e s
Val. 8(2) 155N @ 1026-6690

December 2004

Bangladesh
Journal of Fisheries Research

1@: Bangladesh Fisheries Research Institute



Bangladesh Journal of Fisheries Research

Editor
D, M.A. Mazid

Asgociate Editors

De. M. Hussain
Dr. 5.U. Ahmed

Editorial Board Members

Prof. Dr. A.K. M. Aminul Hague
Prof, Dir. Somen Devwan
Prof. Die. M. Altal Hossain
Prof, Dr. M. Kamal
Prof. Dir. Abdur Bab Mollah
Dr. Khabir Ahmed
M. Shahidul Islam

Assistant Editor
Dir. M. Enamul Hog

Alms and scope: The Hangladesh Joumal of Fisheries Besearch is published by Bangladesh
Fisheries Research Instinute (BFRI), The Journal accepts original research amicles, sciennific
notes and review papers on different aspects of fisheries incloding, bur not limited vo, fresh and
brackishwater aguoculture, marculture, reproductive physiology & genetics, nutrition & feed,
poflution & disease, post-barvest echnology & gquality contol, and aguatic environment
Priority will be given on the articles covering one of the following felds.
Environmental aspects of fisheries resources
Biodiversity conservation
Open waler management
Policy or status paper on national interest

Publication information: The Semgladesh fourmal of Fisheries Research s published half-
vearly in pwo issues July and December), The subscription rate for each anowal volume is: (8]
individual- BOT 300 {overseas USS 305, (b) instntion- BDT 1000153 &0 The Jowrmal is also
available in exchange for publications of learned societics, rescarch instituies and universities.
All payments should be made in fvour of the Bangladesh fournal of Fisheres Research, and afl
correspondence addressed to the Director General, Bangladesh Fisheries Besearch Institote,
Mymensingh 2201, Bangladesh. Fax: (+880-91-5525%), Web: www.in.gov.bd E-mail:
infoifri.gov.bd




Bl £ Fiah. Res-$03), 2004; 5793 CRFE]

Laboratory culture of Moina with organic and
inorganic fertilizers

M. Siddque, M. M. Hagsan', M.G.QQ. Khan*", M. A. Hasanat' and M. Z. Rahman'
Fisheeries & Marine Resource Technology Dscipline, Ehulea Uaiversioy, Khubng 9208, Banpladesh
"Ieparmment of Fisksries Baology & drenctics, Bangladesh Agriculrum] Univeray, Mymensngh 222
"Cormesponding ambor

Absrract

An esperiment wis conducied in the hbomiory condition (o deermine the effect of
argaiic (peuliry doop, cow dung and muscard oil cake) and inorganie ferrilizer (urea) on
predoction, reproduction rate and matorabon time of Mofeg speces. Production e wis
also derermined in botk aerated and non-aerated svsiem in plastic containers wiath
carrving capacity of 2.5-liter esch, Towml production was significanty higher in bodh
acrated (2475 indmviduale? 5 | watert and oon-actated (3233 individuals'2.5 | warer)
commminers  wsing pouliry manure compared 0 other ferblizers. Momeover, the
reproduction mate and matumiten tme o poaliry dreps shewed distiner efficacy in
Modpa species.  Reproduction rae of 11 individuals was the maximal while lowest
mpturation time wes found 78 hours. Reproduction and mamamden were bndwoed
saurprisingly in Lest wibe where the sertion sydtem wes absent

Eey words - Modas spp.. Cheganie (entblizers, Inorganic fertilizers

Inrroduction

Moins, a freshwater cladoceran, is 8 genus of wast array of tny aguatic crustaceans often
called water fleas for their hopping motien of swimming. The length of the female varics
from 0.4 mm in newly hatched species o abour L0165 mm in adult size. The body
length of male varies from a newly harched size of (4 mm o an adule size of 0.6-1.13
mm [Botmann 19921 Moina reproduces by both live birth and by eges (ephippa}. They
reproduce and develops as all females through pamthenogenesis.

[t i5 found mainly in temporary shallow water bodies, which receive limited amoent
of sewage wastes, poultry cattle or human wastes. This apecies can tolerate as low as 0°C
and high as 35'C but prefer remperaiure ranging from 207-30°C. Generally slkaline water
iz favourable for Moime with a p" between 6595 (Hottmann 1997}, Moing is
mixodrophic, i.e is they are unselective Glier feeders (Reddy and Roumann 1992} and
basically fieed on wide vadery of tay organisms such a5 rotifers, paramycium, bacleris,
euglena, protozos, veast a5 well s other nutrient or particle of sppropriste size thar will
sty in suspension long @nsugh to be eaten,
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Moirs serves as an important nEral faod irem of cops i polycultore (Nandy of &7
1989, M. rorenbergsi and Catfishes (Masters 1975, Huisman 1976, Stvcevnska er af
1979, Billar 19807, Moina may be used successfully 25 & supplement o Artemia, in over
night feeding of M. rosenbergii larvoe (Alam er af 1993), Moing could also be vsed as
gleermative of Aremis. The partial replacement of Actemtia by Modma mdcrwrs was also
reporited 1o have positive effect during the larvae cultore of freshwater prawn
Macrobrachium rosenbergr (Alam 1993}, Morrs cun be used solely or mixing with
Arresndz ar 30550 ratie (Alam e &l 1993), For the reanng of larvae of M. rosenbeng,
penacid shrimp and catfishes, the Moing are wilized as ideal food organism {Masterros
1975, Huisman 1976, Swyvcaynska er al 1979,

The main advantage of Moedma is thar high production may be possible by paving
very simple technigue with low cost Any harchery can casily be able and adopy this
technigue and reduce the feeding cost during the larval stage of carp and shrimp specic.
Muoina consist of 95 % water, 4% protein, (.4% fat 0,67 % carbohydrate and 0.15% ash, It
also contsins aminge acid at living condition (Rottmann 1992),

In Bungladesh Moina is locally known as “Makhon Poka" (Butter insect) or “Ghora
Poka™ {Horse Insect), The disinbution of Moins in Bangladesh is unknown and there is
no sYsematic investigation carried out. Some private carp hatchery at Jessore region
used Moimz for fingerlings. In shrimp batchery, few farm owners are supplving
artificislly bred post larvae, Mozt of these haicheries depend upon natural seswarer and s
particular food organism composing naupli of brine shrimp, Artemis safing. The cysis
for producing naupli are very expensive and need hoge amount of foreign currency.
Maoreover, the technology of Arremia cyst production is complicared compare to Mains.

The present siwdy is aimed 1o fnd out 3 suitable medium in which 3 high and
sustmined production is possible.

Marerizls and methods

Sample coffection, frolston and ioocufs@on

damples were collected from a pond near Sonadanga Thana, Khulna Discrice by
plankon net. After codlection the sample was tken w the luboratory immediately,

From the collected sample Mofng species were isolated from the many zooplankters.
Isolation was done by the micropiperie with the help of 2 microscope slide and removed
the water with a pointed brush. Except Moira, other zooplankiers were removed by the
brush.

After complere isolation, the Mevoa species cells were kept into two beakers. Each
beaker contained 1} ml of tap warer where 125 individuals were kept for two days with
complete dict for multiplication.

Phytoplankron culenre

Twelve containers were used for Chloredlz production as the main food source of
Maorna prior 1o cultare, Experiments were carried out in ¢ylindrical plastic pots filled
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with L5 liter tup water, Four media options were used for cfdorelly producton and three
replicates were performed for each experiment. The feed ngredients for Clfonells
culwre are named as pouliry drops, cow dung, muostard oil cake and orea ae the rate of
0.5 g'l. Adequate light was provided o0 enhsnce the photosynibesis. The ianks were
covered with closed mesh nets to aveid the interference of dragonfly. If the dragonfly are
in contuct with the tank waier, they Loy the eggs and 1he eggs haich and become aymphs
which voraciously feed an the culiered Modaa

Crlere of Maing

When the witer tumns 1o greemsh 6 days later], approximanely 80-85 Morns species
were given in each conmainer. The cells were counted on microscope slide. 5 — 7 ml water
from the inoculated beaker was taken and the water was poured on slide dropwise. The
water was removed from the slide with a pointed brosh and counted the cell. In this way
B0-85 individuals were given in each container. The growth of exch individual was
abserved for five davi. To compensare the loss of waeer due o evaporation fresh =p
water was added as and when reguired. PY and waler iemperature were mainigined
properly during the study period,

Beproduction rate wes calculaed in different feeding options (pouliry drogs, cow
dung, musiard oif cake and urea). Thres replicates of each treaiment were done. A
mature Morna (1-1.6% mm) was kept in test wbe for spawning. Towl numbers of
individwal produced by one individual were counved oneil the new individuals become
miture. The maturation was observed through eve estimation. All the test tobes were
kepr under tight.

Newly hatched larvae were taken into the test tube duning the reproduction raic
experiment. Three replicates with four Feeding oprion were designed. The maturation
time was mken when the individual veleased first offspring. Adeguaie light was ensured
during the experiment.

After five days the entire sample was homogentzed through stirming. Then [0-ml
sample was taken with the help of piperte. Iv was taken on a warch glass dropwise and
counted. It was done for six dmes for & sample, Average number was taken and
comverted to a toral,

Dz analysis

Collecred dara were analvzed using one-way analysis of variance (ANOVA), Mean
differences were obtmned through DMET Test (Duncan Muluple Bange Tesr).

Kesulis

The production summary of Maine species fed on Clforellr 1s given in Table 1.
Sigmeficant differences (P<005) in production of Mo species were found among the
treatments. Production was highest in poultry drops with mean value of 3253 365183.23,
The lowest production was found in the treaoment of urea 1121114857 %) The mean
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production  of sl oreamments were found w3233 36228323, 120556457837,
23413358039 and 1120.11+ 857,90 in pouliry drops, cow dung, mostard oil cake and
irea respectively.

Table 1, Growth rate in different feed rearment

T reatment Uirowih wi thoul aeralion Girpwth with seration
Mo of cellf 251 (Mo, af cell /2517
Fouliry drops 313336 + 323 47500 = 48476
Cow dung 1X05.56 & 378.37 BO7.54 £ 48554
Musard oil caks 234131 = SHO.3% 4757 = 11756
Urea H2L11 & 857.90 73133 = 14E50

The Growth race of Moms species was surprisingly dreopped in all treatments by
gerption. The mean highest production was found in the treatment of pouline doops
(247500454, 76 while the lowes: was found in the reamment of Ures (6733321 4890,
Average growrh under the panern of acration and withoot aeration with the differen
feeding options is shown in Table 1. From the Fig. 1 it {5 revealed thar musmard oil cake
and urea orezted conminers showed slmost the double production in non-acraed system
compare (o aerated ene, One of the non-aerated container treated with wres was unable
to mualtiply, even the stock species were died.

Gravth Rate in Dilfaranl Media
A Ciwithaout aeratan

el
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Fig. 1. Growth rate in different fied creament,

Repeaduction eare of Moime species in all treatmenss is presented in Table 2, The
mean reproducion raie in powolicy, cow dung, mustard oil cake and wred oreated
container was 11, 8 10 and 7 respectively, The highest nomber of individoals sas
peoduwced in the preapment of pouliey deops (11 individwals] and lowest was in the
treatment of ures (B individuals).
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Table 2. Reproduction mate in dilferent feed reatment

Treatment Reproduction rie
{on. of cedls )
Piu ey 11.33 £ 094
Cow dung B.33 = 47
Musiard oil cake L0000 = BAZ
Urea T.66 + 0.a/

The maturation time required for an individuals o become matre for further
propagation showed in Table 3, The minimum duration of 7EA7+ 287 hrs. was required
during treatment with poultry drops 0 become sexually matured wheress cow dung,
mustard oil cake and wren trestment cont@iners required 80.67= 125, 7933170 and
22.33=2.1 hrs, respecnively.

Table 3, Maroration Time in different feed rreamient

Treatment Mauration tme (hre}
Fowlury TEGT £ 2HT

Ciovw dung B0LET = 1.25
Musiard oil cake 7933 = 1.1
Lirea 233 + 1.1

[Macussion

The present study shows the highest production by using poultry drops compared to
mther feedstueifs. The poultry wastages were collected from the pouliry farm where rich
feed ingredients are supplied w the chicken to fulfill their numritional requirements. The
wasrages contain gl the combination of organic substances, like cellulose, nitrogen,
ammonia, carbon, minerals and others, which althogether enhance the growth of
phytoplankton (David er af 1969) and may cause the maximum production of Maoina
that may promote fsh groweh with profic (Rappaport er of 1977, Cow dung, Musacd sl
cake and ures contains cellulose, nitrogen and ammonia respectively thar are unable to
function as that of poultry droppings.

According to Alam er of [1993) Modos colwred on poultry manure might have
accumulated a high level of n-3 HUFA directly from the manure or indirectly from algae
and other microorganisms induced by this fertilizer. Pouliry manure may contain higher
-3 HUFA peflecting the dier {e.g. fish meal) of the pouliry. A high n-3 content in Moing
were grown on poulry manure had been demonstrated eaelier (Watanble er all 1983
Villegas 1990},

In Singapore, Mofus micrurs grown in ponds fertilized with mostly chicken manure
of, less frequently, with pig manurs are used as the sole food for fry of many ornamental,
teopical fish species and with surrival mate of 93 (o %% [Ronmann 1992}, Unforiunately,
there s very little information concerning peacrical, mass culiure methads of Moing and

91




M. Saddaue er ad

the available information s in mimeograph documents, forcign journals, or other
research puhlications {Rortmann 1992,

Organic lertilizers are usually preferred o mineral fertilizers because they provide
bacterial and fangal cells and detrimg as well ss phytoplankon as food for the Modns.
This varicty of food items more completely meets their nutritional, needs, resulting in
maximum production (Rormann 1997,

From the result (Fig 1) it was observed that the production rate is lower with
perated container than that of withour serated conminer. The lower production of Modne
species in gerated comtwiner may be the strong small bubbles produced by the aerator.
Extremely small bubbles should be avoided; they can get 1rapped under the carapace.
This causes Moing w foat at the surface, eventually kill them (Rotmann 19920,

One of the urea reated containers (without seration) showed no individual. o
multiply ot survive, This may be due w0 wxic affect of ammonia as because the
experiment was brought about withour scration. Another cause may be growth of thread
algae. Thread algac reduces or disappesr Moing (Rottmann 19921, Orher noticeable
things were that the contsiner was exiremely green which indicates the deficient in
nitrogen and possibly other nutrients. This might be another cause of motility of Moing.

ignificant difference (p<=0.05) were also found in varied among the treatment and
the same trends were observed for Modrs cultivition. All the contsiners were kept under
tame environmental condition. The highest and lowest reproduction rate was found in
poultry drops (11.33=0.97) and urea (7660477 respectively. On the other hand, the
highest and the lowest materation time were found in urea (82,332 2.1 hrs.) and pooliry
(JB6T=287 hrs) wested container respectively, Delbare er af (1992) reporied their
findings that the matration dme of Moina species required 74 1o 120 hrs. Present soudy
supported their findings. Rottmann {(1992) found the reproduction rate 10-20 individual
and AK. Reddy (1990) found the reproduction sate of Moing around §-10 individeals
from a single Moing that also agree the present resule Due o the variation of the
different feed composition among the treatment the reproduction rate and maturation
ume varied. Poultey mreated container could be possible resson for enhancing the
reproduction and thereby reducing maturation ime of Mona [t is believed that oves
crowded papulations, shortage of food, 1o low or o high a emperature, too short light
period or o dim a light, and excesses of excretory matier or waste metsbolites ire the
miin cuuses of ephippa (resting eggs) prodoction (Rottrmann 1992),
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Culture potentials of gulsha (Mysrus cavasius) in monoculmre
management under different stocking densities

AH.M. Kohinoor®, Momtaz Begum and M.0G. Huoazain
Frestvarer Statnn, Bangludesh Fisheries Research Tnstruie, Mymensingh 2201, Bangladesh
sarrespanding authar

Abairac

Semi-intensive gprow-out toals on mesoculmre of gulsha [Mpsfus cevasies) were
conducied 1o assess the production potentials for the period of sic months from March
thromgh Ausgmst 2002 Three siocking demsitles such as 40,000 OT-1 30,000 (T-2) and
il ha ¢T-3) were wsad in three replications. The production of gulsha was 1474 =32,
1,535 £71 and 1370460 in trentment-0, 2 and 3, respectively and they were significantly
different {p=005) from one o another. A higher net benefit wes obtsined Tk 42391
fromm trsitmeal-1 (1-1) where the stocking density was 00000

Inrroduction

In recent years, increasing anthropogenic pressure on the inland water resources has led
to drastic degradation of the rich ichthyofauna of Bangladesh. Many commercially
important indigenous fish are gresdy thresiened, Gulsha (Mystus cavasios) 18 one of
them, which is on the verge of extinction, This fish s gremt favoriic o consumers
because of its delicious taste and therefore have a great demand ferching high prce in
the market.

Mauss propagatdon coupbed with judicious cubure in controlled environments is
often considered as the logistic approach for conservation ventures. With this in mind
and also 1o increase its production through aguaculture, the Bangladesh Fisherics
Besearch Institure under its Freshwater Stavion, Mymepnsingh has developed seced
production technology through artificial propagation (Akhreruzzaman er af 1991)
Though this species have been reported quirte favorable under standard conditions of
carp farming (Hossain cr &f 1998), their monoculiure culture has not ver been developed
end esmblished. The present study has, therefore, becn proposed to evaluate their
production potentinls of gulsha in moneculture management

Materials and methods

Experimental design snd pond preparation

This trial was under taken in three earthen ponds each with three chambered (90m’
each) over a period of six monthe during March 0 August02 ar Freshwarer Station,
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Bangladesh Fisheries Reszarch Instiiute, Mymensingh, The experiment had thres
restments and three replicates of each. Three stocking density of pulshs fingerling (M.
covasius) sach as 40,000, 50,000 and 60.00dvha were tested, which considered as
ireatment-1 (T-1), treatmenz-2 (T-2) and oreatment-3 (T-3), respectively. Before stsrting
the experiment, ponds were drained to eradicare all fishes, embankments were repuired
Fond bettoms were treated with lime {Cal)) at the mie of 250 kg ha' and left for 3 days
Then ponds were filled with groundwater and fertilized with cow manure 2,000 kg ha'
and left for three days

Srocking of ngerling
Fingerlings of gulsha were stocked at the raee of 40,000 (T-13, 50,000 (T-2) and

Al Mk o {T-3) in three ponds with 9 chambers. Guisha fingerlings were stocked in |
March in afl the treptments. The inidal weight range of Gngerling was 1.94 1o 4.06g,

Feeding and fertilization

Afrer stocking, fingerlings were fed wirh supplementary feed (25% crude protein) a
the rate of 4-6% of estimated biomass. Organic fertilizer {Cattle manure) was also applicd
at the rate of 1,000 kg'ha in foctnightly interval,

Fish sampling
The ponds were zampled fortmightly by using 2 seine net (mesh size 5 mm) w
determine growth rate 85 well as feed adjustment

Apzlyzis of water qualily parameiers

Water quality parameters such 2 witer temperature (“7, DO (me/L1, p", alkalinioy
nmg'L). were monitored at weekly interval (APHA 1992,

Sratistical amalvsis
Analysis of varignce accompanied by DMRT was emploved 1o see il treatment had

any significant effect or now The statistical analyses were carried our using sratissical
software, Stargraphics 7.0,

Besules and discussion

The overall mean values of water guality parameter of ponds in different months are
presented in Table I. The mean values of water quality parameters in different months
were:  lemperature 2562=0.28 1w 3131 £1.57°C, dissolved oxvgen 4572091 w
E.25321.83 mgT and alkalinity 16125238 38 10 21 ] £5.48 mg.

Water temperature is one of the most important factors, which influcacge the
physico-chemical and biological events of 3 weter body. The ranges of mean value of
water emperature in different months in the present study were 25.62.31.31°C. The
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vatlies of witer tempemnture are more o less dmilir w thet reported by Paal {1998} and
M.M. Rahman (1999} and Kohinoor (2000}, The pH in all pond water was slkaline
throughout the experimental period. Different authors have reported o wide vardstion in
pH from 6.7 10 7.2 (Ahmed, 1993): 6.7 o 8.3 {Hossain e 2f 19973, 7.18 10 7.24 (Kobinoer
cr gl 1998 and 6.5 to B.E (Rahman 2000} in fervilized fish ponds and found the ranges
productive. The ranges and mean values of pH recorded in present smdy are alkaline,
which indicating the productive narsre of the fertilized ponds.

Table 1. Mean value (£ 509 of warer qualicy purameters in different months

Month  Waier cemperature pH Drissolvesl oxygen Toml Abtliniy
] (g {mgT)
March 25R20.28 181842 Eld=2155 2 1+548
April 2EBE 096 194-8.57 EM+| k] 16L.25cE.A8
May k38 260 7.67-065 59313.2 I 10TS
June 1.55+013 737749 457091 174952
July 3.3 %1.57 i37.780 48621041 108 =14.25
_Aupust 3L )06 15811 SA7+1.71 P75 +12,92

Liissolve oxygen is the most impormnt factor for all aquatie organisms except
angerobic becicria. The value of dissolve oxygen concentrations was found (o vary from
57091 w 8252183 me/l., Dissolve oxygen concentrutions more than 3.5 mg/L in
pond waters reported by several researchers (Al er af 198, Martyshew 1983, Rahman
Z000 and Kohinoor 2000) which was similar 1o the present study.

Total alkalinity more than 100 mg'L shoold be peesend in high productive water
bodigs (Alikunhi 1957). Paul (1998), Kohinoor (2000} and Grag and Bharnagar (2000}
found the avermge ol alkalinity values above 18 my'L in their experiments. The ol
alkalinity values found in the present study were within the suitable runge. The water
guality parameiers of the experimental ponds were found  be within the accepmble
ranges for aguaculiure snd there was no abrupt change in any paramerer of the
experimental pand water,

Crowth dnd prodoction

Details of stocking, harvesting, growth sad production of gulshe { Myswus cavasivg in
different treatments during the study period are presented in Table 2. On the basis of
final growth snstped under treatments-1, 2 and 3 were 41.4226.20, 36,11+ 3.85 and
2899452y, respectively. The highest growth was obtained in treattment-1 and lowest
in treatment-3. The harvesting weight showed significant difference (p<0.05) in T-1
ioliowed by T-2 and T-3 when ANOVA wis performed. The monthly saampling weight
of gulshz under different stocking densities are shown in figure 1. Fig. 1 indicates that
the growth rate was always higher in treatment-1 then followed by treatment-2 and 32
Ihe resulis showed that higher growth rate was obsereed at lower stocking densities.
The percentage incresse in weight (g) was found 1o be 920.19%, 207.28% snd 635.71% in
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trestment-1, 2 and 3, respectively. The SGR (%) values were more or less same in all the
treatments and which showed in significant difference among the oreatments.

Table 2. Growih, survival and peoduction of gulsha (Mystee sevacius) under different sicking

idensities
Treamenis [nizal Harvesring Inarcast ol Survival (B Prodecdon SGE ()
weight () weight {g) mrovarth 955 (gl
Trepimetl-1 4ib=1.L1 dldz=n.20 SHLIY Ed 1. 474+51" 1.2%
Tresimeni-2 ER D ETRL ECRAEEN L AN07.I8 B 1.535=7)" . bi®
Freaimeni-3 A1 2R.99+d 52 3510 Ta 1,370+ hi}" 103"

* Figures In the samse column witl difTeron supersipis are significnly diferenn (B =103
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The survival rate of gulsha was found w vary with the socking densities. The
highest survival (§9%) was obtained in treatment-1, where the siocking density was
#0,0kha. and the lowest (79%) was obtained in reatment-3, where the density was
60Kkt (Table 1), The survival rae did not show any significant difference (p=0.08)
among the rreatments. The resules reveal thar higher survival rate was found at lower
stocking densicy.

Production data of fish per hectare was extrapolated from the dama of %0m’ water arca
over & 1B0-day culiure period. The productions of gulsha were 1,474252, 1,535271 and
1,370460 kpha, respectively in treatmenis-1, 2 and 3. These data showed significant
differences among treamments when compared using ANOVA,

Culmire of small indigenous fish such as gulsha, pabda, sharpunt, koi, mola, chela
punti has not yet been attempted on large scale in this country. Conseguently, pablished
informations on production of small indigenous fish species in freshwater ponds are
rather little, Akhteruzzaman (1988) reported that the producten of koi (Anshas
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tesiadinens; was 450 kg'ha® months where the stocking density was 16,0000ha by
applying supplementary feed, (rice bran, mustard oil cake and fish meal). In anotber
sindy, Akhreruzzaman er gf (199 observed that in monoculiure condition  the
production of (P ssrams) was 1,200 kgha'® months. Kamal (19967 olwained a neo
production of 461 kgha's months from P sopdore in monoculoure condition by
applying fertilization. Rahmawllah er &l (1998) reponied o obtain & net yield of chapila
[ rpalsra ohaparat to be 9213 kg'ha in 3 monchs culiure period,

Caoar amd benelr

A simple cost-benefit analysis was performed to estimate the amount of profit that
has been generated from these types culwre. The results of the analysis are shown in
Table 3. The cost of production were Tk. 77,469, Tk, 84,515 and Tk 92,841 in
treatmenis-1, 2 and 3, respectively, The cost of production was higher in treatment-3
and lower in treatmeni-1, The higher net profit of Tk, 42,291 was obusined from T-1
where Eulﬁhq was ztocked in -Iﬂ,![ﬂm:-"lu.. Hussain or &) ([958 an—ul.}'?.r.d thie cosi and
benefit of Mile tilapia { Oreochromeis oflorces) in meooculiure condition and got the net
benefit of Tk. 72.827/ha'® months where fish were fed with rice bran and museard oil
cake, The net bepefic of rajpunti { Pongivs gopionures), Kohinoor ee af (1993} found that
Tk. 638,135 1o 75,028 ha/® moaths could be achieved by applying supplementary feed and
fertilization. Whereas, Kohinoor (2000) got the net profic of Tk, 32910/t menths in
monoculture of small indigenows fish punt {Punies sophore).

In view of above, it may be concluded that the production and economic return of
pulsha in monoculture condition was not very encouraging bur culoure of endangered
species could ensure the availabiliy 3z well 35 conservarion of this species im inkand
WTENS.

Table 3. Cost and renwrn analyscs of fsh producton in different densities in cne hectare area

Inpauis T-1 T-Z T-3
Chiamidiiy Cort i Tk WTETTRE Lo i TR [ruanciny Carse i Thel
(Kgi [Fzl tEgl

Lease value . !5_&3'5! - 25 - 25 AKK]
__Pemd preparmiion 4,ET5 4,ET5 2ETE

Feud 1533 45,504 2980 SRA40 13,k7 1], Sy

CII?-'EJ_'IJ_':I_'!E J_-ﬂ'l]'ll- 5'["H.I 2 Sk 2.THH] MK

Harvesiing vosl 1,501 LMKl 1.54Hi

Toual o= 17,469 B4,515 42,841

Eeniling

Sell price of pahs o] [N 1022 EEr T [T 1257l

{ThdlNkg) 1

Bt ertedinlia £2 7] 48,179 32,514
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Ecology of Shakla bee/(Brahmanbaria), Bangladesh

K.K.U. Ahmed, KR Hassn, 5.U, Ahamed, T, Ahmed and G. Mustafa'
dangtadeih Fisheries Research [nsrinme, Riverine Samiom, Chandpar 3602, Rangladesh
"Wuthd Fish Cenier-Bangladeh, House # 22, Boad-7, Block:F, Banar, Dkaka

Abstract

The beel! Shukla, comprising an average area of 75.0 ha is located in the porthessiern
region [Brahmaabans disirict) of Bangladesh, The soady was carried out to assess the
ecalogical sspects of beel ecosystem. Surface run-off and incresse inflow of rain water
from the upper streich during monsoon cause inwndation and resumprion of connsection
berseen beel and parent rivers, The mnge of disolved oxygen (D07 content (4.5-0.9
mg/L} was found congenial for squatic life. pH was in che alksline range (7.3-8.5) and
free 0, wad reletavely high, Lower values of total hardness and codal alkelinity indicated
less nutricnrs in the beel water, A wide variation (1.4-27.2 « LIV cella/L) in the standing
crap of oAl plankwn was recorded during study period of which phyvmokznkon alone
contributed abeut W6 Phytoplankion diversity in the beel represented by thres groups
vz Chlorophyeess, Mysophyceie and Bacillasiophyeese in order of abundance. A toml
of 32 fish species helonging 10 36 gesers, 20 families aod 1 spacies of prawn were
ideniificd so far from the beel, About 13 avpes of fshiog method were found in
cpetation. Seing nets (aeslerd berfal ghoee fegall and gill ner (cwreen fal were
identified as detrimennal gear killing juveniles of differens species during post spawning
perind. Kus fishing was ako found barmful due to dewstering oamure & woial of 11
species belonging to 11 geoera and 10 fzmilies of squanc weeds weee [dentified from the
beel. The eges of Macrobrachium lamarre were identilied into the Nifas nafas veperation
dunng April-Seprenther.

Etj' “mﬁ . El!ﬂlﬂﬁ'..!ﬁu'

Introduction

The inland freshwater fisheries resources of Bangladesh have been among the most
productive fisheries in the world, with only Chinz and India reporting more inland fish
production than Bangladesh. The flood dependent fishery has been nodsble for the
diversity of its fish and prawn species and the primary source of fish for all Bengalis
(Rahman |98%), Inland open water capiure fishery as 8 whole is in decline over the
decades due 10 multiple causes. This capture fishery is made up of three inter-related
general arcas (riverine, beel/baor and floodplains), the declines in one area are an
indizator of problems in all arcas (DoF 2002). To mitigate the prevailing situstion there
is & search of new interventions, pulicies, end management options and future programs



E. KU Ahmed erad

shoutd be designed o prevent the further decling and possible collapse of the existing
fishery,

Beel is a siucer-shaped depression, which may held waicr permanenily er dry up
during the dry period. A vofal area of beels in Bangladesh was estimated wo be 114,161 ha,
occupying 27.0% of the inland freshwater ares. The number of beels in the Northeast
region has been reported o be between 3,440 (covering 58,5304 ha with a mean e of 7
ha} and 6,149 [covering 63,500 ba with a mean size of 10 ha) {Bernacsck en alo 1992),
Abour 58% of the beels in the Northesst region are permanent and the reminder is
seasonal,

The WorldFish Center of Bangladesh has been implementing o project (CBFM-2] in
115 open water bodies of Bangladesh in collaborution with the Department of Fisheries
(DoF} and 2 number of Non-Government Organizations (NGOS) o promote susiainable
uhe of ppetwater Aahenes resources by communiny management. Among 1153 beels, the
beel Shakla (N 23°56,508" and E 0917084487 located in northesst ceglon (Erahmanbaria
district) was selected o carry our the presenc study. This beel s leased out to Heel
Management Committee (BMC- a community based local forum hesded by 3 Chairman)
for consecutive five yvears. The beel 1s managed by BMO with the cooperation of
WorldFish Center (WFC), DoF and PROSHIEA,

Marerials and merthods

The stwdy was cormied our tn the beel Shakla during Julv'03 o Juse’dd. The research
wis based on both primary and secondary data, comprehensive literatore review and
extracis of local knowledge and informartion. Dara oolfection was limited with the
vigiting schedule. Collection of primary dats was made by field observarion and different
experimentaions iz experimenial fishing in the beel, survey of different fishing
meithods, survey of fish markeis adjaceni o beel, monitoring of hyvdrological,
meieorological, physico-chemical and biolegical chamctenstics of beel and fishers
perception 85 well. Secondary data were collected from the fishers, lease holders, Beel
Management Commitee [(BMC), local administration, Water Devclopment Board
(WDRB), Depariment of Fisheries (DoF), Bangladesh Fisheries Research Instituie
(BRI, Meteorological Department and refated NGOs

A bamboo made merer scale messured water depab. A Secchidise messured water
rransparcncy. Temperaare of air and waer was megsured with a centigrade
thermometer. Free GO, conient was determined by phenolphthalein indicator methosd
(Welch 1948), Toal alkalinity was estimated by usiog phenolpbibalein and methyl
orange indicaror method (Welch 1948). Tozal hardness was dewermined by EDTA
tirrimerric method (APHA 1995 HACH west kit (Model-FF-2, USA) was used to
measure water pH, disselved oxygen (DO, smmonis ond nitrite only.

For plankionic study 3 L water were collected from the euphotic zone of the beel
and passed through boliing silk plankion ner of 354, The filorates were immediately
preserved in Lugol's selution. Qualitative and guantitative analvsis of both phyto-and
zooplankion were done following drop count method [APHA 1995, Microscopic
identification was performed up 1o genera. Each sample was sticred smoothly just before
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micreszopic andysis. One ml of agitated sample was poured in a Scdgwick-Bafter (5-R)
counting cell. A binocular micooscope did identification and enumerasion of each
sample. Qualitative studies were done according to Presscott {1964) and Needham and
Needham (1972).

Idennification of fiches was done through eollection of different species directly from
fishers' catch, experimental fshing, fishing through enclesure with bana {Jocally called
pardy, karha fishing, fog fshing and surveying local fish markets, Catch-effort survey was
dome through fn gty observation.of fshers’ nets. Hesident fish species was recorded
through experimental fishing in rhe deep pool areas in the bewf and man-made Luss
where water remains during dry season (early Januwary.mid April). Local koowledge a5
well as fishers’ perceprion has been considered also. Aguatic weeds were collecred from
the beel and identification was made into the laboratory.

Results and discussion

Morphometry snd Bydrodyvnamics

The main morphomerric fearures that inlluence the productivity of beel ecosysiem
are shoreline, ares. deprh and slope. Thewe, in turn, are clasely linked with the
hydrodynamics of wetands. Generally there are theee main soucces of wates input inm
the beel ecosvstem o7z overspill from the river channel, surface flow and regeneration.
River flows are determined both by rainfall and snowmelt from the mountain range. The
beel Shakla lies in Machihara union of Brahmanbaria sadar upazila, abour 13 km southesst of
the disinct wwn, The Tims rver passes through the casern gside of the bock, This river is
used 1o inundare &5 well as drain the beel. This beel is connected with the Tias dver by three
canals locally called khals efe Audsubbah, Bamkhal and Eoemlia. In dry season, almost all
the arcas of beel become dried up excepr the aferesaid canals whene water remains during
mid-January to mid-April. Flooding originates from the Meghna river. the west of the beel.
The average area of Shakla beel is abour 75.0 ha. The bowom of the kel is uneven. Surface
run-off and increase in tiver height due wo inflow of rain water from the upper sireich,
cause inundaton of foodplains, often Gusing resumpton of connection between beels
and parcni rivers. The moete waler gain or exchange of water in the beel kes place
during seuthwest monsoon when the floodplains are flooded, Afer recession of Tood,
water level in the river decreases snapping the beel's connection with the river. The besl
gets dried up through evapo-transpiration and secpage, Except decper portion of beel,
the people use most of the area for crop practice by extracting wuter from the beel, The
witer loss by vanious means causes shrinkage of the effective warer area and lowering of

depith in the beel.
Warrer quality
The water quality profile of the beel Shakla is given in Table 1. The color of besl

water was found o be changed periodically. The nature of the beel bed was observed
almost hard. The warer level fluctuated bevween 0.8 and 3.0 m. The highest depth was
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eecorded in June and the lowest in January. The mean water level obtained 1.93+0.7 m.
The Secchidise visibility Auctuated muchy it ranged from 033 m w 125 m. The
iransparcncy of water was lower in January and highest in November, Almost muddy
water prevails duning rainy sedson. The mean value of water transparency was 0L.7520.4
m. Air remperatore wis Quersiated remackably during the study period. It ranged from
220 o 34.0°C. The air cemperature was found alwavs higher thin surfice waler
rempersrire. The meso wir empenilure was 208+ 6°C. Surface wailer temperature
ranged between 210 and 3L0°C. The mean water temperature wes recorded 28.5:3.9°C
Water temperdture showed an incressing trend i monmsoon afd fost-onsonn seakon
amd decreaping in winter ie supported by Mathew (1973). Wiarer emperature g
infivenced by the air temperature, snd it found highly synergistic wish the sie
wemperarure. Rahmun (1993} stated that the transparency of productive warer bodizs
should be 40 cm or less, and waler temperature unging from 260 w0 31T was found
suitable for aquatic life. The range of water temperatuere of the studied besl indicating
almiost suitable for fish habitar and brecding as well

Tahle £ Meteomlogical and physico-chemical paramerers of Shakla fecf
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Dissolved oxygen concentradon (D0Y) varied berween 4.3 and 8% mg/L, the higher
concentration was found in post-mensoon peried. The average oxvEen concentration
was recorded 7.321.6 mg/L. Banerjea (19671 reported that water bodies having a range of
3w 7 mg'l. DO is productive, while those having below this runge are unproductive
MBS

The values of frec OOy were observed high at the advent of beel inundaton; i
showed wide flucrnarion (0.8-16.3 mg/L) during the study period, The avernge value was
recorded 2.626.7 mgT.. The high values (565 mg/L) of free CO; were also reporied from
the Surma-Kushivara project area (FAP 1992), Free CO, content more than 20 meg/1.
may be harmful to fish and even lower concentration may be equally harmful when
dissolved oxygen contents arce less than 3 mg/l (Lagler 1972), Ruuner {1953) reporied
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thar very low valoes even 0 mgTl. of free COy the phowsynrheric acrivities of
phytoplankton occurs aormally.

The values of pH were found alkaline range (7.3-8.5% Rutner (1953) quored thse a
eutrophic fake normally maintaing alkaline pH. The bighest and the lowsst values were
tound in November and June, and January respectively, The mesn value of pH was
BI04, In exhibitved & nareow range of Queneation throosghoot the investiganen pertod.
According to Swingle (19677 pH value of 6.5 to 9.0 is suiable for fish culture and more
than 9.0 15 unsuitable because free CO s not ivailable in this situation.

Total hardness varted between 20 and 336 mg/L. The highese and the lowest valpes
were observed in Movember and June respectively. The mean value was 226484 mp'l.
Total alkalinity varied between 120 and 35.0 mg/l. The highest and rhe lowest values
were recorded in January end June respectively. The mesn value wus recorded 263280
mg'L. The lower copcentration of hardness and alkalinity indicated the beel warer 1o he
fess nutrient enriched. Almost simdlar values of torel hardness and total alkalinicy were
reporied by FAP-16 (1992} from the nerthessiern sreas of Bangladesh. Banerjea [1967)
reporied that &0 o 7% of averzge to highly productive ponds have toral alkalinity
migaig Froem 20200 mg'L., Lake water registering hardness as calcium carbonane helow
24 me'L is generally regarded as sofi (Clegg 1974), From the above discussion jr may be
comicluded thar the beaf warers were found a8 soft-mediom hard tvpe and moderaiely
producrive.

Ammonis vaded berween 0001 and 087 mg/L, it was recorded zero in the month of
July and Segrember. The metn value was 008002 mg'l., Nitrite concencration ranges!
from iraces 1o 0.3 me’l. Low valoes of nitrite contents takes place duc oo rapld
shsarption of such nuiticnts by the infestaton of macrophyie communiaes in the becd
HLOsY SLET
Flanktonic crgErisms

Abundance of tot] plankin in Shakla beef s presented in Table L Ii is evident
from the table that & wide vaciation (1.4=27.2 x 10V cells/L.) exisied in the standing crop
of togal plankren in different months. The highest concentration of votal plankion couni
wis recorded in July and the lowest count was obtained in January with a mean of 154 5
1 cellw'le. The contribution of phyioplankion ranged berween £4.3 and 92.4% wath 2
mean of 9.3%, while the contmibution of zooplankion ranged from 7.5 e 35.7% with 2
mican of 9.7% wothe woral plankonic organisms, Low production of zosplankion in &
lome coosyvarern iz not uncommon. The highest concentration of phvioplankion and
sooplankion were recorded in November and Januvary respectively. Ehshan e 2L (1996)
recerded high phyvtoplankion (3086210 celle’L) and low zooplankion coune {1.5-0.7x10°
cellyL) from Chanda beel,

Dunng the present investgation 23 geners of phytoplankion belonging o 15
farnifees and 10 genera of 2ooplankion belanging o 7 families were recorded from Shakia
feel (Tabkle 31 The phyieplankton population was compesed of algal flora belonging to
the groups Chiorophyeese, Myxophyceae and Bacillariophyceas, Among the planktonic
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algae Chlorophyceae contnbuted the bulk and the predominant genera were
Frovecocens,  Mougeords,  Microipors,  Mesoreniom,  Closrerium,  Eremesplaers,
Chlerococcnm, Ophiocytium, Penivm, Spirogyrs, Syanems, Trochisoia, Kirckaeriolla.
Myxophyceae included various species belonging o genern Mywrocpseis, Ansbacna,
Merfsmapediz, Polvcyses, Anscysts and Nosroc, Bascillanaphyoee was represented by
various species belonging o geners Mefosira, Nowicofs, Naromas, Syredrs. Several
authors (Ehshan er af 199%6; Hossain er o 1998; Ehshai er 201997) reported the
dominance of Myxophyceae and Chlorophyceae groups from different beel ecosystems of
Bangladesh, Phytoplankton diversity in the beels of upper Assam zone represented by
four groups in the order of Chlorophycese = Bacillariophyceae = Myxophyceae =
Dinophycese (Suguman and Bhattachariva 20040,

Table L Month wise planktonic sbundunce of the Shakla beef

Manih Fhytoplenkica Lecplenkion Toial Plankten  Phyioplinkron  Feoplankion
LT ol I el (el ey’ L %) (%]
July 250 22 i) 9152 K
repeamber 20 I3 125 e 16,51
Movemier 95 A LT 2145 155
January o 05 14 1 B
Megn 139 1.3 154 f R 9.7

Table 3. Dviversity of plankion in the Shakly fecd

Fil:ﬂ_h_._llm Lifniis o
Phaytoptankion | Chiocophycess: Peovdcecoun, Megpeon, Micrgemm,  Wesoremine,  GRstomins,
Ereraemphoers, Chlmooncemms Opldorrom, feaivm, Spiog,
Zvgnen, Teoehiuds, Kirchresells
Mymuphyoeze Mpemovysits Ao Meosmopedia, Pelvcrns,  Anacens
Neroo
Bacillaricphycese | Mefosins, vasionky, Dinoea, 3rasdm =
Zoaplankion | Fovidems Podvarifve. Kerdisfis, Fiténts T oo
I ladncem LDlaphris, Bosming y
Cnpepoda CL'n'n_Eﬁ Adreniius, ENaprw
Usmacosds C¥opmeones

Among zooplankton the represented genern were Folvarchrs, Kersells, Filinds,
Frichocerca, Dapbnis, Bosming, Cyelops, Nowplius, Diepeomus and  (Neomonas
belonging to four groups, Rotifera, Cladocera, Copepoda and Ostracoda, Rotifers was the
most dominant group followed by Copepoda, Cladocers and Ostracoda, Almost similar
nhservations were alao made by Ehehan er of (1996), Ahmed er 22 (1997) and Patra and
Azadi (1987). Similar observation was also made by Sugunan and Bhaantacharjva (200
from the beels in Assam.
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Tchrh po-diversity snd febing methods

Fish genetic resources in northeastern regions are unigue being 8 mixture of
migratory, resident and exonic figh species. A wal of 52 fish species belonging o 36
genera, 20 families and 1 species of prawn were accounted snd ideartified <0 far from the
Shaka feel Cur of them 38 resident fish species belonging o 27 genera, |7 families and
I species of prawn were identificd, OF the 52 fish species recorded; 16 species were
belonging to the family Cyprinidae followed by Silurddae, Anabantidae and Channidae
of which each family belongs o four species. The identified fish species were categorized
ingo 23 groups. A list of those fishes with their harvesting methods is presented in Table
4. This beel i3 inhabited by the carps, barbs, catfishes, snakecheads, ecls, minnows,
loaches, featherbacks, gouramies, perches, gobies, puffer fishes, needie fishes, sardines,
hali-beaks and smzll prawns. The common and more abundant fish species in the beel
are- glass perch (Chands pama, © ramgs); barbs (P pond), gouramics § Colise sota,
falius), loaches {Lepidocephalus gunies), Treshwater spiny  eels ( Mavacembelus
pancwlus), yobies'mud skipper { lossogobduy gruns), cafish (M. rengra, needlefish
[ XNemcwodon cancilal, pufferfish [ FPerrsodon covcwds) small prawn (Macrofeachiiun
tarmarredy. Haroon er &l (2002} identificd @ total of %2 species of fish end prawn from
Sylher-Mymensingh basin. He found the dominance of barbs, catfishes and major carps
in the Sylhet sub-basin and catfishes, major carps and prawns in the Mymensingh =ub-
busin. In India, Sugunan and Bhauacharjya (2000, recorded 54 fish species belonging w
I8 fumnilies from Dighali beel (Kammup diswdct), the common species contributing 1o
commmercial fundings belong to cight groups {carps, catfishes, murrels, featherbacks, air-
breathing fishes, hilsa, prawns and miscellancous fishes).

Tabbe 4, Fish species abserved 1o the Shukla beel

Larinugry | Family hl:b-l_l._'lrll.'iilé{ EELTIES: Fishing meibode
Carps Cyprinido Laber ol Crerfines mmged, | Enciosure with pard®, FAL, Gill
. peha, L g, L ocaisaey EL | Al Seike oee
— S e .
Minmnws Cypeinidse Rofeee covde, Esonny abensews | Drmag ner, Seine per, cas net,
Salmosteurm phrdsy, N feands, 5 | FAaD
cachiug, Ambfrpid i ol
Harbe Cyprinidae Panvivs sacens, & o, Bosapbare | GHL nel. Posb net, Caseonei,
FAD
Chines arp | Cypeinkdse [ g e Ty -':-_-'i:!grnim- net
Air-hreachang | Clariidee f.Mavtas haimchia FAD™
carilsh
Fresh  waier | Siluridse o g i - FAD Zeine ner, Long lee
hhaik
Bineer catfish | Silumdae Chmapad i Seine mid
Sringing Heleropeewstidee | Mererpnneosres el FAL
watlizh
Carlich Schilbeidoe Allis_mils, Acrichehys sor, M. | Seinc met, Posh nel, FAD
L vitatus, M. denpry <"
Featherbeck | Mowperdae MU BAPTE 18 DA ETE Seloe met

Lovy
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_Sanlines Clupas due Erpduiis olapr, Comer soborms Gl ner, S0+ scine net
Freshwaner Mesiascombedae | Mramamanios sezierryy, | Gill mes, S=ne nel, Dng nee,
Apng E_n'e_l's_ v atacembe g arman “-""'-L"?'F"' FAT
Sy eel Mampcembelidee | M mncxiue Gill met, Seine mei, Dirg ne,

el Cast per, FAL
Climbing Aitabanindae Liotvmy som, 8 Sracreios O felivs, | Gall ner, Push per, FAD
prachy Araiag fevtndineny

_Gonramies
CobieyMud | Gobsligae drhassapanius @i Thash net, Sdine per, Glll ner,
sk lpmer FAlr
Mud peach Mandidae Manates aspilios Galb ser Push ne, FAD

_Ferch Frisicds podae Haghy fweia Seine nel, Push per
ilass perch Lerirupumidae Ehenol mama, O R Temh pes, 53 Seine ner, FAT
Lonches Cobritidae Porfa  dwnne  Lapwdeerphwhne | Seinenm

Jrnice
baake-leeale Chaninidee Chadra Arnzees, O marelies O | Cass nen FATYL Hand line
ey o precai
Meodlefish | Heloidas Neneneodine cncil Sebne ne, FALY
Hill-himk | Menirbamplidue | Hvporbanmpiis simads Scine ne
Piidler fish Tecradomrida Totrwecion  cwrenrx, Chelnodon | Seine e, FAD
i fiwiaiiss .
Muod el Synhianchidae Mannprieras codhi Gill ner, Seine ner, Dhog nel,
Cast ne
Swpll prawen | Falaemonidag Aagredyavhium ke Push nei, 5 Seing nor, EAT
! Fenee made by hambso splitg and rege

* Finh aggregacing device (FAD-Fishing vsng Bash Parkoand fram Fug (dewaneing)
A - Srmall meeiEgd

Local fishers, BMC members, Kun owners, retilers of local fish markets, NGO
wiorkers, Fisheries officials, and peoples residing along the immediate vicinity of the boe/
informed thar species diversity and fish production of the beef ecosystern have declined,
many species have been lost over rime due w bogs of fish habitat, over fishing, siltation,
use of femilizer and insecticide in the rice feld and use of destructive fishing gears
during the post-spawning seson,

o Shakla beel, 13 tvpes of Ashing methods were generally found in operution, Those
included enclosure for fish trepping. fish aggreguting device (FAD) like katha (brush
park) snd kus fishing, and other traditional fishing gears 142 seine nets | purce seine ner,
moshari berjal, ghono berjall, gill nets (chapila fal, currenc jal kol faly cast net (jhaki
iall, push net (Felun jal), drag ner (moi jal) and long line (chara borshi). Fishing gears of
different meshes (2.5-40 mm) were found w operate inw the beel ecosystem. Caich per
unit effort [CPUE) of different gears varied berween 1.5 and 14.0 kg/day. Sugunan and
Bharacharjys (2000) found 3 wide varety of fishing methods {passive gear, active gear,
FAD, falling gear, dewatering) emploved in the beels of Assam, which are very similar 1o
the present findings. Horoon er al (2002) reported eighieen tvpes of fishing gesrs from
the Sylhet sub-basin and thirtcen types from Mymensingh sub-basin. They abso recorded
many kinds and sizes of bamboo made traps.

Inundation of the nurrient-rich and food-rich beel provides fishery habitat in the
torm of spawning grounds, nursery sreas and o major (eeding opporiunities for o wide
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range of fin-fish and o prawn species, & few ovpes of fishing gears viz scine neis
Lmoskary berfsl, ghono beriah ond gill net [correns ol were so far idencified for
indiscriminace killing of juvenile fishes of different species in the beel during post
spawning period.

Magroplyies

A pstal of 11 species belonging 1o 11 genera and 10 famifies of aquatic weeds were
identified from Shakls beel (Table 5}, The identified macrophytes are five types v
floating, emergent, spreading, submerged and rooted plants with foating leaves. The
weeds usually grow along the beel marging and absent o the deeper reglons. The weeds
are used a5 human consumption, cattle food and main food iem of Buffalo. Among the
identified weeds Naas mapss species was accounted dominznr. The cggz  of
Macrobvachivm famserrer were identified into the Nafss nafes vegeration during April-
Seprember. Water hyacinth ( Eicbhornias crassipes) is usually used for covering a layer on
the surface of brush park [FADY) installavion, which provides shelter and additional
nuttients for fish species. FAP-16 [(1992) reported lesi ahundant macrophyies (rom
Surma-Kushivara floodplain project. Sugunan and Bhattacharva (3N found a rich
growth of marginal sod  submerged vegemation in the foodpizin wedands of
Brahmapuira basin. Rahman er &/ (1997 could not find any floating aquatic vegetation
from the spawning locations of Halda, the Tumuna and the Brabmapurn river and there
wire mo signi Acant relationship existed bemween the aguatic vegeration and spawning of
majier carps. A unigue featice of the foosdplain wetlands is the rich growth of marginal
and submerged macrophyies duwe o allochthonous and autechthenous notrient loading,
which often end w replace the plankton community and hastems the pace of
cutrophication. This is almost happened fior closed beels, which are choked with foating
and marginal vegemuon, Open beels, however, generally harboured bess macrophyics,
which are favorably disposed for energy transformation through phyieplankon.

Tahble 5. .ﬁquu!r_' weeds in Shakla besf

Hﬁmﬂ}' Ll name Ledetitifle Hartis Type

Pantediziaceae Kachuripans Fioh e craisines Floaring

Lemmaceae Fdurkanipana Wodifor 2 Floating

LATATT e as Arail Lewrely Arxamdi Spreading
Graminsas L3ad Halvocsan gristara Emergent
Mymphacene Ehapla Nimphasa mouchall Boored planes whih flaaning lesves
Majmlaigar Was eSSl Submerpid
Composiieceas Helenclhia Enfirdrr focknears Spreading

wlarsd liai e Shimmishak arsl b quoadifnta Emergeat
Canvolvulaceae Ealrnilaca Spotii sy Spreading
Commetingcess Eanaitxishi Commeling beymlenay Spresding
Mymphasie Pudma Meluaibo aiaers Baoied planis with Boasing leaves

The sbundance and succession of biotic communities occupying in the beels are
influenced mainly by the uniguee water renewal pattern of the ecosystem. The high
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fluctuations in water level und the alternating seasonal riverine conmections are the
inherent characters of the beel ecosystem. Fluctuation of water level in the fecl
ecosyslem 15 an imporiant parameter for fish spawning. The shallower urcas of the beels
were found suitable for the spawning of some resident fishes { wiz, Glossogobius griords,
Hereropnewstes fossilis, Channa spp, Xenentodon cancifa, Pusrius spp. Mysius spp,
Maracembelus spp., Macrobrachivm lermurred eic.b, All {1997} repored thar most of the
smaller sized fishes breed into the shallower water aress, mainly in beel/floodplain.

In Noodplain wetlands, water quality is influenced to o great extent by inflow of
wiler from the connecting rivers, local carchment areas and by the metabolic processes
of plants and animals fiving within the water body and the aquatic vegetation in
particular, The tarbidity in besl water wis mainly due to silt and organic debris carried
by the run-off waters. The weed-choked beels have the lowest murbidity. The basin and
aouatic enil can influence the value of pH. The vanatops in the concentrations of DO and
free CO) were mainly due o the e of photsynthetic activity by sguatic vegetation and
variation in the organic maner contens in the basin sml, The DO levels of beel water were
Fairly high and within the optimal range for the growth of fshes. An evoluation of
hydrolegy and phyacoechemicul properties of water indicates thar in spite of low valoes of
hardness and alkalinity Shakla beel i= found o be conducive to enhanced Rsheries, caprore
fsheries and biclogical producion as well,

The kus owners excavate ditches along the canals of the beel thar connect the beel o
the main river stream and, have a tendency 1o encroach &hes fands. As such, most of the
connceting canals of the begl become blocked off by the raised dvke of kuas and siliation
as well, 5oy i is an essential rask w excavare the connecting canals from the mouth of the
river to the tail end of the beel for casy access of incoming water, For the sake of
sustainghility of species diversity every one should aveid complere harvesting of fish
rmther as well their progeny) from the kua by dewatering. Initiative should be taken
well circulate the harmiul effect of dewatering through mass media.

The dry season represents the most critical season for all species of fish and the
grearest impast ocours at this period, morality rate is high, populatons are at their
lowest levels, fishery habitat is limited, predation is at peak and growth is slowed. In this
period, a certain amount of fish can be conserved in the deeper pools of beel ccosviiem
with the installation of brush park for next years sucoessful breeding and recruitment to the
population. In addition, to protect growth overfishing (indisciminate killing of juveniles
of different fishes) during post-spawning season fishing regulation should be imposed
properly on such destructive fishing gears. In addition, conducting awareness program
for the fishers can reduce indiscriminate killing of juveniles.
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Abetract

Allagralt manle transplanigtions were siudied in six species of freshwater  muossels,
Famellidens margrali= L. cormanes, [ fenkinsinus, L. pieachosgenicasi. Ferrcysia
corrugass and P favidens by transphanting forcign mantle tissog into the mantle tisue of
& host mussel. After three monihs of rearing. mavimom suevivability and pearl formation
were observed i L. magrralis and L renkorsigens follvwed by L, cormfames and L.
phenchonraniensis. Very poor resals were observed in case of Prrevads covregats and
P fevidens Tn addition to the oatuml pearl produdng capacity of individusl species,
survivability and pearl production were ndsted o the size of the mussel species. L.
argaalis has been identified as- the best species for mantle irznsplantation in
Hangladesh.

ey words : Pearl, Musscl, Mantle rranspianation

Introduction

Piearl culture is a type of aquaculiure with high economic value. The prospect of pear
culoure is bright and promiszing in Bangladesh due to the warm weather with mwelve
manths growth period both for pearly mussel and pearl. Freshwater mussels, which are
used for peard culture, can be cultored in the fish pond and other suitable water bodies.
Mussels filiers the water as water cleanes, therefore, the pearl culture is enviconmani-
friendly. Pearl culmire can be conducted in any kind of water bodies like ponds, lukes,
FIVETS, FESCTVONTs, oic. 5o, it is casy to extend in rural area with low iopur and high
otput. Pearl culture operation can be done by women. Thercfore, it will provide mare
emplovment opportunities to the rugal women who will play an important role in socal
and eoomomic development of Bangladesh.

Although there is & great potental, pearl culture has ool vel been Qounshed
commercially in the country due o luke of echnical know-how and financial consirains
(Barker 1994, A recent survey report also described the past history and present stats
of marural pearl culmee and suggested the bright prospect of pearl culwre in Bangladesh
{Mazid 2001}, Freshwater peard culsre started in China 2,000 years ago. Today, Chinese
citltured peards have demand throughour the world, %5% of freshwater pearl production
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in the world marker comes feom China. Freshwaner pesel cultoure is growing 4% 3 source
of emplovment and income in many South-East Asian countries (Ram 1997

Pearl prodduction and quality mainly depends on the mussel species and operation
echmiques. The mantde tissue of differemt part has the different nacre secretion
capability o produce the various qualities of peard. Different place of tssue
ransplantation alen affect che peard guality. Pearl qualicy also depends on the age of
rnussels, juvenile secrers pear] layer and forms pearls moch fsver ehan adule The
environment such as warer depth, water guzlicy, namreel food, e is also impoTent o
ihe pearl culiore. Among all those factors relared w0 peard culmure, mossel specics is the
key Tactor to the pear] culture. Because, nacre secretion of various mussel species may be
different. In the present study, pearl formation through fissue transplantation in ssme
mussel species have been investigated,

Marterials and methods
SpecTes selection

Six specie of freshwater mussels boave been selected. The species were, Lamelfiidens
marginalfs, L. corcfanus, L. jenkinstanus, L. pheachooganiensiv, Parreyvsin cormugata

and P favidens. Only soong and healthy mussels were selecred for mante tissue
rrensplantion,

Meehods for mantle tavve operation

Crperation includes two steps, mantle vssue slice making and transplungation, For
slice making, mussels of hesithy and strong condition weee gclecred. Mussel was opened
and mantle tissue was then separated along peilial line from the mussel. Separated tissoe
sirip was then ransferred into o glass board and cut into small spices of 2 mm x 2 mm
RAEL.

For the mantde desue rransplancacion, mussels of 1 vear age, healthy and strong,
with broad and distince growth line and withour diseage or injury were selecred. A plece
of mantle tissue was waken with needle in one hand and 3 wound was crested in the
mantle tssue of mussels along the horizontal direction with a hook in another hand. AL
thig point tigsue shice was transplanted into the bottom of the wound, Similary, the next
one was transplanted following the direction from postenior side o center.  In this
process 8-10 slices were inserted in 2 single mussel,

Mansgemenr practice

Operated mussels were transferred 1o a rearing pond of 65 decimal within 3-4 howrs
of operation. Water depth of the pond was 1.5-2.0 meters. In a net bag 3 mussels were
srocked and hanged from a rope stretched across the pond in the surface of water, The
hanging deprh was 30-35 cm. Mussels are primarily plankton feeder, therefore vellow
green water colour and sboac 30 cm cransparency  were maintained through proper
lertilizamon 1o maintgin the optimum plankion density in the pond.
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Sampling
Mussels were checked for survival and health condivon fortmightly. Warter quativy

parameters were reonrded formightly, After 3 months of reaning, mussels were counted
for survival, Each mussel was opened and number of pearl in each mussel was counted.

Fesules and discossion

Table 1 showed the water quality parameters of rearing water. Temperature of water
was suitable and in optimum range for pearl formarion. Oxygen, pH and alkalinity also
affect the pearl growth, which were in suimble range. Calcium is the most essential
element to pesrl culture, a5 calcium carbonate is the major component of both the
mussel’s shell and pearl. Mussel and pear] production depend on assimilation of caleium.
It is recommended thet caleium content of rearing water should be over 10 mgd Tor
betier mussel growth and pearl production (Dan et af 2001). In the present soedy,
caloium in resring water was more than 10 mgd throughout the rearing period.

Table |. Water quality parameters in the ponds during the rearing period

Pammeters Bearing pericad {weeks |
. I T S e T SR T B
Temperature (*C) RS 2R 9.l 0 L1 Iwa 153
Daypen (Mg 32 54 58 Lk i 34 R
F”‘ TE 7.2 A T4 1.3 TS Th
Adkaliniry (el L3 LT 18 4% 151 150 175
_ Caleiom {mg i 1 1 EE El £l L4 52

Survivability of mussels after tissue transplanmarion was the highest (100%) in L.
marginalis (Table 7). Similar results also obtained in case of L. Phenchooganfensis, £.
senkinsianuy and £, corfanus. Survivability was low in Parressid oovrigses and P
Geidens Low survivability in this two species was related o the smaller sizes of the
msscls.

Tahbe X Growth  of peard and survaval of masele tisspe mansplaneed mussels afier 3 mooths

rearing in pand

Warne of ipecies Averge Mea. af survivabiliny Sofprard mximum  Avemage no,
tenigth il beaning nie od of pearl
fcm} operated mussels L UullTE=H

mussels

L margenaiis 935 T L 93 1] fud

L. pheachoognvnsds 15 0 [ ird 5 = 5.0

L. wmkimstrnay a4 50 7 bk K &0

L oirrianus X | 0 A4 fifi 7 5.3

P cnrrugaia =4 i A0 45 . 3

I dwvilens A | ) it 33 G 3
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Among the survived mussels, 93% of L. marnginafis found pear] bearing, which was
8% in L. fenkinsiznus. In case of L. phenchooganjensis and L. corrianus pearl bearing
mussels were 75% and 68%, respeciively. Only 45% and 53% of survived mussels was
pearl beating in case of [ corruge ang P, Gvidens, respectively.

In the present study, allotransplantadon of mantle dssue has been followed. Pahna
amd Kasavitul (1997) studied the manile transplanation in freshwater pear] mussels
in Thailand and observed rthar allotransplantation vielded the highest success rate of
forming pearl sacs, Maximum numbers of pearl were produced in £. mereinafis and £
jemkinsignus, highest sverage number of pearl also was belong to this oo species.
Begum er ) (1987} studicd the pearl formation in I marginalis. They used ceramic
bead of 1-2 mm digmeters und mante picces of 2 mm size. They observed that 15.1% of
the transplunted mussels produced matured pearl. Misn er &b (20007 swudied pearl
production in freshwater mussel L. sargnelis. They used nuclei pearl production
process and selected sand, stone, fish eve ball and artificial pear] bead 2s nuclei. They
recorded highest pear] production in stone and lowest in the sand. [t is not clear from
that study, whether & pieces of mantle was simultaneously inserted with nucleus, which
% essential for pearl formarion. From the results of the present study, it is cleas thar
maximum pear] formation was found in L. mangealis, This is related to the size of this
species, which i3 wider than other species. Long species L. cormdanus and L
phenchoogariensis also showed encouraging results of pearl, formation. P cormuga
and P. favidens are not suitable for pearl culture operation due o ies small size and high
mortality after tissue transplantation. Among these species L. marginalis can be selected
for freshwarer pearl culture in Bangladesh. Because, this species is abundant in almos:
all freshwater bodies of Bangladesh (Sarker 199%4). The present smudy was for 2 shont
perind o investigate the pearl formation in different mussels species.  Further, long-
term stndy 1% necessary (o compare the size and quality of pearl produced in differen:
specics,
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Effect of salinity on food consumption and growth of juvenile
Nile tilapia ( Oreochromis niloticus L.)
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Albgiract

The effect of salinity (0, 10 and 20, water temperarure 28 £ 1°C) on food consumpiion
and growth of juvenile Nile cilapta, Oreockromis miforous Lo (0594 = k15 g) were
investigated by feeding group of 20 Gsh a1 2% body weight day’. Iodividusl food
consumprion was messared using X-rdiography. There were no significant differsnces
in growih or white muscle profcin concentratons among groups.  During  feed
deprivation, welght loss was similar for fish held ar (% and 10 % slinity, has alier 7
days over 50% of the fish maintained ar 20%e salinity developed lesions covering 3-25%
of the body. No sgnificant relationships were observed betwesn individual specific
growth raws snd food consumption rates within the groops. The fish in all saliaicy
groups showed a pegative correlation berween specific growih rie and food conversion
ratio. The coelficent of variation for wet weight specific foed copsamprion and the mean
share of meald for cach fish were used 25 o measure of soclal hicrarchy strengih. A negatlve
correlaiion was observed between coefficient of variation in food consumprion and memn
share of meal, Thie social hisrarchy structure was similar ip sl salinitcs; 3% of the Ash
were dominant {19255 shove an egqual share of mesl) and 20% were subordicate (16.19%
hebow an egqual share of meal) and the remainder 45% Ffish Fed theoretical share of meal
(MEM, 5.26%),

Kooy words : Nile tilapia, salinicy, fomd consummption, growth

Introduction

Some tilapizs are eurythermal and euryvhaline (Swauffer of af 1984, Suresh and Lin 1992,
Likongwe er af 1996, Stckney, 1986). Increased growth with incressing salinity up to
the maximum level that can be mwlerated by a particular species has been observed
amongst many species of fish (De Silva and Perera 1976). The effect of salinity on
growth is influenced by temperature and is species specific (Stauffer er al 1984)
Likongwe ef al (1996) found that (& nifesfcus grew better ar 28-32°C than 24°C when
reared at 12%o salinity. Increased growth with increasing salinity has been anributed to
an increase in food consumprion and lowered food conversion ratios in the mullet (De
Silva and Perera 1976) and European bass {Dendrinos and Thorpe 1985), Jurss er al
(1984} arrributed the better growth of € mossembicus at 10 and 33 %e than ot 0 %e lower
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food conversion ratios. The effect of salinity on food consumption and growth of tilapias
has been studied in eelatively few species and in those studics conducted food
consumplion was ool measured accuraely andior for individual fsh. Hence, the
relationship between food consumption and growth is poorly understood. For maost
specics, opfimal ranges of salinities for growth have been inferred from dara on nacral
distribution or fragmenrary experimental svidence,

The muin &im of the present soidy 5w investigate the effect of salinity on growch
and food consumprion relationships of individual & rifosfcus held in groaps. When
mdividual food consumprion rares are known {0 15 possible @y examine the feeding
Behaviour of fish and w compare the nutritionzl states of an individual fsh with its
physicdogical performance { McCarthy or 2 1993, Cater eraf 1995), Also, studving white
muscle profein concenirations give more detail on protein growth, which provides a
better understanding of the relatonships between this parameter with  geowth
performance and food conversion efficiency compared to using live wer weights only.

X-mdiography is a wvaluable technique that provides direct  quantitative
measurements of food consumption for individueal fish (Talbor and Higgins 1983, In
recent years, X-radiography has becn used 0 messure food consumption races of
individual fish under a variety of experimental conditions {Carter er &f 1992, Sicad e
1999, Jobling er af 198%). This technique is a relatively simple, which may be applied o
studies in which knowledge of individual feed intuke is required, Hence, the aims of this
study were: (i) to identify the oprimum salinity for better growth performance of O,
afforicus and (1) 1o compare the interrelationships berween individual estimates for feod
consumption, growth rate and white muscle protein concentrasion of O, aiferfous under
different salinities,

Materials and methods
Figlhy hushandry:

Juvenile Mile ulapia Oreochroos oiffodons (= 450 fish, 7-8 @) were held in fresh
water in 8 1301 stock tank ar 28+£1°C prior to the start of the experiment. The fish were
hand-fed a commercial pellet (45% protein, oil 18%, ash §.5%, fibre 2%; "Fwos" fish food
company, UK} offered once (9.00 - 300 ) at 2 % body weight (bw)/day.

Afrer 13 days acclimation, fish (994 ¢ 0.15g) were anacsthetised (4% Benzocaine in
ethanol, 0.13 g}, blotted dry frecze branded with & unigue set of marks using liquid
nitrogen. They were then distribured among six glass mnks (size 60:37=29.5¢m, 65.5L)
with a water volume of 60L. Water iemperature 28.3 + 0.5°C, oxygen was maintained a
3.310.7 mg' and photoperiod was 181 6I). Three salinity treamments with two replicanes
for cach salinity T, (freshwarer 0%a), T, (10%) and T, (20%«} were mainmained by
adding Artificial Sen water mixture to recirculaced, filtered aerated fresh water, Salinity
wis measured daily using a Refractomerer (HANNA). Salinities were in T, (B6e), T,
{10.2:0.5%a) and T, (20,3 £0.6%e).

Alfter stocking the experimental ranks, fish were acclimated for 7 days and fed ar 2%
body weight ration once & day. The salinity in T (10%} and T, (20%:) were adjused by
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gradually increasing (2% day ") the amount of crude salt added o achieve the required
rate of increase in salinity. Afrer the required salinides, %0 and 20%s were reached
within 5 (for 10%a) and 10 {20%a) days, then the fish were allowed o acclimatize o their
new salinities for up w 10 days before messurements of individeal food consumption
and growth were made. All the fish were fed the previously described feed (mormal
peliers reconstinned in the same manoer and part of Teed wsed v make ballonni labelled
feed) at the rae of 2% body weight ration once a day. Facoes and un-caten feed were
removed daily from the tanks and 30% of water was exchanged and water lost in this
provess was replaced by freshwater from a holding tank (0, 10 and 208} sterilised with
an UV -light.

Preperation of repellefed dicts

For the measurement of individual foed consumption, the normal feed was replaced
by feed contnining radio-opague balloting (size 30, 0,40 - 060 mm, Briosh Opocal Lid.,
Walsall} The marked feed wis prepared by gninding the aormal feed, and ballotim {2.5%
of the food wer weight) and water (15% of the food wer weight) were added. The fimed was
then mixed for three hours and repelleted using a California Peller Mill {pellet size was 2
mm) and dricd ovemnight 70°C and sgored a0 O°C wotil reguired. Dey weight of the
experimental feed was measured following the usual procedures described by AQAL
[I9E3).

To calculute the relationship between the amount of food consumed by each fsh and
the number of balletini present in the digestive tract of each fish, a calibration line was
caleulated for the marked feed before the experiment commenced. This was cartied sur
by X-raying known weights of food (0025 - 2701 g) and counting the number of
ballotini {X-ray negative] conizined. A regression line was then constructed relating rhe
number of baltotini o 8 weight of food { F = 0.0138X - 0.03%, 7 = 38, & =099, P <
(L45y, The diet calibration corve was consirucied and the high correlation of the
regression line suggested the uniformicy of the labelling of the feed with ballatind.,

Measurements of fndfeidonl food consummpiion

Individual food consumprion was measured wsing a modified version of the X-
radiography technigue described by Talbor & Higgins, (1983, Food consumprion was
measured om 31 July, 14 August and 28 August 2001, Fish were fed the marked feed, and
ene hour after feeding the fish were ansesthetised and X-rayed, in groups of 10 using &
portable X-ray machine (Todd Research 80020 Portable X-Ray Upit, 200 mA, 80 Ev, 1.5
sec. cxposure; Kodak Induswrex CX film). Toml length and weight of each fish were
recorded and, if necessary, fish were remarked and retwmed o their respeciive tanks.
Individual food consumption was measured by using formula wsed by Stcad er &l (1999
and also described in nexe data treatment section of this paper.
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StArvation experiment
A starvation experiment was conducted over 7 dayvs using three groups of fish (836
(LD cm and .80 ¢ 0.24 g, 0 = 200 mainezined ar 0%, 10%es and 2(P40 salinity) in tanks

as previously described. After 7 days fish were anaesthetised, length and weight were
recorded and fish were killed.

Measurement of provefs conent

At the end of the feeding experiment, protein concentration of white muscle in each
fish was measured. Afrer 15 days from the last X-ray, all the fish from cach mnk were
anacsthetised wsing benzocaine and weight and length recorded. A sample of white
muscle (= 120-150 mg) was taken from 10 fish (3 dominant and 5 subordinate, according
to their rankiog position messured by mean share of meal) feom ecach wnk and
immediately frozen in liguid nitrogen and then stored ar-200C wnil analysed for protein
soncentration. Protcin concentration in white muscle was derermined according 1o the
method of Lowry eral 1951,

Treatment of data and searistical analysts

The wet weight specific growth rates, SGR (% body weight day!) for individual fsh
were calculated followed the equation of Ricker (1979), Food consumprien, FC (mg dry
weight foad) for individual fish was determined using the following equation: FC (mg
dry weight of food) = GE * X; where, GB is the number of glass beads observed in cach
lish based on one X-ray measurement and X is the milligrams of dry food corresponding
to one ghass bead from the culibration curve. The variability in daily feeding of each fish
was determined using rhe coefficient of variation, CV, | McCarthy er 2/ 1992)

The share of meal, SM (%) was defined ws the proportion of the ro1al food consumed
by all fish in a tank that was eaten by an individual Gsh and calculated as SM (%) = AC/
EAC 2100 ; where, AC is the absolute daily food consumption rate (wer weight mg day
'} of an individunl fish and EAC is the sum of the absolute daily food consumption ratcs
for all fish in a group. As repeat mezsurements of consumption were made in this study,
the mean share of the group meal (MSM, %) for cach fish over the cxperiment was
calculated. The mean share of the mesl shows the inter-individual variation in
consumption and was used as o measure of dominunce and asign social rank o
individual fish. The mean share of the meal, MSM (%) was then culculated for each
individual fish as M5M (%) = E5M | m where, is the sum of all the shares of the meal
for an individual fish and n is the number of estimates {based on 3 X-ray measurements)
for the SM for each individual fish. MSM was used 2s an indicator of the feeding rank of
esch individual fish. The food conversion ratio, FCR (mg dry weight of food g wer
weight of fish) was calculated sz described by Stead eraf, (19997,
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dorirsocal analyars

AMOVA was used o examine differences within and berween treatments (salinice]
Where ANOVA indicated significant differences among groups, Scheffe’s muluple range vt
was used o locate the means that were significantly differsne from esch other [Zar 1984)
Pearson's product moment correlation was used o investigare the relationships betwesen
individual specific growth mte, ford consumprion rates, fosd conversion rarios, coefficent of
varsption and mean share of 1he meal. All stagisiical analysis was carriod sul usiog 5P5S 2.0

statistical package,
Fuesuls

No significant differences were found in group consumption rutes when the fsh were fed
the daily dicts (exiruded form) and the re-pelleted diets that were fed 1o the fish on each X
ray oecasion (dats not shown ). From the three X-ray ocoasions an average of 91.04 + 1_34% of
grovp meals was sccounted for from the X ray data, The X-radiography techoigque has
presinusiy been shown 1o give accurate megsurements of individual fosd consumption in
rainbow o, accounting for over 3% of the food hand-fed we che fish (Camer eraf 19920

The average inkiial by welgho of fsh in gach of the experimental groups are shown in
Fig. la. ANOVA indicuted that there were no significant differences (p<0.05) in the average
initinl body weight of the replicate groups of individual fish ot each salinity and between the
3 trestmenis (0, 10 and 20%0), Mean final weight (g) and protein conceniritions in whice
muscle in fish st different salinivies were oot significantly different (Figs. 1b & 1ch. Mean
specific growth rare, weight Loss, food consumprion mates and food conversion ratio were also
aial simifcanily different (Fags. 1A, le & 16 respectively

L

a Firial wat wiisht

E {al Prodoin in WH (g 100G " wel weight)
i’ ¥ el waighl )
; e] E 0
Qo W% I
i) m
[} Food consism ption Feed conversion ratio
7 Waign gan o 15 o 1R
o 2R i‘ ke
£ = £
[a L] EF =
E B BHK]
g = 5
&0 it 0 a
@l po pXat Ol B0 QA% 0% B O20%

Fig 1. Mean mimad wet weight 4z} tn In, mean fimal wee weight 4gh me Ib, prossin coscenerieon im whiie
mascle in 1. mesn apeciic proweh e end oocan weighl o En 1l mcan Sosd consumption in L amd food
oenversion rating in LF of fish wnder different sallinity trearments (0, 10 and 20 %) during the experimental
perimd.
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{a} : Freshwater {0 %J =1}
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(c}: Freshwater (0 %.)

G o . (d): 10%.
E yomo 3
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Individual Fish Individual Figkh
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In:ﬁvlduaf 'Fiih Individiual Fesh

Flg.  Individyal spocific growth rases fos fish i feshwarer (%500 are rinked in descending order 22 and the
respeiiive rabes of food consumpiban are ploded direcly below for each correspending flsh in 2B and similardy
for food coaversion matios in 2 negpectvely. Similacly, $GR for fish (n 19 are shown in 2d and the
respective FUin Jeand FCR in 20

When specific growth rares for individual fish in cach of the three salinity groups
were ranked in descending order and then compared 10 their corresponding rate of food
consumpion and food conversion ratios for the same fish, no significant coreelation (p=
0.,05) were observed (Figs. 2a, Zb & 2c) for the fish in freshwater {0%), In addition, there
were no significant (p>0.03) correlation (Pearson product moment correlaton) between
food consumption and food conversion ratios [Figs. 2b & 2¢) for the fsh in freshwater
(¥%e salinity). Significant (Pearson product moment, p<{.05) negative correlation ( Figs.
Za & 2c) were observed between individual specific growth rates snd food conversion
rauos for fish in freshwater (0 %0 salinity). Similar resulis and trends were observed for
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fish reared in 10%s (Figs 2d, 2e & 20) and 20%o (Figs. 3n, 3b & 3¢ salinirics,
respectively.

During the starvarion (feed deprivation) experiment the weight toss (SGR %, day )
was not significantly different for all treatments {Figs. 32, b, ¢). Here to nowe that during
feed deprivation after 7 days over 50% of the fish maintined at 20%. salinity developed
lesions covering 5-25% of the body.

(a): 20 %= (b} : 20 %
o T
T T
TMIM'LIIHFI'::h } i MWMU;H; T
(e} : 20 %
£ 1200
¢~ it
: lndh‘ld:nlﬁh : .

Fig 3. Individual SGE for fish in 2 sk (2 = 19} are conkied | descending order in 32 and the respective
raiis of FOC oare pistted divectby belorw for each corresponding fishe in 3b and similarly for FUR in 3,
respectively.

The MSM (%) of all individuals in esch group of fish reared under different
salinities were ranked in descending prder and are illustrsted in Figs. 43, 4b & 4c There
were no differences observed in feeding hicrarchics berween the groups of fish reared ar
different salinities; 25% of the fish were dominant (15295 above an equal share of meal)
and 30% were subordinate ( 16.1%% below an equal shate of meal) and the remainder 45
0 fish fed theoretical share of meal (MSM, 5.26%). The cocfficient of variation [or wer
specific food congumprion CV. (%) and the share of the meal M5M 3% for each Gsh were
used o determine social hierarchy sirengrh. The refationship beoween mean share of
meal and coefficient of vamations for wet specific food consumption for all replicate
groups are shown in Figs. 4d, 42 & 4. In all the rrearment groups there is @ negative
correlation between M5M and CV. and bath the range of meal sizes and the range of
individual wvaluezs for CV. were significandy (p<0.05) different within the group
indicating the sirength of the social hierarchy within the groups. A lower CV, value
indicares that the meal size of the individual fish was similar from day-to-day whilst a
higher CV_ value indicates & more varied feed inake. Dominane fsh have been shown e
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have less waration in day-to-day food consumprion compared o sobordinare figh.
Dominant fish can obeain food on all feeding occasions; however, subordinate fish are
often unable to f2ed due o their low ranking position and only fed when possible, hence
subordingte lish have tended to show higher CV, values,

(&) : Freshwater (0 5.}

(b} : 10 %
£ R
o
- m|.-.:||?.1|:|.:;=| F.I;l A Individusl Fish
(G} : 20 %a (d) : Freshwaler (0 %y
&
7. £ % L
£ h :
:mnaoomammanne €= s
% %% % B D i) 3 4 & a
ind iwidual Fish MSM (%}
{1 : 20 %
{e): 10 %
&0
o F »
# o P oate & Ak
5 13 :1;,:. '1‘ z QE *s }ff**
: 2 4 8 a o 2 a B 3
BSM (%) MSM (%)

Flig- 4. Mean share of meal (MSHL %) or andividusl Gishoon = 1900 differemn salenbses: s o 45 1086 shawn
i kb gnd 205 i 42, The hoazo ] dashed {—-—-3 line on cach graph represents the ibeoreical mean share of
the mueal, if all Gsh were feeding at sn equal mave. The relainnship berween the mean share of meal (M50, %)
umd 1he coefflcient of varigion for wel weight spedfic food o prine (LW ) for individead fish{a = 19
im ditfrent salimivies: (%% are shown in dd, 0P in L2 gnd W0 in 40

Discossion

Weights and specific growth rates of € adfefows reared at @, 10 and 20 %o increased
from abowt = 10g o = 35g over 75 days and there were no significant differences among
salinity treatments. Similarly, prowin concentragion in the whise muscle wis not
significantly different between salinity groups, Likongwe or af (1996} reporied thar a

124



Eftec of saliniry om (nod consumprian and grawih of juvenile Nile tilapia

emperamure of 18-32°C and salinity -12%0 could promote vapid growth of juvenile Mile
nlapia , but a salinity of 16%e combined with water temperature of 37°C may be
delererions because the fish developed body lesions under these conditions (when Ash
were fed a0 3% ba'day ration). The resulis of the present study did not agree with the
findings of Likongwe er i, (1996) because during the growth experiment no visible sign
of stress on the fish body when the fish were fed a1 2% bw/day ration and reared ac 2
Yoo, In the present study, ooly body lesions were observed in fish grown ar the highest
saliniry (20%e) after 7 days feed deprivation (etarvation experiment) and this was the
disagreement with Likoogwe of &l (1996) a5 their study reporied body lesions were
obscrved during the growth experiment. In all salinities (0, 10 and 20 %.), fish in the
current study were observed 1w exhibit aggressive behaviour when feeding and it is
possible that the 2% bw day”’ ration level was low for the experimenta] juvenile fish {03
mifericws). The mation level (2% bwiday) was chosen aflter consultation of the available
liverature and it was assumed thar 2% bw/day ration for one meal Cone meal was chosen
becanse X-racdiography was involved w measure food consumpion) woald be siuimble
for growth of juvenile Nile tilapia, However, Jauncey (1998 suggested this level may be
fow for optimum growh,

An ineresse in food consumption and growth with incressing salinity has been
reported for several species of fish (D¢ Silva and Perera 1976). Watanabe or &1 (1985}
suggested thar feed conversion efficiency increased with increasing empersmure and
higher salinity levels. However, in general increasing temperature and salinity adversely
affected feed conversion cfficiency (Likongwe er all 1994). In the present study, no
correlation was observed between individual specific growrh rates and mates of food
consumption with incressing salinity but the fish with higher specific growth rancs
showed lower food conversion ratios L.e, SGRs were negatively correlaed with FCRs,
Similar relationships were reported by Wananabe e @l (1993) for juvenile Florida red
tilapiz and their study also suggested thac specific growth rate is posicively correlaed
with fbod consumpiion,

Average meal size was used as g mepsure of dominance to assign social rank oo
individoal fish. Al fish in each tank were either assigned as being dominani or
subordinate on the basis of their share of meal. Dominants were all those Gsh who
consumed more than the theoretical equal share of meal, and the subscdinates were all
those below the rhesretical mean line, From the resulis it appesrs thar the social
hicrarchy soructure is similar in all trestments. Also, approximarely 25% of the fish were
dominant (18.2%% sbove an equal share of meal) and 30% were subordinare (16.19%
below an equal share of meal) and the remaining [45%) fish were within the theoretical
mean share of meal (MSM, 5.25%). Similar trends were observed in all treatment groups.
The fish were hand-fed and the entire ration consumed 2 in minutes or less and it was
observed thar maximum fish showed aggressive behaviour. This may reflect thar tilapis
1% ageressive when feeding an bow stocking densites (333 giish/], Competition amongst
fish is often found m increase under conditions of resource restriction (space and feed).
Tilapiine fishes like other animals, form dominance hierarchies in secord with this
theory and subordinate fish may suffer at the expense of 2 few dominant individuals, In
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the present study both the range of meal sizes (MSM) and the range of individual values
for GV, were negatively correlated, Similar negative correlation between M5M and CWV_
were observed for fizh in the different salindties.

Although changes in salinicy (0, 10 and 2P} did oot appesr o have a significant
effect on growth performance of (. oiforfiows, the resulis reporied the complexity of the
intcrrelationships of food consumption and growth rate with salinity. Forthermore, the
study has raised some interesting questions with regard o the effect of ration level and
siocking density on growth performance of . sfforfcos wnder different salindries,
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different microalgae
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Abstract

Fapulation growth and reprodoctive capacity of brackishwater rotifer, Brachionps
pifcanite were svalusted, for 3 pertod of B days in 2 eemperamre contealled (=249
microalgal labosatory, wnder three different algal feeding regimens. The algal epocies
that were tested are: (i) Chforedly sp. (T.1 Terraselfmis ol (1,1, NMarnochfnromss
octiiaza (T The feeding density of each algal species was mainmined similar as of
+3ul0" cells ml. The rotifer fed on T, ched showed the highest (p<0.05) population
growsh (131.5 inds/ml), compared 1o that fed on Chforedly sp (4587 Indmlh and A
ooiriaa {4344 ind Sml}. The abundance of cgp bearing rotifers was alse higher (35 77%;
with T chur than with Chiercife sp (27.76%) end N ocwlars (M060%). The resalis of
the present study indicase thar T chu could be she most suishle slgal food for the
stock culture of locally isolaved moifer 8 plicrnlis

Eey wards @ Microalgae, Rosler, Growth, Reproductive performance

Inrraducrion

The rotifer, Srachromus plicariliz is an important and essential food item in the early
larval stages of many marine and brackishwarter fish species. [t is an excellent first food
for larvas because of its (i) relatively smaller size, (i) slow swimming speed, (iii) habit of
staying suspended in the water column, and (iv) ability propagation in captivity at high
density and reproductive rate. Microalgae comprise the principal food component for
muas: caltured rotifer. Many species of algae may be used and the choice may depend on
the availzbility, ease of culture under local conditions and the exaci nutritionsl
requirernents of the rotifers and wrget squaculture species. Microalgae high in []-3
HUFAs such as Mennachioropsis sp. have been regarded as very good food for culturing
rotifers (Hirata 198%, Fulks and Main 1991). The most commonly used algal species thit
are being used o culture rotifer are V. oculers, Tevesselmris tirathele, T, suecica and
frochoysis gafbans (Person-Le Ruvet 197%), Chiorells sp. (Theilacker and McMaster
1971} Highly concentraved Chioredfa endgarts and freeze-dried algae have also been used
successfully 1o feed rotifers in Japan (Hirayama er af 1989). Terreselmic subcordifrmis,
Chiorells sp., Chlamydonronas sp. and Nitzschiy closterfum have been found excellent
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foels for geowth and harching of B plicalis, although the green algae Tetraselmis was
henier than the others ino mass culiuee (Wang and Liang 1980,

Thoogh the seed production of marine shrimp, Fenseps aronodon, has already
reached to g level of self sufficiency in Bangludesh, that of many |mporiant marine and
brackishwater finfishes has vet to support the commercial production, Besides the lack
of technical know-how of breeding and larval rearing, knowledge on culrure and supply
of appropriate live food for the first feeding fish farvac is scanty, In g series of studies on
live food culture for marine and brackishwater fin and shellfish, the present experiment
was conducted o determine the feeding effect of three different locally available
microzlgal species on the growth and reproductive performance of lecally isolated
brackishwater rotiler, Srciioros pffcanifis under stock culiwre condition.

Marerials and methods

The stock culre of the rotifer was done in o temperature controfled (about 25°C)
microalgal laborawory at the Brackishwater Station of Bangladesh Fisheries Bescarch
Institue (BRI}, Paikgacha, Kholna. Three different microalgae, viz, Chiorefasp, (T,
Tetmselmrs chur (T,), and Nenmochlorapsis acofacs (T,) were used as food to evaluate
their effects on growth and reproductive performance. Nine 500 ml Erlenmeyer Masks
were divided inte theee weatment groups, The flosks were placed ar a disaance of
approximately 30 cm from a Auorescent tube light, baving an intensity of about 2500
lux/m’/sec. Photoperiod was maintained as 16:8 hrs LD, Chiorells sp.,  Terselmis
chud, and Namnochloropsis oculecs were collected, isolated and cultured separately in
laboratory conditions using the BFRI microalgae culture medium (Shah e af 2004).
When the concentration of each algae reached to 4.5x10F celle/ml, three romfer culture
flasks were filled in up to 30 ml with each algal culure following completely
rundomized design.

Forifers were collected and isolated from the local brackishwater mvers and shrimp
ponds wsing a zooplankton net of 250 w0 9y mesh. Each of the rest flasks was inoculated
with rotifer at g density of 3 ind./'ml. The salinicy of microalgae and rotifer culiure water
was 0%s. The inital abundance of inidal egg besring rotifers was estimated o abouat
1253%, The durarion of algal feeding trial on growth wnd reproductive capacity on
rotifor was 3 days.

The concentration of rotifers was estimared every wo days. Depending upon rotifer
density, an unspecified amount of ratifer culoure was poured through a 45 sieve 10 caich
a large number of rotfers on the screen. These were then rinsed with @ small amount of
fiktered seawater using 2 squirt (wash) bottle and placed in 1w pemi dish. These
concentrated rotifers were then sampled with a bulbed pasteur pipette and placed on the
Sedgewick-Rafter counting cell and counted under the dissecting microscope (Braley
19947, The mean count was obtained from 6 counts. Instantaneous growth rae (K) was
calculated from the expression of -

Log M, - Log. N,
K & e [ James er al L983)
!
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Where, K = instanianeous growth rate;
M, = inital number aof ronfers; and
W, = final number of ronifers after 1 dass.
it = culmure davs

While the growth of rotfer was estimated under microscope, the number of cgg
bearing rotifers was akso recorded. The percent abundance of ege bearing roifers (EBR)
was estimated, w understand the reproductive capacity (RC) of rodifers, following the
formula given beloa:

Number of egg bearing rotifers
Reproductive capacity (RC) = — - % 100 {Braley 1994}
Towal number of rotifers

Drata were analyzed following one way ANOVA and Duncen’s Muliiple Range Test
(DMRETY, using a PC equipped with STATAGRAPHICS Ver, 7

Fesules pnd discussion

Populssion growth of rotifer, Brachionws plicaiilis, fed on different microalgal dies
is given in Table |, Among the three microalgae, Tefraselmis chid (T ) resulted in the
significantly highest mean population growih of 131.5 ind/ml (p < 0.05) ar the end of
the cight days culture, The population growih of ronfers fod on Chlorediz sp (1)) and
Numsrochloropsis acwlata (T,) was not only similar (p > 0.05) with the growth values of
45,67 ind.Jml and 4344 ind./ml, respectively, bur also nearly three times lower than thar
fed on T, chof Lo 2 - & days of culture, the rotifers fed on Chlorells sp. and N ocwlars
showed apparently higher percent abundance of currving eggs compared 1o those fed on
I, chur(Table 1}, However, at the 8" day of cultore, the egg bearing rotifers (EBR) was
significantly higher (p < 0.05) in those fed on 7. choi (35.77%) than in those fed on
Chiorelfasp, (27.76%) and N, ocofars (24 600),

Table 1. Growth snd reproductive capacity of roufer, Bracofifones pliicaalis fed on differend
micrealgsl dicts for an eighi-day culmne

Microalgal deets 'Tim. Popaulaman growth Hepraducnve capacity
Ao e T Final mm. Tnitial EBH, Final EER
Sl {imd_fmbk} (4, ] (%)
Chboreep (T) i 5 1726 = 508 12.53 I6. 18 = 4.15
4 2811 = g5 .26 = 550
[ S0 o= 521 LS =505
i 45.67 = 165 776 = 585
Torrdvelenss el (T2 F ] g = SR 1253 1358 = 646
4 EEQl = 47K 14.56 = 678
[ BELTE = 545 1539 = 4,45
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B 1315 > 7.4 5377 = 5. HF
Nawnookforopsis acule 2 5 If63 = T.25 12.5% 15,19 = 585
el 4 26:63 = 5.50 19.59 = 655
fi 2382 = Gl 0.5 = 5,75
B A4z 508 Mool = 615

Trissmilar sUperscHpes in oodumn denste differences a1 55 level of significnce (P=0004],

The results clearly indicate that, among the three microalgse, T chwf possisses the
digtary superionty over Chlorells sp. and A ocwisis in cultoring B plicalyoes. The
highest population growth and reproductive capacity in rotifers feeding on 77 o
might be duc 1o its compararively lasger cell size and better nutritional quality than the
other twe microalagal species (Hoff and Smell 1989). The incremental growth muie in
riifer population fecding on T ohed was progressively higher and steady (Figs 1,
indicziing significant dictary role in propagadon of rodifer in controlled conditions.
Rotifers fod with 7. ol had higher instantaneous growth raies compared o roufers fed
on Cfhlerells and N ecwdacs (Fig. 20, The trend in instantanecus growth rates in rotifers
indicates that 7. chui also might have beneficial effects in early growth phase in
brackishwater rotifer population. However, the instantaneous growth rates of rotifers fed
on different microalgae under the present culture conditions was higher than thae of
0133, which has begn obgerved in ronifers fed on Chlorella sp. and baker's veast (James
ot al 1983).

Culiure days

Fig: L. Increment in growth of B plicasiis fed on different microalge
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Cullure days

Fig. 2 Insmanmancows growh rarg in & pioaelis fad on different microalgal dien.

The results of the present experiment iz conmsistent with Braley (1%94), who
conducted experimenis on stock culture of rotifer B pffcerdlis in 600 ml Oasks and
reporied o final density of 103 ind./ml at four days of culture, while feeding with T cfor
at density of 4-5 x 10 * cells fml. The author also estimated about 38% of T chor fed
rotifers carrying eggs. Okauchi and Fokusho (1984) also reported  Ternrselmis a8 3 berer
marine rotifer food than Chisrefls sp., due to not only its exse in mass cultore, but also
its capacity of rransfer of favorable nutritional characreristics o marine rotifers making
them excellent food for reaning many marine figh larvae.

Though bakers’s vesst and some prepared feeds are used in feeding roifer culmre,
microalgae have been found o produce the best growth. The common microalge chat are
heing used widely are Chiovelle sp., Terraselmis chui, N ocufees and £ gaffan
(Hiravama et gl 1979, Lino er & 1991). However, different suthors have reported the
suit tahiliny of one species over the others an different culiure conditions, Kongken (1991)
ohserved rotfer densdty of 100 - 200 ind./m] after seven days of initial swcking (10-30
ind./ml}) by feeding M. ocofara (1-2 x 10° cells’ ml) and 77 chwr (2-4 x 10° cells’ mi)
respectively under pure laboratory culmree. Pi (1991 observed roufier density of 200
ind./ml on the fifth day in mass culture by feeding N. oculgis ar the density of 2 x 10
cells! ml. A rotifer density of 100-200 ind./'ml, afier four m five days of inoculation with
imitial density 30-30 ind./ml under mass culure condition, feeding Chforelr sp, at 8-10 x
W cells! ml has been reporeed by Park (1991). James ef af (1983) reporied cotifer
population density of 203 ind./mi, within seven days of mass culiure from inidal densicy
of 8 ind./ml, by feeding Cfferells and Baker's vease
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Villegas (1990) evaluated the effects of three sclected algal species, T, terrarhele. I
galbana and Chiorells sp. on the population growth of & pficanlis alter 3, 5, and 7 days
of culmee. The rotfers fed on T2 tevrarhele showed superior growth with mean peak
density of 92.5 ind/ml to these fed on £ gaffang (48.2 ind mb) and Chioeelts ap, (47,1
ind./ml] in 5 days of culwre. In consisient with this finding, it could be concluded from
the results of the prescon study that T chwd might be an effective food species for stock
culare of locally isolaved rotifer Bpffcarifis as well as for upscaling 1o mass culture of
this zeoplankten for larval rearing of crustaceans and finfish.

The available information of eclsewhere and of the present study on effects of
differesit microalgal diets on B plicasilis culture indicare that the suitability of 2
particular microalgae species in roufer culture largely depends en location of origin and
nutritional quality. While marine Chloreffs sp. has been considered better in the
nutritional value than other species in Japan (Hirata o al 1979, it has found
nutritionally inferior to A ocwlae in Taiwan squaculure system (Lise er 2l 19915 In
spite of lower EPA content {4 - B%), the nutritive value of 7. ahuf for rotifers has been
found higher than that of N oculars (Liao et 2l 1991). However, best growth in rotifer
culmre may be obtained by secondary enrichment of 77 chuy fed rotifer population with
Nennochforopsss sp. Besides the choice of suitable microalgae species, factors Hke
Temperature, salinity and feed concentration must be taken into well consideration, as all
these affect the growth of both L- and S-type straing of rotifer. It has already been
reporied (Lino e ol 1991) thar while Fetnmsedmis sp. are lesg sensitive 1o environmental
stress, Mannochlorapsis sp. most be culiured in greenhouse wheee temperature is kept
below 30°C,
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Absiract

Toxie prodiction sad xin profiles of foar Raphidophyvies grown voder differen
salinities were compared 1o investgare the influence of salinity on cellular comrent of
neurotoxin. In Cheronalls andgqua CaTx-1, Ca'lx-11, and Cal=-I11 peaked ot 25 ppt with
yields of 0.9, (.42, and 230 pgloell, bar the highess yields (2.3% pgieell} of CaTx-1Y was
artained at 3 ppr. On the other hand, Charonelfy manns vielded higher proportions of
CenTx-1 (055 pgicell) and CmTx-101 (2,50 pgleell) st 25 ppr. However, ConTx-TY was
present in igs highest amount (163 pgicell} ur 30 ppr, 28 seen in & aonigue A small
amaianl of CmTx-H was also detected ag 2035 ppa. The toxin compasitions indicate that
M. gkashiwo Is more sensitive w0 higher salinktics than the other three raphidophytes.
Subsanual compositional changs was ehserved in case of A abasfivo. Halxdl
(corresponding o PTx-%) was detected only 88 2 rrace at 20 and 23 ppr. Toxin HaTz-TV
(corresponding 1o oxidized PBTx-I) wes most dominant and peaked ag 20 ppr with 2
yleld of 0.3 peicdl. Condderable amounts of HaTx-1 aed I {correspondiag o PEx-2
and 3} were also deseceed., A higher salinities of gbove 23 ppt HaTx-11 wes not detected.
F. fapovnicn gave highest vields of FiTx-11 (PETx-2) and FiTx- 1V (Onidized PWTx-2) oz 2
ppr with vieldes of 0095, 1.54 pp'cell while the producrion of toxic profiles FiTe-I (PhTx-
1) and Fjlw-II1 (PbTx-%) peniced at 15 ppt with vields of 08%, 2.54 pg'cell. A sharp
decrease in all oxins profiles (CaTy, CmTx, HaTX and FiTx) was found ar salinloes of
ahove M ppt.

Key words | BEephidophyees, Toxin profiles, Salinity

Intreducrion

Algal blooms are a serious coastal problem with consequences for seafeod consumprion,
human health, ecosystem, and wwrism and recreation. Although they can ocour
naturally and provide food for other organisms, they can also have harmiul effects on the
aguatic ecosystem, Global increases in the frequency and severity of harmbol algal
blooms (HABs) have posed a significant threar w the world's cosstal eovironment
(Anderson 1989, Hallegraeff 1993, Landsherg J002). Most marine Raphidophyceas are
bloom and ichthyowxin producers. Raphidophycean flagellares produce neuroroxic,
hemolyiie, hoemo-ggglutinoting compounds and oxvgen radicals and have caused severe
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fish mortalitics with significant damage o the aquaculiure economy in several councries,
Mussive fish kills due to raphidophyeesn bloom have been noticed worldwide, including
in Hong Kong, [zpan, Canads and Awstralis (Hallegraefl ef 2f 1998, Landsherg
2003, The raphidephytes Chartonelly anifgus (Hadn) One O mares (Submshmanyan)
Hara et Chihara have been found to pooduce brevetoxin and posing a great threart o the
aquaculinre indusey along the crmase of Japan (Omoae and Nozaws 1989, Onoas o gl
L7090, Ahmed erall 19953, 1995b). Hererosigma aksshino {Hada) Hady is a bi-(ingeliated,
single celled, golden brown Raphidophycean, This ichthyoroxic red ride organism has
been associated with fish kill events wirthin the aquaculmere industey for many yeam.
Met-penned fish deaths related to Hererosigms blooms have been particularly prominens
in the northeast Pacific, notably saround Jepan. Im the United States it has been found
on b costs (Hargraves and Maranda 2002) and is considered the causative organism
involved in fish farm kills in Washinguon Swate on the West coast.

Fibrocapsa faponice (Torumi and Takane) i 2 vellow-brown bloom produacing
raphidophyte associatcd with devastaring effects on mariculere and causing Meuronoxic
Shellfish Poisoning (NSP). Bloom of F jgponics heve been reported in different coastal
areas of Japan. In 1991, F jfaponics wes also detected in Buropean coastal waters for the
first time ; on the channel coasts of Wormandy, France and in Duch coasial warers, Bed
tides, arising in bays and enclesed marine waters, have been observed along the north-
eastern cosstiine of New Zealand (1992, in the southern central Morih Sen (1993 and a
the Seal station at Friedrichskoog. During a bloom, the tissue from dead seals conained
considerable amounts of fibrocapsing a toxin specifically asseciaved with Fo rgmomics

The potential toxicity, the world-wide distribution of rthese raphidephytes sigas
represents 3 growing threat o human health and is a global socio-geonomic problem.
Therefore, there is 2 need o understand the ecophysiological Factors that control growih
bloom dynamics as well a5 toxin prodoction and tomicity. Informamon oo the
ecophysiology of these blooms, based on associations with environmentsl varables is
needed. Some investigations associated with the toxin production of these raphidophyics
have been reported [EKhan er ol 1995 1997, Hague snd Onoue 2002, b) Bur moxin
production of these four raphidophycean ar diffesrene salinities was not compared. In this
study, we inveatigated and evaluated che potenciality of raphidoephytes and compared the
toxin profiles of the four cultured mphidophyies, A skachiwn, © marfos, O antigus, F
faponica and H. akashiwo.

Materials and methods
Crlmne comdirions

The raphidophyte & sedges used in this study was isolared from Yatsushiro Sea,
Japan during massive red tide out bresk in 1984, & marng and . aksshivo were
isolated from Kagoshima Bay io Japan, during the red-tide outbreak in 1978 and 1995,
respectively, The strain of F feponice wes obmined from Dr. Engel G. Vricling
(Uniwersity of Groningen, the Netherlands), which was isolated from the Dutch part of
the North 3ca in 1993, All the strains were maintained in the laboratory, The stock
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culise of sach species was muinimined in the test tubes conigining 10 mi of Provasoli®s
ES media {Provasoli 1968) a5 25°C (= 1°C}, irradignce 60 4E m-"5"* and phowperiod 121
[2E), For analyvsis of wxin compesitions the culwores § © arifgus, O maring, M, skasfiiwe
und F japeaica) were grown in 151 media in 201 Pyrex carboys receiving very gentls
aeration, The salinity of the culiure media was increased from 20 ppt 1o 40 ppi. The
cxperiments were done in eriplicate, Culture media were made wsing sea water from
Kagoshima Bay, autoclaved for 15 minunes at 12890 and aged for several daya.
Separation of Beunerais

The mid logarithmic cultures of ol the species were used for the extraction of woxin.
Newrotoxins were extrpcted from the 1L culmees of all the raphidophyies at 20-40 ppt
by & modificaton of Method of Baden and Mende (1932}, The cultures were fractionaged
with dichloromethone using a ratio of Z:1 {culture medis; dichloromethane), The
dichlorometbane laver wat concentrated at 37°C in vacee to devness, dissolved in 0%
methanol, and shaken with pereolewem sther. The methano] laver was then concentrated
o dryness and dissofved in ethanol. The echanol evtract containing crude neopotoxins
were partially purified on fuorescent TLC plates (20x20 cm) of slica gel (Merck,
Crermgny) with a solvent evstem of scetons: petrolsum echer (30700, Fracuons of &
antigus (designated CaTx-1, CaTx-[l, CaTxJll and CaTx-IV} and of O marios
designated CmTx-L, CoTy-TL CmTw I and CmT=-IV) were collected from the plaies
and extracted with ethanol. Four neoromxic components HaTx-I, HaTx-101, HaTx-111
nnd HaTx-IV were separated from £ akasiiwo coltures on HFLC analysis which were
compatible with PhTz-2, PbT%-%, PbTx-3 and oxidized PbTx-2, Four toxic fréctions of
F. faponicy (designated FiTs-1 FiTw-A5L FiTx-M11 and FiTx-IV}) with Bf values of 032,
0.29, 1T and 006 were collectad. Toaxin fractions collecred feom the four raphidophyies
pnd their and B (ratio of the distance wraveled by a fraction to the dis@nce traveled by
the developing safvent) values in @ solvent sysiem of acetone; perroléum ether {30:70) ars
given in Table L.

Table 1, Ri values of frur raphidophyies in o selvent system of acetone; petrobeum ether (30100

Specees Toxin compuodienl Spamdard noxin | -Eﬁ-'!_h_l.E
{harmrells amtigua CaTx] PoTs-1 | 0.3z
CaTx-T0 PoTx-2 0,23
OnFxIT1 Pyle-3 017
Calx-1V Dxidized PhTx-2 0.06
Heserpsymme akashivo HaTw-1 PhTe-2 LB
HaTx-11 PhTx-% 24
HaTx-111 FbTx-3 n1F
I_-y;_r):-ﬁ? Dhiidized PEI'x-2 (ks
Frhrocipas e FiTx-1 PhTx-1 .32
FiTw-11 PhTy-2 h.2%
FiT=-IIT PETx-3 f17
_ FiTxI¥ | Oidized PbTs-2 il
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Chattorelle g CmTx-1 PhTx-2 129
CmTx-11 PhTx-2 .E4
CmTx-I11 PoTx-3 0E7
CmTx-IV Ogidized PhTy-2 1.0k

The collected fractions from each species were then applied to a C-18 reverse phase
HPLC {Hitachi type 63, Tokyo) sysiem with isocratic B3% agueons methanol as the
mobile phase. Toxins were detected on a UV monitor an 213 am. Betenoion nmes of the
companents were compared with those of standard breveroxin, (FhT=-1, FhT'x-2, PhTx-
3, PTx-9 and Oxidized PoTx-2 (Fig. 1). The peaks corresponding o Phlx-1, PhTx-2,
PhTx-3, PhTx-% and saidized PbTx-2 were collected and their Ri values were compared
with standards on the same (luorescent TLOC plate (20 x 20 cm) of silica gel {Wako).
They marched exactly each other.

1:--_-"I !
. Sy
J
¥

TRRE. Y. 3
"_J ow o, O —{ [ J\/
LI L e
g HI:I o ."'ﬂ '-,\___..:: g ki
s
Type-2
Fig 1. Structures of Breveroxing (Roszel] er al 15990)

Results

L antiges (Hada) Ono contained roxin composents CaTx-I, CaTx-I1, CaTx-1I1, and
CaTx-IV, which corresponded to brevetoxin components PbTx-1, PbTx-2, PETx-3, and
oxidized PhTx-2 The major components of the toxins were Calx-11 (PbTx-3) and
CaTx-IV {Oxidized PhTx-2}, and the minor components were CaTx-1 (PhTx-1) z2nd
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CaTx-11 (PhTx-11). Similarly, & marfma included CmTo-l, CmTx-I1, CmTx-I11, and
CmTx-1V corresponding w PhTx-2, PhTx-2, FoTx-3, and oxidized PHTx-2. Toxin
yields in both species varied markedly with a change in salinity concentration. In L.
antfgus CaTx-1, CaTx-IL and CaTx-I1I peaked at 25 ppt with yiclds of 0.99, 0.4, and
200 pgleell, bar the highest vields (2.35 pgeell) of CaTx-TV was anained at 30 ppr. The
yiclds of all CaTx components decreased sharply ar salinities exceeding 30 ppr. On the
other hand, ¢ marina vielded higher proportions of CmTx-[ (65 pg'cell) and CmTx-
U1 (2,50 proell) ar 25 ppr. However, CmTx-1V was present in s highest amount (163
plcell) ar 30 ppt, as scen in C snoiges. A small amount of ConTx-11 was also detected at
20 ppe-35 ppr. AL aksshiwo showed variations in toxin production at different salinity
levels also. Lower salinity grestly influenced the wain production of this species. The
highest amount of wxin was produced ar 20 ppe. Toxin HaTx-I1 (PpTx-9} was not
produced at 30-40 ppt salinities. A negative correlation between salinity increase and
poxin production was found on HPLC analyss of A skschiwo toxing (HaTx-L 11 11
and IV}, Toxin HaTx-IV [corresponding te oxidized PbTx-2) was most dominant and
peaked at 20 ppt with a yield of 0.3 peicell. Considerable amounts of HaTx-1 and 111
{corresponding to PbTx-2 snd 3) were also detected (Table 2). However, HaTx 1
{corresponiding to PbTx-9) was detected only as a trace at 20 and 25 ppr The yields of all
the toxic components were pelatively high at 20 ppt salinity. A sharp decrease in all
toxins was found ar salinities above 30 ppt (Table 2. In case of F faponics (oxin
composition FjTe-III (PhTx-3) and FjTx IV [Oxidized PhTx-2) was the major
component and FiTx-1 {(PbTx-1) and FiTx-I1 (PETx-2} was the minor component
Highest amount of FiTx-11 (PbTx-2) and FiTx-IV {Owidized PhTx-2} was produced at
20 ppt with vields of 0,95, 1.54 pg/cell while the production of FyTs-I (PbTx-1} and
Filx-111 (PhTx-3) peaked ar 25 pprwith vields of 0,959, 2.54 pofocll.

Tahke L Yields of toxin composition (peicell) of four raphidophyies a0 different salinivies

Toxin compositan Salinity ppL

(hattmaells anirginy 20 25 H iz H
Calx-1(PbTs-1) (5% 54 .53 (EL 0.2%
CaTx-11 (b Tx-1) [LETH [h42 0,35 0.23 0.9
CaTx-101 {Pb-35 .84 290 1.50 L. 0.0
CaTx-1V (Oxidized P hTx-1) .93 200 2.0% 2.00 1.85
Charnonsls merinag

CmTxI (PETx-2) 0,50 &S 035 .23 0.1
CmTx-01 [(PET=-5 a.4% .55 .20 018 -
CmTx-1TE (PR Tx-3) 1.85 150 1.65 (FLY (il )
Cm T IV [Owidized PoTe-2} 1,441 147 .53 |20 £.00
Heteroxgma akasfing

HaTx-1 (PbTx-2) (N1} Q.09 a7 (.05 0.2
HaTzs-11 (FhTx-% .05 0.0 - : .
HaTx-11L {PhTx-1) 020 0,10 .08 0.067 (.04
HaTx-TV (Oxidized PhTy-I) .30 .1 110 (.15 0,105

139



WM. Hogee & Yoshin Onoue

Fibrocapsa fapoaica

Fits-1{PhT=-1}% 078 = {0,655 {154 (R
Fifs-11 (PET=-2) .55 25 78 .70 (63
Filw-TI1 (PoTx-3) 158 X4 4] 1.58 1.4
FiTx-IV [Oxidized PhTx-2] LS4 142 135 L 115
Discussion

Temperature, light intensity and salinity are impernant environmental factors which
greatly affect the algal physiology, Graneli er &f {1998 reported thar toxin contents in
phytoplankton cells could vary widely in relation o the growth phase and external biotic
environmental factors such #s remperature, salinity, light intensite and auitents.
Variations in salinity contsol the biological process of algae and thus the toxin
production. In our investigation toxin production of four raphidophyies were found 1o
e influenced by the salinity change. Severnl researchers hove emphasized the
importance of salinity on toxin production and bloem occurrence, A marked variation in
toxin production was observed duc w salinity change in CGhemyaudir evcevars (Braaud)
Balech (White 1978} and Pyrodinium bahamense var. compressum (Usup er 2l 1995)
Blooms have been most related 1o temperature and moderate salinity in the coastal zone
|Li and Smayda 2000, Connell and Jacobs 19973,

From our experiment it was observed thar each of the species responded differently
to the salinity change. Lower salinity greatly influenced the toxin production of the
species M. akashiwo The highest amount of toxin was produced ar 20 ppr. Similar trend
of mxin production was documented for Pyrodiniom  bshsmense, where four fold
ncregses in toxin production st low salinites was observed compared to high saliairies
(3% ppr} (Lsup er &l 1995). In this smdy A skechree was more sensitive o higher
salinities than other three raphidophytes. Nielsen snd Tonseth (1991) suggested that
each strain and species of phywplagellutes has 3 specific preference aad requirement for
ccological pumimeter and they response o each of the factor differendly.

Raphidophytes © anfigus O maring, & skashimee and < japenics have all been
imphicaicd in oumerons fish kills globally, Due to the porentisl envircomentsl and
comenerciul impacts inherent with a Bloom of these species, it becomes imperative to
understand the parameters that govern their wxin production. The effect of salinity in
toxin prodoction was iovestigated to evaluzate the imporznce of this factor in natural
population. The data generated by this investigation can be wsed 1o evilaane the
pmporience of this Beoor in natural popilation and will belp o detect the locations and
seasonality of these harmful algal Mooms.

The information on the physiological responses of cells w salinity observed in the
presean study could provide & better understanding of the bloom dynamics und toxicity
of raphidophytes. Understanding the dyvnamics of bloom can assist in the predicting of
raphidophycean blooms and is essential for the mitigation of harmful dinoflagellares in
opstal and estuarine ecosyslcms.
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Fishery, population characteristics and stock assessment of
cuttlefishes, Sepia aculeata and Sepia pharaonis at Kakinada
along the east coast of India

E.M. Abdussamad®, M.M. Meiyappan and E_B. Somayajulu

Ceniral Mamine Fisheries Eeseorch [nstinse, I Moo 1603, Emakulam Norh, PO Fin 682 018, Eeral, Imdia
*Corvespondence addrovs: Tubicorin Resarch Cerme of CMFERL Scah Beach Boad, Tonbcosin 628 1M1,
Tamilmedu, Ioxlia

Absiracy

Cuttlelishes were exploited sxclusively by rawls along the coast. Growek, recruitment,
meorialicy and explodtation maies of Seova acwlers and Sepds pharmonis were smadied,
Fishery af the former was supported mabnly by zevo vear angd the later by 2era and one +
age growps. Beth atain sexual matcity ducing the first vear iself and spawn during
Augusr-March with peak during Movember-December. Motura] moreality of Saculaers
was 222, fshing mormlicy 2.4 and ol momalie 456, Tt was 188, 197 and 3.66
respectively for Spharsoris ExplolEton rave was 052 and E_, 72 for Sacedeary and i
wizi 1534 and 0.6 respeciively for Spheraenss. Their momalicy and explodiation ries
indicsred thar stock remakns I.Lrl.l.’nE'r-r::pEu':tcil and have comnsiderable scope for improving
the production. However, boh stock and cach exhibited wide annual Mucmeanon with
declining trend during the pericd: Thess necessitated immediace srention including
meeRstnes i minimise juvenile explotraton for improviag stock and fishery.

Eey wards | Cundefiches, Popalation charcleristics, Stock assessment

Introduction

Cuntlefish 15 one of the commercially important marine fishery resources of Indian
waters by virme of s export demand, In the recent past, several studics were conducted
gimed at understanding che siock and belogy of commercially important species ancd
their response o exploitaton {Silas er of 1985, Mair o7 2l 1993 and Bao er gl 1993}
These reports and review by Melyappan o &f (20000 indicated that resource s optimally
exploited from east cosst and under-cxploited from west coast. Successful exploitation
and management of the resource reguires sound knowledge on distribunon pattern and
factors conerolling their abundance. However, knowledge on several crucial aspects on
the biology of many species remaing limited. Present study was o update such
information on the commercial species of cuttlefishes along the east coase
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apecies compogition and seazonal abundance @ Fishery was supporred by four species.
Sepia pligraceds is the most dominant (41.6%) in the catch, Other species in the fishery
ire Sepiclly inermis (31.4%), Sz aculeara (22.6%) and Sepis brevimans (4.4%), They
were available round the year in the catch with peak abundance of Saculestz and
& pfvanmons during Avgust-October (Tabie 25

Table Z. Scasonal flucwmion in the abundance of specics as indicared by caich rare (kghour of
fighing) in trawly

Spcies. Apr Moy Jun Ag  Sep Ol Mw Thise Jan Feb  Mar

H. s k19 Q& 05 Oir LY P52 .27 [IC( R - o4 s ALl
N, Avaeava K3l . k1N X Ry LI% LS54 154 s [ O N T |
N obrewomna WM o0s RIH 00%F 00 OEF nd@ 006 0L a0y i Ui

& . inermmiy T O P & T = L S 047 07l 06 mig O30

FPopolamon charscrerisrics of 8, pharaonis

Growth : Growth parameters, L= and K were estimated as 3199 mm and 0.92/vear
respectively and ')’ as 0.03 14 years. Their growth against time can be described by von-
Bertnlanffy groweh equation ss,
L|. - 319!; El' = = i |-'\.'I-!H"]
Length at age dara obiainegd from the above relation shows that they grow to 58.3,
1121, 154.7 and 188.7 mm respectively by 3, 6, 9 and 12 months. They attain 2676, 299,
and 311.6 mm by the end of 2*%, 3™ and 4" years respecrively.

dize composidon @ 429 mm animals with [44.4 mm as mesn soee supported fishery tn
trawls {Table 3. Mainly zero and one+ vear groups supporied ther fishery, Juveniles of
460 mm size entered fishery in large numbers during Februarv-March. Their age ar
this stage was between 1.93 and 1.9 months, Size and age of the species a1 first capture
wils estimaied a5 158.5 mm and 9.1 months respectively.

Table 3. Annual size range, modes, mean size and commercial skze of 5 pharsonis in the cawch

: Periad Size range Mopdes Mean Size Commercial size
[em} {cm) [}
199596 S-29 =60, 160-1T0, 180-1%0 1333 L&0-240
L a-aT -2 13014600 50- DAO, 1 T0-18() 157.7 [ 2210
15997.%9% 40-280 J0-80, 200-210 1288 180-230
19700 R-2T0 T 10, 160§ 710 14349 120-230
1595.799 401 25 J0-B0,1 30-1 40,1 70- 180 144 .4 20240
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Spawning and recruitment pattern ; Becruitment pattern showing the time of origin of
the stock (Fig 2), presence of animals with mamred and spent gomads and small
juveniles in the carch indicated that species spawn during Avgust-March with peak,
sccounting 67% of the activity during Movember-December,

x ) lem = JUR.A5, K = RE,
E a8 HL-_'
: I
i e / A
E i ,"/— \.'\
g / L
@

il e B 0ot How Bes Jan Feb Bar fer May

Fig 2. Recruitment pattern of £ phammonisalong Kakinada coasr,

Mogtality rates ; Estimates of total mortality rate (£) ranged between 2,19 and 452
during 199599 with 3.66 as mean (Table 4). Natursl monalicy (M} was 1,69, Average
fishing miorrality (F) was 197 and it vacied between (L3 and 3.23 dusing the period.

Exploitation mate : Exploitation rare (E) flucouared berween 0,228 and 0657, with 0.54 a5
mean for 199399 (Table 4). E_, is large, 0.759, indicating some scope for increasing
future production | Fig 3).

Table 4. Monalines, exploicarion rates, explolaion ratles, carch, Momass and stock of explofred 5
plarmaniy population during 1995-'99 (Namm] monalicy (M) is 1659

Pennd Tamal Fiskireg Expbsiation Espleditation  Casch (1) Sk (13 Bivenass

nociadicy morialy e o (]
4] () (E} L

195"t 187 1.28 143] [T 1% [ 2k

1T 408 2,34 1558 LT 145 are 164

197 ug L9 50 .2I% 0303 Hi 434 171

159E-"00 4.92 513 ALGST (LGS 143 227 4

M 166 1.57 0558 05H T 435] 115

Yield and swock : Their stock and biomass in the present fishing grounds continued to
decline during [995-°00 (Table 4). Stock was 682 ton duning 1995-'96 and it declined to
21T ton by 199809, Average stock for the period was 431 ron. Biomass during the same
period declined from 218 to 46 ton with 115 ton 25 mesn. Yield however facouared
widely over the perind berween 86 and 391 ton. Maximum sustsinable yield of the
species from the present fishing grounds is 249 tons/vear (Fig 3,
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Fig 3. Relative yield'recruic of 5 pharsoeds ar different levels of

explaitation, super lmposed with yield bar showing M5Y.
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Population characrerisrics of 8. sculears

Growth : Growth parameters, Leo and K were estimaied 35 225 mm and 1.2year
respectively and ‘1, as 0.05% years. Their growth against time can be described by von-
Bermalanffy growth equation as;
Lt = 225 [1- g -'40-0
Length at age data obtained from the above relaton indicated that specics grow (o
46,1, 92,5, 126.5 and 152.3 mm respectively by 3, 6, ¥ and 12 months. They atain 203.1,
218.4 und 223.0 mm by the end of 2%, 3" and 4" year respectively.

Sire composition : I0-210 mm animals, with 1097 mm a5 mean size supporoed the
fishery (Table 3). Mainly zert. vear growps supporied their fishery. Juveniles of 20-40
mm size entered the fishery during February-March. Their age ar this stage was betwesn
1 and 2.1 months. Size and age of the specics at first capuure was estimated respectively
s 1057 mm and 6.5 moaths.

Table 5. Annual size range, modes, mean size and commercinl size of Saculesry in the

carch
Pericd 518 [Ange Maodes Miean sine Cormimereial s
= {cm) iCm) Lom)
150540 H-H 50060, 1102130 B3 110:1710
19T 1T L0130, §30-140 124.2 110 1nll
1957-"0R 40210 EOLL, 1AL, 140150 1087 1 20-170
1958 5= 210 110-120, §30-14D 1155 1140- Leidk
1995400 210 S0, | 10120, 130150 .7 110 iy

Spawning and recruitment pattern @ Recruicment pattern showing the time of origin of
the stock (Fig 4) and presence of animals with matured and spent gonads and young
juveniles in the carch indicated thar species spawn during August-March, with peak
sccounting 7.2% of the activity during November-January.
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Fig 4. Becruitment patiern of & scufears along Kakinads coast.

Morrality rates : Estimates of toral morwalicy (2] ranged berween 3.2 and 6.94 with 4.5 as
mean (Table 6). Notural mortality (M) was 2.22. Average fishing morality (F) was 2.34
and it varied berween 0,67 and 4.72 during the period.

Table f. Moroalites, cxploiration retes, exploiation maes, catch, biomaes and swock of caploined
& acmfegta popalition during 1995-"9 (Maoral moraliey (M) s 2.22)

Pennd Tinal Fishing Expludiatio  Exploimio  Cmchin Sk o) Mg ss

merality  mormaliy i CEle i ratin it
il iFl LE} [

1955 -4 .43 121 0353 341 156 440 124

V- 0T hii4 472 O.psi (1 198 BT 41

1#7-R 51 L2 0304 1,35 Kr 25 fidd

§90. 00 1. L5E 13 3 __[l._i-l'll /&l 14 k]

.ﬁ.‘JEnE': 450 ) 320 .51k 123 244 44

Exploitation rate : Exploitation rate (E) Mucisated between 0,209 and 0.68, with 0.52 as
meun during 1993-'99 (Table 6). E_, is large 0.723, when compared 1o present levels of
cxplointion indicating scope for increasing future production (Fig 5).
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Fig 5. Relstive yvield/recruit of 5 acodesrs st different levels of exploitation,
super impased with vield bar showing M5Y,
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Yield and stock :Their stock and biomass in the present fishing grounds showed a
declining trend during 1995-'99 (Table 6). Stock was 440 ton during 1995-9%6 and it
declined 1o 213 ton by 1998-'99. Average stock for the period was 239 ton. Biomass
during the same period fluctuated berween 41 and 124 won with 53 on 25 mean. Yield
fluciuared berween 64 und 195 ton with a clear declining trend, Maximum sustainable
yield from the present fishing grounds of the coast s 134 tonsyear (Fig 5.

Discussdon

Catchh and carch vare of cuntlefishes shown declining trend with wide anmual
fluctuation during 199599, Sck of major species also shown such flucreation with
declining trend, However, present level of explottation of the species is low compared o
Emax. This suggested operation of some fishery independent factors in the fishing
ground unfavourable for the stock. These have 1o be mraced out through constant and
close monitoring of the fishery, fishery environment, behaviour of the stock and their
response 1o fishing.

Fishery of Spharsonds was supported mainly by zero and |+ vear groups and
Saculeats by zero year groups with large proportions of juveniles. Silas er af (1985
reported that along the cast coast former amain sexual maturity at 121-138 mm size and
latwer ar 100-118 mm size. Present growth estimate shows that their ages at these sizes
will be respectively 7-8 and 6-7 months, Though they arain sexwal maturity at an early
age und have prolonged spawning sesson, volnemshiline of young ones 1o fishing and
precedence of peak fishing season 1o spawning season, may limit chances of large
proportion of the populaton for spawning before being canght. So the present level of
exploitation though low may have some adverse effect on the recruitment and stock s
evident from continuous and sharp decline in the carch and stock of S phamaomis

These species spawns in shallow inshore warers and voung ones feed on small
shrimps und fishes in the shell wren, they are vulnerable 1o tawls from their early
juvenile stage onwards. Trawls being aimed primarily for resources like shrimps, mesh
size of the gear is expected to be very small. 8o mesh size regulation w conserve this
resource alone is not a practically viable proposal. The only aliernative is regulating
effort 1o reduce fishing pressure in coustal waters especially during peak perlod of
juvenile abundance. Fishing pressure on the stock can also be reduced by diverring large
trawlers to deeper wabers, for exploitadon of other under-exploited resources. Such
megsures will improve carch and also the stock by way of enhanced survival and
recruirment,
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Abstruct

The study was conducted te determine the cost, return and relaive profiabilioe of
pond fish produciion of Mymensingh and Jessore districes. A total of 75 ponds were
eelected on the basis ol purposive nindom sampling techniqee from 7 villages ander 2
Upszila {Trishal and Gouripos) of Mymensiagh disiricis asd B willages ander 4
Upaxila (Mogirumpur, Jhikorgacha, Chowgrcha and Sadar) of Jessore disirice. o was
found thar per hectare per vear pross cost of pond sh production in Mymensingh and
Jeseore were Th 33345775 and Tk 5432774, while gross reouen were Tk 43413116 and
Th 96540.00 and net return were Tk I00673.41 and Tk, 423122, respectively, The
findings of this study revealed thar the pond fish prodiection in Jessore disirict was
mare profitable than chat of Mymensingh districr, Cobb-Douglas production funcion
was applicd o peallee the 1pu|:iﬁ|.' elfect al the factors ao pand hish production. Chat af
x warinbles included in the function thees variables hed pesitive impact on remrn
from pond fsh productlon, in Mymensingh disirict bt five varisbles had positive
tmpact on rewnrn from pond fish production in Jessore distron

Key words : Fiah coliere, Cost and returm, Caob- Bu;lu productian functian

Inmroduction

Bangladesh is a developing country with a vast water respurce. Fishery has been making
special contribution to the economy of Bangladesh. [t plays @ vital role in the alleviation
of poverty in Bangladesh, It meets up the nutritional requirement of the people, creates
emplovment epporunity and eams forcign exchange for the counery, Most of the people
in this country depend on fish a5 main spurce of sntmal protein. [t has been estimated
that about 1.3 million people are directly employved in this sector. Another 1.2 million
people indirectly earn their livelihood from fisherics related activities. Frozen shrimp,
fish and fishery products occupy the third position in the country's exports (4.76% of
ttal foreign exchange earningl. In 2001-2002, fisheries sector contributed 5.24 percent
o the otal GDF of the country (Dol 2003). The country's weal production of fish was
IRP0459 ones in M01-2002 of which 1475039 ones were from inland sources and
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4153420 wones from the marine sources, The growth mute of the production doring the last
decade, on average, was 7.20 peroent per year.

In Bangiadesh, increased aguaculmure production, mainly pond fish production can
belp o meet the increased domestic demand for fish (2075 million wocs;, (FFYP 1997
2002, In onder 10 meet the shortage of fish, the Depanment of Fisherics (DoF) and
some Non-Government Chganizaions (NGOs) are encoursging people to increase fish
production in their surrounding warer arcas (pond, haos baoe beel e In responss o
guvernment'’s initistive for sugmenting fish production in the councry, people have
starred o be occupied in different types of fish production activitics, The o important
aeivities are rising for fingedings and production of wble fish using different tvpes of
technologies popularized by various government and non-government sgencics.

The main purpose of the present study was to generate information regarding the
compurative profitability of pond fish production in different aress. Tt was also
interesting 1o look at the efficiency of inpur use in the production process,

Marerials and methods

The study was carried out from July'D3 o June'Dd in seven villuges at Mymensingh
district and eight villages ar Jessore district. A ser of interview schedules were pre-tested
and developed, Data were collected from 7 villages under vwo Upazils (Trishal and
Couripur) of Mymensingh district and & villsges under four Upazila (Monirumpur,
Jhikorgacha, Chowgacha and Sadar) of Jessore district. A otal of 130 producers were
selected from the soudy areas on the basis of purposive random sampling technigue. A
simple tabular method was followed o ilustieane the whole pictire of analysis, The sum,
mean, percentage, mbn, eic, were the simple statistical measures employved 1o show the
comparative performance of pond fish. Relative profitsbificy of pond fish and production
wis determined on the basis of net returm analysis.

Fumcnons! analyss

To find the effects of varable inputs beth linear and Cobb-Douglas production
function models were estimated initally. Da were converted m per farm basis w
facilivate the analysis. The resulis of the Cobb-Douglas models appeared (o be supetior
on thearetical and econometric grounds. So, the Cobb-Douglas model was accepred for
interpretation. Six independent variables were employed o explain the gross rewurns
from pond fish preduction in Mymensingh and Jessore districts. Regression analysis
{ordinary least squares) method was used wo determine the effect of these inputs, A series
of regression procedures were carried our w be sure that serious multicollinearity
problem did not exist, The function was specified as;

'll' - lxllllxzb.ﬂxawx‘hix:h'. H'_rl'i:.tl.l

The muncton was linearised by transforming it into the following double log or log
linear form:
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T0Y =lna+b InX, +blnX,+bInX, +blnX, +bloX.+ blaX, = Ui

Whers,

Y = Creoss return from Ash'fingerlings produecton (Tk), X, = fingeslings cost (Tk), X,
= Fertilizer cost (Tk), X, =Lime cost, X4 = Feed cost per farm, X, = Poison cost per
farm, X, = Labour cost (Tk), In = Nawral logarthm, 8 = Intercept, bi = Production
coclficiens, and U = Error term,

Few important varizbles like pond keeping, pond arca, number of ponds, duraton of
water gig., which might affect pond fish production could net be included in the model
due 1o non-gvailability of appropriate daca for the model,

Results and discussion
Coowis s retairms

Among the different cost items, cost of feed appeared o be the highest and
represented §8.70 percent of toral cost of pond figh production in Mymensingh distrct.
In Jessore districe the cost of fingerlings was highest and represented 2271 percent of
the ol cost of production. The average per hectare gross cost per vesr amounted o Tl
333457.7% and Tk, 34377.74 for pond fish prodocton in Mymensingh and Jessore
districts, respectively (Table 1), Gross returns from pond  fish  production  of
Mymensingh and Jessore dispriciz amounted w Tk 43413106 and Tk, 96640.06,
respectively. The mer retarns from pond fish production in Mymensingh and Jessore
were computed at Tk, 100673.30 and Tk. 42312.26 per hectare, respectively, The beaefit
cost ratio [(BCR undiscounted) of pond fish production in Mymensingh and Jessore were
130 and 175, respectively, It indicates thar the producton of fish in pond was more
profitable in Jessore than in Mymensingh., Ahmed (303 siodied yield the gap,
producrion loss and proficability of pond fish culire in Netcokona disirict. He observed
that the gross cost was Tk, 7749600, gross retum was Tk, 23325000 and net retum wils
Tk, 155754.00 per hactare of pond fish production.  Hague [2000) conducted a
comparative econgmic analy=s of pond fish production in Pabna districe He found the
proas cost of Tk, 6591752, gross recumm of Tk, 91706.51 and ner reowrn of Tk, 2578509
from the same seudy. Islam (2000) studied fish farmers and fshermen and gender mle in
lisheries development in Mymensingh, Tangail, Chandpur, Cox’s Bazar and Khulna
disericts, He found that BFRI contract farmers gross cost was Tk, 975800 and gross
reurn was Tk, 20247.00 and npet return was Tk, 1048900 per hectare from fish
production, Sultana (2000 ) swdied the adoption of BFRI evolved polyculore and carp
nursery technologies in Mymensingh discrice. She found that the gross cost wes Tk,
T0953.00, gross return was Tk, 12097400 and net return was Tk, 5002100 from per
hectare of pond fish production. Besulis of the present study were comparable 1o those
studies.
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Table 1. Per hectare annual cosr and returs from pond fish produciion

Teems Mymensingh | Percent Jessare ]_ Perceny

Com of Fingedings [Tk A%111.41 14,73 13,342,212 2371

Fertilizer Cost (Tk) I,B27.19 .55 3m1.73 564

Lime cost (TE) 1, 38464 .42 1,401.7H 158

Feed cosn [ Tk) T35 048 60 270 10,638,232 19,58
_Poigion cost [Tk} 455.19 .14 f.24,0) 1.15
_Labaur cost (TE) 1.53874.73 4,76 O TEEE 13.73

Tozai variable cost {Tk) T 7556 #9019 35,535.28 f5.45

Interest on  Operating 20B42T7 h.15 248857 4548

capital (T}

Land Use oot 14.861.12 4,46 16, 2%3.58 .87
_Voual Fixed coat (Tk) 3570349 __ . 1277245 34.35
_ ross cost [Tk 533453775 1 (1, () 5437774 T

Ciposs Hetuen [Tk 434,111.168 St 440,001

Net Rewrn (T 6734 42.312.26

Gross Margin [Tk} 136,377,320 6108471

BCR 1.30 1.7

somree: Fleld Sureey MM

Facrors aifecting pond fsh production

The effect of the various inputs used in the process of fish production was snatyzed.
Inputs used in production was classified broadly into material inputs (fingerlings, feed,
lime and fertilizer, etc,) and labour. Furthermore, there were some inherent
characteristics of pond environment and factors thar could affect its production such as
pond arcs, be emploved w explain the varaton in outpat of pends. Accordingly, some
crucial inputs were identified and included in the model w explain the variagion of
productivity of fish in ponds.

Ioterprerarion of resules

Estimated values of coefficients and reluted statistics of the Cobb-Douglas
production function for pond fish production are given in Table 2. The function fined
well for pond fish production of Mymensingh and Jessore districts as indicated by F-
values and R The coefficients of multiple deermination, R’ were 0885 for
Mymensingh and 0.912 for Jessore disirict. It indicated that the varisbles included in the
midel succeeded in explaining abour 88.50 % and 91.20% of the wxal variations in the
vitlue of pond fish production of Mymensingh and Jessore districts, respectively. The F-
vilues were highly signifieant at 1% levels implying that all the included explanatory
varizhles was important for explaining the variations in pond fish production. The sum
of all the production coefficients (production elasricity) of the equations for pond fish
production were 0.57 and 0.965% indicating thar the production function exhibived
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mereasing retumns o scale for pond fsh production of Mymensingh and Jessore
districts, respectively,
Interpretation of Coefficients for Individual Varfables

The regression cocfficients of feed cost was positive and significant ar 1% level of
significance, which indicated that | percent incresse in feed cost, keeping other factors
constant, would incresse gross return 0,466 percent in the Mymensingh districts but in
Jessore district fingerlings and feed cost were positive and significant at 1% level of
significance, which indicated thar | percent increase in cost of Aagerlings and feed cost,
keeping other factors at their same level, would inceease the geoss return 0.7 19 and (0104
pereent, respectively. The coefficients of fertilizer cost, lime cost and poison cost were
negative and insignificent at Mymensingh district and lime cost at Jessore district was
negative and insignificant, which indicated the over use of these inputs. Cost of
fingerlings and labour cost were positive and had no significant impact on pond fish

production of Mymensingh and cost of fertilizer, poison and labour cost were positive
and had no significant impacrt on pond fish prodoction of Jessore disiricn

Tehle 2, Esdmared values of coefficient snd relared stanistics of Cabl-Daughis prodoction funciian

moikel
Explanatory vartables Mm:nqi:!l;h Jessore
]niu\-nepl. 556 245
Coxt of fingerlings (X, ) 154 7o
(121 (0.15)
Fertilizer cosu’X,) - 0004 0.7
(028 (0,0
Lime cosi{ X 31 - 00354 - 0034
{063 (051
Feed cost {X4] AsR™ 0.1 Ckg*
....... S— (.069) (0,026}
Podson cosg (X, - 0,000% 0.zl
(LR )] (0.00 &)
[ahauar cowt (X, ) Balls .10
(D) 174
R LR 0.212
I value BT 103* 117 328*
Hetorns w scale | Yh) 058 .55

Mace: Flgures in the parentheses indicale spindard ermr
=Signilicent af 15 level

Comelusions

The production of fish in ponds was higher in Mymensingh than in Jessore, The
cost was significantdy lower (Table 1} in Jessore dizteict than Mymensingh district, The
cost of fish production was minimum but the ner returm was maximiam in Jessore than
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Mymensingh, The study reveals thar the Benefit-cost ratio was higher in Jessore than in
Mymensingh. In the functional andlysis, it was found that the some of factors of fish
production (fingerlings, lertilizer, feed, poison and labour) were posidve in Jessore
district, where as three factors {(fngerlings, feed and  labour) were positive in
Mymensingh districr. The resulis of the study indicate that the pond fsh production can
be increased and made more profitable by efficient resllocation resources in the
production process.
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