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Abstract
An experiment was conducted with iuvenile prawns Macrobnchium malcolmsonii, (0.76t
0.01to0.94-r0.0lg)toevaluatevariousproteinsourcediets. Sixdietscontaining20o/o,25o/o,
30o/o,35o/o, 4lo/o,and 45% of crude protein were formulated, and fed to prawns in the form of
pellet to evaluate their suitability. The experiment was designed for 60 days and sampling
was made at every 15 days interval. At the end of the srudy period growth, feed conversion
ration (FCR) specific growth rate (SGR), feed efficiency and survival were derermined for
prawns in each dietary treatment. Among the above five feeds poor FCR and higher weight
gain observed in 35% protein diet (B-4). Similarly specific growrh rare and feed efliciency
are also highest with diet containing 35% protein. The dietary prorein levels above 35%
exerts a decrease in growth of prawn was observed irr the present study. The feed efficienry
ratio and protein efficienry ratio decreased with the increased dietary protein levels. It is
concluded that 35o/o protein diet could be suitable with optimum protein supply for
Macrobruchium malcolmsonii. Thereforg above and below this 35% prorein level in the
formulated feed leads to metabolic stress which lorryers the conversion efficiency and wastage
of nutrients.

Key words : lll. malcolmsonii, Formulated feed, FCR, Optimal protein feed

Introduction

The larger growing freshwater prawns are good candidate species for inland aquacukure.
They fetch a high price both in domestic as well as export markers. Commercial culture of
freshwater prawn is well established in countries like Thailand, Viernam and Taiwan (New
1990). In lndia, interest in Penaeid shrimp culture was triggered by the increased marker
demand coupled with inadequacy of the capture fishery landings. One of the key factors for
the ensuring success of shrimp farming is the availability of good quality feeds in sufficient
quantity. Therefore, development of a suitable balanced feed is essential for freshwater
prawn culture. Basic nutrients required for shrimps to meet out the demand of physiology,
growth, and reproduction are protein, lipid, carbohydrates, minerals and vitamins.
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However, it is known that the quantum requirements of these vary from species to species,

age of development and culture conditions. Protein is the maior nutrient needed for growth
of shrimps (Sadhana and Neelakantan 1996). The primary focus of shrimp nutrition
research has to evaluate diet quality in terms of growth and feed conversion ratio (FCR) of
the cultured shrimp (Akiyama 1992). Although this information is essential for proper

evaluarion of feed formulation, the bio availability of the nutrients in the diet must also be

determined (Allen Davis and Arnold 1993). Feed forms one of the maior inputs among the

operating cost of any aquaculture system. Formulation of efficient and cost effective feed is

therefore of prime importance (Jeyalakshmy and Nataraian 1993). Many investigations have

been carried out to assess the optimum protein levels for specific shrimps and prawns, both
in temperate and in tropical countries. Several researchers have reported that protein is an

essential nutrient for prawns but costlier among ingredients (Alava and Lim 1983).

Therefore, dietary protein should be optimally utilized for growth rather than for
maintenance (Shiau and Yang peng 1992). Research in feed formulation is currently
concentrating on the investigations of various low cost protein sources. Ideally, these

should be readily available ar low cost and have high nutritional quality (D' Abramo and

Lovell i991). Although aquaculture is a rapidly expanding industry, freshwater prawn
(Macrobrachium spp) farming is of recent origin. The lack of information on the tolerance

limits and optimal conditions for better g1owth (Batlett and Enkerlin 1983) still continues
and has motivated their research study. Macrobrachium rualcolmsonii is a good candidate
species for freshwater prawn culture in India and can be cultured either alone or along with
other arnenable species in polyculture. Although, there exist some informations on the
dietary requirements of M. rosenbergii (Heimen 4nd Mensi 1991), but cornparativeiy very
little is known on the aspects of nutrition and feeding of M. malcolmsonii.

Materials and methods

Experimental design

A feeding trial was conducted for 60 days in an indoor laboratory under a photo-period

cycle t2h light : 12h dark. The six experimental diets constituting the six .reatments were

arranged according to completely randomized design with three replications per treatment.

Juveniles of M. malcolmsonii were obtained from the lower anicut (110" l5'N; 79" 30'E)

of the River Cauvery near Kumbakonam, Tamilnadu and were transported to the
laborarory in double polyethylene bags, filled with river water and oxygenated to saturation
level. Prawns were acclimated for 5 days before individually weighted and sized for the
experiment.

Ten Prawns of mean weight (0.76+0.01g) were stocked in each trough. The prawns

were starved for 24 h before starting the experiment in order to empty the gut contents.

Aeration was provided continuously but slow aeration to the experimental tanks except

during placement of feed and during collection of faeces and wasted feed. One third of the
water in each tank was changed daily with fresh dechlorinated tap water. Dead prawns if
any were rernoved and recorded. Prawns were fed at 5% of biomass twice a day at l0 and 18

h. The faeces were siphoned out manually a$ soon as they appeared in the trough in order to

)
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prevent coprophagy and its leaching into the water. The excess feed that remained at the
bottom of the trough was also siphoned out onto a bolting cloth within 5 mins after one
hour feeding. The collected unconsumed feed were stored in petri plates after drying at
40"C in hot air oven. Ration was adiusted. Animals were weighed every 15 days.

Dietpreparadon

Six diets of different protein ratios such as 20o/o,25yo,30oh,35yo, 40yo, and 45% protein
were formulated according to the proximate composition of protein sources used (Table 1).

AII raw materials of dry components were finely ground using an electric grinder and
passed through a 0.5 rnm mesh sieve. The diets were prepared by thoroughly mixing the
dry ingredients and then adding water until the texture of the whole mixture reached a stiff
dough consistency. The dough was steamed at 60'C for I0 min using an autoclave, pelleted
through a2mm die, and then dried in an oven overnight at 40" C. After drying pellets were
cut in 5mm length, packed in sealed plastic bags and then stored at room temperature
(Sudaryona etal.1995).

Table 1. Formulations and proximate composition of five experimental diets containing
isonitrogenous perceltage of protein

ingredient sl100g diet Experimental diets
(on feii-basis) SKP TFM SQ}I SBT\T ECM
Silkwcrn.r pupae meal
-{'rash llsh meal
Squilia meal
So1'bean meal
Eichhornia metl
Praun waste meal
.S{angrove ieaf meal
Groundnut oil cake

Gingelly oil cake
Rice bran
Wheat flour
,\{aida flour

(,r ude protein
Nitrogen free extract
Crude fai

f-irude ilbre
,\{r:isrure

,18.0

r o.o
20.0

8.0

5.0

5,0

2.0
2.0

Proximate composition (%)
3A.Zt
23.07

8.45

40.0

10.0

15.0

10.0

10.0

5.0
5.0

:s.o

zo.o
10.0

i0.0
5.0
10.0

5.0

5.0

30.0
z4.n
i0.08

:io

i 5.0
0.5

23.0

ZZ.O

0.5
2.0

2.0

30. i6
36-/ /
6.96
10.96

5.73
7.42

zi.o
1t)
0.5

35.0

34.0

0.5

0.5
1.5

30.08

36.71

9.42
9.61
+. I (.'

10.48

30.64

40.18

9.25

4.52

8.26

23.03 22.85
5.30 1.92
9.91 8.04

SKP.= Silkrvornl pupae,
Eichhornia moal

TFM= Trash fish meal, SQM= Squilla meal, SBM= Soybean meal, ECM=
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Aaalyses ofdiea
Diets were analysed for crude protein, fat, ash, fiber and mois[ure by standard AOAC

(1990), nnethods for drymatter (oven dryrng at 105"C for 24h), crude protein (Kieldhal-

nitrogen x6.25),fat (solvent extraction with petroleum ether, boiling point 40-60' C for 10-

12h), ash (Muffle furnace incineration at 650"C), and crude fiber (1.2574 acid and 1.25%

alkali digestion). Nitrogen free extract was calculated by difference (NFE : 100-(% crude

protein + % crude lipid + %ototalash + % crude fiber +% moisture).

Eody conpositioa analysis

At the end of the experiment, a pooled sample of dressed prawn flesh from each

treatmenr was collected, frozen and freeze-dried for final body proximate composition

analysis. The analyses were conducted using the same methods previously described.

Data calculatioa and analysis

The following parameters were calculated for evaluation of prawn performance:

weight eain (%):l(final weight - tnitial weight) / Initial weight] x 100;

Specific growth rate (SGR) = [(In.\(t-In.rU7i)/Tx100,
where W't is the average individual weight of prawn at time t, wi is the average individual weighr

of prawn at time O, and T is the culture period in days.

The efficiency of utilization of feed was expressed as feed conversion ratio (FCR) :
(dry feed intake/ wet body weight gain). Feed efficiency (FE%) : wet weight gain (g)/dry

feed consumed (g)x100; Percentage of survival:Nf A.{i x100, where Nf is the final nurnber

of prawn in the experiment, Ni is initial number of prawn in the experiment. Protein

efficiency ratio (PER):Off-\fi) TftCP. W'here S7f is the average final weight; Wi is the

average initial weighr, Tf is the averaged total weight of feed intake (g) for each prawn, Cp

is thscrude protein (g) fed. The collected prawn \ryere sacrificed and excised for the yield of

edible flesh. The remaining part of prawn, after muscles were excised, was weighed to

determine the percentage of carcass waste. Edible flesh (%)= (muscle weight/body weight)x

100, Carcass waste (%) :Prawn waste weight/body weight)xl00.

Sutistical analysis

All data were analysed using analysis of variance. Multiple comparisons among means

were made with the Duncan New Multiple Range Test (Puri and Mullen 1980). Statistical

significance was determinedat5%o for each set of comparisons.

Resulrc and discussioa

The proximate composition of the formulated experimental feeds, B-series are given in
Table 2. The Prawns fed on feed B-4 with 35% protein showed higher weight gain (1'86 +
0.12g) and lowest FCR (2.96 + 0.27). Similarly specific gxowth r*e (3.24 + 0'64) and Feed

efficiency (33.99 + 2.97) were also highest with the diet containing35Yo protein (feed B-4).

However, protein efficiency ratio was maximum with feed B-2 (1.08 + 0.15) and minimum

4
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in feeC 8"5 (0.47 + 0.05) (Table 3). 'tr'he proximate analysis of prawn flesh exerts that
prawa fed rvirh t'eed B-4 contain highest amount of protein than those fed with othrr {'eeds

(T'aL,ne 4). Iru this experiment, the diet with 35% protein exhibited better growth, FC\ and
PER. rvhen compared to diets with 2{J%, 25a/a, 31o/o, 40a/a aruc} 45% protein leveis. The present

finding in this prawn are in agreement with the results of Balazs and Ross (1975) wleo

reported ruaximurn growth in M. rosenberpriwhen fed with diets in excess of 35% protein
level. Dietary protein requirement is reported to be 3i)% ta 40% for Penaeid si;ecies (Alava
anci Linr, 1983, Shiau et a!, l99l). trn the present stud5,', protein requirernent shown h-t, ,4f.

nselcolssanii also falls within this range.

I'able 2. Ijatt'y acid composition of experirni:ntal l-eeds

tratry acids (mg/g of fat)
SKI) FM -sQxl SBir{ E{];\,7

Saturated fatty acids
E{epatanoic acid
Capryiic acid
Nonanoic acid
Capric acid
Undecanoic acid
Lauric acici
Tridecanoic acid
Myristic acid
Pentadecanoic acid
Falmitic acid
Heptadecanoic acid
Stearic acid
Nondecanoic acid
A.rachiriic acid
Heneicosanoic acid
Behenic acid
Tricosaroic acid
Lignoceric acid
Unsaurated fatty acid
Palmitoleic acid
Oleic acid
Cis Linoleic acid
Linolenic acid
Arachidonic acid
Eicosapentaenoic acid
Decosahexaenoic acid

C7:0 NI)
C8:0 NI)
C9:0 ND
Ct0:0 2.85

C11:0 ND
C12:0 0.66

C13:0 3.19

C14:0 0.97

C15:0 6.62

C16:0 3.48

Ci7:0 ND
C18:0 ND
C19:0 ND
C20:0 ND
C21:0 0.25

C22:0 0.15
C23:0 ND
C24:0 ND

C16:0
(, i 6:o
C 18:0

C18:0
C20:0
C20:0
C22:0

Nl)
n ::i

43.81

0.09

2.38

1.81

5.13

Ntl
\n
lrD
r'. -j5

\D
0.17

1i.69
3.72
)-t 1f

0.53
ND
NI)
1.88
17.E5

2.2 t
Il)
ND
\t)

Nl)
0..+3

25.01

0.08

29.E2

5"03

5.75

Nt)

E.0_r

i.64
i.99
t( n)
5.07

i9.23
+.r,'
1.27

27.76

2.9,1

ND
NL)
i).u9
\D
\i)

0.-l1

?.0"17

0.08

NII
4.84
6.l r

Ni)
}JI)
NI)
lil-)
0. l5
ls.ltZ

2.98

t.68
1.10

c.67
0.80

5.59
{J.1.+

0.83
().6 i

5ll)
E. -l -l

NT)

Ni)
0.19

19.78

0.08

0.23

3.97

4.98

lii)
Nl)
i{ l)
NIi
Nt)
,2.-i 3

,l ,,i l

1-1.f )
7.55
1.95

30"21

l.ir6
2..+9

NI)
0.05
|i I)
,\D

Nt)
0.18

?._1.97

0.09

i\D
,+.50

o.u-
SKI'= Silkqr;i:rLi pupae,
Eichhornia moal

'IFM= Irash fish r.neal, SQ,\1- Squilla meal, SBM= Soybean rneal. ECN{=
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Table 3" Growth perf,ormance and Ciet utilization of tll. malcolmsoniifed isonitrogenous diets

Paiaine ters SKP TFM SQM SBM ECI'1
lnitiai mean rvt. (g)

Fir:al mean'rt. (g)
llean wi gain (g)
lfeight gain (%)

Feed intakc
FCR
silR (e,;)

FE ('ti)
PEri (76)

SLir..,ivai i%)

1.82tr1.02

3.4710.04

1.6510.04'

90.78fl.99
5.41tf).16
3.27a0.16')

2.75+0.07'r

1.02:.,0.05'

100.

r.8210.03

3.02$.0.4

66.C.iil:).29

5.3ii0.21
4.45$.22',
2.0ct0.03"r

0.75fl"01'
7E.-l-r17.52,

1.821J.02

i.02ro.03
r.9h0.01.
66.06rr.79
5.26!{.t4

,+.-l9i0.0Et'

2.0{}]{.02.1
22.78!{"49'.t
0.76 i-0.02'

Il5.0Gr8.3arr"

i.8 ir0.0i
3. l2:1C.0,+

i.29{}.061'
7 i.0El:,+.1 l
5..+8m.I9

2. i6a0.09'
23.58r1.17"
0.7910.4'

86.67:18. i 6i"'

I .8::lli).{i2

3.3Oir.01
1.18t0.01'"
8 l.09tt)"53
5.3910.l 8
3.65.1-0.14'

2.46nl.UZL',

27.38|.07r',
0.9 tl0.01r'
68..Br.i.08"

30.5511.45" t2.,15ii.t0"r

Values arc means tSI) of three replication. I-etters in the sarre colur:rn ha,.,rng ihc r.ri:,c \L:pir\!r inr .1r!. r.'l(,1

signilicanth. riiti'erent (p > 0.{i5)

Table 4. Body proximate composition of M malcalmscniilel with experimenral ,iie rs fi.'^r 6t) cnys

On rvet q,eight basis Feeds
SKP TFM SQM SI]M ECM

U'rst wciEnt, :)D

Ilciiblc llesii. '.rir

Bcdy comp,csition (on dry basis)
Moisture, %
Protein, 9uo

Lipid, %

Ash, %

35.05

39.50

71.23

57 "73

-i.00
3.t-l

+1.15

36.79

79.46

57.13

3.51

2.54

43.21
1) 6)

81. i7
5 3.50

2.95
1 <?

49.1 1

1t. to

16.58

50.85

3. l6
z.9E

47 "99
35.64

79.7 4

55.23

4.ZA

2.85

The dietary protein ieveis above 3592i exert a decrease in growth of prawns as obseined
in the preseni srudy. 'fhe decreased growth at protein levels greater than the optirnum may
be attributeC to increased energy expenditure on protein catabalism and subseq!-lenr
increase ir: amrnonia production, which will have a negative impact on growrh (Raninarine
1995). AhamaC Aii (1994) stated that protein contributes towards the major porrion of rhe
feed cost, and the determination of nitrogen balance, along rvith other parameters. rnight
gi'eatiy help in keeping protein levels at the minimum, leading to more econornicai
practicai feed formulation. Colvin (1975) stated that weight gain declined with increase in
tlre dietary protein in P. indic:us. i{. rosenbergii pos[ iarv'ae rnav need a minimum Cietarl,
piotein level of about 35% (Read, 1987). In our experimental feed (ts-4) conrains 3)?i)
protein aiso recorded a high growth response in -M. malcolmsonii. The finding of Reaii,
(1987) also supports the finding thata35% dietaryprotein level was more rhan enough io
sustain optimal growth in young/ iuveniles of M. malcolmsonii. ln a properly traianced ciiet
rhe level of protein must be sufficient to support optimurri growrh and shouid be minimaill..
utilised for energy production (Shiau et al. l99l). Optimal dietary prorein levels are alsc
found to influence protein to energy balance, the amino acid cornposition, digesribility oi
the dierarv pnotein and the amount of non-protein enerply in the test diets (Wilson i989).

Foocl consumption rate of prawns did not show rnuch variation at different prcrein
levels. Many experimental studies have shown that food intake and coiiveisioil efliciency

6
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ritroilgly depend on environmental factors such as ternperatut'e, saliniry, quality cf firod,
water flow" as well as internal factors, suclx as age and size of the fishlprawn, heredity and
even rhe environrnental history of fish/prawn, especially in early iife (Brefr 1979). The br:sr
f,er:d c*nversion ratio (FCR - 2.96) was obtained in the prawn fuL. malcolntsonf f'ed rvirh
--15% protein level in this experiment. FCR was maximurn at higher as well as lower dietary
prorein ieed. 'fhe f'eed conversion ratio in penaeicl prawns rvas studieil by Rr:yan er a1
(1977). Forster (1970) pointed out that convc-rsion ratio in prarvns would be r&rher less
efficient than in fish dr.re to ioss incurred during nioulting and only a ratio of 2-3 coultl be
anticipated in prawns" The food consurnption an.l wet weight gain play an irnportant rcle
in rhe increase or decrease of f'ood conversion ratio (Sadhana and Neelakantan 1996). Ia
ulost of the studies the protein requiremerrt was deterrnined by measuring the growrh, F-CR
and in sorne cases, PER as a response to the dietary protein ievel. These studies were
aurnroarised by (Kanazawa 1984). Sambasivarn et al. (1982) concluded that conversion rvill
trc lov, duc ro high dietary prorein.

In this experiment the highest PER was recorded in 25o/o protsi$ diet (Feed B-2;.
Frotein efficiency ratio decreased almost linearly vrith increasirrg dietary protein content up
ta 36% and then reached a plateau. Generally protein efficiency ratio decreases with
increasing dietary protein levei and has been noted for mary orher species also ( Akand er
aL 1989). FCR. and PER are known to decrease with increasing dietary protein conterits
$auncey 1982). PER is aiso influenced by dietary protein level and vary witir species
(llabrowski 1979). The findings of FER in the present study are in agreement with these
obseivationa.

-['he survival rate of M. malco]msonii in this experiment was found to be higher at 35%

irroteiu *liet and low in 45% protein iiiet. Survival and growth of prawn also depends <ln

stoi:ki;rg densit1,, water quality, type of diet and ciimate (Kanaujia and Mohantl, 1995). Irr
$upport oi rhis finding Das er al., (1995) indicated that the diet containing about 35%
protein are considered for satisfactorv sun'ival and ggowth of juvenitre prawn .rlf.
malcolmsonii. The findings of Felix (i998) also support the belief that a 35% dietar-v
protein ievei was enough to sustain good growth in iuveniles of ,M. rosenbergii.'Tlte resuXts

in the present study are in agreement with the above findings.
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Effect of high and low cost brood feeds on gonado-somaric
imdex and fecundity of freshwater prawn Macrobrachium
rogenbergii de &[an
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Abstract
Studies were conducted to obsewe the effects of different types of feeds on the
gonado-somatic index (GSI) and fecundity of freshwater prawn tWacrobrachium
rogenbergii. Three different treatmeuts (T,, T, and Tr) were designed with three
types of feed as follows: (i) Saudi-Bangla Prawn feed i00% - Tr, (ii) Saudi-
Bangla prawn feed 50%+local feed 50o/o - T, and (iii) local feed 100% - Tr. The
resuits showed that the average value of gonado-somatic index (GSI) was 14.39,
14.35 and 14.36 and the average fecundity of tV. rogenbergii was 99,74L,98,125
and 97,91i in T,, T, and T, respectively. No significant difference (p>00.5) was
between gonado-somatic indices (GSI) and fecqudities of M. rogenbergii among
different feeding trails. The price of Saudi-Bangla prawn feed was very high
(Tk. 23lkg) than the local feed 1fk. 14/kS). So, use of local feed was
recommende d for M. rogenberg:ii brood rearing.

Key words: Prawu feed Gonado-somatic index, Fecundit, .fuL rogeabergii

Introduction
Among the wide array of prawn species avaiiable in Bangladesh, the long legged giant
freslrwater pralryn, Macrobrachium rogenbergii (golda chingri) is the largest, most
desirable and contribute a lot to the maior share of the exported prawns. M. rogenbergii
grows fast, tolerate salinity changes and can be cultured in freshwater ponds. While the
demaqd of this prawtr has been progressively in home and abroad, the production of the
sarne frorn natnral water is declining in our country day by day due to over fishing aud
environmental hazards. In the fish culture feed cost accounts about 60-70% of the total
cost which is very expensive to poor farmers of Bangladesh. Iu the urarket, there are
some commercial prawn feeds, which are also expensive. Unsuitable feed, unavailabiiity
of fry and lack of technological know-how are the main drawbacks for increasing prawn
production in freshwater ponds. Now-a-days Government and private hatcheries are
producing large number of post-larvae of M. rogenbergii for their culture in ponds
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throughout flae country, Lrut these kiiltchrries face probtrems due to i:igir prii;e cf artificittr
feeds for trrood rearing. Polycuiture a{ lC. sogenbergii h.as lleen investigated with
Chinese and Indian car-os (Hoq et al. L996, NFEtri 2001, Alam et a.l. ,!,AA',) but no
scientific study has been conducted tr: {ind out the .quitable it:w cost t'eertr fbr ;ia".

ro-eenltergii trrrood rearing. So, the presdilt experirnent ',ias rlesigneci to deteri*ine rher

effbct of high cost and low cost feed on tl1e gonadr:-so:na'tii: inriex a*d f'ecuridit;, cf l?.
rogenbergii.

Materiale *nd metlods

(Jbservation 
'rf the efd'ects of high and low cost feeds o{ ;Wacrabracl,sium rogexbetgii

broods on their gonaclo-somatic index and fecundity was carrierl oiti i-ll rh.c backyard
hatchery (Framanik and Mahmud 1995) of Bangladesh Fisheries Research Insti'iu;e,
R.iverire Station, Chandpur. Three Treatrfients were clesigned for tseding u'irh tliree
repiications as fr:llows: Tr:Saucii-Bangla irrawn feed 1009,6, T::Saudi-Bangla prawn feeci

50% and l-ocal feed 50% and Tr=Local feed 1009/o. I-ocai fted was pre:rared i:y'using
iocal ingredients such as fish rneal, rnustard oil cake, rice-bi'an, rvhear tlil''.ver and
viiarriin-mi::.eral premix by maintaining th€ protein level 3076 (Table 1) which rvas r--*ittl

to dlat of the Saucli-Bangla prawn feeri (Table 2). .An earthen ponr! of 1..35 *r: a:ca. rvar.

chosen fbr the experirnent. The water of rhe prrnd was completell' di'tineri oui BIl'"i

remained exposed to the sun for 15 days until the trattoi:r cracked. Aiter cr-.inpleie dr5'ir.g"

the pond was tilied to improve the soil quaiity b_l' exposirg sub-soil i{.) the armospi)ijre
there by speeding up the oxidation process aird the released ofnuirients tliat v",ere lccked
in the soil. Lirne was applied to the soil at the r?ie oi 1 kg/ds1. After limiirg tl'le ponii',-r'as

divided into nine ptrots of 15 mr size eactrr. These piots were divided by using nylon nets"

They were of 4 feet height from ground leve! so that the prewns) stclcked in ouc piot
cannot msve tcwards the other plot. tsaurboo poles were us*d to fix thr: net veriicaih.
After corrrplete netting the pond was fiiled u,ith water. 'Ih* irets urere cleaued pericdicail.S,

during the experiment to rnaintain the r,,rater quality of each plot r:quatr. flrganir: and
inorganic I'er-tilizers were applied in the pond. Organic t-ertiiizer c.,f ccwclung lva.,

broadcasted over the pond at a ratio of l0 kg/dm. .&fter 5-7 days of crg:inic fenilizati<-ri;,
the chemical fertilizers were applied at the rate cf urea 1009/rim and'ISP 759/clp. 1'1tt
juveniles were stocked at a density of Zlrn).'fhe average length and iveight of'r-he
juveniles were 1.0.3 cm and 20.5 g respectiveiy. Feeds wei-e supplied to tl-re pralvrls aL5-3('/a

of their body weight. Three types of feeds were supplied to each threc replicates of thr;
nine experimental ponds. The physico-chemical pararneters of the plots were recordeci
fortnighttry. Ternperature was recorded by a Celsir:s ther:nometer. 'fl:e p'', I)C air:.:

amrronia were measured by a portatrle water test kit (t{AClFi Cor:par.y, lovc lanC.

Colorado).

L2
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Table 1. Percentage composition oflocal feed

trnfredi.nts Fercenrage (9'o) I)r*tein (9/o)

Fish n:eal
Mustard r:ii cake
Rice-bran
\ffheat flower
1/ itarnin-rnineral premix
i'ota1

21.0
45.0
28.0

05.0
01.0

100.00

i2.i3
13"65

UJ,JJ
00.89

l0"ti{!
Sourr:e: illtrRI

Table 2. b-eetl analvsis of Saudi-Bangla prawn feec (tinisher pelL:t)

Food vaiue Percentage (?'o)

Mcisture
Proteir.

;;;..
Asir
Carbohydrate

Source: Saudi-Bangla Fish Feed Ltd.

Beterminadon of Gonado- Soma tic Index

index (GSi) of, prawn is the percentage of gonadal wei'ght in
weight of prawn. GSX was deterurined f,;r' eacit prawn h1i tile

\\ eight rIgonaJs;g
GSI =

Veight of prawa (g)

D eterruia a ti o a o f fecw a d i ty

Fecuridity was determined using gravimetric rnethod (Lokman Ali 2002). Mother
prawns were collected from different experimental plots. The prawus \{ere transpoited to
the backyard hatchery with plastic drum. The total weight of individual prawn was
taken by an electronic balance. A portion of ovary was sarnpled from the mother prawn
in a clean petridish with the help of forceps. The mother prawns were then released in
the aquarium with 6 ppt saline water for hatching of the eggs. The water from sampled
eggs was blotted by a blot paper and then dried at room tertrperature. Number of eggs in
the sarnpled portion was counted. After hatching, the weight of each mother prawn was
taken. The weight of total eggs i.e. the weight of the gonad was calculated fron: the
following formula:

li
30

4

6

17

)J-

Gonar"lo-souratic
reiatioir to the total
lirilcwirg f,orrnula:

i00

i3
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Weight of gonad (total eggs) : Weight of mother prawn before hatching - Weight of
moiher prawn after hatching.

Finailr', the totai no. of eggs i.e. the fecundity of each indivi,iiuai prawn rvrs
.:alculated with the help of the following fbrmula:

Weight r:f lotal eggs x l'!c). of eggs in the sam4rlsd porticn
:r-r)tal no. of cggs (lecunJity) -

Weight of tlie sampled eggs

Staristicsl analysis

One rvay analysis of, variance (,&NOVA) rvas perfi;rrn+i on ,;he .,'ieiii daie 'il
deterrnine treatment effects. Signifii:ant r:lifferences betwee:i rreatirent-i r',.ere i$;rllaieij
using Duncan's rnultiple range tesr (Lltr&R'i-) at 5%ieyel of signiticance.

Reraks

Ws ter q uali t1, pa rs fr)e{Ers

Il.espective l,,aiues o{ water quality pararneiers during the experimenral. xrcriod rveic
samc in ail the ireatixeuts because oue ponri was divided into ninc piots ir3, fLne rnr:sii
net. Ttrre valu.es viz., water temperature, dissolved oxygen (DO). frFi" transperenc-r an,J

amrnonia (l'lFI,) under different treatments are shown in l'al,,ie -i. Ai'elage xahre of
dissolr.ed oxygen was 5.71 mg/L, temperature,26.8nC, p",7.68 and }JFI,,0.31 rngil-.

Taille 3. Average values of water quality parameters in each fonnight during the e>rperimental pr

{io;m February to May

Ile;:elreiars

'I cmpcralure 22.0
Dilsciveil Ox_vgr:n 5.5

(ms/L)
pt' 7.3
,Lmrnonia (NH,) A.2
(mflI-)

29.1 29_5 i0
5.0 5.8 6.2

25.3

6.0

E,O

0.25

24.0

5.6

7.6
0.3

26.9

7.2
0.2l

27.6

1.?,

1.9

{). r, l
8.1

a37
7.8 7.9
0.26 C"3

Gaaado-Soruatic Indx
The gonado-somatic indices (GSI) of M. rosenbergii of different

shown in Table 4. The average value of GSI for T, was 14.39, for T, was

was 14.36. There were no significant differences (P>0.05) between the
indices of tl[. rogenbergiiofdifferent feeding trails.

trsatrEents ar*
i-i.35 and for T.
gorrado-somatic

14
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Tab!.e 4. Values of gonado-soniatic index and fecundity af Macrchracltium rosenbergii t:f
ditlerent treatments

'rre:itments Gonado-somatic index Fecunditv
Range of GSI Average ofGSI Rangeoffecunditv Averageoffecundity

1'r
"ll

r3.35 - 15.39

13.36 - 15.15

1'+.3q"

i 4.i5"
60,525-1,36,502
62,024-1,29,355

99,7 4tt
98,125"'

97.911t'Tr i3.73 - i5.50 14.36' 62,920-r3A,6Zt
' Values in the same column with same superscripts did not differ significantly (p>0.05)

Fxundity

The estimated results of fecundity of *1. rogeabergii are presented in Table 4.

,tverage fecundity of M. rogenbergii in T, was 99,741, in T, was 98,125 and in T, was
97,97L. Statistical analysis indicated that there were no significant differences (P>0.05)
between the fecundity of. M. rogenberg:ii of different feeding trails.

Discussion

The water quality parameters were ranging from 4.3 to 6.9 rng/I- for dissoived
oxygen, 22"C to 30oC for temperature, 7.2 to 8.1 for pH, and 0.2 to 0.37 mg/L for
ammonia. New and Singholka (1985) reported that the temperature below 14oC or abo\ie
35oC is lethal for freshwater prawn and maximum growth occured near 31oC. Generally,
winter is not the breeding season far M. rogeabergii due to sonne enyironmental
disadvantage (Rao 1965). \U(ulff(1982) reported that juveniles offreshwater prawn could
tolerate dissolved oxygen levels of 1.0 to 1.5 mglL at early morning and suggested not to
allow the prawtr at such level for extended period. Cohen et al. (1983) observed that
dissolved oxygeu level should always be maintaiued above 4.0 mg/L for prawn culture.
Michael (1969) described that the best pH level for culruring fisheries organisms is
around 7.5 to 8.5.

The average gonado-somatic index was 14.39, 14.35 and 14.36 for T,, T, and T.
respectively. The lowest GSI value being 13.35 and highest being 15.50. The differences
were not statistically significant (p>0.05). Patra (1976) observed the average GSI value of
M. rogenbergii to be 14.88, ranging from 12.81 to 17.78. Similar results were found ln
the present experiment.

The fecundity of the freshwater prawn, M. rogenbergii was found to be 99,741 in T,,
98,125 in T, and 97,911 in Tr. There were no significant differences between the
fecundities of M. rogeabergii irt different feeding trails at the 5o/o level of significance.
Patra (1976) found mean fecundity of M. rogenbergii from natural brood to be 1,30,000.
Ling and Merican (1961) found average fecundity of tV. rogenbergii to be 90,000. Costa
and Vanninayake (1986) reponed that the fecundity of M. rogenbergii ranged from
19,000 to 1,37000. Sureshkumar and Kurup (1998) found that the mean fecundity of zU.

rogenbergiiwas 95,687 ranging from 30,666 to 2127,161. The fecundity found during the
present study was within the above range of hatchery broods. The deviation in fecundity
may be attributed to the differences in size of gravid females. As the average size of the

15
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'pm\8l1. is genera.liy higher in case of ivilC sf ock, the fecua.dity aigo increases exponentia]{)i
,iue to thE: size of the prawn. 'lhe differen/,es in fecundity ina"r." alsr: be cLue to rhe
cii$-eren.ces in ttre habitat of rhe stock or rnay be due to their genrtic vad.atio:is.
Ar:aordirg to Brorirage et al" {L992) fecunditlr varies with season: climatic con,iirions,
envi"rofilnent arrci nutritional status.

Siniiiar gcnarlo-somatic index and fecundiry o{ A4. rogesberg:ii laivae at three
ditf'ereut f'eecliug trails inciicates that gonado-somatic irldex and fecuririity of lervile were
c*t sigriifrcently affected try three types of brood feed. Cost of feed is ir major f,actcr in
ctre fri:ancial mafi.agement of brood rearing. During the present experirnent, a local t'er,4
ccxrsisting tf Zlaia fish meal, 45% mustard oii cake, 28.09,i: rice-bran, 5.0% wkrear ijor..rer
arud L.*% vitarnin-rnineral preniix, was prepared the cost cf rvhich'"vas Tk. tr$ikg. It was
apperent ihat rhis feed was substanti.aliy cheaper than the Saudi-Bangla pralvn tbeci, the
cosr r:f which was Tk. 23Ag. Though the difference of price of the feeds r.vas rem:]rk:lble
but there lvere no significant differences between the gouado-sornatic index anrl
fbc-r.rnclity frr:rn these tu/o types of feediirg trails" Consiclering all the ai:ove tbets, tlie locai
fbed was recornrnended for the trrood rearin g of M. rogenhergii in ponds.
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feed on carcass quality of Nile tilapia Oreochromis niloticusL.

M.RU. Sarkarr,*, A. Yakupitiyage, C.K. Lin and D.C. Little
Asian Institute of Technology, Bangkok, Thailand
rPresent address: Department of Fisheries, Ministry of Fisheries & Livestock, Bangladesh
*Corresponding author

Absuact
A study was conducted to evaluate the effect of phosphorus supplementation in the
formulated fish diet otr carcass quality of Nile tilapia in net-cages suspended in fertilized
earthen ponds. In the experiment 3% di-calcium phosphate (DCP), 3o/o triple supper
phosphate (TSP) and 7% 16:20 inorganic fertilizer were added as phosphorous sources to
three diets containing fish meal as main protein ingredient. Feeding tilapia in net-cages
with these diets significantly (p<0.05) improved rhe carcass quality and bone
phosphorous content of Nile tilapia over fish fed with same diet without phosphorous
supplementation and fish given no feed. The final body composition and bone
phosphorous cotrtent of Nile tilapia fed with DCP, TSP and 16:20 grade fertilizer
supplemented diets were comparable.

Key words : Phosphorus, Di-calcium phosphate, Triple super phospharg Carcass quality,
Bone phosphorus

Introduction

Phosphorus is one of the most essential minerals for fish growth and bone
mineralization which function primarily as structural component of hard tissues e.g.,
bone, exoskeleton, scale and teeth. Effects ofdietary phosphorous deficiency in fish have
been found mainly to be loss of appetite, reduced growth and head and skeletal
deformities and under extreme circumstances affect bone formation and lead to death of
fish (Lall 1979). tn semi-intensive culture system the natural food alone usually may
satisfy all phosphorous requirements of fish to support slow growth rate and to avoid
gross phosphorous deficiency symptoms. However, in intensive and semi-intensive
aquaculture system farmers uses supplementary diets to obtain better fish growth, which
may be deficient in phosphorus or contain in an unavailable form to fish. Then addition
of phosphorus in supplementary diets may be more appropriate to obtain improve
carcass quality and better fish growth.

The aim of the present study was to evaluate the effect of supplementation of di-
calcium phosphate (DCP), inorganic fertilizer triple super phosphate (TSP), and
inorganic fertilizer 16:20 (16:20 grade fertilizer contains 16 percent N and 20 percent



M.R.U. Sarkar eray'.

PrOr) as phosphorus sources in the formulated fish feed on carcass quality of Nile tilapia
( Oreo ch rom i s n i I o ti c u s).

Materials and methods

The study was conducted for a period 60 days in 15 net-cages each measuring 2.0 m
x2.0mxl.0m suspended in three fertilized earthen ponds each measuring 200 m2 at the
campus of Asian Institute of Technology, Bangkok, Thailand. Five treatments including
one non-feed treatment with three replicates each were tested in a randomized complete
block design (RCBD). Four iso-nitrogenous and iso-caloric experimental diets were
formulated and prepared. Di-calcium phosphate (DCP), Triple supper phosphate (TSP)
and grade 16:20 fertilizer were supplemented at rates 3, 3 and 7% respectively in three
diets as phosphorus sources. In treatment 3,4 and 5 fish were fed with 3% DCP 3% TSP
andTo/o grade 16:20 fertilizer supplemented diets respectively. In treatment 2 fish were
fed with phosphorous non-supplemented diet and in treatment 1 fish were given no feed.
All sex reversed male Nile tilapia were used in the experiment and stocked with 25 fish
per net-cage. The initial and the final individual length and weight of fishes were
measured and recorded. For the analysis of initial carcass proximate composition and
bone phosphorus thirty fishes were sacrificed and for the analysis of final carcass
proximate composition and bone phosphorus fifteen fishes per replicate were also
sacrificed at the end of the experirnent. Earthen ponds were fertilized one week before
stocking of fish and after that regularly weekly basis with inorganic fertilizer at the rate
of 4-kg Urea-Nlh/day and 2 kg TSP-P/h/day. Composition, nutrient and energy content
of diets used in the experiment are given in Table i.

Table L Composition, nutrient and energy content of experimental diet (g/100g dry weight basis)

Ingredients DIETS

Soybean meal
Fish meal
Cassava starch
Corn oil
Vitamin premix
DCPI

TSP2
16:203
Total

60
5

26
4
2

3

0
0

100

60
5

29
4
2
0

0
0

100

60
5

26
4
2

0

3

0
100

60
5

22
4
2

0

0

7

100

Proximate composition
o/o Dry mater
o/o Protein
% Lipid
7o Crude fiber
% Ash
% NFE

2A

91.01

31.52
5.02
4.99
5.78
52-69

89.82
31.83
4.97
7.89
8.65
46.65

90.t2
32.44
5.11

8.53
8.03

45.89

89.63
31.66
5.07
6.62
8.68

47.97
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% Phosphorus
Gross energy (kj/g)
P.E ratio (me/kj)

0.57
18.68

16.87

1.14

17.65

18.01

f.i8
t7.74
18.28

l.l5
17.9r
17.67

DCP : Di-calcium phosphate TSP = Triple super phosphate 316:20= A l6: 20 grade fertilizer contains 16

percent N and 20 percent PrO,

In the experiment fish were fed at the rate 3o/o of body weight (dry feed/wet fish
weight) twice in a day (50% in the morning between 9.00 -10.00 a.m. and rest of the 50%
in the evening between 5.00- 6.00 p.m.). The feed was given in feeding trays suspended
in water column. The ration was adiusted biweekly intervals according to batch weight
after every sampling.

\7ater samples were taken at weekly and biweekly intervals and analyzed for
assessing temperature, dissolved oxygen, pH, ammonia, nitrogen, total alkalinity, total
phosphate, nitrite, total suspended solid (TSS), chlorophyll-a, phaeophytin-a and
plankton biomes.

Proximate composition of ingredients, diets and fish carcass were analyzed
according to the analytical methods of AOAC (1984) and phosphorous were analyzed by
molybdate-vandate and spectrophotometric (420nm) method.

To test significance of treatments at 0.05 confidence level (p<0.05) on the mean
final carcass composition and bone phosphorous, the multi-factor analysis of variance
(ANOVA) and paired t-test was used. The Mstatc statistical software package was used
for this purpose.

Results

Proximate composition of fish body carcass

The initial and final proximate composition of fish carcass in different treatments
reflected the significance alteration in proximate composition. The initial and final
mean proximate compositions of fish carcass are given in Table 2.

Table 2. The initial and final mean proximate composition of fish carcass (t S.E n=3)

Composition Initial Final composition in treatment
I 2 3 4 5

% Moisture

7o protein

% Lipid

% Ash

78.6711.13

60.2810.55

9.56x0.12

17.5t!0.62

79.39+0.28

62.6r+0.22

9.60+0.27

21.5510.60

75.83r0.46

65.23.!0.33

16.12110.5 I

t5.451037

74.77lt.t3

67.12a+0.49

15.48bro.28

i6.6610.58

75.5611.81

66. i 8h+0.59

15.22bi0.,+0

16.8110.57

76.10t0.83

66.50b+0.56

15.5 lb+0.30

t9.26+0.36

*r Figures in the same row having the same superscript are not significantly different (p>0.05)
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Final carcass crude protein content of fish in different treatments ranged from 62.61
to 66.50% with means of 62.61%t0.22, 65.23o/0t0.33, 6l.120/o10.49, 66.lgzot0.59 and
66.500/o!0-56 in T,, Tr, T, To and r, respectively. carcass protein difference among rhe
treatments were significanr (p<0.05). The highest carcass protein contenr *ui in
treatment 3 (DCP) and the lowest was in treatment l(Non-feed). Final carcass protein
content of fish fed with DCP, TSP and 16:20 supplemented diets were comparable.
Carcass crude lipid content ranged from 9.60 to l6.L2o/a and the lowesr crude lipid
content was in fish given no feed. Carcass lipid content differed significantly (p<O.bS)
among the treatments. Ash content in fish carcass ranged frorn 15.45 to Zl.5S % in
different treatment the highest ash content was in non fed fish. Comparison between
initial and final carcass protein and lipid level in differenr rreatment is shown in Fig. 1

6a

66

61

60

-s3

5(,
T2 T3 T.1

Treatment

20

1a

p t4
a

o' tl

Ef, Initial C.i"r.. I
E Final Carcass I

Fig. l. Comparison between initial and final carcass proteiu and tipid level in differenr rreatmenrs

Phosphorous level in frsh carcass and vefiebtze bone

The mean value of phosphorous content in initial and final fish carcass and bone are
summarized in Table 3.

22

T5T1

a

5

El Initial Carcass
E lrin.rl a'arcass

T2 T3 T.1 T5
Treatment



Initial Final composition in treatment

1 2 3 4 5

Carcass
% Ash
%Phosphorous
Bone
% Ash
%Phosphorous

1 7.58r0.16
2.3410.03

44.02!n.43
5.78t0.05

21.5510.06
2.54b 10.06

58.77!2.06
6.19"10.03

15.45r0.37
2.69"b10.06

46.54tr.19
7 32bfl.18

16.6610.58

2.95"10.06

50.9810.90
7.87"t0.t5

16.8110.67

2.85"b10.16

50.7110.80
7.78"10.06

t9.26!{.36
2.81"bto.05

50.2810.5 i
7.77\0.35

Carcass quality of Nile tilapia

Table 3. The initial and final mean phosphorous conrenr of fish carcass and bone (t s.E)

** Figures in the same row having the same superscript are not signilicanrly different (P <0.05)

Carcass phosphorous content of fishes ranged from 2.54 o/o to 2.95o/o in different
treatments. The highest phosphorous content was in carcass of fish fed with DCP
supplemented diet and the lowest was in fish given no feed. Phosphorous content in
vertebra bone of fishes ranged from 6.19% to7.87 Yo and meal values of vertebra bone
differed significantly (p<0.05) among the treatments. The highest phosphorous conrenr
was in carcass of fish fed DCP supplemented diet and lowest was in fish given no feed.
Carcass phosphorous and vertebrae bone phosphorous content of fishes fed DCP, TSP
and 16:20 fertilizer supplemented diet were comparable. Comparison between initial and
final carcass and bone phosphorous are shown in Fig.2.

3.5

3
!
!
I
tr

7

a

I
g5

E lnitial c.."""-= I
Et rinal Carcass I

5
7)
5l
cl
5l
5l.l
4)

T1 T2 T3 T4 T5
Trcatmst

Fig. 2. Comparison between initiat and final carcass and bone phosphorous
level in different treatments

23

@ lrritial bone I
@ Final t,one I



M.R.U. SarkareraL

V'a te r q u al i ty p a tz n e ters

The water quality parameters analyzed at the start of the experi.ment aud during the
whole experimental period are summarized in Table 4. Water qu.aiity parameters in
different ponds was almost uniform and within suitable range for fish culture.

Table 4, Mean value of water quality parameters during whole experimental period

Discussion

In the present study Nile tilapia fed diets, supplemented with 3% di-calcium
phosphate (DCP), 3% triple super phosphate (TSP), 7% inorganic fertilizer 16:20 as

Phosphorus sources. The supplementation of phosphorus in diets reflected the
significant alteration in proximate composition of final fish carcass of tilapia. The
highest body protein level was in fish fed with DCP supplemented diet and the lowest
body protein level was in phosphorus non-supplemented diet. Body protein and lipid
content of fish in DCP, TSP and 16:20 supplemented diets were resembling. The highest
lipid content was in phosphorus non-supplementgd diet. Murakami (1970, cited in Lall
1979), Hung (1989) and \V'ee and Shu (1989) found that supplementation of phosphorus
in the diet causes decrease in the lipid cotrtent ofthe muscle and viscera and increase in
muscle protein of fishes. Phosphorus supplemeutatiou in diets influeuced the carcass
and bone ash content and phosphorus level of fishes. The lowest ash content and
phosphorus level in body carcass and vertebrae bone was found in fishes fed with
phosphorus non-supplemented diet. Higher and coincidiug ash coutetrt and phosphorus
level were found in carcass and bone of fish fed with DCP, TSP and 16:20 supplemented
diets respectively, It indicates that there was a positive relationship between dietary
phosphorus level and ash content in carcass and bone as well as phosphorus level in
carcass and bone. Similar results also found by Robinson et al. (1987) andHaylor et al.
(1988). Phosphorus supplementation also affected the phosphorus deposition iu fish
body carcass. The lowest phosphorus deposition was in fish fed with phosphorus non-
supplemented diet. Higher and alike body phosphorus deposition observed in fish fed
with DCP, TSP and 16:20 supplemented diets. It also indicates that phosphorus
availability from DCP, TSP and L6:20 to tilapia were almost same.

Conclusions

In view of the above study it may be concluded that, phosphorus supplementation in
the formulated fish feed play significant role on fish carcass quality and bone

24

Fond DO
(ms/l)

pI{ Temp NH+-N
(msil)

AlhalinitS,
(mgil)

I'SS
(nrgil )

Chlo-a
(ug/l)

I 2.(:9 + 0.3 7.64!0.3 29.22+ 0.45 0.62-1 0.02 237 ! 5.28 43.91+.,6.43 64.38+ C.;/5
) 2.i;9 + A.2 7.3 t+ 0.3 29.t6+ 0.39 0.60+ 0.02 234+ 3.12 3i.52t i3.23 55.24t 2.67

3 2.',19 + A.?, 7.39+ 0.5 29.24+ 0.39 0.72+ 0.01 23')+ 13.23 43.46+ 16.93 66.30r 1.91
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phosphorous content. Body composition and bone phosphorous contert of i.lile tilapia
fed with di-calcium phosphate (DCP), triple super phosphate (TSP) and a 16:20 grade
fertilizer supplemented diets were comparable.
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Abstract
Gut contents of 120 Oxygaster bacaila from Kaptai Lake were studied. Index of
preponderance (IP) indicated that O. bacaila consumed highest amounr of Insects
(35.89%) and thus occupied the first position among the food items. Zooplankton
(Rotifera and crustacea 31.79%) and the other food items found in the guts were algae
(Chlorophyceae, Bacillariophyceae, Euglenophyceae and Cyanophyceae 24.51%). From
the analysis of gut contents, this fish might be considered as omnivore as it consumed
both animal and plant foods with higher preference for animal food. The feediug
intensity of this fish is fairly high. Total length (fL) versus gur length (GL) relationship
and their ratio were found to be GL : 0.57603 TLI.0a801 (r : 0.9963) and TL: GL = l:
0.7086 respecrively.

Key words : Food habit, Oxygaster bacaila, Kaptai Lake

Inuoduction

There are about 58 fish species in Kaptai Lake (Hafizuddin et al.1989) Oxygaster bacaila
is one of them. [t is a common fresh water indigenous small fish of Bangladesh. It is
locally known as chela. This fish is very much popular and less cosrly. Its found available
in the rivers, canals, beels, ponds, lake etc. of Bangladesh (Rahman 1989, lslam and
Hossain 1984). Small indigenous fish is not only as a source of animal protein but also as
a source of vitamin, iron, calcium, phosphorus etc. (INFS 1977).It also conrains 14.609
protein, 4.35gfat,l.5g carbohydrate, 590mg calcium and 2.0g vitamin per 100 g of fish
(Tripathi et al. 1997). So, this fish should be considered as a good source of minerals and
protein.

Proper knowledge about the food and feeding habits of fish are very imporrant factor
for increasing fish production. The food habits of fishes vary with time of the day, size of
the fish, season of the year, locality and availability of various foodstuffs. Many workers
made studie$ on the food and feeding habits of different fishes, but so far lirerarure
reviewed no published report was found on food and feeding habits of Oxygaster bacaila
from Kaptai Lake, Bangladesh. So the present work was undertaken to determine the
food and feeding habits of O. bacaila from Kaptai Lake which might be helpful to the
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fish management policy for the increase of production of fish in the Kaptai Lake and
other water bodies.

Materials and methods

One hundred twenty specimens of O. bacaila were collected for examination from
Bangladesh Fisheries Development Corporation (BFDC) fish landing center ar
Rangamati, Chittagong Hill Tracts from July'99 to June'00. The fish samples were
preserved in 5% buffered formalin immediately after collection and carried to the
laboratory. Upon collection the length and weight of the fishes were recorded to nearest
millimeter and 0.01g respectively. The fishes were dissected by a sharp scissors, then the
entire alimentary canal of the fishes were taken out immediately. After dissection of fish
total gu.t length were recorded to nearest millimeter. The food iterns were identified up
to generic level following Vard and ttrflhipple (1952), Davis (1955) and Needham and
Needham (1962).

For the analysis of gut contents two methods namely occurrence and points methods
were used.

Occurrence method : The number of stomach containing one or more food items was
recorded (Hyslop 1980). The number was then expressed as a percentage of all stomach
(Hunt and Carbine 1951 and Frost 1954).

Points method : [n this method, each of the food item was allotted of points on the basis
of quantity and all the points gained by different food items were summed up and scaled
down to percentage to express them in percentage composition of the gut contents of all
the fish examined (Hynes 1950).

The relative importance of various food items was calculated using index of
preponderance (IP) with the following formula:

% of total occurrence xo/o of total pointsIP: x 100

Zt't of total occurrence xo/o of total points)

O. xV.

i6i. 
100 lNatarajan and Jhingran ie61)'

Relationship between total length and gut length of the fish was calculated by least
square method.

Results

The gut contents were analyzed and categorized into different food groups and so far
identified up to generic levels. Following are the food organisms that were recorded
under each group.
trnsecta

Crustacea
Rotifera

IE

:Red and black ant and small water bugs.
: Cyclap s, Dap hn i a, Naupl i us
: Keratella, Brachionus, Trichocerca



Chlorophyceae

Baciiiariophyceae
Euglenophyceae
Cyanophyceae

Semidigested food
Debris and mud
particies.

Ix{oreover, abundance of each of the food group present in the gut w*a$ aualyzed by
both dre occurrence and points method.

Insecta. : This group of food item was most abundant and occurred regularly in the gut of
O. bacaila. Monthly observation indicated that the highest quantity of this fslod item was

present in june (32.87%) and the lowest in April (15.76%)" This food itern appeared to be
22"56% of the total percentage of occurrence (Table 1). According to Points mettlod the
sarne f,ood itern was also found to be the highest in June (32.25Ya) krut the lowest in April
{17 "65Ya)" T'his group formed 22.85% of the total percentage of points (Table 2).

Creaseaeea : Ttre crustacean food item was appeared 13"63% of the total percenrage of
occ'irrrence. The highest quantity (18"45%) was found in Gctoben and the lowes[ (8.97%,\

in lune (Tabte 1). On the other hand according to points rnethod this kind of food itern
rvas also fo'und to be the higtiest in October (17.42%) but the content was lowes{ (8.35%)

il: july. This group was formed 13"49% of tkre total percentage of points (Table 2).

Rotifera : This food item was found to appear 16.61% of the total percentage of
occurreuce. The amount of this item was found to be the highesr in iune (23.91%) and
rhe lowest in -{uiy (5.98%) (Tablel). Points method also indicated that this food itena ivas

the highest in June (25.79%) but the iswest in July t6.57%) and comprises 16.41% of the
rotal percentage of points (Table 2).

Chlorophyceae : This group of foerd itene was appeared l3"54oh *f tire tstal percentage of
occurrence and its quantity was found to be the highest in July (22.16%) and the lowest
in Decernber (8.27%) (Table 1). On the basis of points method the sarne food itern was

appeared L4.34% of the total percentage of points and its availability in the gut of the fish
was found to be the highest in .[uly (25.79%) and the k:west in September (8.27%) (Table
l\L).

$acillariophycsae : This group of food item was appeared 7 .16% af the totsi perceflrilge

of, cccurrence. The highest quaritity of this food was found in July (10"25%) and the
Xowest in February (5.35Yo) (Table 1). !(zhile the Bacillariophyceae comprises 6.88% of
the total percentage of points with a maximum of 9.08% in July and a minimalm ef 5.i2%
fountl in Ocrober (Tabte 2). In the month of November no representative of diatorns was
found in the gut of this tish.

I:co,.i habiis af Or.rgasrer bac:l; ironr Kair".ai l,ailr

: Chlorci ia, Cosma ri un.i, Gon a tctz_v'gon,,lnki strodesmw s,

Fed i a s tru m, S ta u ra s t ru nt, Sp i rog"t ra
:,4 c r.i n el i a, Cy d o tel I a, N av i c u i i a, it'ragi i a ri a
: Eug! ene, Ph acu s, 7'rach el om on as

:.k[ i cro cys ti s, A n a baen a, Os ci I I a tori a, Aph an o cap s a,

Gomp It o sph e ri a, M eri smop csdi a

:Phytoplankton, Zooplanktr:n and Flanr parts.
:These are the components of plali inatier, sand arid cl:i3'

z9



A. Mamun and M. A. Azadi

Euglenophyceae : This food formed 7.09% of the total percenrage of occurrence. The
arnount of this food item was found to be the highest in April (9.12%) and the lowesr
(4.55o/o) in August (Table 1). According to Points method this food irem was found to be
the highest in April (8.39%) and the lowesr in August (3.62%). This group was formed
6.88% of the total percentage of points (Table 2). This food item group was found in all
season except F'ebruary, June and October.

Cyanophyceae: This food group formed 8.16% ofthe total percentage ofoccurrence. [n
this method the highest quantity of food item was found in May (12.72o/o) and the lowesr
(4.75%) in March. (Table l). Points method exhibited the highest conrent of this food
item that prevailed in the gut of the fish in May (11.27%) and the lowesr in June (s.09%).
lt was formed7.39o/o of the total percentage of points (Table 2). This blue green algae was
found all season except in September.

semi-digested food : This item was comprised different parts of the phyto and
zooplankton. [t was appeared 5.3% of the total percentage of occurrence. The highest
quantity of semi-digested food was found in December (8.79o/o) and the lowesr in May
(321%) (Tablel). Points method also indicated that the highest amounr of this kind of
food was present in December (8.17%) and the lowesr in May (2.87%). This group
occupied 5.37% of the toral percenrage of points (Table2).

Debris with mud : The highest amount of this item was found in December (15.51%)
and the lowest in May {2.20o/o). [r was comprised of plant marrer, sands and clay
particles. [t was appeared 8.95a/o of the total percentage of occurrence (Table 1). But
points method estimated this item 9.28o/o of the total percenrage of points. The highest
amount was found in September (11.68%) and the lowest in May (4.94%) (Table 2).

In d ex o f prep o n d era a ce (IP)

Freference for food item by the fish was evaluated by calculating its preponderance
index. The index of preponderance for [nsecra was 35.89o/o, Rotifera l8.g7%,
Chlorophyceae 13.5I% and Crustacea L2.82o/o thus occupied the first, second, third and
fourth position in the gut contenrs of O. bacaita. (Table 3).

Relationship betweea rcal leagth (TL) aad Sat leagrh (GL)

Relationship between total length (TL) and gut length (GL) of the fish was sratisrically
analyzed by least square and was found to be significantly correlated (r=0.9963, t=32.87)
a( 0.01 level. Ratio berween average total length and gut length was 1: 0.7086.

The relationship between total length and gut length can be expressed by the
following equation:
GL : 0.57663 TLr'0480r or Log GL : 0.2391 + 1.04801 Log TL (Table-4 ).
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Food habits of Oxygaster bacailafrom Kaptai Lake

Discussion

lndex of prepond..r.r.. (IP) indicated that 0. bacaila consumed rhe highest amounr
of insects (35.89%) thus occupied the first position among the food items while Rotifers
(18.97a/o), chlorophyceae (13.51%), crusraceans (lz.82o/o) respecrively occupied the
second, third and fourth position. The fish fed mainly on aquaric insecrs (mostly
coleopterans and dipteran larvae and small water bugs) and Zooplankton (Rotifera and
Crustacea). The other items found in rhe gurs were algae (Chlorophyceae,
Euglenophyceae, cyanophceae and Bacillariophyceae) and some debris with mud.

Alikunhi and Chaudhuri (1954.) have stated thtt O. phuto generally subsisrs on a
predominately Zoo-plankton diet but also feeds on non-planktonic bottom living forrns
like spirogyra, aquatic insects etc, in the absence or paucity of Zooplankton.
Parameswaran et al. (1969) have stated that O. bacaila subsists predominantly on
Zooplankton in all stages of its life. Dewan (1973) reported that the food of Cheta phulo
of a lake of Bangladesh Agricultural University consisted of green algae, higher aquatic
plants, Rotifera, Crustacea and organic debris. Natarajan et aL. (1975) found that the food
of Chela laubuca (Ham.) appeared to be insect feeder and the insect were mainly
coleopterans and dipteran larvae. These results partially agree with the present
observation.

considering Nikolosky's (1963) assumrion and according to our index of
preponderance insects (35.89%) and Zooplankton (31.79%) (Rotifera and Crustacea)
should be treated as the basic food. phytoplan
kton (24.51%) which composed of chlorophyceae, Euglenophyceae, cyanophceae and
Bacillariophyceae should be considered as secondary food. Debris with mud and Semi
digested food (7.76%) should be considered as an incidental food.

The relationship between total length (TL) and total gur length was
GL : 0.57663 TLr'04801, (r = 0.9963, t = 32.872) which was highly significant ar 0.01
level. The ratio of TL: GL was 1: 0.7086. As per total length versus gur length, o. bacaila
should be grouped under the carnivorous type of fish (Das and Moitra 1956, 1963). They
stated that the gut length of carnivorous fish is shorter or of equal to the body length.
This result fully agreed with the present findings. Because in rhe present study although
the gut length was shorter then the body length. About 68% of the gut conrenrs of rhe
fish occupied by animal foods which indicated the carnivorous narure of the fish.

From the present study it should be claimed that O. bacailamainly depend on insects
(Red and black ant and small water bugs), Zooplankton (Rotifers and Crustaceans) and
Phytoplankton (chlorophyceae, Bacillariophyceag Euglenophyceae and cyanophyceae)
which rightly indicated that the fish is a planktivore omnivorous with preference for
animal nature plankton like insects and Zooplankton.
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Abstract
A 120-day long experiment was conducted to find out the effects ofureaplustriple super
phosphate (UT), cow manure (CM) and poultry manure (PM) having iso-nitrogen
contetrt on pond productivity and fish yield. Three fertilizer trearments, with three
replicates each, were randomly assigned into nine earthen ponds of 100 m2 each. The
stocking fish were roht (Labeo ruhia), catla (Catla catla) and mrigal (Cirrhinus
mrigala) in each ueatmetrt poud at the rate of 10000/ha with the rario of 1 :1 : l. All ponds
were fertilized fortnightly ar the rare of 125 kg/ha urea plus 100 kg TSP/ha, 7000 kg/ha
cow manure and 3500 kg/ha poultry manure for the treatment of UT, CM and pM,
respectively, having an iso-nitrogen conrent of 56 kg in each. Though rhe physico-
chemical water quality parameters were more or less similar in all treatment ponds, the
chlorophyll-a content and abundance of total plankton were significantty higher (P <
0.05) in the ponds receiving rhe trearment PM. - Final growth as well as per unit
production of fish was significantly higher (p<0.05) with rhe trearmenr of PM (2067
kglhal{ months) followed by ur (1639 kglhal4 monrhs) and cM (1246k?lhal4 monrhs).
The over all results showed that &e poulty manure proved to be superior to :urea plus
TSP and cow manurg even wher nitrogen cotrtent is similar, in carp polyculture system
under prevailing conditions.

Key words : Iso-nitrogenous fertilizer, Water qualitg Fish production

Introduction
Fertilization is the cheapest and simplest means of increasing aquatic productivity. The
natural productivity of a pond can be greatly enhanced by the use of fertilizer, which
may make up or provide the essentially needed nutrients for the productibn of aquatic
biota serving as, either directly or indirectly, the food of fishes. Several workers have
observed direct correlation berween plankton and fish yield (Olah 1986). rtrflhile
fertilization is considered for increasing the pond productivity, nitrogen and phosphorus
are the mafor key factors playing the most dominant role to this regards (Hepher 1962
and Saha et aI.1968).

ln terms of nitrogen, urea is considered more economical than other nitrogenous
fertilizers, because it is a bicomponent physiologically neutral fertilizer, containing



.f i" i3+gur:: rr ar,

iil,flroxiiri*tei"r, 46% Lll pure nitrogen, as aquatic plants assirnilate troth arnrnonia and

irii'ili.-rrl dioxirie being released out by urease hydrolysis (Wolnv 1.967). Iiond fertilization
]]ractices using animal wastes are also widely used in many countries to sustain pond
producrivity ar iow cosr (Perker and Olah 1990). Cow and poultry manure are the best

among rhe commonly used organic manures in Bangladesh. However, cow manure
contains less amount of nitrogen over that of poultry manure. The differences in
:lirrogen c(iiltent in cow and poultry manure could be an important f,actor in case of
!rriiriure sta$iardizatirn for maintaining optimum levei of pond productivity.

il,lthougli E rumber of studies have heen conducted on etl'ects trf fertil!zation r:n
pianktcn producrion and growth of fish (Vahab et" al. 1994, Ahmed et. al. 1997 "" Sflahld

rt al. L997), studies on rhe effect of eow and poultry manure having a sirnilar q*antit-v of
nitrogen are still very limited or scanty. Thus, the present study was undertaken to
drrterrnine the eff-ecr of three iso-nitrogenous fertilizers viz., urea p/us triple super
phusphate" rliir& rniifi$re anil poultry manure oli water quaiitv. pond productivity and fish
rroduction.

.fof.ateriai ancl methods

'Ihe experiment was conducted for a period of 4 months ironi juiy to Octcber'99 a..

rlie Field l-aboratory of the Faculty of Fisheries, Bangladesh .{griculturei Uaiversit5',
&';v;lrensingh. F;ine eartheil ponds witir an area of l{.},.:rn- ear!i i!r-i aleriid* iuaxirrlun:
depth oi l"5 m rvere used for this study. Ponds were rairr fed arid well exposed tc
suniight.

Experirneata! desiga

The experrmentai ponds were randomly drvided lnto three lreatment groups tbr
llrrre levels ol iso-nitrogenous t-ertilizers, viz., urea plus triple super phosphate (UT)' cow
tnanure (CM) and poultry-manure (PM) with three replications ior each. The rate of
urea and tripie super phosphate for the treatment U'l rvas fixed to the standard inorganic
icrtiiization rate oi 125 kg and 100 kgha per application, respectively, in Bangladesh
uquacullure conciitions. As the UT, i.e., 125 kg urea plus i00 kg triple super phosphate

coniains 56 kg N, the loading rates of CM and [rM were calcuiated equivalent to 56 kg ]i
as 7000 kg and 3500 kg/ha, respectively. The iso-nitrogenous t.ertilization rates were

calculated on the basis of nitrogen content in respective fertilizers and manures. The
total nitrogen content in poultry manure, cow rnanure and urea, used during the course

of experiment, was analyzed (on oven dry basis) as l.60/o,0.8o/o ar,d 45o/o, respectively

according to the methods given by APHA (1992).

Pond prepantio4 stocking and fertilization

Bef'ore iilarting the experiment, ponds were drained out) re[ovated and rnade free of
any unwanted aquatic organisms. Lime (Ca0) was applied at the rate of 250 kgiha and
l*fi cver for 5 days to sundr3'. After 5 da-vs of liming, the prrnCo were filled up with
''.indrrground water and fertilized n'ith respective fertilizer al selective dosages"

"_16



Effects of iso-nitrogenous fertilizers on carp polyculture

Seven days after fertilization, each pond was stocked with rohu (Labeo rohit$,
catla (Catla catla) a;nd mrigal (Cirrhinus mrigala) at the rate of 10000 fingerlings/ha with
the ratio of 1:l:1. The stocking size of fish is given in Table 3. During the entire period
of the experiment, fertilizers were applied twice in a month, while both CM and PM
were applied into the ponds as slurry on wet basis and UT was diluted with water and
sprayed over the pond water.

lllonitoriag of water quality

Physicochemical parameters, viz., temperature, transparency, dissolved oxygen
(DO), pH, ammonia-nitrogen (NH.-N), nitrite-nitrogen (NOr-N), nitrate-nitrogen (NOr-
N), phosphate-phosphorus (PO,-P) and chlorophyll-a of each pond water were

monitored at ten days interval between 09.00- 10.00 hours. Temperature was measured by
digital thermometer (precision : -r0.10C) and DO by a digital DO meter (YSI model
58). Transparency rvas measured by a Secchi disc and pH by a digital pH meter $enway
model3020). Analyses of NH.-N, NO2-N, NOr-N was done by using a HACH kit (model
DREL 2000). Phosphate-phosphorus concentrations were deterrnined by a

spectrophotometer (Milton Roy Spectronic, model 1001 plus) according to rnethods of
Stirling (1985). Chlorophyll-a was determined spectrophotometrically at664 nm and 750

nm ofabsorbance after acetone extraction (Boyd, 1979).

Plaaktoa enumerztion

Quantitative and qualitative samples of phytoplankton and zooplankton were taken
fortnightly throughout the experimental period. To enumerate plankton population, l0
samples (5 liters of water in each sample) of water were collected from different areas and
depths from each pond and were filtered through a fine mesh (25p) plankton net. Then
the filtered samples were taken in a measuring cylinder carefully and made up to a

standard volume of 100 ml with distilled water. Samples were then preserved in small
sealed plastic bottles containing 5% buffered formalin. Plankton were enumerated using
a Sedgewick-Rafter counting cell (S-R cell). A lml sample was transferred to the
counting chamber of the S-R cell (providing 10000 fields) and left to stand for 15

minutes to allow the plankton to settle. Using a binocular microscope (Swift M-4000), all
cells/colony-forming units occurring in randomly selected l0 fields of the S-R cell were
counted. Plankton density was estimated using the following formula:

N: (PxCx 100)/L
Silhere, N is the number of plankton cells or units per litre of original water

P is the number of plankton counted in l0 fields
C is the volume of final concentrate of the sample (ml)
L is the volume (litres) of the pond water sample.

Identification of plankton to genus level was carried out using keys from \[ard &
tU7hipple (1959), Prescott (1962), Belcher & Swale (1976), Palmer (1980) and Bellinger
(reez).
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"Fish sampliag aad harvesting

Fish of each sp€cies (n> lC) from each pond were caught at each fortnight sampling
day using a cast net. To determine growrh gain, total length (cm) and weight (g) of each
fish were measured using a centimeter scale and an electronic tralance (Ohaus model
CTI 200). At the end of the experimenr, the pond warer was pumped out and all fish
were harvested, measured and weighed. \Teight gain per fish was calculated by
deducting the average initial weight f,rorn the average final weight. Specific growth rate
(SGR; % body weighVday) was estimated using the formula:

i-cg.ifinal weight) - Log"iinitial weight)
x 100Lulture penoo (oays)

llata analysis

For stat;sticai anah'ses cf data, a one,way ANOVA was carried out using
,\; l'AT'CR"9.ilfIIL:5' \'ersi*n-7 ;,taristicai paukage for the pC.

Results and discussion

?he meao -;ul';ei: ,,:f water quaiity- parameters monitr:red during the period of
*xflerirnent are given in Tabir l" The '.'alues of water temperature, transparency, pH,
l-x). total alkali*ir-r. Por-P. hio:-N, Nor-N. NHI-N and chlcrophyll-a ranges from 28.0
:-;: 33"C, lE to 45 cn:. 5"35 tr I 90, ,1.15 ro 6.10 rngl, 74.41 to 96.55 mg,{, 0.23 ta 2.45 rngl,
i:.0rt ,o 0.063 n:.9I, 1,"94 tr:; 2.64 mgll, 0.35 ro 0.6-a mgA and 102.74 to 299.76 p.g,l
r:speitrvel3,'. Variations in water temperature) rransparenci', DO, pH, NO.-N. NO.-Ii
and I\JH*-N among treatment ponds were found similar. I{owever, significant difl-erences
(i'} < 0.05) iir total alkaiinity, phosphate-phosphorus and chlorophyll-a values were
,>i;seri'ed artong the reatments iTable t). The water quaiiry parameters measured in
iiffercnt treatfiients througii.rut the experimentai period were found to be within the
*cceplahie ratg€S tbr fish culturc llakshmanan et al. I971, Dewan et al. 1985, Dewan er
e!" \991, Ahmed 1993, Wahid er al. i997).

'Iable i. Mean value (+ SD) of water quality pa!:amerers in different rreatmenrs

Water qualirS prramerers i frearmrnr\

,alVater Temperature ("C)
Transparency (cm)
Dissolved oxygen (mg/l)
DH

'Iotal alkalinity (mgA)
POo-P (mg/l)
NO,-N (mg,{)
IiO,-N (mcl)
NH.-N(mgi)
Chloropf s,il-a (pg/l)

30.56 ! 0.22
27.54 + l.l3
5.01 + 0.09"b

6.70 - 8.70
79.38 + 2.91^
1.69 + 0.09"
0.061 + 0.02
2.50 + A.L4
0.48 + 0.01

1 16" i 1 't 13.37b

30.63 * 0.27
27.93 + 1.45

4.89 + 0.08b
6.65 - 8.45

77.61 + 3.19'
1.22 + A)Zb
0.036 + 0.00
2.18 + 0.16
0.43 + 0.08

122.52 n 17.16b

30.95 r 0.24
25.67 * 1.40

5.2.+ + 0.01"
6.35 - 8.90

92.32 ): 4.231'

{).73 + 0.09'
0.035 + 0.00
2.06 * 0.12
0.52 * 0.11

:5r.i6 -"+6.:1'
*Va1uesinthesamerowhavingnoor,thesame,up..s@
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Effects of iso-nirrogenous fertilizers on carp polycukure

Though the nitrogenous nutrient content in treatment ponds were similar, it is
interesting to note that the phosphorus content was signifi.cantly higher (P < 0.05) in
the pond water receiving UT (1.09 -r 0.09 ung/l) compared to 1.22 r- 0.12 mgn and 0.73
+ 0.09 mgfl in pond receiving CM and PM, respectively (Table 1). The lowest levels of
phosphorus in the pond receiving CM and PM might be due to that the primary
producers utilized the phosphorus in organic form more efficiently than that in
inorganic form for their luxurious growth. This is being supponed by the significantly
highest (P <0.05) chlorophyll-a content of 253 -r 5L pgfi in the ponds received poultry
manure (PM) followed by that of 122.52 -r 17.16 Ar.e/l (Table t) in the ponds received cow
manure (CM). It has funher been observed that the chlorophyll-a content had an
inverse relationship with the phosphorus coucentration. The absence of direct
relationship between phosphorus and chlorophyll-a couceutration was also evident in
the fertilization studies of Metzger and Boyd (1980).

Plankton population indicates the productive status of a water body, because these
are the direct and basic source of food for most of the animals in aquatic habitat. The
abundance of plankton with their different groups has been shown in Table 2.

Table 2. Mean abundance of plankton (x l0a cells/l) in pond water under different treatments

Plankton groups Treatmen ts

Baci Ilarioph 1'ceae
Chlorophl'ceae
Cy'anophl,ceae

i3.07*2.1i
32. -36 

* 6.5 3i
24.36+ 6.57b

6.07 *2.21t'

20.50- -t.l
.+i. 

-r9 
* 5.97 "

31.71* 1.261'

13.14+ 3.05'i'

.+8.29+19.51"

100.93 + 29.07"

79.64+ 19.93'

Total phytoplankton 105.79+ 12.80

2.1.50:t 6.68'
241.93*54.24'

Crustacea
Rctifera

80.93+ 14.53'
37.00* 4.97^

49.71+ 6.11
31. 1.+ * 3.2 i'

53.21 + 12.38'
29.1 4:i 6.39'

Totai zoopiankton 80.93 + 7.78' 82.-16+ i8.24'
Total plankton 197 "57 +24. 191.93+17.9 341-29+ 69.77'

Values with similar or no superscript in the same row are nor significantly different (p < 0.05%)

Phytoplankton population was mainly composed of Bacillariophyceae,
Chlorophyceae, Cyanophyceae and Euglenophyceae. Chlorophyceae showed the
quantitative dominance over other groups and Euglenophyceae was the least abundant
phytoplankton group in all treatments. Zooplankton population consisted of only two
plankton groups viz., Cntstaceans and Rotifers. The mean abundance of total
phytoplankton of 244.93x104 cells/l was significantly higher (p<0.05) with the treatnoent
PM followed by that of 105.79xI04 cellsA with CM and. 76"7lxl0a eells/l with UT.
However, though the concentration of total zooplanktou in all treatment ponds was
similar (p<0.05), the total plankton was significantly abundant with rhe mean
concentration of 34L.29x104A in the ponds ferrilized with poultry manure (Table 2).
Dhawan (1986), Dhawan and Toor (1989) reported a higher total phytoplankton and
zooplanktou concentration in ponds treated with poultry droppings alone and in
combination with cow dung, mainly due to the conteEt of phosphates and nitrates. As
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the fertilizers used in the present experiment had a similar content of nitrogen, the
highest concentration of chlorophyll-a (Tablel) and total plankton (Table 2) with
poultry manure suggests that the phosphate aloug with the organic carbon in manure
has a significant regulatory role over the nitrate in primary production. Besides 40% of
total nitrogen, the poultry mauure releases 50o/o of its total carbon and 20o/o of total
phosphorus through leaching and decomposition (Knud-Hansen et al.1993).

The growth performance of fish in terms of initial weight, final weight, weight gain,
specific growth rate (SGR), survival rates and total production are shown in Table 3. The
growth of different fish in three treatments was significantly different when increase in
biomass was taken into consideration. Growth and production data were extrapolated in
order to express net yields ou a per hectare basis over the 120-day culture period. A
significantly higher (p<0.05) net fish yield of 2067 kglba was obtained with the
treatment PM followed by 1630 kg/ha with UT and 1246 kgha with CM. The survival
rates of different species in three treatments at harvest time were fairly high and ranged
from 92o/o to 98o/o. There were regular increase in weight of fish in all treatments;
however, the weight gain was much higher in the poultry manure received ponds
followed by urea plus TSP and cow manure received ponds (Fig. i).
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l'i. ii;3;,-n r't .lr.

-l'his si:i,ws ttre -quperiority of pcuitrr.,rnai-rure over rrolv riuinllrii *'liLe it ihe lairi ti:31

p{.}t-rltry riranurs create rnore favourable limits oi ph;;slra-chemir:ei iactcrs ani nutr-i.i:i5

ra=hicir in turn increase the planktr:n production i.Santlllu l':)81, 1..:hi:';"*1.-i I i5b,'
Fur:ctionally., manure might also have acted as a direct fcod s*urc*. bui Schr*tder ( i?I8 )

repo$ed that fish fed directly on nlanure showed poo]: gi.-ov.tli aud that ih* rr:rjri'i

contribution of the manure is to increase the populatioir of micror:rganisms" Laha ai:d

Mitra (i987) evaluaterJ the effect of poultry ulanure and cow dung slurry at the rate of
5,000 kgrha and 8,000 kgha, respectiveiy, on the growth of three InCian ntaj*r ca:1:i'
yiz., rohu, catla and mrigal and observed the significant growth cl" fish in pcl'rds'

fb*iiized with chicken manure than the cort: iung slurry. Whiie $li:ra li si (ht87)

evaiuated tlie effect of poultry manure aione anin in ;om'ninatict ',viih pig i;:' .*rv eiung

on ihe g{owth of producticn cicatia. rchu and rn::ige.l i:r ftri-irpor;.ls, rnt:1'lc.riii th;i lhi:
poultry roanure alone or in combination with pig rnaaure ".howei l.rrinti:lLli,' ii: i,'1.:i:ri*g

up the productivity at comparativell'' cireaper r-ate'

Enhancernent of fish yieirls b1' appif ing manure and fertilizers in coinpcsite .'lsli

cuiture ponds is an established phenomenon in many co'untries. F{orvever, siriCie-o r:n

how rvarer qualities and fish yield is related to the various iso-nitrogenous fbrrilizeni and

11lanures are very limited and there is none in Bangladesh" fhe present stud)'- on effect-o

of differenr iso-nirrgenous fertilization on water quality and grr:wth of iishes in
coroposite carp culture is a part of series of, experiments crl the d:velcpraeat ef
fertilization techniques for the composite carp culture in Bangladesh. Based on th€

results discussed above it could be concluded that even the nitrogen ccnient ir, inorgaaic

fertilizer and organic manure is similar. po',iltr"r' manure s.ems to be superior tiran rhe

commonly used urea plus TSP and ccrv rflenure for better -vieltl under the ..-revailing
carp polyculture system.
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A mixed culture trail of mud cr:ab (Scylla seffata Forskal) with
tilapia ( Oreo cromi s n iI o ti cus L ")

S. Rahman, M.E. Hoqt and S.U. Ahmed*
Brackishwater Station, Bangladesh Fisheries Research Institute, Khulna 9280 Bangladesh
rFreshwater station, BFR[, Mymensingh
*Corresponding author

Abstract
A ten-month study on mixed culture of mud crab Scylla serzara with tilapia
(Oreochromis niloticus) was performed in brackishwater earthen ponds using live tilapia
fry as nhe only feed for crab. The monthly growth rate varied from 9.07-l9.llg among
four treatments. Treatment T,, cw: 0.68cm (!0.72) and bw: l9.ll gm (!12.97) showed
highest performance which was followed by T,, cw: 0.62cm (10.60) and bw: 13.42 gm
(t10.51), To,cw: 0.65cm (10.64) and bw: 13-20 gm (19.89) and Tr, cw: 0.36cm (t 0.25) and

bw: 9.07 gm (t8.05). Highest survivability of crabs was also recorded in T, (21.5%) which
was followed by T, (15.65%),Ta(14.95o/o) and T, (14.15%). In terms of survivability,
signilicant differences (p<0.05) were observed among the treatrnents whereas these were
recorded as insignificant difference (p<0.05) in final weight, weight gain and production
of crabs and tilapia. Mixed culture of mud crab with rilapia could make more rewarding
than crab monoculture but the study suggests that bnly tilapia fry can rot fulfill the feed

requirement of crabs in respects of survivability, final body weight and weight gain.

Besides, existed salinity level of 4-12 ppr. during experirnental period might be the
anoth$ key factor for low survivability and weight gain.

Key words : Mud crab, Tlapia, Mixed culturg Salinity

Introduction

Mud crab (Scylla serrata) can soon be attained the ievel of aquaculture of the important
cultivable aquatic organisms (Fortes 1999). Culture ofthe species has been tried in India
(Marichamy et a|.1986, Srinivasagam et al.1988), the Philippines (Baliao eraL 1981), Sri
Lanka (Raphael 1973), Taiwan (Chen 1990), Thailand (Varikul er al.1973) and Malaysia
(Subramaniam and Liong 1994). Iu Bangladesh, techniques for the culture of mud crab
are yet to be developed though mud crab is being harvested from shrimp gher where the
larvae enter the pond along with the tidal waters, but the farmers do not take any special
eare of them. tn 1987, a group of fisherman tried to culture juvenile mud crab (2-4 crn) to
marketable size in the Matamuhury estuary at Chokoria, Cox's Bazar. But due to lack of
previous experience, technical know how and financial constraints they could not
continue the experiment (Ahmed 1992). Considering the crab as a potential aquatic
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resource, ttre government of Bangladesh intrcduced crab fishing in Suudarban dirring
1987-88.

Usually feed cosl of mud crab constit'"rtes more than 409/o of prrrducti,"rn (Ut*m:,i and
Othrnan 1994). As crabs is carnivore and prefers live organisrn, so its culture is ver5,

expensive. To develop an appropriate economically viable culture technology of rni-rC

crab the present study seems to be essential. Though no research work is availabie on
mud crab, but mixed culture of tilapia n,rth Lates calcari{er was studied (fulazid 1994).
T'ilapia is also found to be used fr:r mix culture with other predatorv fish such as

snakeheacl Channa striata (Little et al. 1994). Polyculture of mud crab rvith shrimp,
rnilkfish, and sea grass is being practiced in different county of Southeast Asia. 'Ilhe airn
of the study was to identify the efficiency of iive tilapia fry as feed for mud crab culture .

Methodology

1-he study was conducted in brackishwater earthen porrrls o1'BangiaCesh F'ishcnes
Research Institute, Brackishwater Station at Paikgacha, Khulna frorn Mav'0$ ro
March'0l. The experiment was designed with four treatEnents having trvo repiicatioiis
tor each treatment vrz, 10,000 crabs/ha ("tr',-control),6,000 tiiapia+l0,0GC crabs/ha (T,),
8,000 tilapia+i0,000 crabs/ha (T,) and 10,000 tilapia+10,000 crabs/ha (T*) (T'abie 1).

Poad prcparutioa

Amongeightselectedponds,sixwereof 0.1 haandtwoof 0.05 }iaeach.Firstpor:ds
were repaired and then fertilized urea and TSP ar a rate of 40 kgiha (urea:TSP:2:11.
Bamboo fences were fixed on the embankment of the experimental ponds oile ttrcaer

away frorn the edge of water. trt was done to prevent the crabs frorn burrou'ing and
escaping and to provide shelter to them.

Stockiag, feediag aad nafiagemeot

After three days of pond fertilization tilapia, (30.5-35.2g, (ri 2 male:3 femaie ratio)
lvere stockeii prior to at least one month of crabling stocking to ensure tilapia fiy as feeii
for the crablings. But due to nonavailabiiity of desired number of crablings a lvide range
of 5-70g was stocked at different time. Rice bran was given to tilapia as supplementary
f'eed (r! 6-3 % bw of tilapia in treatments Tr-T.. Slaughterhouse waste, as a feed ftrr
crabling, @.1 1B-5% bw was given to [reatment T, Water was exchanged at a rate of 4ii-
45% during every new and full moon"

Growth was recorded by taking the carapace width and bo<iy weigi-lt of crab and
body weight of tilapia in every fortnight. The presence of tiiapia was aiso recorded
fortnightly by using push net. Physico-cherrical pararneters of water such as water
temperature, water transparency, pH and salinity were monitored iortnightly.

Crabs and tilapia were harvested by completely ciraining out the pond wa[er.
Cornparison of the treatments ,vas carried out using one way analysis of varianee
(ANOVA)
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Table L Saiient features of the mixed
{)ri e och ro m i s n i I oti cu s

Culture trail of mud crab with rilat:ia

culture of mud crab, Scylla serrata with tiiapia,

Conditions Recorded data
Water source
Initial average weight of male and female crab (g)
initial avsraqe weight of male tilapia (g)
initial average weight of female tilapia (g)
Feeding rate fbr tilapia
Feeding rate t-or crab
Feeding frequency
Saliaitir rangs
nti

R.ange of waier temperature
'Water depth
Watc! transparency (cm)

Kapotakhya (Shibsa) river
i 1.59-49.35
30.5

35.2

6 1%l kg body weight/per day

10-50/,1 kg body weight/per day
Twice daily
2- l 1.5 ppt
7.7-9.0
i 9-340C

0.6-1.1 m
19.5-36crn

Results

The monthly growth responses, initial and final carapace width of crablings , initial
and final weight, weight gain, survival rate, and production of both crab and tilapia are
presented in Tables 1 & 2.

Differences in the initial and final weight (g) of crabs in four treatments were found
insignificant (p<0.05) (Table 2). Initial carapace width was found significant difference
(p<0.05), but final carapace width was insignificant (p<0.05) (Table 2). An irregular
Srowth trend of crabs was observed during the experimental period. Monthly growth
rate varied from 9.07-19.11 g among the treatments (Table 2).Best growth performance
was found in T, (cw: 0.68cm+0.72 and bw: l9.ll 9!12.97) which was followed by T, (cw:
0.52crn+ 0.60 and bw: 13.42 gt 10.51, To (cw: 0.65cm+ 0.64 and bw: 13.20 gt 9.89) and T,
(cw: 0.36cnn+ 0. 25 and bw: 9.07 gt 8.05).

The highest survivability of crabs was also recorded in T, (21.5%) followed by T,
(L5.6%),T41J4.75% and Tr Q4.l5Yo). Significant difference (p< 0.05) was found among
the four treatments (Table 2).

For tilapia, mean of the initial mean weight for all the treatments was same, but
during on-going experiment, the difference in the final weight was observed to be
insigaificant (p<0.05) both for male and female (Table 2). The percentage of male tilapia
at harvest was higher than stocking in rreatments T, (152%) and T, (Il7.Zl%) but it was
reduced ta 90.54o/o in To. The survival rate of female was recorded as 98.75% (Tr) and
93.7 % (Tu) and 78.14% (Tr) (Table 2).

Among the four treatments, production was highest inT, (344.77kglha) followed by
T, (i87.09k8/ha), Tn Q75.4Zketlha) and T, (155.15kg/ha). Besides, tilapia production was
also recorded as 1056.9k9/ha,893.92kglha and 1156.70kg/ha in T, T, and Tn rrearmenrs,
respectively. Individually male tilapia production was higher (583.5-744.85kgiha) rhan
that of female (310.42-537.88kg/ha) in all the treatments though the stocking rario of
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Culture trail of mud crab with tilapia

male and female was 2:3 (Table 2). The weight gain of male tilapia (162.84-202.359) was
almost 3-4 times higher than females (39.6a-51.42d (Table 2).

The abundance of tilapia fry was recorded as 1.65 g in Tr, 1.659 in T, and 1.31 g in
To. Besides tilapia fry, other weed fishes such as Oryzias melastigm4 Glosogobius gturis,
some caridian hrimps and macrozooplankton were also caught as 8.35, I1.73 and L3.40g,1

mi during checking of tilapia fry in T, T, and Tu respectively. The abundance of tilapia
fry showed a strong negative relationship (r:0.98879) with the abundance of other
organisms.

Among the water parameters (Table 1), water temperature was found from 19-340C
without any significant difference in all treatments. A suitable pH ranges of 7.7-9.0 was
noted during the experimental period. The average water transparency for found in
between 19.5-36cm. The variation of salinity noted as 2-11.5 ppt, with highest as 7.0-11.5
ppt in June-July and lowest of 2-5 ppt in remaining period. The average water depth
recorded as 0.6 - 1.lm in the experimental ponds during the study period.

Discussion

In experimental earthen pond culture of mud crab with milkfish (Chanos chanos)
and mullet (Liza macrolepis), Srinivasagam and Kathirvel (1991) recorded a survival
rate of 26-300/o and monthly gf,owth rate of 10-23 mm and 48-629. [n the present study,
survival rate of 2l.5o/o, T, was almost similar to the above findings. However, lower
survival rate (14.15-15.650/o) and very low monthly growth rate (0.36-0.68mrn,9.07-
19.I1g) were recorded for other treatments. Apparently, T, showed a higher monthly
growth rate, final weight gain, as well as crab production than other treatments. These
might be due to application of slaughter housewaste as feed in the control treatment (T,).
In case of other treatments only rice bran was applied as a supplem6ntary feed for tilapia
to keep the tilapia breeding performance. Food items in the wild S. serrata included the
remains of crustacean (44.3o/o), fish (22.3%), mollusk (14.3%) and others (19.1%)
(Kathirvel 1981, Parasad et al.1985). Crabs are omnivorous and like fleshy feed (Shah er
al.1999) .

The total biomass/density in specific volume of water might have an effect on
survivability, final weight gain and production. Aldon (1997) obtained crab production
of 600kg/ha/crop cultured with milk fish (5,000 crablings+2,5O0 fingerlings/ha). [n the
present study, stocking density of both crabs and tilapia were higher. Besides, female
tilapia can breed within every 40- 90 days which could increase the total biomass in a

specific area of water body. During the experimental period of 10 months tilapia should
have spawned 2-6 times and observation also indicated tilapia breed normally but not
sufficiently. Guerrero and Gracica (1983) mentioned potential outputs of tilapia ranged
from 186 to 6l4lm2 /month, with an average of 414 for a period of four month. [n an
another study, Sipe (1981) found 4A0lm2 /per month in l0 breeders, with a ratio of one
male for two females tilapia. In the present study, estimated weight and number of
tilapia fry were almost lower than their studies (T, 1.659, 4.13 nos.; Tr, 659, 5.84nos. and
Tu, 1.3lgm,4.33 nos.). Perhaps, a major portion of tilapia was taken by crabs and some
might have been preyed by male tilapia due to size variation. Gilbert (1996) expressed
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that if the age distribution is above 1.5 month, than larger males of tilapia can become
cannibals. Besides, a portion should recruited but it is seemed to be that rnaximum were
male tilapia. Females were also recruited in experimental ponds otherwise it would not
be possible to get around 100% survival rate of female tilapia.

Survival rate of crab in present study was low. Highly stressed condition during
stocking due to poor haudling aand transportation could be the one of the reasons for
low survival rate of crab. Due to nonavailability of required size crabling in natural
environment at a time, a wide range variation in weight during stocking was occurred
which led to natural mortality and cannibalism. Besides, stocking of required number of
crabling in each pond of the experiment had taken much time resulting in increased
mortality rate due to size variation of crabs. Samarasinghe et al. (1992) had similar
observation.

A significant differences (p<0.05) was recorded only in survival rate of crabs among
different treatments. On the other hand, in the case of rnonthly growth rate, final body
weight and production no significance differences was observed in T, T, T, and T*
(p<0.05). Mud crabs are likely to be habituated in euryhaliue nature. Lower salinity
existed during experimental periods might be the another factor for lower survival rate,
growth, fin4l body weight and production. Utama and, Fazzaz (1994) obtained
siguificantly higher (p>0.05) differences in final body weight and weight gain of mud
crabs reared in 20 ppt than those reared in 10ppt, but no significant differences recorded
between reared in 20-30ppt. In the similar environment, Shah et al. (1995) and (1996)
found better monthly $owth (24.46 g and 30.229), survival rate (28-3lo/o and 58-69%))
and production ( 1 5 8.4- 3 38k g&a ail, 669.19 -720. 35k g/ha) than presenr srudy.

Crab juveniles could not survive at a salinity of 6-48ppt without acclimation and at
4ppt even with acclimatiou (Srinivaasagam and Kathirvel 1991). Shaha er aI. (1995 ar.d
1996) had acclimatized the crablings in laboratory conditions for 7 days prior to stocking
and they also stated that the fluctuation of salinity hampered the growth of mud crabs.
In the present study it was not possible to acclimatize crablings prior to stocking due to
the nonavailability of crablings at a time.

Artificial substrates/shelters to be effective in reducing cannibalism. Subramaniam
and Liong 1994 mentioned that providing plastic pipes as shelter can prevent
cannibalism during molting. Rock islands along the edge of the pond can preveut the
natural tendency of the crab to fight and to burrow. Mangrove trees and shrubs within
the periphery of the pond were retained to provide hiding grounds for the susceptible
soft peelers. [n the present snrdy, only bamboo fences were constructed on the
embankment of the experimental ponds one-rtreter far from the edge of water in order to
prevent escaping and burrowing ofcrabs.

To evaluate the growth and survival of crabling, further srudy on mixed culture of
crab with tilapia may be carried out during higher salinity period of March-June/July, at
the brackishwater enviroment in south-east-west coastal region of Bangladesh with
providing supplementary feed. And also polyculture of crab with other brackishwater
finfish may be tried to funher asses mono aud poly culture of mud crab.

50



Culture trail of mud crab with tilapia

References

Ahmed, M.K.,1992. Mud crab-potertial aqua-resource of Bangladesh. In: The Mud Crab (ed. C.A.
Angell). A report on the seminar convened in Surat Thani, Thailand, Nov. 5-8, 1991. 95-101.

Aldon, 8., 1997. Mud crab culture in mangrove areas. SEAFDEC Asian Aquaculture Vol. XIX No.
3 :21-22.

Baliao, D.D., E. Rodrigued, D.P. Mand Gerochi, 1981. Culture of the mud crabs, Scylla serrata
(Forskal) at different stocking densities in brackishwater ponds. Q. Res. Rep., SEAFDEC
Aqua. Dept., 5(l): l0-14.

Chaiyakaran, K. and P. Parnichsuka, 1977 . Experiments on rearing of mud crab Scylla serrata
(Forskal) in bamboo pens. z{rziz. Rep. Songkhla Stn., Dept. Fish., 72-98

Chen, I. O., 1990. Aquaculture in Taiwan. Fishing News Books, UK-273 p.
Chong, L. P., INFOFISH Internati onal. 3193 : 46-49
Escrtor, G.L., 1973. Observations on the culture of the mud crab Scylla serrata (Forskal). IV.

Coastal Aqua. in the Indo-Pcifrc Region, (ed. T.V.R. Pillay). Fishing News Books, UK., 355-
361.

Fortes, R.D., 1999. Notes on the mud crab industry in the Philippines. Aquculrurc Asia. lY (3) :

42-46.
Gilvert, P., 1996. Breeding and propagation of tilapia (Oriochromis niloricus) in a floating

hatchery, Gabon. NAGA, The ICLARMQUA.26-32.
Guerrero III, R.D. and A. M. Garcia, 1983. Studies on yhe production of Sarothetodon niloticus in

lake based hatchery. In: International symposium on tilapia in Aquaculture (eds. L. Fishelson
at d. Z. Y arr comps). Proceedings. 388-393.

Jalabert, B. and Y. Zohx, 1982. Reproductive phisiology in cichlid fishes, with particular reference
to tilapia and, Sarorherodon. ln: The biology and culture of tilapias (eds. R.S.V. Ptllin and R.
H. Lowe-McCoonell). ICLARM Conf. Proc. 7 :129.14A.

Kathirvel, M., 198 l. Present status of taxonomy and biology of Scylla serrara (Forskal). Vorkshop
on Crustacean Biocheistry and Physiology. CMFRI Univ. of Madras. l-13.

Little, D.C., D. Sikawa and J. Jununa, 1994. Commercial production and marketing of Nile tilapia
(Oriochromis niloticus ) fry in Chachoengsao Provinces, Thailand. NAGA, The ICLAR.&[
Quterly. Oct.: 14-17.

Marichamy, R., M.N. Minickaraia and S. Raiapackiam, 1986. Culture of the mud crab Scylla
serrara (Forskal) inTuticorin Bay. Proc- Symp. on Coasal Aqua., Mar. Biol. assn. India, Part
4: 1176-1182.

Ong, K. S., l99l. The status and progress of sea farming in Malaysia. Paper presented at the Forth
National coordinators' Meeting Jan. 9-12,1991. Bangkok, Thailand.

Mazid, M. A., 1994. Fisheries Development Techniques. BFRI, Mymensingh, Bangladesh. 67-68.
Mires, D., 1995. The tilapias, In: The production of aquatic animals- fishes (eds. C.E. Nash and A.

J. Novotny). Elsevier Science Publishers, Amsterdam. 133-152.
Parasad P.N., R. Honnavar and B. Neelakantan, 1985. The mud ctab Scylla seffara (Forskal) as a

pest in the prawn culture fields adioining Kali estuary, Karwar. Sea{ood Export I-,17(16): 19-
2t.

Raphael, Y.1., 1973. A preliminary report on the brackishwater pond culture of Scylla serrata
(Forskal) in Ceylon. In: Coastal Aqua. in the Indo-Pacific Region (ed. T.V.R. Pillay). Fishing
News Books, UK., p. 395.

Saha, M.R., P. K. Roy and S.U. Ahmed, 1997. Impact of Stocking density or growth and survival
rates of mud crab (Scylla serrat;, Forskal). Bangladesh t. Fish. Res., l(l) : 47 -52.

51



S. Rahman era^L

Saha, M. R., P. K. Roy and S. U. Ahmed, 1999. Effect of cowdung application or the production of
mud crab (Scylla senata Forskal) in brackishwater pond. Bangladesh l. Fish. Res.,3(l): 49-54.

Samarasinghe, R.P., D.Y. Fernando and S.C de Silva, 1992. Pond culture of mud crab in Sri
Lanka. In: The Mud Crab (ed. C.A. Angell). A report on the semitrar convened in Surat
Thani, Thailand, Nov. 5-8, 1991. 161-164.

Sipe, M., 1981. Controle de reproduction de Tilapia. Palmefto, Florida. 48p.
Srinivasagam, S. and M. Kathirvel, 1991. A review of experimental culture of mud crab, Scylla

serrar, (Forskal), in India. In: The Mud Crab (C.A. Angell). A reporr otr rhe seminar
convened in Surat Thani, Thailand, Nov. 5-8, 1991. 195-203.

Srinivasagam, S., K. Raman, K.O. Joseph, P.M. Abdul Kadir and S. Krishnan, 1988. Prawn, crab
and fish seed resources of four brackishwater bodies of Madras. Proc. Syup. on Trophical
Marine LivingrRes. Mar Biol. Assn. Ind. lrbs. No. 18.

Subramamian, K. and P.C. Liong, 1994. Experimental culture of mud crab (Scylla serrata) in
brackishwater pond. Proc. Fish. Res. Conf., DOF Malaysia IY:297-301.

Utama, C.M. and A.L. Faazaz, 1994. Effect of salinity on growth of mud crab Scylla serata
crabling. Proc. Fish. Res. Conf. DOF Malaysia lY:251-254.

Utama, C.M and A.L. Faazaz, 1995. The biology of mud crab and its hatchery production. DOF,
Ministry of Agriculture, Malaysia. 20p.

Utama, C.M and M. Othman, 1994. Some observations on the growth of mud crab, Scylla serrata
iuveniles using various anificial diets. FRI News letter,Malaysia, Vol.l, No. 1 : 7-8.

Varikul, V., S. Phumiphil and M. Hongpromyar\ 1973. Preliminary experiment on pond rearing
and some biological studies of Scylla serrata (Forskal). In: Coastal aqua. in the Indo-Pacific
Region, (ed. T.V.R. Pillay). Fishing News Books, UK. 366-374.

(Manuscript received 6luly 2002)

52



Bangladesh J. Fish. Res., E(i), 2004: 53-60 OBFRI

Vater quality parameters of coastal shrimp farms from
southwest and southeast regions of Bangladesh

M.S. Islamr'*, A.H.M. Mustafa Kamal, M.A. Wahab and S. Dewan
Dqpanment of Fisheries Management, Bangladesh Agriculmral University, Mymensingh 2202, Bangladesh
rBangladesh Fisheries Research Institute, Brackishwater Station, Paikgacha, Khulna 9280

*Corresponding author

Absuact
The impacts of shrimp farming on water quality and e{fluent loading of shrimp farms in

southwist (Khulna) and southeast (Cox's Bazar) regions of Bangladesh was investigated

during March-August and August-October season, respectively. Water salinity fluctuated

from i.0 to 15.0 ppt in the southwesr, whereas it was between 2.5 to20.0 ppt. in southeast

region. Total ammonia nitrogen as recorded in most farms of Cox's Bazar region was

hGher (0. 1160.438 mg/L) than the recommended level of shrimp farming. Mean values

oflotal ammonia nitrogen and total nitrogen at the outlet of shrimp farms were higher

than those of inlet in both regions. Mean values of phosphate phosphorus and total

phosphorus at outlet were lower than inlet except itr harvest time of Penaeus monodon.

iotai suspended solids were deposited on the bottom of shrimp farms in both regions,

which resulted in higher concentration in inlets than outlets in both regions.

Key words : Penaeus monodon, Shrimp farm, TSS, Total nitrogen, Total phosphorus

Introduction

Shrimp farming in Bangladesh has rapidly developed due to an increase in demand of
culturid marine shrimp in the international markets. Shrimp alone earned about US$350

million foreigrr exchange from its export of more than 29,713 mt processed products in
2001 and ranked second exporr item contributing5.TTo/o to the total export earning (DoF

2044.
Despite the apparent economic success of shrimp farming the question of

sustainability has a great issue in recent years. Shrimp farming does not only generate

significant benefits, but also contributes to degradation of coastal environment and may

thr.rt.r, sustainability of shrimp production. Sfl'ater quality problems resulting from

high stocking increased feeding rates and intake of polluted water are increasingly

.o**o1 in shrimp farming. Good water quality directly influences shrimp glowth,

survival and overall production. Poor water quality causes disease, mortality, slow

growrh and low production of shrimp. The discharge of pond water effluent is another

activity associated with environmental degpadation in the receiving waters.
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Effluent from shrimp pond is a source of nutrient enrichment and eutrophicarion of
natural water bodies and its impacts on coastal environment has caused greater concern
(Phiilips et al. 1993). An increasing eutrophication in narural warer can lead to
ecologically undesirable consequence. The water quality issues of rhe aquaculture
systems as well as environmental impacts associated with shrimp farms have to be
carefully evaluated in this country for future policy formulation. Very little works have
so far been done on environmental variables of shrimp farms in Bangladesh. There is no
detailed study on the water quality parameters and extent of effluent loading from
shrimp farms in the environrnent. In view of the above, the present study has been
undertaken to determine the water quality variables of some shrimp ponds and quantify
the effluent discharge from the shrimp ponds in both Southeast and Sourhwest regions to
understand the nature of changes take place in water quality over time and the quantity
of effluent discharge especially total N, rotal P and TSS into the environmenr.

Materials and methods

Study area

Five shrimp farms such as Saral, Alamdanga, Roadanga, Charmulai and Soladana in
Southwest Khulna and farm nos. l, 2,3, 4 and Beximco in Southeast Cox's Bazar areas
were selected for this study. All shrimp farms in Khulna area are fed by the Shibsa river
and in Cox's Bazar areas by the Bakkhali river. The farms were all different in areas and
most of these have only one channel for both intake and drainage.

V'ater quality panmeten aaalysis

\tr7ater samples were collected monthly from 4 selected giers (impoundment) of each
region to estimate the water quality parameters. Four grierswere used to conduct routine
sampling. The routine sampling involved collection of water samples from three spots
inside each farm along with those taken from inlet. The water quality pura*.t.r,
recorded and methods used for this study are shown in the following Table.

Parameters Methods used
Temperature (oC)

Salinity (ppt)
pH
Dissolved oxygen (mgl-)
Alkaliniry (mSlL)
TSS (mg/L)
NO2-N (ms/L)
NO3-N (mdl-)
TAN (ms/L)
PO,-P (mg/L)
Total-N (mS/L)
Total-P (mg/L)

Graduated Celsius thermomerer
Refractometer, mod. 4200/REV ,{/05-95
pH meter, Hach EC l0 portable pH merer,
DO meter- YSI mod. 58
Titrimetric
Standard procedure and method
Diazotization method
Cadmium reduction
Nessler
PhosVer 3 (Ascorbic acid)
Persulfate digestion
PhosVer 3 with acid persulfare digestion
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Results

Vater quality parameters of shrimp farms

Southwest region

The results of water quality parameters of the shrimp farms are shown in Table 1.

Mean values of water temperature at inlet and within farms varied from 31.5-33.33 and
32.5-33.50C, respectively. Salinity ranged from 9.83-10.83 and 9.83-10.67 ppt, and pH
varied from 7.3-7.4 and 7.4-7.5, respectively. Dissolved oxygen contents were found to
vary from 4.50-5.3 and 4.46-5.42 mglL, respectively. Total alkalinity values at inlet and
within were between 120.67-132.33 and 127.5-131.33 mglL, respectively.

Table l. Mean values of water quality parameters of shrimp farms in Paikgacha

Temperature ('C)

Salinitt,(ppt)

pH
Dissolved oxl,gen
(m&L)

Alkalinity (mg1l)

TSS (me/L)

NO2-N (mg/L)

NO,-N (mg/L)

TAN(mg/L)

Toral N (mg,{-)

POrP (mg/L)

'Iotal-P (ms/L)

33.33:t 3. l3
33.0:! 4.05

10.5 t 4.59

10.3314.63
7.32
7.5

4.60 * 0.52

5..+2 * 0.1 1

120.67+ 10.61

129.0* 10.5E

213.17*73.81
128.17 +60.0.1

0.004* 0.002

0.004+ 0.004

0.1010.04
0.0810.0i
0.0410.02
0.05 +0.02

1.85 +0.59
1.33+ 0.54

0.049 * 0.02

0.041 *0.02
0.81 + 0.52

0.77 +0.48

5l.o / a+.15
33.5 * 3.39

10.67 +3.56

10.83:i 3.76
/.7
/.+

4.50+ 0.30
.1.,+6* 0.10

127.83* i.+.13

i 28.8,3 * 6. -t 1

t05.17-75.16
118.5 * 13.7

0.003r 0.002
0.004+ 0.C0.+

0.08 + 0.02
0.09+0.03
0.03+0.01
0.0610.02
1.53+0.6i
1.52+ 0.84

0.05810.02
0.057 +0.01

0.68 *0.09
0.58 +0.06

11.5+2.25
32.5t:3.02
9.83 + 2.86

9.83+ 3.06

7.4
1 ,l-

5.30 +0.12

5.i 1*0.08
i-32.33* 13..+

127.5* 1 I.5
1+7.5 + 59..+8

t19.83*76.97
0.003:t0.001
0.002 + 0.001

0.08 * 0.02
0.06+0.02
0.04+0.01
0.03+0.01
1.2+0.45

1.02 +0.45

0.035 +0.01

0.039+0.0I
0.44 + 0.08

0.39+ 0.08

32.33!3.72
32"5 * 3.08

10.0 +2.53

10.67 !3.26
7.3
7.5

4.98:t0.12
5.2i *0.l0

128.33+ 19.38

131.33* l 1.09

157 .67 !84.57
1 38.33 * 59.3

0.003:r0.001
0.005:t0.008

0.07 +0.02

0.08:t0.02
0.05 +0.02
0.05 *0.03
1.23+0.29
1.3+0.22

0.05 3:t 0.02

0.048 a 0.02

0.56:to.14
0.52!0.12

Inlet
V'ithin
Inlet
\Vithin
Inlet
Vithin
Inlet
\flithin
Inlet
'Within

Inlet
\Tithin
Inlet
IITithin

Inlet
\[ithin
Inlet
Vithin
Inlet
Within
Inlet
\Tithin
Inlet
r$Tithin

Mean values of TSS at inlet and within farms varied between L47.5-213.17 and
128.17-149.83 mglL, respectively. Nitrite nitrogen concentrations varied from 0.003-
0.004 and 0.002-0.005 mg/L, respectively, and nitrate nitrogen (NO,-N) was found to
range between 0.07-0.10 and 0.06-0.09 mglL, respectively. Significant variations in
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nitrate nitrogen were not found at inlet and within the different glers. TAN was found
to range from 0.03-0.05 and 0.03-0.06 mg/L, respectively.

Mean values of total nitrogen (TN) at inlet and within varied between 1.2-1.85 and
1.02-1.33 mg/L, respectively, and phosphate-phosphorus (P04-P) concentrations ranged
between 0.035-0.058 and 0.039-0.057 mglL, respectiyely. The range of total phosphorus
(TP) as recorded was 0.44-0.81 and 0.39-0.77 mglL, respectively. Comparatively high
concentration of total phosphorus was recorded at inlet than those of inside the ghen.
Variations in total phosphorus between inlet and inside the ghen as we[ as monthly
variations did not follow any definite pattern.

Southeast region

The results of water quality parameters of the shrimp ponds are presented in Table
2. In Cox's Bazar region, mean values of water temperature at inlet and within shrimp
ponds varied from 29.17-30.83 and 29.67-30.670C, and salinity ranged from 1.83-10.50
and 2.0-10.30 ppt, respectively among the shrimp ponds. pH values were alkaline and
almost similar in both inlet (7.3-8.0) and within (7.5-7.8). Dissolved oxygen
concentration varied from 4.85-5.10 md 4.74-5.22 rnglL, respectively. Alkalinity at inlet
and inside the farms varied from 62.33-122.0 and60.5-L27.7 mg/L, respectively.

Table 2. Mean values) of water qualiry parameters of Gher 2,3, 4 and. Beximco ponds, Cox's Bazar

Temperature ("C)

Salinity (ppt)

pH
Dissolved oxygen
(me/L)

Alkalinity (mgll)

TSS (mg/L)

NOIN (mg/L)

NOg-N(mg/L)

TAN(mg/L)

Total N (mg/L)

POa-P (mg/L)

Total-P (mg/L)

29.33+0.76
30.0+ 1.0

9.83+7.78
10.0!7.54

7.46
7.64

4.85*0.47
5.00+0.33

64.23+10.84
69.33+9.71
75.0+25.0

86.67 *32.15

0.002+0.00
0.003+0.00
0.05+0.03
0.3+0.40
0.08+0.02
0.09+0.04
1.27 +0.47
1.77 +0.65

0.122+0.110
0.168+0.212
0.70+0.13
0.56+0.17

29.17 +0.76

30.0r:1.0
10.5 + 8.85
10.3 + 8.74

7.58
7.61

5.10*0.20
4.74 *0.13
65.0:i l.+.0
7 1.5 + 9.5

88.33 * 3,+.03

83.33 + 28.87

0.004 + 0.00I
0.004+0.0001

0.07*0.04
0.05 + 0.04
0.11+0.05
0.08 +0.02

i.13 +0.35

1.37 +0.47

0.071+0.008
0.065 +0.015

0.91+0.44
0.58 +0.05

29.17 + 1.04
29.67 +0.58

8.0+5.27
1 0.3 + 8.74

7.3
7.5

4.5 5 * 0.09
5.22*0.18

62.3-l - 22.E5

60.5*22.15
66.67 *28.87

83.33+57.74
0.003+0.001
0.003 +0.000

0.06 + 0.05

0.05 + 0.04
0.08 + 0.02
0.09+ 0.01
1.53+0.25
1.73+0.45

0.102 +0.094

0.086+0.051
0.50+0.16
0.45 +0.16

30.83* 1.04

30.67+ 1.15

1.83+0.28
2.0+0.5

8.0
7.8

4.48 +0.13

5.21*0.20
I 22.0 + 50.4(.)

127 .7 + 51 .02

8 3.33 * 28.E7

116.67 +76.18

0.003 +0.001

0.003 +0.001

0.12 *0.17
9.14 +Q.20

0.05:t0.04
0.18 + 0.22
2.43+0.68
2.73+0.86

0.520 +0.150

0.598 + 0.335
1.62+0.44
1.61+0.74

Inlet
t0[ithin
Inlet
\(ithin
Inlet
Vithin
Inlet
\trithin
Inlet
Vithin
Inlet
tXrithin

Inlet
!(ithin
Inlet
\0[ithin
Inlet
'Within

Inlet
Vithin
Inlet
Vithin
Inlet
V'ithin
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Mean values of rSS ranged from 56.67-88.33 and 83.33-1L6.67 mf[-, respectively.
Nitrite nitrogen ranged from 0.002-0.004 and 0.003-0.004 mg/L among the farms, and
nitrate nitrogen varied from 0.05-0.12 and 0.05-0.30 mg/L, respectively. The range of
TAN recorded was 0.05-0.11 and 0.08-0.18 mg/L at inlet and inside different shrimp
ponds.

Mean values of total nirrogen were found to range from l.l3-2.43 and 1.37-2.73
mg/L, respectively. Phosphate-phosphorus concentrations varied from 0.071-0.520 and
0.056-0.598 mg/L, respectively at inlet and inside different ghen. Total phosphorus
varied between 0.50-1.62 and 0.45-1.61 mg/L, respecrively.

Discussion

Discernible variation in water temperature among the ghen within the region was
not observed. Stress inducing remperarure levels up to 33.0-39.00C during the study
period was found in all 5 shrimp farms in Khulna region, which might be due ro lower
water depth. But this alarming level was not found in Cox's Bazar region. Inlet water
temperature was lower than that of within the farms might be due ro evaporation of
water from the shallow farms. The optimal level of water temperature for P. monodon
culture is 25-300C as suggested by Boyd and Fast (1992).

Tiger shrimp can tolerate freshwater for about one monrh (Chakraborti et al. 1986).
Predalumpaburt and Chaiyakam (1994) reported that the salinity should be in the range
of 5-32 ppt for shrimp production. Salinity dropped to 3-9 ppt after June in Khulna
region and it was 2.5-9 ppt before October in Cox's Bazar area, exceptional salinity range
of 1.5-2'5 ppt over the study period was recorded in Beximco farm. Higher salinity wis
found in Cox's Bazar compared to Khulna region. In this regard, the salinity of farms was
found unfavourable for shrimp culturg which might have resulted in poor'production.
The pH values did not show any definite monthly variarions among the farms in both
regions. Boyd and Fast (1992) and Chanratchakool et at. (1995) reporred thar the
optimum pH range for P. monodon is 8.0-8.5 and 7.5-8.5, respectively. The obtained pH
values 7.3-7.5 in Khulna and 7.3-8.0 in Cox's Bazar were, therefore in optimum level for
shrimp growth.

Dissolved oxygen content did not follow any definite partern during rhe study
period. chin and ong (1994) pointed out a Do concenrrarion of 3.g to >5.0 mg/L is
generally found favourable for shrimp culture, which supporrs the presenr findings (4.5-
and 4.46-5.42 mg/L in Khulna and 4.48-5.I0 and 4.74-S.zz mg/L in cox,s Bazar). Iilam er
aI. (1998) reported the ranges of DO in Mongla and Paikgacha area of Bagerhat and
Khulna districts were 5.1-8.7 and 5.7-8.1 mg/L, respectively. Dissolved oxygen conrenr as
recorded from the invesrigated farms is therefore suitable for shrimp culrure.

Natural fertility of pond water increases with increase in total alkalinity up to at least
150 mg/L (Boyd 1998). Ahmed et al. (L997) found rhe range of alkalinity in
semiintensive farms of Cox's Bazar district was 44.0-195 mglL, and Islam et at. (199g)
also found 130.0-217.5 and 1i8.0-187.5 mglL total alkalinity in Mongla and Paikgacha
area of Bagerhat and Khulna district, respectively. These are more or less similar with
the present findings (120.67-132.33 and lz7.S-131.33 mg/L in Khulna and 62.33-122.0
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and 60.5-L27.7 mglL in Cox's Bazar region). Noticeable variations in alkalinity were not
found in either region. The lower values of total alkalinity might be due to rainfall and
cloudy weather. Larkins (1995) suggested that the alkalinity range from 60-140 mg/L is
suitable for shrimp culture.

The higher values of TSS were found in Khulna farms compared to Cox's Bazar
farms. No definite pattern of TSS concentrations between inlet and inside the ghen and
within the months was observed. Lin et aL. (1991) stated that 30-190 mg/L TSS was
found in intensive shrimp ponds, and Deb (1998) reported l9.A-225.0 mg/L TSS in
effluent water of semi-intensive shrimp farm in Cox's Bazar area. The findings reported
by Deb (1998) are more or less similar with the findings from Khulna (147-213 and
128.L7-149.83 mc/L) and higher than those of findings of Cox's Bazar (66.67-88.33 and
83.33-1t6.67 ms/L).

Remarkable variations in NOr-N were not found in any gher in any region. The
ranges of nitrite nitrogen concentration 0.004-0.01 and 0.002-0.01 mg/L recorded by
\U7arisara (2000) in two shrimp ponds in Thailand, respectively are quite similar to the
present findings (0.003-0.004 and 0.002-0.005 mg/L in Khulna and 0.002-0.004 and
0.003-0.004 mg/L in Cox's Bazar). According to Chien (1992), the favourable level of
nitrite concentration for penaeid shrimp is 1.3 mg/L, A.25 mglL and i.0 mdL,
respectively.

The ranges of nitrate concentration obtained in the present study were more or less

similar to the ranges 0.00-0.30 and 0.00-0.21 mg/L with mean value 0.03 mg/L reported
by $Tarisara (2000) in Thailand. The ranges of nitrate 0.010-0.040 and 0.010-0.020 mgll
reported by Islam et al. (L998) were also more or similar to the findings of present study
(0.07-0. 10 and 0.06-0.09 mg/L in Khulna and 0.05-0.12 and 0.05-0.3 mglL in Cox's
Bazar). Boyd (1998) stated that the acceptable concentration of nitrate nitrogen in pond
waters is 0.2-10.0 mg/L.

TAN concentration at inlet and inside the ghers did not show any significant
difference in both regions. Higher concentration of TAN was found in Cox's Bazar area
compared to Khulna area. Concentrations of unionized ammonia above I mglL are
potentially lethal, concentrations greater than 0.1 mg/L may adversely affect the $owth
of marine shrimp (Boyd and Fast 1992). The optimal level of ammonia for P. monodon
culture is <0.1 mgil- (Chien 1992, Boyd 1998). According to them the ranges of
ammonia nitrogen (0.03-0.05 and 0.03-0.06 mg/L in Khulna and 0.05-0.11 and 0.08-0.I8
n:g/L in Cox's Bazar) obtained in the present study were within acceptable range.

Total nitrogen (TN) content between inlet and inside the ghers did not show any
sigaificant difference in both regions. Lin et aI. (1991) reporred rhe range of TN in
shrimp ponds in Thailand was 0.5-5.0 mg/L, which is more or less similar with the
present findings (1.2-1.85 and 1.02-1.52 mglL in Khulna and l.l3-2.43 arrd 1.37-2.73
mg/L in Cox's Bazar). According to Boyd and Green (2002) the TN concentrations of 0. I
to 0.75 mg/L in coastal waters can cause plankton blooms and they suggested that the
level of TN should exceed t0 mg/L in effluents of shrimp farms.

Variations in the phosphate content between inlet and inside the ghen as well as
monthly variations did not follow any well-defined pattern in both regions. The ranges
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of phosphate for lower and higher stocking densities reported by NACA (1995) were 0.0-
and 0.0-0. 18 mg/L, respectively, and Islam et al. (1998) found 0.04-0.12 and 0.030- 12

mfll- phosphate-phosphorus, respectively, which support the present findings from
Khulna region (0.035-0.058 and 0.039-0.057 mf,L), but higher than the findings from
Cox's Bazar (0.071-0.520 and 0.056-0.598 mg/L). According to Boyd (1998) the suitable
range of phosphate phosphorus in pond waters is 0.005-0.2 mg/L.

Total phosphorus in discharged water of intensively managed shrimp ponds with
stocking density of 30 PLlm2 and 60 PLlm2 was 0. 18 mg/L and 0.49 mglL, respectively
(Tunvilai et al. 1993a), and Lin et al. (1991) found 0.05-0.40 mglL TP in intensive
shrimp ponds. These are comparatively lower than the present findings (0.44-0.81 and
0.39-0.77 me/L in Khulna, and 0.50-1.62 and 0.45-1.61 mglL in Cox's Bazar), which
might be attributed to the agricultural farm runoff, as source of phosphorus. A high
concentration was observed in the last harvest time when sludge and sediments were
released into the outlet for catching the last shrimp by draining the ghers. The higher
values of TSS were found in Khulna farms compared to Cox's Bazar farms. No definite
pattern of TSS concentrations between inlet and inside the ghersand among the months
was observed. TN content between inlet and inside the ghers did not show any
sigrrificant difference in both regions. Comparatively high concentration of total
phosphorus was recorded at inlet than that of inside the ghers. Variations in total
phosphorus berween inlet and inside the ghen as well as monthly variations did not
follow any definite patrern in both regions. The effluent loading is strongly affected by
the water exchange rate throughout the growth cycle. Low or no water exchange rate
from stocking to harvest reduces the potential for environmental impacts (Hopkins er a/.

1993).
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Abstract
At Kakinada along the east coast oflndia, cephalopods were exploited by trawls. Fishery
occurred round the year with peak during August-October. Peak abundance and fishery
of cuttlefishes coincides with this period, whereas for squids it is during March-May.
Cephalopod production continued to increase initially with fishing effort, until 1995, but
declined thereafter despite increased fishing effort and expansion of fishing to deeper
waters. Fishern growth, mortality, recruitment pattern and exploitation rates of Loligo
duvauceli were studied. Nearly 97% of their catch was by zero year groups. They attain
sexual maturity and spawn during the first year itself. Spawning occurred round the year
with peak during December-February. Exploitation rate of the species is large, 0.741
compared to E-,* (0.44). This indicated that their stock is under heavy fishing pressure
and subiected to over-exploitation. Stock also exhibited declining trend over the years
during 1995-'99. These necessirate immediate atteniion to avoid collapse of the stock and
fishery.

Key words : Cephalopods, Loligo duvauceli, Stock assessment

Introduction

Cephalopods are the highly developed group ofinvertebrates and occupy a leading place
among the exploited marine fishery resource of the world because of their abundance
and high nutritional quality. They constitute 4-5Yo of the total marine fish production
from lndian waters (Meiyappan et al.2000). Their report suggested rhat the resource in
general is either under exploited or optimally exploited from lndian warers.
Cephalopods, though share common environment with other marine fishes, they often
adopt different life history strategies. [n recent years several studies were conducted
aimed at understanding the biology and behaviour of commercially important species
and their response to exploitation. However, knowledge on many crucial aspects of
several species remains limited.

Cephalopod fishery at Kakinada was supported by squids (Order: Teuthoidea) and
cuttlefishes (Order: Sepioidea). Increased fishing effort and introduction of large deep
going multi-day trawlers along the coast though initially improved the catch, it started
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declining after 1994:95. These necessitated proper understanding on the population
characteristics of species supporting fishery for developing management strategies.
Present study was aimed to update such information on Loligo duvauceli along the east
coast.

Materials and methods

Fishing effort, catch and catch composition of cephalopods in fishery were
monitored at weekly intervals during 1995-1999. Biology of Loligo duvauceli was also
studied simultaneously. Random samples of the species were collected and analyzed for
sex ratio, gonadal maturity etc. Catch and effort data documented by the institute for the
period 1985-'95 were also used to analyse behaviour of the fishery to increasing fishing
pressure over the years.

Monthly length frequency data of the species in the catch was used to estimate
growth parameters, mortality rates, exploitation rates and recruitment pattern. Growth
parameters, L- and K were estimated through surface response analysis of restructured
length frequency histogram by ICLARII's FiSAT software (Gayanilo et. al.1995). Size at
first capture (L"ro) was estimated following Pauly (1984) and age atzero length (tr) from
von Bertalanffy plot (Bertalanffy 1934)

Natural mortality (M) was estimated from the empirical formula proposed by Pauly
(1980), by taking mean sea surface temperature as 29"C and total mortality (Z) and
exploitation ratios from catch curve as per Pauly (1983). Exploitarion rate (E) was
estimated from the equation; E : FIZ; where, F : Z-M is the fishing mortality rate.
Total stock (P) was computed from the relation; P : YAI; where, Y is the yield and U
exploitation ratioU:FlZ x (1- e -'). Maximum sustainable yield (MSY) was estimated
graphically as per Corten (1974).

Results

Fishety

Cephalopods were exploited almost exclusively by trawls. Annual effort increased
gradually and steadily from 45,002 units during 1985-'86 to 63,989 units by 1998-'99.
During the same period, duration of active fishing also increased from 317,284 hours to
990,1 l0 hours. Active fishing time was increased sharply during nineties after the
introduction of voyage fishing. Vith increase in effort, fishing activity was further
extended to far deep seas.

Cephalopod landings increased during this period, with wide annual fluctuation
(FiS. 1). Catch increased from 289 tons during 1985-'86 to 1,029 tons during 1994:95.It
declined steadily thereafter to 515 tons by 1997:98. Catch was the lowest during 1990-
'91. Catch rate also registered similar fluctuation berween 3.6 kg/unit effort during 1990-
'91 and 20.1 kg during 1994-'95 (Fig. 2). Catch/hour of trawling fluctuated between 0.4
kg during 1990-'91 and 1.26 kg during I986-'87.
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Catclr (tnnsl

Per iod

Fig. l. Growth in cephalopod fishery at Kakinada by trawis during i985-'99.

Fig. 2. Fluctuation in the catch rate of cephalopods by rrawls duritrg 1985-'99.

Catch composition and seasonal abundaace

Fishery was supported by four species each of squids (25.9%) and cuttlefishes
(74.1%) (Fig. 3). Among squids, Loligo duvauceli dominated (78.1%) the catch. Other
species supporting fishery re L. uyii, Dotyteuthes spp. and Loliolus spp. Sepia
pharaonis-(41.6%), s. aculeata (22.6%) and ,s. breuimana and sepiella iaermis (3L.4%)
supported cuttlefish fishery. Fishery occurred round the year, with nearly 50% of the
catches during August-October (Fig 4). Peak fishery and abundance of cuttlefishes
occurred during this period, whereas that of squids during March-May (Table 1). Peak
abundance and fishery of L. duvauceli followed their peak period of spawning.

63

Catch rate (kg)

zAA

B



E.M. Abdussamad and K.R. Somayajulu

Cuttlefislr l2l7z.4i.)
?4 .I.t

I

pharaon is
1. 6z

S, bneu i nana Dcryterrtlr is
93r

I io lus
L. duuauce I i ;Fp r.r/

, trrern ls
37.47

Fig 3. Average annual species composition of cephalopods landed b1' trawls during1995-'99.
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Table l. Seasonal fluctuation in catch rate (kg/hour) of different species of cephalopods in rrawls
during 1995-'99

SepAug.lulSpecies Apr Muy Jun

1,. dtrvatrceli

L .tq,ii

Dorytelilhes

Loliolts spp

S.pharaonis

S.aaleata

S.brevinanct

S.inermis

0.Et 071 0,11

0.09 0 73 0.0,+

0 08 0.21 0.07

0.01 0.005 0.r:)l

0.lq 0.28 005

0lr 0.24 0i0

0.06 0.r)6 0.0,1

().6X t).(),1 l..ll

0.17 0.45 0.14

0.01 0.06 0.05

0.01 0.04 0.0,1

0.04 0.04 0.0 r

l.08 0.84 0.40

0.54 0.36 0.24

0.06 0.1 r a.0-1

0.67 0.72 0.63

0.51 1.05

0,10 0.ll

0.07 0. t2

0.03 0.04

0.15 0.n

0. 18 0.20

0.10 0.06

0.16 0.10

0.24 0.20 0.65 0.27

0.04 0.0-1 0.08 0.02

0 0.004 0.004 0.03

0.05 0.007 0.04 0.02

0.12 1.76 2.s2 1.27

0.22 0.85 l. t 9 0.54

0.05 0.10 0.ls 0.09

0.84 0.52 0.9r 1.03

Population chanaeristics of L. davauceli

Growth: Growth parameters, L- and K were estimated as 2l1mm and 1.68/year
respectively and 't0' as 0.0083 years. Their growth against time can be described by von-
Bertalanffy growth equation as;

Lt : 2ll [1- s -t'0t 1' - 0'0083)]

Length at age data obtained from the above relation shows that they grow ro 70.4,
118.6, 150.3 and 171.1 mm respecrively by 3, 6, 9 and 12 months. They attain 203.6 and
209.6 mm by the end of 2"d and 3'd year respectively.

size composition : Their fishery in trawl was supporred by 10-170 mm animals with 71.0
mm as mean (Table 2). Zero-year group formed more than 97o/o of the catch. Juveniles
entered trawl fishery at l0-20 mm size almosr round rhe year with peak during January-
March. They were caught in large numbers along with Acetes and other prawns. Their
age at this stage was between 0.45 and 0.8 months. Size and age of the species ar firsr
capture was estimated as 38.9 mm and 1.6 months respectively.

Sexual maturity ; Species show sexual maturity from 65 mm size onwards. However,
their size at first maturity was estimated from probability curye as 86.5 mm for males
and 94.5 mm for females and age as 3.9 and 4.3 months. These estimates indicate that
they spawn during the first year itself.

Spawning and recruitment pattern : Recruitment parrern showing time of origin of the
stock representing fishery (FiS. 5) and presence of animals with matured and spent
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gonads and small juveniles in the catch indicates that they spawn round the year with
peak activity during December-February.

Table 2. Annual size rangg modal classes, mean size and commercial size of L. duvauceli in the
trawl catch at Kakinada during 1995-'99

Period Size range
(cm)

Modes Mean size
(cm)

Commercial
size (cm)

r995-',96
1996-',97

1997 -',98

1998-'99

20-160
20- 150

l0-150
20-170

71.2
76.3
68.6
66.0

40-l l0
50-100
50-100
60- 1 10

70-80,130-140
50-60, 80-90,

I l0-120, 60-70
40-50,70-80

1995-',99 I 0- 170 70-80 74.9 50-1I0

ea

*
T

lrst
0
llg

Fig. 5. Recruitment pattern of L. duvauceli.

Mortality rates : Estimates of total mortality rates ranged between 10.26 md 13.37

during 1995-'99 with 11.05 as mean (Table 3). Natural mortality was 2.86. Fishing
mortality during the period was 8.19 and it varied between 7.4 and i0.5.

Table 3. Types and extent of mortalities operating in the exploited population of L. duvauceli
during 1995-'99

Period Total mortality (Z) Natural mortality (N1) Fishing mortality (F)

Jnl Aug Sep Oct Hov Dec Jan Feb llatp fipn Hag

1995-'96
1996-',97

1997-'.gg
1998-'99

13.37

t0.26
t2.32
I1.65

10.51

7.40
9.46
8.79

2.86
2.86
2.86
2.86

Mean l 1.05 2.86 8.19
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Exploitation rates and maximum sustainable yield : Exploitation rate (E) varied
between 0.72 and 0.79, with 0.74 as mean during 1995-'99 (Table 4). E*u, is small, 0.441,
when compared to present levels of exploitation indicating excessive fishing pressure
over the stock (Fig. 6). Maximum sustainable yield (MSY) of the species from the
present fishing ground is 279 tons/year.

Table 4. Catch, exploitation rate and stock of L. duvauceli during 1995- '99.

Period Catch (tons) Exploitation rate (E) Stock (tons)
1995-',96
1996-',97

1997-',98
1998-'99

216
95

126
156

0.786
0.721
0.768
0.755

275

132
164
207

Average 184 0.741 248

Hel. gielil/recruit (18^2)

nr,. nlrIuJr LdLLI\ rntrt, -.

Yuldbu->

EUTVE

ft
tr

x
f,

i'l

8.2 8.4 6.6 8.8 1

Exploitation Bate

Fig. 6. Relative yieldirecruit of L duvauceli at different levels of exploitation,
super imposed with yield bar showing MSY.

Stock : Total stock of L. duvauceli in the present fishing grounds fluctuated during
1995-'99 (Table 4). Average stock during the period was 248 tons. Stock was 275 tons
during 1995-'96. [t declined sharply to the lowest level of 132 tons during 1996:97. lt
showed signs ofrecovery during the subsequent years.

Discussion

Catch and catch rate of cephalopods continued to increase, with increased fishing
effort over the years during 1985-'95 and thereafter it declined sharply. Catch and stock
of the maior species also showed similar fluctuations with declining trend after 1995.

Growth in catch and catch rate was more pronounced during mid-nineties, after the

J

2.5

Z

1.5

1

8.5

6
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introduction of voyage fishing which resulted iu the extension of fishing activity to
deeper waters beyond 50 m depth.

Estimates of L* and growth co-efficient (K) of L. duvauceli were comparable to the
earlier estimates from east coast (Silas et.al. 1985, Meiyappan et.al. L993), whereas L-
was very small and K was large compared to that from west coast (Kasim 1985, Rao 1988,
Meiyappan and Srinath 1989, Vidyasagar and Deshmukh 1992, Meiyappan et.al. 1993,
Mohamed 1996, Mohamed and Rao 1997). The relatively small size of the species in
catch along the east coast and the above variations observed on their estimated growth
pararneters between east and west coast, suggested either size over-fishing ofthe resource
along the east coast or existence two separate stocks on east and west coast.

Mainly zero year groups supported the fishery and their size and age at first capture
was very small. Moreover, present level of exploitation is at a higher side compared to
Emax. These suggested heavy fishing pressure on the stock. Species being spawning in
shallow inshore waters and young ones feed on shrimps and small fishes in the shelf
area, they are vulnerable to trawls from their early juvenile stage onwards. This issue will
be more severe for the stocks along the east coast where extent of shallow shelf area is
limited compared to west coast, thus forcing the young ones to concentrate on relatively
narrow belt. Trawls being aimed primarily for resources like shrimps, mesh size of the
gear is expected to be very small. So mesh size regulation to conserye this resource alone
is not a practically viable proposal. The only alternative is regulating the effort to reduce
fishing pressure in coastal waters especially during peak period of their abundance.
Fishing pressure on the stock can also be reduced by diverting large trawlers to deeper
waters, for exploitation of other under-exploited resources.

Since they attain full sexual maturity at an age of around 4 months and spawn round
the year, large proportion of the stock may get at-least a chance to spawn before being
caught. So the present level of exploitation, though high, may not have immediate
adverse effect on recruitment. This assumption is further supported by the rapid
improvement in the stock after a sharp decline duripg 1996-'97. However, care must be
taken to regulate the fishery to avoid further increase in effort.
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Abstract
FiSAT program was used to estimate population parameters of Upenaeus sulphureus
from length frequency data. L* and K were found to be 22.7 cm and 0.98 yearl
respectively. The ltrfletherall plot provided an estimate of L* and ZlKwere 21.585 cm and
4.759 respectively. The annual rate of natural and fishing mortality were estimated as

l.9l and 3.86 respectively. The exploitation rate was 0.668. The selection pattern Lc was
10.824 cm. Recruitment pattern suggest of two uneve;: seasonal pulses in March-April
and August-October, Peaks appeared in August-October. Maximum yield could be
achieved simultaneously increasing length at first capture to 10.0 cm. The length weight
relationship was found to be W:0.03065 L2'8'8. Highest yield and price could be
achieved by decreasing the fishing monaliry to 0.9 coefficietrr rare.

Key words : Population dynamics, Upenaeus sulphurcus,Bay of Bengal

Introduction

Upenaeus sulphureus is the most abundant among the goat fish species available in the
northern Bay of Bengal of Bangladesh. This species usually moves in school. It forms a

considerable part of the demersal fishery and accounts for 3% of the total biomass.
Sigrrificance of this fish in the fishery of Bangladesh coast has been indicated by several
authors (Chowdhury et al. 1979, Khan er al. 1989, Lamboeuf 1987, Mohiuddin et al.
1980, Mustafa et al.1987, Mustafa and Khan 1993, Quddus and Shafi 1983, Saetre 1981).
They contributed, 2.4o/o in 10-20m. 47.8o/o in 20-50m, 35.7o/o in 50-80m and 14.2o/o in 80-
l00m depth zone (Lamboeuf 1987). This study deals with the growth parameters (L*, K)
of the von Bertalanffy equation, insranraneous mortality rates (2, M and F), selection
pattern (Lc), recruitment patterns and the application of the yield-per-recruit, biomass-
per recruit, yield-per-recruit-isopleths, length cohort analysis and yield-stock prediction
with a view to identifying appropriate managemenr policy.

Materials and methods

The study was conducred from April'95 to March'97.
weight data were collected for present study from

Length-frequency and length-
commercial fishing trawlers

OBFRi
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immediately afrer return from trips and research vessels R/V Anusandhani within the
continental shelf of Bangladesh. Sampling were done monthly and all length-frequency
data for each month were pooled and pooled data were entered in computer through
FiSAT program. The gear used was a fish trawl. The mesh size of cod end was 32.0 mrn.
Trawling depth varying from 20m to 90m. Total length from the tip of the notch to rhe
tip of the tail at two centimeter intervals for a total of 161888 specimen were measured on
board immediately after the catch as well as in the landing center. Length frequency data
used for population dynamics aualysis are given in Tablel.

FiSAT (FAO-ICLARM Stock Assessment Tools) as explained in detail by Gayanilo
et al. (L994) is the software resulted from the merging of its predecessors, the complete
ELEFAN package developed at ICLARM and LFSA developed by FAo were used to
analyzed the length frequency data. FiSAT was developed maiuly for the detailed
analysis of length frequency data. Length-frequency based compurer programs ELEFAN
I and ELEFAN II were used to estimate population parameters. L* and K values were
estimated by ELEFAN I (Pauly and David 1981, Saeger and Gayanilo 1986). Additioual
estimate of L* and zlK value was obtained by plotting L - L' on L (Wetherall 19g6 as
modified by Pauly 1986).

The growth performance of. U. sulphureaspopulation in terms of length grolyth was
performed based on the S'index of Pauly and Munro (1934).

0':I-ogroK*2log,uL*
where K aqd L* (von Bertalanffy growth parameters) were used.

The ELEFAN II estimateZ from catch curve based on equation as :

K(L* -1;
z - --------------- (z)

L-L'
where L is the mean length in the sample, computed from L'(upper) and L'(lower)
limit of the smallest length class used in the computation of L (Beverton and Holt
1956). The parameter Z of equation 2 estimated using the routine ELEFAN II
(Pauly 1983, Saeger and Gayanilo 1986) which based on the methods of carch curve
analysis (Robson and Chapman 1961) and an extract solution found using the
recursive model, i.e.
ln(Ni/(-e-zidti))-a-zj +l*ti ---- (3)
where dti is the time needed to grow through class i, ti the relative age
corresponding to the lower limit of class i, zj is an iuitial value of Z alrid Ni is the
number of fishes (Pauly 1984). The parameter M was estimated using the empirical
relationship derived by Pauly (1980), i.e.
Logl0M : 0.0066-0.279logl0L*+0.6543log10+0.463Logt0T ----------------_ (4)
where L* is expressed in cm, T("C) is the mean annual environment temperatqre
(here it was taken as 28"C ). The estimate of F was taken by subtraction of M fromZ.
An additional esrimate of z value was obtained by ELEFAN II (Jones and van
zalinge 1981). The exploitation rario E was rhen compured from expression;u: ,1, : F/(F+M).
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"Sexection parrern" was derermined using the routine ELEF'AN II i.e., plots oi
probability of capture by length (Pauly 198/,) by extrapolating the cetch c6rye and
calcuiating the number of fish that wctuld have been caught. Recn-litrnenr pattern is
obtained by backward proiection of the length axis of a set of length frequency data
(seasonaily growih curve) according to the routine ELEFAN II. The separarion uf,
normal distribution (NOR.i/[SEP) program for the separation of rilixture of normal
distributions into their cornponenrs have been accessed within ELEFAN II.

Relative yield-per-recruit (Y'lR') and relative hicnrass-per-recruir (B"i'R') was
ohtained from the estimated growth parameter and probatlilities of capture i;y lengtii
(Pauly and Soriano 1986). Here, yield (Y) per recruit (R) was calcuiareci as reiative yield-
per-recruit (Y'lR') and relative biomass-per-recruit (ts7R').

The analysis provide esrimates of Y'lR' and B'lR' for specified values cf rlie
exploitation ratio (E:F/Z) and size ar enrry ro the fishery (I-c) iri % of B'/R'in the
unfished population; thus a value of (B'lR') : 100% irnplies rtlat the popt-tiarion is
unfished. Values of B'IR' < 100% imply that the biomass-per-recruit has decreased
because of fishing.

Yield-per-recruit analysis provide a series of biomass-per-recruir for specified vaiues
of the natural mortality (M). Yield-per-recruit isopleths were studied using rhis biomass-
per-recruit of same value against exploitation rate and selectivitl, (Lc,.L-1 to get isopierhs
li ne of maximum yield-per-recruir.

L en gth - w ei gh t rel a ti on sh i p
Total length in centimeter and total weight in grarn were recorded. '{'he relarionshi;;

between length-weight was calculated by a computer program folioweil ait*l' Sg;arre
(i985). The intercept (a) and slope (b) of regression line v,,ere calcrilared b1,, using tlie
foilorving frrrmula:
Logweight = log a + b log length,
$[ : a. Lt'.

Vimual populatioa analysis (VPA)

The total ianding were distributed over length groups. -fhe predictii/e counrer parr
of vPA and cohort analysis published by Thompson and Bell (i934) and applied by
Gulland (1965). It is reviewed by Jones (I984) and Pauly (I984). An estimated length
structured Virtual Population Analysis of U. sulphureuswas carried our.

Yield asd stock predictioa

Thompson and Bell (1934) routine were used to analyzed yield and stock prediction
for u. sulphureus. This model combines features of Beverton and Holt's (1957) y/R
model with those of VPA, and used to analyzed single or several species for single or
several fleet.
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Results and discussion

Growth patametes

Extreme value theory was applied to predict L* from extreme values. Predicted
extreme length was found 22.64 cm. llt95% confidence interval predicted extreme length
lies between 20.74 cm nd 24.53 cm. Scan of K value was performed to predict growth
constant K (year t). Predicted growth constant K (yeart) was found to be 0.98.

The growth parameterr, L* and K of the U.sulphureus have been estimated for
1995-97. L* and K were found to be 22.7 cm and 0.98 per year respectively. For these
estimates through FiSAT the response surface (ESP/ASP) was 0.199 for main line (solid
line) and 0.14 for secondary line (dotted line). The growth curves with those parameters
are shown over its restructured length distributiou in Fig.l. The to value was taken as 0.

L* and K (yearl) has been reported for [Lsulphureus were 22.0 cm and 1.1 (yearl)
respectively by Mustafa (1993).

Fig 1. Growth curve superimposed over the restructured length-frequency data
of [.lpenaeus sulphureusfromthe Bay of Bengal

Estimation ofl* and Z/K
The modified Vetherall plot (1986) analysis yielded the regression line Y = 3.75 *

(- 0.174)*X and r = 0.975. Based on these points from 11.5 cm show a good linear
relationship and that points of lengths below 20.5 cm smoothly approach the extended
line from which L* : 21.585 cm and ZIK = 4.759 werc obtained (Fig. 2).
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Fig. 2. Estimation of L and,ZlK using methods of Vetherall fot U. sulphureus.

Growth performance

Growth performance index obtained here are L€: 22.7 cm and K= .98 year-1 giving
0': Iogl0 0.98+2*log10 22.7: 2.70.The nine other pairs of growth parameters in Table-
2 give a mean 0'value of 2.571 is well within a 95% confidence interval of S'based on
literature data. The results obtained here are therefore not in disagreemenr with other
glowth studies of U. sulphureus.

Monality

The mortality rates M, F and Z computed
for the U. sulphureus were 1.91, 3.86 and 5.77
respectively. Fig. 3 presents the catch curve
utilized in the estimation of Z. The darkened
circle represent the points used in calculation
Z via least squares linear regression. The
correlation co-efficient for the regression was
0.999 (a : 15.63 and b : - 5.72). Right hand
limb of the catch curye was considered. The
fishing mortality rates taken by subtraction of
M from Z and was found to be 3.86. These
estimates generally agree with what little Fig. 3. Length-converred catch curve of Il
information is available in the literature (Kh sulphureus.

vittatus(Zeiglar 1979). TheJones and van Zalinge plot (I9UI) yrelded the regression line
Y = -4.13 + (5.741) * X and r : 0.999. Based on lhese points from L2.25 cm show a good
linear relationship and that points of lengths below 18.25 cm smoothing approach the
extended line from whichZ : 5.741was obtained.
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Exploitation mte

The exploitation rate E has been estimated frorn the Gulland's (1971) equaiion
E:F/F+M. Thus from the range of values F and F+M it can be shown that the rate of,
exploitation, E is 0.67. Mustafa (1993) have stated that the rate of expl.oitation for the
stock of U. swlphureus in Bangladesh marine water was found to be 0.82 on the basis of
length frequency data. From these value, the stock of U. sulphureas ofBangladesh coast
appears to be over fishing.

Selection pattern

The length at first capture (Lc) from "Selection curve" were found to be 9.85, 10.824
and 11.798 for escapement factor Lr' Lru and L^ respectively. Mustafa (1993) reported
that the seiecti.on (Lrr) was 11.073 cm on the basis of the net used by the research vessel
(Anusandhani) from the Bay of Benga!., Bangladesh.

Recrui{ment patteEn

Recruitment pattern suggestiye of two uneven seasonal pulses in March-April and
August-October. Peaks appeared in August-October. It appears frour original pattern of
recruitment with superirnposed normal distritlution that 47.01% this species is recruited
di.rrin g March-April and 52.99o/a recruited durin g Au gust- S eptember.

Yield-per-recruit and biomass-per-recruit

The yield-per-recruit and biomass-per-recruit were determined as a function of th.e
exp!.oitation rate assumingLclL* :0.4768 and M/K : 1.9489. The present explcitation
rate 0.67 which was exceeded the optimum exploitation (E-*) 0.57. Fig. 4 shows ttae
yield-per-recruit isopleths diagrams of the various length at entry for U. sulphureus
species into the fishery based on different values ofE and a constant value ofM : 1.9tr"

The discontinued curves indicate the range which produced the maximun: yield-per-
recruit. The rnaximum value of relative-yield-per-recruit at the meeting point of the
eurnetric yield curve with the rnaximum sustainable yield (MSY) curve at E : 0.56 and
Lc : 10.0 cm in the yield-per-recruit diagram was so called potential yieid-per-recruit.
Flence, the value of Lc : 10.0 cm for 0.75 year should be considered as the optimurn age
of expLoitation at which the biomass (standing stock) attains its maximum size. The
curve suggesfs that the maximum yield-per-recruit could be achieved simultaneously
decreasing both Lc and F. However this might cause a siguificaut depletion of spawning
stock. Hence, about L7.37% of the species entered in to the fishery less then sustainahle
length (TL<10.0 crn). Present length at first entry was 5.0 cm. It is therefore
recommended that maximum yield could be attended by simultaneousiy increasing rhe
length at first capture to length at MSY 10.0 cm.
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Frorn the regression analysis of the length and weight the relationship was found to

beW:0.03065 L28328.

Vimtal population analysis

An average value of F(L> 5.0 cm) and E was, obtained 0.969 and 0.337 respectively.

L* : 22.7,K : 0'98, M = 1.91, F : 3.86, a = 0.03065 and b = 2'8328 were used as

inputs to a VFA. The tu value was taken a 0. The virtuai population anaiysis produced for

LI. sulphurerJs with those parameters are shown in Fig. 5. Highest exploitation was

observed between 10.0 and 19.0 cm length class.

Yield and srock prediction

Yield, Biomass and Value were determined as a function of the growth parameters

(I-- and K), mortality rates (M and F), recruited size, length-weight relationship
(intercept and slope) and price (class length) respectively. Yield and Stock Prediction

analysis showed rhat highest yield and price could be attended by simultaneously
decreasing the fishing rnortality to 0.9 coefficient rate (Fig. 6)'
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Fig. 5. Length-cohort analysis of polled data of [.1. sulphureus.

Fig. 6. Thompson ard Bell yield stock predicition analysis of L/. sulplturerus.

Table l. Length-frequency data used for estimating population paramerers in goat {ish (u-penaeus
sulphureus) caughr in the Bangladesh EEZ (April'95 - March,97)
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fleet : Trauler
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Table 2. Growth parameters of llpenaeus sulphureusit various areas of the Indo Pacific region

Area t- (cm) K A' Reference
San Miguel Bay 15.3 1.05 2.39 Ingeles and Pauly (1984)

Samar Sea 19.5 1.20 2.66 Ingeles and Pauly (1984)

Samar Sea 19.5 1.30 2.69 Corpuz eral. (1985)

Burias Pass 23.5 1.30 2.86 Corpuz era,/. (1985)

Ragay Gulf 17.0 1.32 2.58 Corpuz eral. (1985)

North Java Coast 15.8 1.74 2.64 Beck and Sudrajat (1978)

North Java Coast 17.5 0.90 2.44 Dwiponggo er a.r. (1986)

North Java Coast 16.5 0.78 2.34 Dwiponggo er a|. (1986)

Java Sea 19.9 0.875 2.54 Suhendro, B. (1986)

of Bengal 22.7 0.98 2.70 This study.
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Prevalence of ectoparasites in farmed Pangasius
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Abstract
Of the total 240 Pangasius hypothalamus (5 - 8.7cm) fry examined during September'0l
to February'0z, 80 (33.33%) were found to be infested with one or more ectoparasites
irrespective of genera or groups. Seven parasiric groups were identified with the highest
average prevalence of Trichodinids (55%) followed by Dacrylogyrus spp. (42o/o), Epistylis
spp. (8%), Apiosoma spp. (7%) Argilus spp. (5%), Gyrodactylus spp. (4%) and Piscicola
spp. (2%) the lowest prevalent group irrespective of months. Trichodinid and
Dactylogyrus spp. were recorded to be the dominating parasitic groups among the seven
both in terms of monthly prevalence and severity of infestation throughout the period of
investigation. The highest prevalence (60%) of ectoparasite was recorded in December
and the lowest (10%) in February irrespective ofgroups,

Key words : Ectoparasiles, Pangasius hypothalamus

Introduction

Intensified fish culture and ectoparasitic prevalence are known to be closely related to
each other. Fish mortality due to parasitic infestations was reported by several authors in
various fish culture systems in different countries (Banu et al. 1993). Physical presence of
ectoparasite might damage fin, skin and gill, and thus open portal of entry for secondary
invaders (Kabata 1985). During the epidemiological studies in Bangladesh, Khan (200I)
and Khan et al. (2002) identified the ectoparasitic infestation as a significant risk factor
for epizootic ulcerative syndrome (EUS). Therefore, presenr srudy atrempted the
preliminary investigation of ectoparasites in Pangasius hypothalamus at high density
farms in order to predict the possible risk ofulcer type disease facilitated by ectoparasitic
infestation.

Materials and methods

The investigation was carried out from September'Ol to February'02 in and around
Freshwater Station, Bangladesh Fisheries Research Institute (BFRI), Mymensingh,
Bangladesh. Twelve monoculture based Pangasius ponds were selected for the
investigation without any bias. Twenty live P. hypothalamus were captured once from
each of the ponds during the sampling period using a cast net. Fish were captured
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randomly during each sampling period irrespective of clinical signs or syrnptoms and
carrled to BFRI fish disease laboratory using plastic buckets as soon as possitrle in order
to prevent the ecoparasitic deformity due to death Kabata 1985. Macroscopic ecoparasites
were detected with naked eye but scrapings of skin slime and gills were thoroughly
exarnined under compound microscope in order to identify the macroscopic ones. Fish
size were recorded as well during fish examination. Parasitic idenrificarion was
accomplished using the keys of Kabata (1985). Parasitic loadings for each rype was
categorised as iow, medium and high based on visual examinarion and estimation.

Results

Total 240 P. hypothalamus (5-8.7cm) fry were examined during the investigation. Of
the total fish, 80 (33.33%) were found to be infested with one or more parasites
irrespective of genera or groups during the sampling period. Seven parasitic groups were
identified with the highest prevalence of Trichodinids (55%) foliowed by Dactylogyrus
spp. (42%), Epistylis spp. (8%), Apiosoma spp. (7%) Argulus spp. (5?t), G5,.rodacrylus spp.
(4%) and Piscicola spp. (2%) the lowest prevalent group (Fig. 1).
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Fig. I' Average prevaience ofectoparasites in respect to the toral number offish examined.

During the investigation period srarted from September to February, the highesr
prevalence (60%) of ectoparasite was recorded in December and the lowest (i0%) in
February irrespective ofgroups (Table 1).

Table l. Average monthlv prevalence of ectoparasites irrespective of species in pripgrrslir.r
hyputlttrl, tm t r.'.

Sampling month Total no. offish
examined

No. of fish infested
with any ectoparasite

Prevalence of

ber 40 1l 27.5
October 40 19 47.5
November 40 9 22.5
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December 40 24 60.0

an 40 l, 32.5

40 4 10.0

Total 240 80 33.33

Trichodinid was found as the most dominating ectoparasitic group among the seven

throughout the investigated months except the total absence of parasites in February,

with the highest prevalence (40%) in December and followed by (35%) in October,

(22.5%) November and (175%) September respectively. Second dominating parasitic

group, Dactylogyrus spp. showed the highest prevalence (47.5%) in December and

followed bV (30%) October, (I5%) January and (12.5%) September. Epistylis spp.

Apiosoma spp. Argulus spp. Gyrodactylus spp. and Piscicola spp. were the least

dorninant parasitic groups. Gill was identified as the main site of parasitic attachment for
mosr of the parasites. High parasitic loading was shown by Trichodinids only in
December and medium in October and November. Dactylogyrus spp. exhibited medium
loading in December. Remaining ectoparasitic infestations were found as low level

loadings (Table 2).

Table 2. Prevalence of ectoparasites io Pangasius hypothalamus during sampling months along

with location of attachment and loadings

Discussion

Present investigation
and colder months due

clearly indicates an association
to decreased aquatic space,

between parasitic infestation
high stocking density and
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deteriorated water quality (Hossain et aL 1994). The study also identified a remarkable
parasitic infestation in catfish (P. hypothalamus) both in terms of loadings and diversity,
which might increase the chances of ulcer type disease to some extent. The highest
infestation of Trichodinids followed by monogenetic trematodes were found similar to
previous investigations conducted by Banu et al. (1993) and Hossain et al. (1994).
Chandra er al. (2000) and Chandra and Yasmin (2003) identified fourteen species of
monogenetic trematodes in five freshwater catfish and air breathing species of
Bangladesh. Gill had been found as the most vulnerable site for ectoparasitic infestation
due to its thin epithelial layer and physical protection by the operculum. Exposure of
fish skin by external parasites might be one of the sufficient causes for the invasion of
secondary invaders to develop ulcer type disease.
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