during
thawing, The high concentration of acetone in frozen stored and subsequently thawed
prawn indicates that this component may be further formed cither during slorage o
during thawing.

Fram the results obtuined o this research study it can be concluded that some
flavour components are formed during processing and storage of fish excepr freezing.
Such phenomenca may be influenced by the differences in processing technigque, Storage
technigue etc,
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Investment in fish seed multiplication farms in Bangladesh:
Evidences of an attractive business
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S arresponding autbar

Absirace

This sy mainly cvaluated the profiability of Fish Seed Muliplication Farms
(FEMEs) having hatchery, nursery and batchery-cum-nursery located in the distrlons i
Jessore, Jhenidah and Narmil in Bangladesh. The general findings ol the smdy were thai
the investment fn FEMFs with hawchery, nursery and hawchery-cum-nurscry was highly
profitable business, The results clearly indicated tsar the investment an hatchery wes the
most profimble than these of mursery and harchery-cum-oursery operations from the
viewpoings of individual inwestors. The results of sensitivity analvsis suggested that the
frvvestment to nireery farm was a fsky business with 20 per cent increase in aperainn
and management as well was production costs of 20 per cent reduction in benefics it
other things remaining the same. It was alse evadent from the study thar the invesmaes of
FSMFs had currently been facing some crucial problems, which among others an
problems af inbreeding, shortage of brood fich, incdence of discases, nnavaitabilicy. of
certain inputs and lack of credil

¥.evwords: Fish seed, Benefit-cost ratio, Inpernal cate of Terarn

Intraduction

Fish culture nnder sclentific management with batchery produced seeds is relauvely
4 new gesture in Bangladesh, which at the very beginning was fully dependent on seeds
collected from rivers, estuaries and coastlines. Production of fish seeds in hatcheries
through induced breeding initiated in the country in 1967, In the Jast decade, fish
eulture under improved manzgement expanded rapidly. The major input in culture
fshery is quality fish seed and the expansion and development af aguaculrure
production depend mataly on the availability of seed. In order to ensure the supply of
fish seed it is essential to esiablish hatchery. For this purpose, the Deparment of
Fisheries (DOF) established 110 Fish Seed Multiplication Farms (FEMFs) covering
almost all the districts of Bangladesh. Private FSMFs have cursently been established in
different areas 1o the country which are also producing fish seeds and competing with
povernment FEMFrs,

Hewever, timely supply of fish of seeds high vielding species is o precondition for
Gish cultuee in inland water bodies. FSMFs can ensure this scavice. The supply of
ctrickahle fish seeds does not depend only on the collection of spawn from the hatchenes
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and the natural sources. Bot it also depend of the survivability of spawn to fingerlings in
the nursery ponds. So impartance of fish seed frming in the country cannot be ignored,
The shortape of fish seed has been idemified by varous ogencies as the maln consiraing
for aquacuiture development in Bangladesh A few empitenl studies (AR ef o 1987,
lslam and Dewan 1987) observed thar pond fish production wad suffering due 1w
shomage of fish seeds. An economic sowedy i therefore very essential of FSMFEs
possessing either hatching or nursery facsliries or both together o understand their
profitability, the production sizms and possibilities of increasing more production. As
such oo study has ver been underaken in this regard, rhe present study was & moderate
attempr to determine the profitability of FSMFs and problems related 1o fish seed
business,

Methods

The present study was based on primary data of 2 sample survey of FEMFs under
the management of privare owsership. Om the basis of easy accessibility and lsagh
concentration of fish seed farms, Jessore and Thenidah disteicss were selecsed for this
stidy. Three carepories of FEMEFs such as: (a) FEMFs with harchery (b)) FSMEFs with
nirsery pond and (c) FEMFs with hatchery-cum-nursery pond were investigated in this
atady. Chaf of 47 pre-selecied FAMFs, 17 were harchery, 10 were numsery and 20 were
hatchery-cum-nursery

Three sers of guestonnaives for each of the selected categories of FSMFs were
prepared sepacngely o collect relevant informarion, The soevey of the present study
covered the whole production period of 1998, The formal survey, however, was
conducted during the months feom March 1o May'®9. The data so collected were then
coded ond data entey and analvsis were dose to obrain results vseful in the projec
appraisal caleulanians. The whole analvsis of course wias done on per fann hasis,

Merkods of appraizal

The merlod of project appraisal suggested by Gictinger {1994 was followed, since it
s wriidely sised by the World Bank and also many other donor and planning agencies, for
evaluating sgricultural projecis (Miah and Hardaker 1988} This study was limited only
tn financizal snalyvsis,

Most investments acerue benefits and incur cosis n the fumure as well as in the
prsent. The time streams of costs and benefits can vary considerably among projects.
For this rensan, costs incurred and henelics derived in differenty periodts st be reduced
to some common peint in Hme, before they can be compared with esch other [Rindan
1980, Mizh ond Fardaker 19887 In the financiol analysis, all costs and benefits swere
determined m domestie cupreney using frm-gate prices

Thig appraisal, however, is bosed on the scrual field Jevel data, rather than the
planned level ntilizution and/sr recommendations of the concemed agquacultine expers
regarding theselocred FEMFPs, Three discounting messures namely: (i) henefir-cast fatio
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(BCRY, (i1} net present vadue {NFV) and (iii) internal rare of rerurn (I RR) were employed
in the study.

Berefies of FSMFy

The items considered under the benefits of different caregories of FSMFs are s
fallows:
b Gross value of production includes mainly the valoes of spawn and/or fingerlings of
the concerned [sh seed furms,
Fetrn from sale of unproductive snd/or old brood fish afier everv five vears,
The salvage values of the coocerned capital irems andior durable wools aid
equipment were estimated considering the views of the concerned experts, raders
amd their vitimate users, Salvage valoes of these assers have been ndded o the
benelit stream an the last vear of the project life andior at the end of the productive
life of the concerned equipment

Cosr e FSMFy

The cost of F5MFs can broadly be classified into the following heads:
A Investment cosisy
b Operation and maintenance (O & M) cests, and
v Produstien costs,

[mvestment o081 of the selected FSMFs included cest of farm structures and
building, cos1 of shallow wbe-well (ST, cost of others tools and equipment, cost of
brooad Tish and cose of re-excavation of ponds,

0 & M ocosts involve cost of human labonr, cost of fuel and dewatering cost, cost of
eleciriciny, cos1 of repainng aod spare parts, These were essential for all categories of
FaMEFs o produce fish seads and continuing the farm business.

Production cosi associated with fish furming wes calculated by wmking into
vonstderutions the cost of humar labour, feed. fertilizers, chemicals, lime and
miscellunesus cost und cost of hormone was also included for batchery and hatchery-
cum-nursery farms for induced breeding, On the other hand, cost of stocking of spawn
was included for FSMFs with nomsery und hotcherv-com-nosery.

THscoune rate

The resulr of heneffr-cost analysis is highly sensitive 1o the discount rare. The choice
of un appropriate discount mate; therefore, plavs a vigal role in the appraisal of projec.
The selection of discount facter his become more different in developing countries
because of various impecfections and distortion in cipital macker, However, the available
literatures [ Miah and Hardsker 1988, Gittinger 1994) suggest thar the oppormuniny coses
of capitzl in most developing countries vary between 8 o 13 percent. Tn this smdy 14
percent discount mete was chosen for the appraisal of (sh seed farming projects. Ohrher
researches (Kabir 1995, Islam and Mith 1999 hove also nsed this rage.
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Besults and discussion

The appraisal results of the evaluation based on the opinion of individual investors
of hatchery, nursery and hachery-cum-nursery farms are presented in this section.

Financial analysis

The caleulations of financial sppraisal the FSMFs were based on the following
general and techniical assumplions:

(reneral asgpmprions!

a. A tvpical model of FSMFs with hatchery, nursery and harchery-cum-nursery having
1 9] ha 2.% ha and 2.92 ha farm sizes, respectively and there will be no change in
farm size throughaout the project life.

% All brood fish have been purchased in cash for the purpose of induced breeding for
every tive yvears.

o  Ttwas assumed that farmers stocked all different species of brood fish at a time and
the species combinations and ratio would remain the same.

4. The rate of stocking of brood fish in different ponds was assumed 1709-1870 Kg'ha
depending upon the condition of fish and ponds.

e. Brood fish morsality in every five vears was assumed 1o be nil and 3 percent were not
wsed for breeding purpose. and spawn production was assumed not o be affected by
these regsons.

f, Per unit prices of the concerned inpuis and outputs are given and constant duoring
the whole project life.

Technical sssumprions

a,  The most productive ape of hrood fish was assumed 10 range from 1 to 7 years for the
concerned species and the same brood fish wis used for induced breeding up o 7
wears of age

b, The size ranges of different species used by the madel FSMFs for induced bhreeding
were assumed 1.5 ke Rohu, 3.0 kg Mrigal, 2.5 kg Silver carp, 1.5 kg Gruss carp, 2.0
kg Mirror carp, 2.0 kg Carpio and 0.3 kg Thai sarpunti.

. The nursery owners assumed to buy 4 days old spawns, stock the spawns in the
nursery pond for 2-3 months 1o raise up 10 2-3 and sell our to the buyers,

In can be seen from Table 1 thar the investments on all cutegories of FAMEFs are
profitible business. 1t is evident from the tuble that BCRs of the three categories of farms
are more than the waity and NPVs are also positive at the selected discount rate and all

these investments vields moch higher IRR than the possible appormenity costs of capatal
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Table |, Result of finsncial analvsis of FEMFs

; FEMFe FSMTs FEMT's with
I
PRI eag e with harchery  with nursery ponds hatchery-cum-nursery
BB ot 14% Lag 1.17 122
WPV at 14% 0Tk 10 LR0E. 67 31610 bt BN
LER. {percent) 0.0 R St

Sowree: Aduped from Siddsque [ 19050

It iz evident from the gbove table that all the selected FEMF: are atteactive 1o
individual investors considering the real world situation, It is also evident from the
study that FEMFs with katchery will bring a higher profic than the FS3MFs with namsery
ponds und FEMFs with harchery-cum-nursery ponds,

Sensitiviey analysis

The results of sensinvity amalvsis show how the value of the investment criteria
changes with the chunges in the value of any vansble in the discounted cash flow
analysis. The profitabibity of these small-scale fishenies farm projects may be sensitive, a5
expected, to O &M costs, praduction vosts and gross benefit of the project. Two factors
were, therefore, taken inte consideration for sensitivity analyvsis of FoMFs such as: [i)
peducing existung benelfits [other thin salvages vislues of the concerned equipment) at the
pane of 10 and 20 percent, and (1) #f O & M and production costs increase at the mateof
My and 20 percent.

Under the changed circumstances, the financal analy=iz has been peworked
separately in this section to see whit happen in the profitability of FSMFs.

Table 2. Besule sensitivity analysiz of FAME: considering. 10 percent increase in O & M and
production cogt

i o FSMFs FaMF _ FSMFy
with batchiery  with nurgery ponds with haschery-cum-nursery
BCR ge 145 137 L0k 143
WP 14% Tk 1) [iix54 15048 3205
TRR {perceny) fili o &7 k]

Source- Adapbed from: Siddeue £ 15955,

It Is evident from the results presented in Table 2 thar BORs of all the selected
Faslbe ame grester then ooy, MPVs are posltive and TRRs are higher than the
opportunity cost of cupitel (14 percent)h, This implies that 70 & M and production cost
wonld increase atthe rate of 10 percent, while benefing and orther costs would remain the
ismie, imvestment of FEMFs would stll be profitable
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Table 3, Result sensitivity analytis of FSMFs considering 10 percent increass in O & M and
prrod ucrion cos

Diseoiared measyres WLLEﬂ::I:ﬁy with nf,l'ErETF:p-uudk with I:a:clfiﬁcl:rfm- BUESEEY
BUCK a 14%% .28 [ag 144

WPV ar 14% (Th 105 122820 -1f04 204,53

IBR (percent) 54 13 23

Seiree: Adepred from Siddigue (157F),

Table 3 shows that BCRs of hawchery and hatchery-cum-nursery farms are still
grearer than unity, NPVs ace positive and TRRs are higher than the opportunity cost of
capital. This situation also yields more profits 1o the investors of hatchery and hawchery-
cum-nursery farms. On the other hand, the nusery farm could not make any profit at
this changed situation. This implies thas if O & M and production costs of nursery farms
increase by 20 percent then it becomes a risky 1o invest on nursery furms.

Takbe 4. Besulr sensitivity analysis of FEMFs considering [ percent incresse in Lrross prafin

L i : FEMFs _ F5MFs _ E5MFs
with haichery  with mursery poads with haschervcum-nusseny
BCE ar [4% | 2 L0 L.10
WPV ak 14% (T 109 | 267 2% 10,54 LLE]
[RE (pereenm) b1 | A3

Soures Adapred imom 5id-:|i:|uu-:"|5";"5':-

Table 4 indicatés thar BCRs of all caregories of farms are grester than unity, KPVs
are positive and TRRs are still higher than the opportunity cost of capital This implies
thar if benefits would decrease at the rave of 10 percent while all costs would remain the
same, investment on all categories of farm projects would still be profitabie.

Tahbe 5. Besult sensitiviey analvas of FAMFs considering 20 peromit decresie in gross profi

Thssapnied measures i PSS i FEMPs ; FSME
with haichery  with nursery ponds with hatchery-cum-nurmsery
BCRar [4% 119 .84 (R E]
NPV e 4% (T 10%) T2 43 -S4 6154
1RE (peTcent; an 4 11

Boutoe: Adapted Trem sigdique (1955,
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It can be seen from Table 5 thar BCR of hechery farm Is grester than the umiry,
NPV is positive and IRR is higher than the opportunity cost of cepital, while nursery
farm and hatcherv-cum-nursery are making Joss at 14 percent discount rate. This imyplie
that if gross benefit woulkd decrease at the fate of 20 percens, while gll gosts remain e
same, investment on only harchery farm would still be profuable gnd pursery fnrm i
more loser than the hatchery-cum-nucsery, It can therefore be concluded thar the BCER
NPV and TRE are highly sensitive 1o change in benefits of FSMEPs.

Although the selected FSMFs are found highly profitable considering the real world
situation, but the resulis of sensirivity analysis clearly hint tha: O & M and productim
cost snd gross bhenefits, as expecied, have § strong influence on the epporunity of
harchery, nursery and hatchety-Cum-nursery farms

Problems of owners afFEMFs

Fish seed productien through artificial propagation or induced breeding is relativils
3 new practice in Bangladesh. This section indicates the major problems facing the
farmers in conducting fish seed farm business. For the sake of convenrence the problets
and constraters faced by the seleceed owners of FSMFs have been categorizec unde
three groups such as: (i) vechnical {ii} economic and (it} social,

Technical problems are related to production techoigues and wechnologies such as
breeding, lack of brood fish and its management nroblem, non-availability of vanou:
inputs, sttack of diseases infestation, insufficient water in dry season and lack of
scienrific knowledge and technology.

Econamic problems and constraints are related 1o such financial considerations are
kack of capital or insticerional credit, problems of selling spawn or markering faclitie
and high price of varous iHpuLs.

Some social prohiems were also faced by all categories of owners of FSMEFs such as
thett of brood fish. poisoning of ponds and problems of gerting pond.

The farmers put forward some suggestions for resolving these problems, which
included implemnertation of povernment rules, fxation of prices of key inputs, providing
sacial. morul and scientific education amd rraiming to the producers and improving
markering facilities.

Palicy implication and conclusions

The fsheries sector must make o significant contribution and gonld contnbaite maore
than any development sector of Bangladesh in the form of income, emplovment, huiman
mitriten and fereign exchange carning to the national economy. Severnl policy
recommendations s cmerged from the results of this study which are highlighsed
below:

Present Jevel af institutional credit of fisheries 15 not sufficient 1o meet the demand
far credit of the owners of FSMFs. Since these farms are profitable, financial
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fnstitutions should come foowand w provide requived credit 1o the genuine farmers
for estnbiishing new FEMFx,

* In order to meet the demand for brood fish for induced breeding production of
hrood fish theoogh scientific menagement should be increased.

*  For overcoming the inbreeding problem, the harchery owners can exchange brood
fish among their hatcheries. [t is advisable o ser up “hrood bank™ for successful
harchery operation in terms of qualityr of seeds,

= Government should take positive steps to teain up the concerned interested people
on madern methods of brood fish rearing, hatchery and nursery management.

#  More emphasis should be piven on nursery pond management,

s An effective mechanism for information exchange between the farmers and
researchirs Bas o be developed and maintained,

Il present evaluation provides some useful information for farmers, researchers
snd decision-markers regarding the economic a8 prospects of fish seed production. The
findings of the smdy, however, are based on the dara collected from a specific area of
Bangladesh, These findings should, therefore, be interpreted cautiously il any greater
generalizations are sought for different regions with distiner topographies of the country.
Mevertheless, fsh farmers from the similar region, who have enough money and
resourees should come forward to invest in FAMFs, since these are highly profitable and
attractive buziness o the investors.
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