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Evaluation on propagation of common carp (Cyprinus
carpio Lin.) with hormonal and natural stimuli

K.K. Ahmed" and M.AK. Chowdhury

Asian dstiute of Technology, Bangkok, Thaiang
'Fisharies Nesoarch Institute, Rivering Sub-Station, Rangamati-d 500, Bangladech
"Comespanding aufor

Abetract

The success of breeding of common carp (Cvorims camio | using hormoaal
inducement and environmental stimull was evaluited considering different sex
ratios, and natural and artificial subsrates. A tal of 18 females tweighing 250 to
22008) divided into & treatments wese Investigaied. A successiul spawning was
observed in all the treasment proups, only 66 66% female responded
successitlly 1o LHEH-A combined with dormpherickane and B3.33% female in
natural stimuli. Females induced with LHRH-A and dempheridone found prompt
ovulation than that of natural ssimulation. & sgaificant varation (F=7.45, Pz 0.06]
was found among the different treatment groups, The rumber of eaps releasad
dppear 1o depend on body weight (1=15.72, P<.05], sex ratio (1= 796, Pe (.05
and percentage of ovulated fernales (1=5.34, P< 0.05). Although eavironmentally
stimulated females refeased mosa apgs than injected fomale {=5.18, P< 0.05)
but their survival rate was similar (t= 1.77, P< 0051 Comparison between the
Pwo appreaches under the conditions of AIT hatchery shown that both are
suitalrle: for spawning Induction In comman carp. However, énvironmental
stimulation i advantageous becavse of the lese labor and lower cost reguired
for ovulation,

key words : Comman carp, Propagation, Hormane

Introduction

Carps are among the commercially desirable and popularly cultured species
i Asian and the Indo-pacific region. The fish common carp (Cyprinus carpio) is a
very widely cultured species among Cyprinid because of its high tolerance to
environmental fuctuation. This fish originated from Central Asia (lhingran et al.
1988) and now spread over almost all the sub-tropical and tropical countries of
the weald,

There is a wide range of breeding practice of common carp e.8. natural,
semi-artificial and complete artificial condition. The special characteristic of this
species is it adhesive ege which is usually attached to a substrate. Effective
breeding program is-an essential requirement to viable commercial operation of
a hatchery. Complete intervention of the reproductive cycle s a prereguisite for
the development of an eificient breeding program (Glerde 1986), Intensified
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management of breeding fish is required both in reducing contamination and
maximizing the demand of sesd production. At the higher stage of breeding
technology, fertilization rate and quality of egg also increased e.g. subsequently
rate of epg hatching was enhanced to about 95% under controlled environment
(Dwevedi 1986)

For semi-artificial practice the environmental stimulation was practiced by
taking nominal measures like substrate application, keeping male and female
together, creating required dark photo period and maintaining ambient water
temperature, lsolation of eggs, hormonal treatment etc. are also used together
with environmental stimulation. MNow-a-days the most comman and popular
hormaonal treatment is ‘Linpe method', which is based on the GiH released by a
super active analogue of piscine gonadotropin releasing hormone | sGMRHa)
combine with dopamine receptor antagonist | Peter of al. 1983

The main objective of the present study was lo evaluate the breeding
performances of common carp wsing different kormonal and natural stimuli.

Materials and methods

Broodstock management

Initially broodfish were kept in a earthen pond having water area of 0.2 ha
with gther species. At the advent of breeding season, the broad fish were
checked for observing gonadal condition and manipulated them for better
management aspects. To provide plentiful sustained supply of plankton and
benthic organisms, brood ponds were fertilized ot recommended dose using
inotganic and organic fertilizers. Three weeks prior to spawning externally
matured 57 female and 48 male carps were segregated . and kept to 2 net cage
{10x10x2m’ size) suspended into the pond. Pelleted feed was administered two
times daily at the rate of 1-2.5% bady weight of the wtal biomass during the
reared pericd. Ferilization of the pond of suspended cage was done fwo fimes
15t wesk and 4th week) at that period. One day prior to propagate, 18 females
and 27 males were finally selected examining their stage of ripeness amang the
collected brood and transferred them to octagonal breeding tanks having 3.75m?
surface area with a flow through system. Ripe females were recognized by
palpating the females abdomen which is bulging and soft to touch and swollen
genital papilla. Males, an the other hand deep-pit-like vent and more slender
hody and aoze out milt when gently pressed in the body, The selection rate for
female and male fish was 31% and 57% respectively.

Experimental design

The breeding design is shown in Table 1. In this experiment, the number of
treatment was six comprising mainly the effect of injection, male-femala ratio,
and the substrate, In freatment | and || fish were hormone injected with plastic
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substrate in each case but only difference was sex ratios. As the same way
treatment M and 1Y comprised of natural leaves as substrate and fish were also
harmone injected with different <ex ratios. On the other hand, in treatment v
angd WE fish were tried o induce emvironmentally without injection using same
substrate in different sex ratios. Amount of substrate was same {3 kgi in each
treatment group,

Table 1. Experimental design

Treatments  Experimental wmnit Stirmulaton Suhsl;a're Sex ratho (F:ha)

| R aﬂaghnai tank Hormonal Plastic 1:1

i = Horrmonal Plastac 12

i a Harrmanal Matuiral 1:1
beaves

I ? Hormional Matural 12d
feaves

) o Emwvironmental Plastsc 11

Wi i Ervironrsental Plastic 1:2

Hypophysalion

Two types of hormones were used, these are Suprefact {LHREHa } and
Motilium (Dompheridone . Only females %vere injected an intramuscular
injection one time with a dose of 10mg suprefact and 10 mg motilium per
kilogram of female, Before injection, stock solution was prepared diluting 1 mi of
suprefact to 10 ml solution,

Breeding

Injected and mon-injected broodfish of both sexes are transferred to the
shallew octagonal concrete tanks (2.0x2.060.25m*) in the hatchery for breeding
arwd manipulating them in six tanks considering the sex ratios and substrate
menticned in design. The breeding tank is filled to abowt 0. 18m of freshwater.
Spawning mests made of tree leaves and plastic materials are placed in the tank
batiom spreading properdy. A gentle flow of water is supplied in the breeding
tank from biofiltered recirculating water system. Cowrtship behavior like
swimming In pair smaothly, chasing females by the male and jumping little up
the surface of the water was found before spawning. The presence of bubbles,
milky water and fishy smell were the indications that spawning ook place. As
per expectation hormone induced breeders spawned the following morning
within &00-8.00 hrs after injection but enviranmentally stimulated hreseders
wirg bred after 24 hrs (30.00-31.00 hrs after injection) than usually expected,
The fish are allowed to spawn completely about 4-6 hrs after breeding start then
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they are removed and records were kept of the weight of individual females ard
the tatal weight of the eges released. The breeders then transferred to the small
circular tank for further obsercation. Utilizing the natural adhesiveness of
common carp eges, approximately B0-90% of fertilized eggs were attached o
the subsirate. Mumber of cggs were counted by weighing one sample of
substrate where eggs are attached and to weighing total substrate of individual
treatment, the fecundity was determined. Eggs were treated with malachite
green by dipping the eggs attached to the substrate into the bucker filled with
malachite green solution (2 ppm) to prevent bacterial and fungal infection before
transferring them to the incubation tank. Substrate with fertilized eggs attached
are transferred to the small hapa, made of mosquito net placed within small
circular tank for incubation and primary nursing, where for sufficient oxygen,
hiofiftered recirculatony water with aeration systems were maintained. Quality of
oppe, vpg size and percentage of viable egas were examined and on set of larval
developmental siages were alsa observed regularly within £8-59 hrs. Ten hawsrs
after hatching, the substrates was removed from the hapa, Hatchling rate of
epis was determined 1o count the hatchlings in a sample of particular amount of
water and by measuring the woial volume of water of individual hapa. Survival
rates of hatchling are recorded 48 hr afier hatching through counting of hatchling
in a sample measuring about 20 ml of water

Walter qualify paramelers

Temperature and dissolved oxygen content of incubation tanks were
maonitared during the incubation pericd with the help of a oxygen meter.

Statiztics

Analysis of Varance (one way ANOWVA] was used to compare the
significant differences among the treatment groups and 10 find out the least
difierences hetween the treatments, the critical analysis (CD) was done. Also
Stucents t-test was used 1o compare the difference between faciors involved.

Results and discussion

Tables 2 and 3 shows the overall performance of common carp breeders
sublected 1o induce spawning during this investigation, Eight ot of twelve and
five out of six-females responded successfully o LHRH-A combined with
dompheridane {66.66%) and environmental stimulation (83.33%) respectively.
The overall success was 77.22%, Initial egg release occurred after B hrs interval
in all injected fernales, Although most of the hormone treated female spawned
successfully within the expected perod but the percentage of success was
lower than that of the environmentally stimulated females, Due to sub-optimal
conditions in the fish pond and lack of certain environmental cues, fish can not
spawn always at all in captivity of response in hypophysation even if their ovaries
have completed successful vitellogenesis.
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Table 2. Spavwning performance of common carp

Treatments  Hourol  Hourofinifial  Spawning ody welght Fecursiisy Fetiliz -

ireaiment  epg rebpase talio of fernale iMool alien
before / CERE) rage| )
afmer spanvning

| 0,45am H00am 113 2.05/1.90 965,922 as3"
Il 0.4 5am 7,00 1 1,200 90 176,761 arap”
i 5,4 5am 7.00am Tz 2.55/2.30 224670 A1.60"
f45am 7.00am £ 12| 2.A5/2.40 113,505 ga.r0t

W {.83am B am 33 2.65/2,30 249,309 i o0’
.45am B AXTam 3 165220 TIR555 A1

Means ilfowed by same superscripl fefars vertically are a0l signifeantly diffonen o CLOS)

Yaron and Levavi-Zermonsky (1986} cited that, vitellogenesis in the Israeli
population of the common carp is completed by February, when follicle
diameter reaches Tmm, however, at this time of year not all female carp will
ovulate in response to either hypophysation or GRRH+MET {Deori unpublished).
Anather most impartant factor is the selection of suitable fermale carp including
examination of abdomen softness by palpation or measuring fish maximal
circumference (Rothbard 1981, Horvath and Tamas 19841, These methind,
though easy to perform, adopting accurately® require much skill and EXDeriEnoe.
The eggs retained in unspawned females may be of poor quality also (Rathbard
1981, Horvarth and Temas 1984) and the rate of processes involved In aocyte
final maturation and ovulation in fish depends on the ambient temperature
(Yarom 19495),

Table 3. Hatching performance of commen carp

Treatmisnts Hatching Tl Halching rase  Mumber of Survivabiline
lirne hizchirg (%) hatchiing o lafter
ihours| nunher harvesd B il
[afrai
B hoirsl
| 45 G4 00 75T T4 400 IT.63
1] 50 137 472 [F e 31028 85T
11} %1 17,200 9397 40} 2.33
i 3 BLE11 #1330 B9, Fus &2.50
W 54 144,594 LEEE ] 61,875 .00
Wi 54 1M, 051 3500 30,840 28,06
Wik 50 56,201 By 1,020 o0
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The fecundity for injected and non-injected females varied between 0,02 10
0,17 and ©4.25 to 0.34 million respectively with an average range of 002034
million. A significant variation (F=7.45, P=0.05) was observed among the
treatments in respect of number of eggs released by the females. Production of
epgs in treatment-VI differ significantly {P< 0.05) from all other treatments
groups and no variation was found among the rest of the treatments except
treatment-ill. Due to lack of eplications in each treatment and some systems
error in on set of experiments, it could not be able to find out the suitable
treatrnant and factors responsible for more success of ovulation, Even than, an
attermpt was made here to find out the extent of difference between the
treatment groups considering individual factor effect. A comparison of pairing
one of two males with each female indicated that fecundity was consistently
higher when two males present (t=7.96, P<0.05). The number of eges released
appear to depend on the body weight (1=15.72, P<0.05} of the fish used in these
experiment and oocyte maturation and ovulation (100% success) in commaon
carp were potentiated when natural leaves used to serve as spawning substrate
for them. In present experiment, number of eggs production by the
erwironmentally stimulated female were significantly higher (t=5.18, P<0.03)
than that of the injected female and survival rate was similar (t= 1.77, P<0.05). A
significant variation (t=5.34, P<(1.05} of the percentage of ovulated females with
respect to egps released was obsenved also. Although T00% ovulation success
performed by the females in treatment-lll, but their fecundity and average
survival of hatchling from eggs were remarkably low. The causes of lower
number of egg production is unknown but @ tremendous drop in average
survival of hatchling was done due to insufficient oxygen (Table 4) in the system
as air stone was out of order at the period of incubation. On the ather hand, in
treatment-V, about half of the total eggs were kept in the same tank along with
the substrate and another half transferred to the tank V as the same manner
with the parents for incubation. In treatment-¥, the lowest hatchling at harvest
indicate cannibalistic nalure of commaon cans.

The fertilization rate was found more of less similar for all the treatment
groups and ranged between 81,60 1 91.00%. Lin et al. (1986) abserved irom
several experiments that fertilization rates of ovulated oocyte for common carp
were consistently high (90%), hatchling rates were consistently high (30%) and
that fry were nomal. A wide range of survival rate (2.00-82.30%) of hatchling in
all treatment groups after 48 hours observation found poor survival rate in bath
approaches, may be due 1o some unsitable condition for incubation of eggs in
the shallow tank with insufficient oxygen is responsible for poor hatching rate
and survivability of hatchlings.
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Table 4. Temperature and disscleed oxygen content in Incubation tank

Treatmanis Huours Temperaturo ( Py iss0lved Chivpen | mg |
Feh 25 | Feb.2h | Feb. 2596 | Fob. 2606
19%6 14960
| A.00 7.5 57 7.2 4.0
16,00 114 nr 55 e |
] §.00 78 B57 [ 6.1
1600 12 N7 5.6 rn
i .00 7% 57 1.5 0.4
1600 i2m nr nqa L1
I &.00 273 57 6l T
TG00 10 > 71 |
¥ 00 275 157 BT T
14,
e 24 ) ey 7.0 7
W 8.0 275 257 7.7 TS5
1600 320 .7 7.4 F |

In this experiment adopting ‘Linpe method”, induced ovulation and spawning
has proven to he successful with commaon carp. Utilizing low doses of
dompheridone plus sGnRH-A analogue may be considered as the cost
effectiveness of the ‘Linpe method' but lesslabor and lower cost required for
hypathalamic manipulations through environmental stimuli, On the ather hand.
‘Linpe method' has advantages than ather harmonal induced method in terms
of cost effectiveness of labor and reduced stress on broodstock as fish generally
have ta be handled only once to give a single set of injections. Comparison
between the two approaches under the present physical facilities available
shown highly efiective and refiable technigue in induced ovulation and spawning
aof culture freshwater fish .

Acknowledgements

The authors are indebted to Dr. D.C. Little, Assaciate Professor, School of
Environment, Resources and Developrment, Asian Institute of Technolopgy for
providing facilities, encouragement and above all critically going through the
manuscript.



KK Abmod ana MoAK Chawdbary

References

Bromage, MR, and R.. Roberts (eds.), 19935 Broodstock Management and Ezg and
Larval Quality. Blackwell Science Lid , Oxdord | UK,

Cooperative Team for Hormonal Application in Plsciculture, 1977, Mew highly effective
exviilating agent far fuh reproduction . Soi. %ip., 2 - 469474,

Mhwevedl, B, and AK. Reddi, 1996, Fish breeding in a coatrolled environment.
Aguaculture, 74 1 1-10.

Gierde, B.. 1986, Growth and production of fish and shell fish. Aguacelture, 57 - 37-33.

Harvath, L. and G, Tamas, 1984 Propagation and intensive tarval rearing of common carp
and Asian herbiverous fishes and tanch, &7 Special metheds in pond fish
hushandary [ed. LE. Halverl, akademial Kisdo, Budapest, Halver Corporation |
Seattle, WA, pp 1-54

Hust, M., 1978, Text Book of Fish Culture, Breeding and Cultivation of Fish, Fishing Mews
Books Led., Enland. pp. 1171-15(00,

Mhirgran, V.G and RSV, Pullin, 1968, A Hatchery Manual for the Commaon, Chinese and
Inclian Major Carps. ADBES ICLARM, Manila, Phillipines. 191 pp.

Lin . HR., GV.D, Kraak, |.¥. Liang, C. Peng, G.¥. Li, LZ. Lu, X.J. Zhoa, ML Chang and
R.E. Pater, 1986, The effacts of LHRH snalogue and drugs which block the effects of
dopamine of gonadatropin secretion and ovulation in fish cultured in China, fn
Agquacutiure of Cyprinids teds, R, Billard and |. Marcel). IR Paris, France. pg, 13%-
140,

Peter, R.E. 1982, Matre, localization and actions of neurchormaone reiul ating
gonadotropin secretion in teleosts. it @ Proceedings o tae International Sympasium
on Reproductive Physiology af Fish jeds, ".;.F.l. Fichier and H.| Th. Coosh.
Wageningen, Metherlands, pp. 3039, ’

Peter, RE., LP. Chang, C.5. MNahomiak. RJ. Omeljaniuk, M. Sokolowska, 5H. Sheh and
R. Billard, 1986, Interactions of catechalamines andd GnRH in regulation of
gonadotropin secretion in telenst fish, Priog - Horm | Res, 42 ¢ 513- 5448

Peter RLE., H.R. Lin, and GALD. Kraak, 1988, Induced ovulation and spawning of cultiered
freshiwatar fish in Chinag - Advances in application. Aguacafiure. 74 2 1-10,

¥othbard, 5., 1981, Indwced reproduction in celtivated cyprinids-the commen carg and
group of Chinge carps. 1. The technique of induction, spawning ard hatchirg.
Bamidgek, 33 : 103-121

Wohlfarth | GW., 1984. Comman carp [ & Evaluation of domesticated animals (ed. 1L,
Mazo), Longman, Loadon and Mew York. pp. 375-80.

Yaron, Z., 1995 | Endocrine controd of gametogenesis and spawning induction in the carp.
Aguaculture, 129 : 49.73,

Yaron 2. and B, Levavi-Zermonsky, 19686 . Fluctuations in gonadotropin and ovarian
steroids during the annual cycle and spawning of the commuon carg. Fish . Fhysiol,
Biachem,, 2 1 75-86.

Udanpscanr recedved 19 Jine T9977



Jamglacdest | Fish, Res, 31) 19%9 1514

Polyculture of gulsha (Mystus cavasius Ham.) with
rajpunti ( Puntius gonionotus Bleeker) and silver carp
(Hypophthalmichthys molitrix Val.) in earthen ponds

M. Anwar Hossain, A.H.M. Kohinoor and M.G. Hussaln

Hanpladesh Ficharips Resaarch fsrilts, Freskbwater Siatian
tyimensingh-2207, Fangiadesh

Abstract

Culiure of guliha (Myshus cavasius] with ragsenti { Porfus gonionotush and silver
carp [ Hypaphthalmichifvs molitnis) was  wnderlaken 10 assess the arowih and
production potential of these specles under polyculture system, Fingeslings of
gulsha, rajpunti and silver carp were stocked at a density of 18,000, 10,000 and
4,000/a respectively,  Two freatments were fosted i this experiment.
Treatmemt-1 was conducted with rice bran and mustard il cake and treatmeni-Il
with rice bran and duck wead. All the ponds were fertilizad with urea and TSP
al fortmightly infervals,  After iy months’ rearing, the gross production was
ectimated (o be 1,587 and 3,125 kivha fram treatment-| and treatment-10
respectively. Tolal vield showed non-significant differences (P> (0L05) between

thie freatnsens. P

Key words : Polvoulture, M. cavasias, P. gondonofes, H, malitrix

Introduction

Mystus cavasius locally known as gubksha ic an indigenows small fish once
available in flood plains, swamps and canals of Bangladesh. 1t is a great favarite
of consumers and, therefore, has a great demand fetching high price in the
markel. As the catches of the fish have drastically declined from open walers
Iike rivers, beels, haors etc. in recent vears clee 10 various ecological changes in
the inland water bodies, the fish is now sold at an exorbitant price in the marker.
Keeping this in mind to increase its production, seed production technology
through arfificial propagation was developed by the Fisheries Research Institute
IAkhteruzzaman ef al, 1991). Very little information is, however, available on the
tulture aspect of gulsha. Kohinoor and Hussain (1994) observed that
monaculture of gulsha is ecohomically not viable. While polyculture maximizes
production, it depends on selection of appropriate fish species for  better
utilizatian of the food available in different strata and zones of a given aguatic
EAviranmernt.

Culsha is carnivorous in nature and feeds on crustaceans, protozoans,
insect larvae, small fishes and debris (Akhteruzzaman et al. 1991). On the
other hand, rajpunti is herbivorous and leeds mainly on soft aguatic plants,
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grasses, algae and some inverebrates {Phaohorm 1980, Srisuwantach 1981).
Silver carp is principally filter-feeding, planktivore fish (Khan and Siddique 1973,
Pillay 19901 Keeping their difierent feeding habite and niches in mind the
present study was undertaken to determine the growth and culture patential of
gulsha with rajpunti and silver camp in the palyculture system.

Materials and methods

A six-month experiment was initiated in Movember' 95 to April™d6 at the
Freshwater Station of the Fisherios Research Institute, Mymensingh. The ponds
were prepared by draining and limed at the rate of 250 kg /ha. Three days after
liming, ponds were filled with ground water and fertilized with catile manure at
the rate of 1 000 kp/ha. Five days later, inorganic fertilizers, urea and TSP, were
applied at the rate of 8 and 17 kgha respectively. Three days after the
application of inorganic fertilizers, stocking was done with gulsha (2.73 g,
rajpuntl (5,85 g} and silver carp (3.75 g) at a stocking density of 18,000; 10,000
amd 4,000'ha respectively.

Two treatments, each with three replicates were tested.  Rice bran [60%)
and mustard oil cake 40%) were used at the rate of 5% of body weight in
treatment-1. While only rice bran along with duck weed were used each at 3%
of hody weight in treatment-ll.  Subsequent to stocking, all the ponds were
fertilized regularly at fortnightly intervals with urea and TSP at the rate of & and
17 kg/hasmonth. The ponds were sampled at fortnightly intervals 10 assess the
growth and condition of fish, and feeding was adjested on the bhasis of estimated
fish Bigmass in the ponds,

Prysico-chemical paramefers such as temperature, fransparency, o,
hardness, pH, and ammania of water were manitored at weekly intervals while
hiological parameters on productivity at fortnightly intervals.

All the ponds were completely harvested after six months’ rearing first by
netting and later by draining the ponds.

Results and discussion

The summarized data of water quality parameters between the two
wreatments showed non-significant differences (P=0.05) excepl pH and are
furpished in Tahle 1. Phytoplankton population mainly comprised four major
groups, Chlorophyceae, Cyanophyceae, Bacillariophyceae and Euglenophyceae
and zooplankton comprised two groups, Crustacea and Rotifera (Table 21, Both
phyloplankton and zooplankton population were high in treatment-1 than in
treatment-|ll (P> (0.05).

in
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Table 1. Comparison of physico-chemical parameters of pond water of the
By Ireatments

Farameiers Treatment-| Treatmeni-|| i- Halistics
Water temperatire n:&ﬂ 11.10 3.4 15T M5
[£4.18) (&390
Transparency fcm) 27.60 10,67 .37 B
b, T5) 0,723 '
pt B.10 785 o
{227} =ik 34) e
nCy gyl 1 a5 00 N5
{111, Bay I, 50 '
Toal hardress imgiy 15031 15275 o.2g M=
E3T.82) [£21.53) ;
nE 3 | (HIES .04 rag V3
420,01] [£0.03)

M = S significantat 5 % level = Sigoificant @t 3% fevel

Tahble 2. Mean abundance of plankton furits % 1030) in tavo freatrments

Plansmom Treatment-l  Treatmoent-ll_ Signidicance
Fldirplankion

Hacillarisphycear 228 200 K5
Chilpraphyceae A4 A M5
Cyanophyceas 4.2 £.21 ]
Euglenaphycmae 133 747 L]
Tl Al 1821 ._'i 7.3 RS
Cristaces &S 0.7 WS
Rolifera 14h 115 *
Fotal if) i.n1 1.8 .
Crared Tolal A+ 11.39 19,76 o

ME = Mo sigaificant al 5% devel * = Sigaiffcant a0 5% level

The comprehensive data on the stacking density, production and survival of
gulsha, rajpunti and silver carp are given in Table 3, The increase in net weight of
gulsha, rajpunti and silver carp was 44.1, 1374, 43393 and 33.6, 119.8, 380.1g
in treatment-1 and || respectively. It was found that the increase in net weight of
all the fishes was high in treatment-1 than in treatment-ll, Species-wise manthly
growth pattern of the fishes in treatment-i and Il is graphically shown in Figure 1.
Growth rate of all species was also high in treatment:) than in treatment-I,
Howaever, there was no significant difference In the average survival rate of
fishes in treatment-l (85%) and treatment-ll (81 %),

11
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Table 3. Stocking density, culture period, gross production and survival of gulsha with
rajpunti and silver canp

—

Treal-  Specics Slacuing Culure Proghuctiion (kgfhal Sarvival (%l

PrEnns densilyfha period Species Tenad Specles Ay,
W WRE
M. cavashis 16,000 P05 56 84

1 P porinnmnsg 10,000 6 monghs.  1,2433F 5 zp 758 A i)
H. maliinie 4,000 | 63269 951
A, Cavasiiag 16,000 L R T4

I P, gomiarsatus 10,000 B months L1305 3974717 B a1
H. malitme 4000 1.421.94 g1

Figres i the seawe column wilfe same supasoriies ans not significanly ofifferend ([Pad.05)

Bty e e R
[

Fig. 1. Showing the manthly growth rate of fishes by average increase ir wetght,

While gross production did not show significant differences in yield in
treatment-] and treatment-11 (P= 0,05, F= 5.47), production of gulsha and silver
carp was significantly higher (F= 198.30, F= 18.42) in treatment-] over
reatment-ll which might be due to the application of a nutrittonally richer teed in
treatmentsl, Further, the production of rajpunti did not show any significant
differences (F= 6.09) between the two treatments, probably application of duck
weed in treatment-Il which was utilized by rajpunti alone,

Cost of production and retum from this study are presented in Table 4.
wWhile, estimating cost of production, variable costs towards lime, feed, fertilizer
and fingerlings have been taken into account, As these small ponds are
managed by the farmer himseli, no labour charges have been taken into
constderation. Cost of production in treatment-1 and treatment-ll was Tk. 79,494
and Tk, 62, 78&ha/e manths respectively. While, the net benefit of Tk. 98,546
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and 93,892 was obtained from treatment-1 and Il respectively. Where treatment.-
| indicating higher profitability in which rice bran and mustard oil cake were used,

Table 4. Cost and return analysis of gulsha with rajpunti and silver carp production e
hactare por siv months

Bem Trapirmenl-| Ir::l.rn:r.t-ll
Cniariiny (kg Cast 1Tk} Chazntity (5 Corst (T

P prép.frnriz-m

Lire 350 FEO.O0 50 7R

Cenw dunp 1,000 2500} 1000 25000
Firperiings

Rajpunti 10000 Moz 3,000.00 PG00 Mo, 3,000.00

Silver eap 4, 0KH) B, &0Lo0 2,0 M, HIE1LAD

Giilsha HLONX Mge 18000000 18000 Mes B CH £
FoadlFortilizer

Rice bran %02 P 1600 17034 EEHN N

Pl Lstard il coioe BAES I 33000 -

Dk wesd - = 14,080 A3.720.000

Incrganic Fn-!gii.arr 3000 2, EE;Lﬂ M 220,00

ol cost ) F"i'.-l-'!lii:'ll'.:l qi,?&&.ﬂn
Ciress procluction dkpdhal and Retum (TEH

Ceufsha R I-‘D.EEIEJII 579 7 Ad.00

Eapianr 1,224 6215000 1,123 36,1 50,000

Hlver carp 1523 4565000 1,421 42, 430,00
Tofa) Renam Tkt l:'a.m.un 156,600, 00
Mot beaefi (Th. I RUE R T 94,592, 00

The water quality parameters in all the ponds were within the limits of fish
proscuction and the fishes were not found in a distress condition during the
experimental period. However, DD was relatively low in all ponds thraughot
the experiment, Ahmed (1993} reported a similar trend of lower DO from the
fertilized and fed carp fingerling ponds in Bangladesh, v monoculture of M.
cavasius wsing rice bran, mustard oil cake, wheat bran and fish meal, Kohinoor
and Hussain {1994) demonstrated a production of 1,135 ka'ha'ts months. In
monccy lbure of P, gonionotus, Hessain et al. (1989) obtained a production of
1,952 kp! ha/5 months with only rice bran and 689 kg'ha/Smonths with onily
fertilizers, However, Kohinoor ef al. (19931 got a production of 2,384 kg Mha'e
manths using rice bran (60%) and mustard oil cake (40%) in monoculture of 2.
gonionotus. The present study indicates that farming of gulsha with rajpunti and
silver carp is more productive and profitable and suitable for Bangladesh
conditions.
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Bleeker) inclusion in the polyculture of carps
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Abstract

The impact of inclusion of Thai silver bark, Puakbies gonionotus (Bleeker) in the
polyculture with teo major Indian carps, wiz., Labeo rohits, Catls catls and
common carp Cyprings caipio has been studied in seasonal ponds for 113
days. The presence of sifver barb decreased the growth of indian carps while
increased that of common carp, A significantly higher (P05 fish yield
(179365 Kgha/yr) was observed in the four species polyculture system
containing silver barh when the combined yield of all species was compared.

Key words © Puslius goniorotas, Indian major canps, Polyou e

Introduction

The development of polyculiure system has procesded as elsewhere in this
region on an adhoc hasis with continued addition of exatic species. Earlier
stuclies by Dewan et af .(1991), Wahab et al. {1991} and Wahab and Ahmed
(19892} clearly indicated that the dietary overlap (competition for foad) among
silver and bighead carps and the native species, catla over rohu was very high,
and growth and praduction of the later were significantly reduced in polycultere,
This suggests that inclusion of any exptic fish within a native species based
polyeulture should not be encouraged without evidence of strong econamic
heneiit,

Thai silver barby or Thal sharpunti (Puntius ganionofus), a herbivorous species
i Phachorm 1980), was introduced into Bangladesh in 1977 and has become
increasingly popular owing its bright silvery appearance and good taste.
Intreduction of sharpunti in the palyculture of native carps increased averall fish
vields although it had a slight antagonistic effect on growth and production of
native carps (Wahab ef 2. 1995). The compatibility of sharpunti in mixed (native
carps and exotic carps) pond polyculture system, however, remains largely
unknown. If the species proves environmentally benign and has no adverse
effect on native and exatic species then it may be an excellent candidate for
pand polyculture. Considering the need for a thoraugh investigation with the
most favoured and biologically compatible species for the pond polyculture, the
present study has been designed with the objectives 1o assess the compatibility
of Thai silver barb in the carp polyculture and 1o compare the praduction
pedarmance with or without addition of this species in the fish pond.
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Materials and methods

The experiment was carried out for a period of 115 days in the Agricultural
University campus, Mymensingh, Bangladesh. A series of six earthen pomnds
sach of .01 ha with an average depth of 1.5 m were used for this experiment.
Ponds were rain fed and free from aguatic vegetation, completely independent
and well exposed to sunlight. These ponds had no inlet and oullet.

Seven davs hefore 1o stacking of fish, ponds were ferilized with cowdung,
urea and TSP at the rate of 50 kg, 1 ke and 1.5 kg per pond respectively, and the
fertilization was continued throughout the experimental period at 15 day's
interval. Fish were fed with rice bran at the rate of 3% body weight and quantity
of feed application was adjusted fortnightly on the basis of fish hipmass.

Two treatments were tried in this experiment. In treatment-| (T,], fingerlings
aof rohu {Labeo rohita, 2.13 g, catla | Catla catla, 2.36 g) and commaon carp
(Cyprinus carpia, 1.38 gl wene stocked at 100 fish per pond in the ratio af 101
1. For treatment-l (T}, equal number and ratio of rohu, catla and comman carp
fingerlings and an additional 25 sharpurti fingerlings (1.28 g) were stocked,

The water quality parameters such as temperature ('C ), secchi disc depth
icmi, pH, total hardness (mafl, dissolved oxygen (mef), total ammaniaimgT),
nitrate imgl), orthophasphate (mgf) and chlarophylli-a (ma/l ) were monitored
farmightly following standard methods (APHA 1992 |,

Fish prowth was monitored fortnightly throughout the experimental period.
Sample of five fish from each species of every pond was caollected from two
freatments at vach sampling day by a cast nel Growth of fish was determined
by measuring fish length [cmi, using centimeter scale and fish weight (g) by a
electronic balance. Fish were harvested at the end af the experiment by a seine
net and following pond drainage the remaining fishes were picked up and were
measured and weighed.

Oine way Analysis of Variance (ANOVA) was used for statistical analysis
using STATGRAPH statistical package. Statistical significance was assessed using
a probability level of P= 0,05

Results

Water quality paramelfers

The water quality parameters are summarized in Tahle 1. During the
experimental pericd the water temperature varied from 28.2 to 31°C In
ireatment-l and 27.2 to 31.6 "C in treatment-ll. There was no significant
difierence hetween two treatments, Highest temperature was recorded 3.6"C
in the month of July, Transparency values showed variation with sampling date
ranged from 21.2 em to 36.0 em in pond no. 5 and pond no. 1 respectively both
were belonged 1o treatment-ll. Highest transparency {31.5 cmj) was ohserved in
August. There was no significant difference between two treatments
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Throughout the study period, p*' of water of the ponds were found 1o be
approximately neutral or slightly alkaline and ranged from 7,17 to B.37.
Dissolved oxygen contents of the pends under Ty were within the range of 3.3 10
9.2 ppm and the range of the ponds under T, were 3.3 ta 10.66 ppm. It was
found that DO decreased while temperature value increased, so there was an
inverse relation between DO and temperature. There was no significant
difference between treatments. Total hardness was significantly higher {p<0.05)
in treatment-Il -as compared to tréatment-l with mean values of B4,234£71.38
ppm and 74.1349.7 ppm respectively.

Phosphate- phosphorus of the ponds of both treatments Tluciuated (06T 1o
.26 mg/li throughout the experimental period. The ranges of nitrate-nitrogen
and total ammonia measured over the experimental period were 086 o (.9
mg1 and 0.08 to 0.11 mg/ respectively and were within the limit suitable for fish
praduction.

The concentration of chlorophyll-a was significantly (P=0.05} higher in T, than
that of T, with mean values of 159.66%27.22 mgl and 59.43+21.88 mg/l
respectively.

Total phytoplankton ranged from 3.734£0,154 1o 50.64521.296 celled (Table
2h. Among the four groups of phyvtoplankton, Chlorophyvoeae showed the
guantitative dominance over other groups in both treatments, The mean
abundance of zooplankton was 5.223 0.305x10° cells® in T, and 5877
0.233x1 0" individualsd in T,(Table 2). Plankton population was significantly higher

(P=0L051in T,. %

Growth performance of fish

There was no variation among the initial weight of various species between
the twao treatments. Amaong all species included in this study, the weight gain of
common carp was significantly (P<0.05 ) higher in treatment-1l, four species
polyculture system. It showed maximum gain per fish among the species and
varied sipnificantly bebween two treatments with mean weights of 21895
#1327 g in T, and 1BE.17£1.386 g in T, (Table 3}, Catla ranked second with a
higher mean weight of 1483141558 g in T, and lower mean weight of
140.7840.8814 g in T,. Rohu showed the gain per fish with a higher mean value
of 13633+ 202 in T, and lower mean weight of 131382179 g in T,. Gain per
individual fish of silver barb was 128.34£1.23 g in treatment-1l, The survival rate
of fish was estimated after total harvesting of fish. The survival rate of various
species in two treatments were fairly high and ranged from 88.88% to 03,32 %,
All species had a similar trend of survival in both treatrments, The lowest survival
rate was observed in catla (88.868%) in treatment-l and rohu (88.89%)} in
treatment-1l respectively (Table 3),
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Tahle 3. Yield parameters of different specles of flsh in we Treaimenls

Treatmssnis T regiient-| Trea'ln-ugn[ll

Species Rl Cala Common  Robu Cati  Common  Sharpanti
c carg cap

Mo, siockedha 3,300 3500 1400 1400 3301k Zo400 2,500

Mean e o flsh ar 3,066 1933 1003 1033 EREN] 3,133 2,133

harvesi

Survival {355 091 84,849 21.07 0,50 G0 Q214 0332

Ao, initial W, 213 2.35 1.30 213 130G 158 1.25

Ay Thnal wi (pgh 13846 150067 189.35 13351  t43iq 220,33 12987

Laaim i i, (g1 per 13633 14830 iR L 113 4078 X8us 1xi.59
fish

Met vield ikphat 41798 43480 5831.11% JAE 4 42240 &85 90 300000
Toaal [kigha 1436.340° 179365
SI1E daysl

Total vield of fish was significantly higher (P<0.05 1 in four species
pofveulture system due to an increased vield of common carp and an additional
vield of sharpunti. Total production of fish as appeared in Table 3 showed that
there was a significant (P<0.03) difference in total production with higher vield of
179365 Kgha/115days in treatment-1l and a lower vield of 1436.30
Ke'haf1 1 5days in treatment-1. When species-wise comparison was made, it
revealed that rohu and catla had significantly higher (P<0.05) net vield in
treatment=l ard comman camp had sigmiicantly kigher net vield in treatment-Il,
Total production of catls were 434.8 kg e and 4.22.40 kg'ha in treatments-1 and
Il respectively, Total production of rohu was 41798 Kg'ha, 385.34 Kgha in
treatment-l and freatment-ll respectively, Whereas that of common carp was
583,33 ket'ha and 683,90 kgha in T, and T, respectively.

Discussion

In polyeulture, co-inhabiting species aof different feeding hahits are cultured
in the same pond, s that the food niches are utilized without detriment to one
anopther, Transparency indicates the presence and absence of food particles and
progluctivity of a water body, which is influenced by the suspended materials, silt
and micro-organisms, Dewan efall (1985 and 1991) observed an inverse
relationship between Chiorophyll-a and secchi depth values in the pond of
Mymensingh area, In the present chservation, the highest transparency was
recorded after beavy rainfall during August. Lowest transparency was observed
after fertilization which might be due to the presence of higher phytoplankton
population and suspended organic matter.

Chlomphyll-a value was significantly higher in treatment-11 than treatment-I
due 1o the higher concentration of plankton in ponds under freatment-il. The
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results shawed an inverse relationship hetween chlorophyll-a and transparency.
Ahmed (1993 also reported similar relationship between transparency and
Chlorophyll-a.

In this study, Chlorophyoeae showed the quantitative dominance over other
plankton groups in both treatments. Wahab and Ahmed (1992} found that
Cyanophytes dominated in the ponds containing Indian major carps. In the
present experiment, the plankion population was high in both treatments but
comparatively higher in treatment-ll, The highest phytoplankton number of
G2, 85x10" cells/] was recarded in the month of July and the lowest was 4.69x10°
cells/l was recorded in the month of September. Similarly the highest
zooplankton number 6.9x10° individuals] was recorded during the month of July
and lowest zooplankton 4.9x10° individuals/l was observed in September.
Woahabs &t al. {1994) obzerved the phytoplankion number ranging from 2¢10" to
Ex10F cells and the Zooplankton of 2x107 10 2%107 individual in their study.

The mean survival rate for variows fish in different treatments in the present
sty varied between 88.89 to 93.93% which were higher than the survival rates
reparted by Wahab et al. (1991) for Indian major carps in polyculture,
Laksmanan et al. {(1971) observed survival rate of 80% with seven species
compasite culture of Indian and Chinese carps whese ponds were fertilized with
bath arganic and inorganic manufes. |n the present experimant, the highest
survival rate was observed in case of sharpunti (93.932%%). Kohinoor et al, {1993}
ohtained survival rate of B6 to 94% in the monocultere of sharpunti. Wahab et al.
(1995) also found survival of all fish including sharpunti was higher than 80% in
polvculture of native carps.

Woeight gain (gfish) of robu, catla, common camp was 136,33, 148.31 and
188.17 in treatment-l and 137,38, 140,78, 218.95 in treatment-1l respectively,
Weight gain of sharpunti was 126.59 {g| in treatment-Il. From the results, it was
evident that the highest weight gain (gffish) was observed in case of common
carp in both treatments but significantly higher in treatment-Il. Weight gain of
rofu and catla was higher in T, than that of T,. In both treatmenis commaon carp
ramked first position in preduction when the species-wise production was
observed with net vield of 583,33 and 685.9 Kgha in T, and T, respectively. The
production of catla ranked second position in both treatments but higher
production was obtained from T,. Production of rohu possesaed third position,
was lower in T, in comparison to that of T,. This might be due to antagonistic
effect of sharpunti inclusion in the polyculture, The overall production of T, (
including sharpunti) was zignificantly higher than the treatment T, (without
sharpunti) with total production of 1,794 kpha /115 days and 1,436 kgha/115
days respectively, In both treatments, supplementary feed and fertilizers were
used regularly to ebtain higher production of fish. Murty erf al. (1987)
demonstrated a high production of 4,096 kgha' yvr from composite fish culture
using Indian and exotic carp species applying supplementary feed and
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nitrogenous fertilizers, Hussain e al, (1987) obtained production of 1952 kg/ha/s
month of P. goronotus with only supplementary feed. Wahab et al. {1995} also
ohserved 5,294-5,670 kg'hatyr production in the polyculture of carps with
sharpunti,

By including sharpunti, synesgistic imteraction has resulted fromy faecal imput
of sharpunti. The execreta bas enriched the bottom of the pond with essential
food materials edible for comman carp. This has helped 10 increase the growth
and production of commen carps. By stirring up the mud, the common carp
recirculates the nutrients into the water and help to increase phytoplankton
population. The excreta of herbivorous sharpuntl reported to influence the
growth of commaon carp (Phaohorm 1980, Dey 1994), Shahahuddin ef a/. (1994)
also found positive effect of sharpunti on the growth of common carp. The
overall increase in total fish production may have been due 1o the confounding
effect of additional numbers of sharpunti which help to increase the growth of
commen carp and also have decreased the availability of food matesials for ather
con-inhabiting major carp species. Thus, addition of sharpunti slightly affected
the grawth of rohu and catla. Similar negative effects of silver carp and bighead
carps has been observed by Dewan e 3l (1991) and Wahab and Ahmed
11991,

From the present study it may be concluded that the inclusion af Thai silver
barb or sharpunti in the traditional carp polyculiure has overall increased fish
yields although it has exerted an antagonistic efiect on growth and production of
majar carps, 1t has clear synergistic effeck on the growth and production of
common carp which may be imporant for the future development of
palyculture technology in Bangladesh or elsewhere in the region. Thus Thai silver
bark has appeared to be an approprate candidate Tor polyoulture with carps.
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Ahstract

Mitrogen and phosphorus requirements of 2 chain-forming diatom, Skelafomsma
costatem Greville) Cleve, collected from Yatsushire Sea, lapan, were
imvestigated in a lzboratory culture experiment. Sodivm nilrate and sodiom
glvcemphosphate were used as nitrogen and phosphorus sources, respectively,
Cultures were grown in madified Provasali's ASPNTA medium (Provasoli af &,
1957 at 25£1°C, light intensity 60 pE m™ sec” and photoperiod 12:12-h, LD
rycle. Optimum growth was observed at nitrate concentrations of 3-10 mal”?!
and phosphate concentrations of 1.5-15 mgl” . Adeguate growth was also fouwnd
at the nitrate concantration of up to as high,as 300 mgl™”. Significantly poorer
growth wac found at lower nitrate (< 3.0 mgl™) and higher phosphate
[= 15 mgl") concentrations. From the present study, it is concluded that 5.
costatum can grow well af wids ranges of nitrale concentrations but is sensitive
i higher phosphate concentrations.

Key words : Dlatom, Skeletonema costatuns, Mitrogen, Phosgphorus

Infroduction

Skeletonema coslatum is a common diatom (Eppley et 2l 1971} which is
ong of the important food dems of most copepods. In Taiwan and in the
Philippines this species is considered as one of the best algae for feeding prawn
larvae (Liao @f al, 1983}, 5. costatum can serve as a good biological source of
proteins and fatty acids (Sanchez of af. 1995). This species is also very Important
due 1o its potential use as valuable assay organism for examining water guality,

O the other hand, 5 costatum, in some situations, may become noxious,
iorms heavy blooms when gets suitable emvironment due to eutraphication and
causes economic losses 1o aguaculture. This species is known o cause blooms
in LI5A, Rumania, France, Morway, Urupuay, China, Japan and Hongkong
{Blanchermain ef al. 1994, Mingyuan and |iasheng 1993, Hosaka 19925, Noxious
phytomlankion blooms are a serious prablem for finfish agquacolture because the
alga may kill fish by damaging or clogging their gille or kill fish due to
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deovgenation by forming a laver on the water surface {Anderson 1989), and it
is believed that these blooms are increacsing all aver the workd (Smayda 19932],

Growth of phyvioplankton in pature is controlled by various environmental
factars, such as temperature, salinity, iradiance, nutrients, stratification, water
turbulence etc, (Tomas 1978, Uye and Takamatsu 19900 In our another study, it
was found that 5 costatus was extremely euryvhaline and folerable to very fow
salinities (Khan ot af. 1998), Optimum growth was obsenved at salinities of 20-315
ppt, temperatures of 20-25°C, light intensities of BO-120 uE m™ sec” and pH
botween 7.5-B.0. Mutrients are very important environmental factors that
infleence the growth of any alga (Okaichi &t al. 198%). The nutrient requirements
of Yatsushire Sea's strain of 5 cosfatum in nature and |aboratory have not yet
been studied. The presenmt study describes the effect of nitrogen and
phosphorus on the growth of Yatsushiro Sea's strain of 5 costatum.

Materials and methods

Skeletonema costatum wsed in this study was isolated in 1991 from
Yatsushire 5ea, lapan. Stock cultures were grown in modified Provasoli’s
ASP,NTA medium (Provasoli et al. 1957) (Table 1} at 2521°C, light intensity 60
uE m” sec’! and photoperiod 12:12-h, LD cycle. Sodium nitrate and sodium
givcerophosphate were used as sources of nitrogen and phospharus,
respectively, Growth was determined at eight concentrations of nitrate (0.1, 0.3,
1,3, 10, 30, 100 and 300 mgl") and six concentrations of phasphate (0.1, 0.5,
1.5, 5, 15, and 50 mgl 11, Culture media were autaclaved for 15 min at 121°C,
ard aged for several days prior 1o inoculation,

4
Table 1. Composition of modified Provasoli's ASPONTA medium (Provasoll ef al. 1957}

Additive Concentation
Marl tagl
Mg, THO Sg’
KLl 06 pl’
Cafas C1) o1g'
Peatll, Fmgl’
Ma, glycerophasphate 1 mgl’
B SKD AH.O “4 mal”
Ma T, gl
Vitamin B, 0.2 gl
Vitzmin mix, 53° 10 mil
Pl metalst® 3 mll’
For Cas 17 0.5 mgl”
Tris busfier 10k
Diigilled warg: .t lier

The pH of the madivm was 7.4,

* Cve mi of witamdn oy, 53 contains: thlamine HCT Q05 mg. nicolinie aoid 800 mg Cr
pantarhanate 0,07 mg, p-aminghensalc aced T pg, hiatle 07 pg, ncsickd 0.5 mg, fate acid 0.2 mg,
thymins 0.5 Mg

Ol of P I inetals Contains: Sa  EDTA 1 mi, Pe das OF F 0T mg B fas ) 8000 0.2 mg M (s
O 0L eg, T (s D00 5 g o das ) 7 g
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Before starting the experiment the algae were acclimated to the
experimental condition for at least two generations, Cells of mid logarithmic
growth phase were wsed for inoculation 1o ensure that the cells were
nutritionally replete, Sterilized micropipeties were used to transfer the inocula.
Individual growth medium was gently shaken once a day for accelerating growth
and to avoid settlement of algal cells. ANl growth studies were done in triplicate.
The cell concentration was determined by direct counting by using a Sedgewick -
Rafter chamber, Counts were made immediately after inoculation and then each
ather day up fo 10 days. For reducing errors due to possible synchronouws
civisions counts were made at the same time each day. The average number of
cell divisions per day (K1 for the 6-dav growth period was calculated from ;

Cy 1
k= In—I: [
Co thn2
where, Cp and Cp are cell concentrations at times { and 0, respectively (Guillard
189731,

Division rates under different conditions were subjected to Analysis of
Variance {ANOWA) (Statview 5.E. + OGraphics, Abacus, Concepts, Inc.).
Significant differences among the means were determined wsing Duncan’s
multiple range test (DMET) (Gomez and Gomez 1364},

Results

Crowth of 5. costalum at different sodium nitrate concentrations with the
fixed salinity (30 pptl, temperatuse 125°C) and light intensity (60 wE m™ sec'}is
shown in Figure 1, Cultures reached a maximum cell density of 11,36 x 107 cells
mi" an the bth day at 10 mgl ' sodium nitratk and the cell density remained at
9.70:10° cells ml”" up to the 10th day in the same medium. No lag phase
exhibited at 3 mgl”" and 10 mgl”, and at 1 mg" and 30-300 mg” the lag phase
was o distinct, Poorer cell density was found at low concentrations of nitrate
(0.1 and 0.3 mg™' | with a 2 days of lag phase.

.

tritees

Sl of cellaiml ix 1858}

Flg. 1. Growth cunves of 5. costatum at different concentratians of sodium nitrate.
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Analysis of Variance [ANOVA) showed that the difference in mean daily
division rate of the cells at different nitrate concentrations were significant, The
best mean daily division rate (0.75 divisions/day) was found a1 3 and 10 mgl”’
which was not significantly higher than that at concentration of 30 mgl”’ 10,74
divisions/day), The mean daily division rates at 0.1-1 mgl" were significantly
lovweer than at higher concentrations of mitrate, The mean daily division rate of 5.
costatum in relation to different concentrations of nitrate levels showed an
increasing trend of growth from 0.1 to 10 mgl” and then a show declining trend
above 10 mgl! (Fig. 2).

g ..j}- T ™ T T T
]
; = e L 1
k- *
g bTe Brd 1
% | i de
i
""ﬁn .'| 1 III- ]-IEI-I 1

Sodigm ndirate (mgid)

Fig. 2. bean daily division rabeof 5 costalioon & difierent concentrations of sodium nitate. Each paint
ardd verical line mepasenl mean © 50 G theee replicates. Means with diffesent keirers ane
signilicantly diffenent (@ < 0,050 =

5, costatum required low amounts of phosphate. 11 grew well with
phosphate concentraticns of 1.5-15 mgl” (Fig, 3). The maximum cell density was
found at concentrations of 1.5 mgl” (10,30 x 10" cells ml™" ) and 5 mgl” (1027 x
10° cells ml '), The maximum cell vield at 50 mgl" sodium glvcerophosphate
was only 5071 x 10° cells ml™ an the 6th day of culture which waid less than 50%
af the maximum cell vield at 1.5 and 5 mgl”

gl
(R
L3 gl
1rwgl
15myl
=yl

T

g ol oo Pl 105

Dy s i ke
Fig. ¥, Growth curves of 30 castaiun: ar diftvsent o asgentratiens of sedium glycerophosphate.
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Statistical analysic |ANOWA) indicated that the mean daily division rate of 5.
costatum was significantly different (p=0.05) a1 wvarious glycerophosphate
concentrations {Fig. 4}, The highest mean daily division rate (0,71 divisions/day)
was at 1.5 and 5 mgl” and no significant differences were observed among the
phosphate concentrations of 1.5, 5 and 15 mgl”. Lower mean daily division rate
was found at the concentration of 50 mgl™" with 0.59 divisions/day.

». T T T T

ot LTI L
e
{4

0.b0 ﬁﬂ-

0.5% :
.o il I g1 1

Sodinm glyeerophosphate (mgle

Fig, 4, Mean daily division rate of 5, cosizgtom at different concentrations of sodium
glycemphosphate. Each paint and wventical line represent mean £ 50 for three replicates, beans with
different letters are significantly different (p < D.05L

Mean daily division rsie (K)
5

The division rate of the plankton in tr:lag'un to different concentratians of
sodivm glycerophosphate showed an increasing trend of growth from 0.1 10 1.5
mel" and a slight declining trend above 1.5 mgl”. A much daclining trend was
found from 15 mpl”,

Discussion

Nitrogen and phosphorus are two important macronutrients which are
esential for the growth of phyvtoplankton, In this experiment, it was found that
the growth rates and final cell vields of 5, costalum were dependent on the
nitrate and phosphate concentrations in the media and the optimum
requirements of nitrate and phosphate were 3-30 mgl” and 1.5-15 mgl”,
respectively. Venkataraman (1969} reported about the requirement of a high
level of nitrogen (13.6 mgl™) as compared to phosphorus (0.45 mgl’) for
maximum growth of Coccochloris pemniocysiiss, Similar ohservations were found
for Selenasturm westii (N/P ratio of 22.67) and Kirchneriella subsolitaria (NP
ratio of 15/1).

It has been known that ecological and physiological parameters of
phytoplankton may vary for different species (Khan et al, 1996). 5. costalum can
tolerate a wide range of nitrate concentration. In the present study, §. coslatum
grew at nitrate concentrations from 0.1 1o 300 mgl"' with the optimum at 3 to 10
mgl . These optimum nitrate concentrations are similar o that of a previously
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reported red-tide-producing phytoflagellate Chattonella antigua (Nishijima and
Hata 1986}, In all cultures there was a clear decrease in growth rate at lower
nitrate concentrations which are similar to the findings of Mishijima and Hata
[1986). Adequate growth of 5 costatum was also found at nitrate concentrations
of as high as 300 mgl” . Similar results were found by Venkataraman (1969} for
Mitzschia closteriom. On the other hand, growth of many algae were found 1o be
stromgly inhibited ai higher concentrations of nitrate. A conceniration greater
than 31.5 mgl' of nitrogen was found to inhibit the growth of Chiorella valguris
(Venkataraman 19369).

The optimum phosphorus concentration for the growth of phytoplankton
varies with different species. MNishijima and Hata (1986), while studying the
effect of glycerophosphate in batch culture of C. antigua using a phosphate
concentration range from 0.03 to 8.9 mgl’, observed that the growth of this
plankton was found to be optimum between 1-8.9 mgl ', was poor at 0.3 mgl”’
and was affected at 0.03 to 0.1 mal”. Similar observations were found by
Venkataraman (1969 for Anacystis montana which required a surprisingly low
concentration of phosphorus. In our study, the optimum glycerophosphate
concentration for the growth of 5. costaium was found to be between 1.5 10 13
mgl®, 1t is noteworthy that, though S costatum required a surprisingly low
concentration of phosphate phosphomus for their optimum  growth, some
phytoplankton require much less concentration of phosphate. The best growth
of Ankistrodesmus fafcatus and Acenedesmus quadricauda were ohserved at
1.0 mgl" and Asterionella formosa was at the gonceniration of anly 0.002 mgl”!
iWenkataraman 19691, The growth of 5 costatum was found fo be inhibited by
higher conceniration of phosphate.
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Ahstract

For stdying the effects of different levels of testosierone proplonate on growth,
ssrvival and sex-ratio, five different doses such as 125, 100, 75, 530, 25 mg
hormone per kg feed were administered 1o S5-day ofd Claras gariepinus  fry
therowh diet for a period of 40 davs, The growth perfosmance in terms of welght
and length gain of the fry receiving 100 and 75 mg hormone per kg feed were
significantly higher than those recelving 50, 25 and O (untreated controfl mg
hormone per kg feed. The groups of iry treated with higher doses of hormone
chowed lower survival compared to those with lower doses of hormone. The
freqieency Of male fish im all the hormone treated groups except the 125mpkE
group were significantly higher than that of the expected frequency of male fich
in @ normal population. The highest frequency of male fish, 92.08%, was
nhtained with 1he diet containing 50 mg hormaone’ds diet however, the highest
levels of hormone (82 5mgky dietl resulted in relatively lower freguency of male
fish,

Key words © Tesiosterone-propicnate, African catfish, Sex-ratio

Introduction

The diversified and labile ses-differentiation systems in fishes have made it
possible to induce sex-reversdl by hormonal treatment in many gonochorisitic
and some hermaphrodite fishes (Pandian and Sheela 1995) Hormonal sex-
reversal technique may be wsed to understand the mechanism . of sex
differentiation and o produce mono-sex population for aquaculture, Fish
production can be improved by adopting mono-sex culture technigque either by
imvolving male or female fsh, depending on the superiority of growth
perfarmonce. The adequate supply of fry of a single sex is, however, the main
prerequisite of this practice, In the fry or fingeding stages, it is usually not
prssible to separate physically the fish according to their sex. So it is presumed
that the whaole population of fry be produced as a single sex. [Netary
administration of synthetic steroid hormones has been proved to be the most
effective and gasy means of producing mono-sex population through hormonal
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sex-reversal (Hunter and Donaldson 19831, Sterolds can also be administered
by immersion (Pifferer ef &l 1994} and by injection (Shelten 19660, Monoses
poplation can alsa be produced by producing bomogametic parents of bBoth sex
(cott et al. 1989, Kavumpuorath and Pandian 1997, Depending on the sex
determining mechanism neo-males (genotypic females) or neo-females
igenotypic malel are produced by administering sex hormone [Shefton 1986,
Scott et al. 1989, Lahav 1993). After repeated crossing and progeny testing the
hompametic broodfish are proeduced.

The African catfish, Clarias gariepinus, has been introduced in Bangladesh in
1989, This fish possesses many characteristics such as faster growth rate,
disease resistance and hardiness which are suitable for aquaculture. Production
af this fish can be improved by adopting the culture of mono-sex population,
Van den Hurk et af, (1989} studied the effect of 17#-methyl testosterone and
11&-hydroxyandrostenedione on gonadal differentiation of €. gariepinus and
found that from day 28 after hatching these hormones were found to be
effective 1o change the sex-ratio in favour of male. In the present study, an
androgenic hormone testosterone propionate has been administerad in the first
teading fry of C. gariepinus with variable doses in order to optimise the dose for
the production of maximum male population. We also report in this paper the
comparative growth performance and survival of the iry during the hormone
feading phase receiving different levels of hormane dose

Materials and methods

Sources of fry and experimental design

The experiment was conducted with first feeding larvae of ©, garfepinus
which ware produced through induced breeding by wsing buman chorionic
gonadotropin (HCG) and carp pituitary extracts as inducing agents, The
experiment was canducted with 5-day old larvae having an average total length
of 7.4 mm and average body weight of 6.8 mg.

Eighteen plastic bowls of 20 cm radius and 21 cm depth were used for the
hormonal treatment. The plastic bowls were arranged into 3 rows, & bowls each
and each bowl contained 300 . gariepinus larvae, The plastic bowls were
randomly arranged for six treatments (T, -T,) each with 3 replications, The fry of
treatments Ty, T, Ty, T, T, and T, were fed with diet containing 125, 100, 75, 50,
25 and 0 mg of hormone per kg feed respectively.

Preparation of hormone treated feed

The androgenic hormone testosterone propionate used in this study was
callected from local market with the trade name ot ‘Testoviran' (Cermany] in aily
preparation. For preparing the hormone-mixed feed 250 mg of hormoné was
clissolved in 250 ml ethanal which was considered as stock solution. For the
diets containing 125, 100, 75, 50 and 25 mg of hormone per kg of feed 75 ml,
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&0ml, 45ml, 30ml, and 15ml of the stock solutlon was mixed with 600g of
SABINCO” shrimp nursery feed respectively, Additional ethanol was added 1o
each of the diet to equalize the volume up to 75ml. The untreated contral (T,)
was also mixed with 75ml of ethanol without hormone. The feeds were then aie-
dried at room temperature to remove ethanol by evaporation and then oven
dried at 30" C for 24 hours. All the feeds were stored in a vacuum paolythene
bag by sealing the opening and then kept in redrigerator (4°C).

Feeding trial and rearing

The larvae were fed regularly three times daily at 08.00, 14.00 and 22.00
hours at the rates of 35%, 30% 25% and 20% of body welght per day for the 1st,
2nd, 3ed and 4th 10 days respectively of the 40 days harmene treatment phase.
The uneaten feed, debris and faeces were siphoned once daily. The bowls were
provided with a continuous supply of water through perforated PYC pipes.

After completion of the hormanal trial the fish were fransferred to fibre glass
tanks and fecl with hormone free artificial feed for two maonth, The fish were then
transterred in a race-way and reared for another four menths when sexing of the
fish could be done easily with normal ‘SABINCO' catfish feed containing 30%
protein, 6% lipid, 6% crude fibre and 17% ash.

Collection and analysis of data

A representative of 15 fry from each bowl wese randomly sampled for the
record of weight {mg) and length (mm) at 10 davs interval, The dead fry were
remaved from the bowl and recorded daily, For studying the sex-ratio in
different treatments the fish were sexed morphologicallly by the genital papillae
al the age of about eight months. Sexually mature C. gariepinus can be easily
sexed on the basis of genital papilla which is elongated and pointed for the
males, and short and round for the femates. The sex of the relatively smaller fish
were confirmed by examining the gonadal condition following dissection.

The growth parameters of the larvae were analysed by Analysis of Variance
IAMOVAI following completely randomomised design and Duncan’s Mew
Multiple Range Test (DMRT). The analysis was done by using a computer
package ‘STATGRAPHICS' version-7. The frequencies of male population in the
different treatrents were compared with that of the expected frequency of male
fish [50%) in a random normal population by Chi-square Test (Zar 1996).

Results

Growil and survival

The increase in body welghts of fry of all the treatment groups appeared o
be similar up to day-20, variations between the body weights of fry under higher
and lower doses became clear later on (Figure 11, Similar trend was also
ofserved in the case of length increments (data nat shown). The mean weight
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gain of the fry receiving 100 mg (T, and 75 mg (Ty) hormone per kg feed at the
end of the 40 days hormone trial phase were found to be significantly higher
lp=0.05) than thase receiving 50 (T}, 25 (T} and O (T,) mg hormone per kg feed
(Table 11, The mean weight gain of the fry eceiving 115mg of hormone (T, | was
significantly higher than that of T,but similar to T; and T,. No Significant
differences were observed among the weight gain of the fry of T, T, and T, and
among To Ty and T, (P>0.05) (Table 1), The mean lergth-gain of the fry of T, and
T, at the end of the 40 days hormaone feeding phase were significantly higher
than that of T,, T, and T, (P=0.05} Mo significant differences were observed
amang the length-gain of the larvae of T, T and T and among T, T, and T 0
P=0.05) The condiion factor of the fry of T, were significantly higher than those
of rest of the treatments (P<0.05). No significant differences were observed
amang the condition factors of the fry of T\, Ty, Ty and T, The condition factor of
the fry of T, was found to he the lowest (Table 1),

Weipht & mg

1] Diay-11 Llag+20 D= 300 Dyl
Fig. 1. Mean weight of C. gasdepinus fry under different treatments during the 40 days

harmane fesding phase, Ty, Ta.Ta Ty Ty and T, reprasents six different diets confaining
125, 100, 75, 50, 25 and 0 mg of testosterone propionate per kg feed respectively,
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Table 1. Varicus growth parameters and survival rates of C gadepinus fry fod on diets
containing different levels of testosterone propionate

Parameters Treatments
T T T T4 T5 T
2 5mpkg [T UEH'EE' [ B 1 BSingpl 10mpfg)
Pnilinl weightimgl 0 6E1.F BT EEELT BAELT TEE BT
Final weijht imgal g6, gy IO45.3 £523 T4 AOn,7?
weightgain gl gy ek aaz,0" 10985 s85.4" a1 e Fa3s
initial befugtis il F 0400 R 7 600 790 TBa0E FO0LE
Final bngth fmmi 50,2 20 na 44 i7h A0
i =
Leegihogain immi b 4" 440" 1.2” e ARk
Condition fctor 4 wy9 3 oetenn”  oement®  asron®  oemem® 061236
Sur: gl (%) 1025 10as" 144" 544" 13a° 17.67"
Figuses in the sarme row foflowed by different superscripts are significantly different ar P05
W
Harutiion Gty = ——— & 107 where L= Lergtt inemm and W Weight in g
J,j

The survival rates of the fry of T, and T, were significantly higher {P<0.05)
than those of Ty, T,, Ty, and T, The survival rate of the fry of T, was significantly
higher {P<0.05) than those of T,, T; and T; Mo significant differences were
observed among the survival rates of T,.T,, arrE TyiTable ).

Sex-rafio

The sex-ratio data of the fish of different treatment groups recelving different
doses of testosterone propicnate are presented in Table 2, The frequencies of
male fish obtained in the treatments having diets containing 25, 50, 75 and 100
mg of testosterone propionate per kg feed (T,-T,) were found to be significantly
higher than that of the expected frequency of male fish (50%) in a random
normal papulation | P<0.05]. The frequency of males in the group of fish growing
from fry fed on 50mg’kg of feed was found to be the highest (92.08%). On the
ather hand, the frequency of male fish in T, ( 125 mpkgl was found to be the
lowest and was not significantly different from that of the expected frequency of
50, The frequency of female and male fish in the untreated contral group (T )
was also nat significantly different from that of the expected ratio of 1:7 in a
normal population.
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Table 2. Frequepcy of males and females in the groups of fish grown from the fry ied on
different lewals of testostercne propionate

Sex of fish Mumbers¥requency of fish in different freatments
T Ty i} Ta Ty Ts
{125mgkgl  N0Ommkg  (TImghkg  50mgkgl  (2Smgthel ik

halle T 1a &7 53 in a3
Femals & 9 s E| 10 ia
Taslal ar a3 54 T ad il
Frequency of 20063 2.8 12.96 T4 20,040 6,21
femaleiia)
Frequency al 7037 FAOT 7.0 2. 10K} 33.0M
mialedi)

Discussion

Growth and survival

Anabolic steroids, both androgens and estragens enhance growth and feed
conversion efficiency when administered al optimal level in fish (Matty 19851,
The anabolic effects of the most frequently used synthetic steroid, 17%-
methyltestosterone, have heen found to be dose dependent which was
reparted by a number of authors (Donaldson &r al. 1979). Yamazaki (1976
found best growth rate of goldfish wsing 17f-methyltestosterone at a
concentration of 1ppm, the growth rate was decreased al a concentration of 10
ppm and weight Ipss was noticed at a concentration of 30ppm. In the present
study, though the effects of various levels of hormone on growth were nol clear
up to day-10, a dose-cepandent response in growth became clear on day-31
orward (Figure 1. The fry receiving testosterone propionate at the doses of 100
and 75mg per kg diet showed significantly higher weight and length gain than
those receiving 50, 25 and I mg per kg diet {Table 1), No difference in growth
performance was observed among the groups of fry recelving 125, 100 and 75
mg of hormone per kg diet. Mo difference in growth periormance was also
ohserved between the groups of fry receiving the highest and the lowest levels
of hormone, These findings support that the higher doses of the hormone da
not induce growth enhancement rather tend to be catabolic or exert deleterious
efferts which Interfere with the normal processes and retard any gain in anabalic
response expected by the increase in dose. In contrast to the findings of the
present stugy, Eversole (19349) found retarted growth when testosterone
propionate was administered to 2 months old guppy (Lebestes reficulatus) twice
weekly for a period of 17 weeks. However, Sviirdson (1943} abserved (cited by
Dronaldson ef al, 1979 a sex and age dependent response of guppy to
testosterone propionate, This author found significant increase in length in the
sexually mature female fish when the hormone was administered through diet.
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From the present study it appears that up 1o 8 certain level lestosterone
propionate has positive eifects on growth of C. gariepinus fry though these
effects could be visible from dav-25 afer hatching

The survival rates of the fry during the 40 days experimental pericd were
found o be related 1o the doses of hormone (Table 11, The groups of larvae
receiving higher levels of hormone (125-75 mp'ke feed) showed significantly
lower survival rates compared 10 those receiving lower doses or nio hormone.
Pandiarn and Varadaraj (19900 found that the mortality of Oveochromis
mossambicus Increased as the doses of methyl estosterone increased, Torans
e al, (1968) alse reported that survival of O awreus negatively correlated with
the doses of mibolerone when applied by immersion for sex-reversal, As
mentioned earlier, the levels of androgens higher than that of the optimal may
have deleterious effecis on fish which might be the cause of higher mortality.
The effects of hormone bowever, can not be considered as the only Factor for
such low survival rales because the survival rate of the fry of untreated contral
was also found fo be low {17.67%), The O gariepinus fry in this study were
reared on completely artificial feeding that might be the cause of such poor
survival rates. It is now established that Claras iry show poor groswth and
survival with artificial feed (Uys and Hecht 7985, Alam 19881, Administration of
hormones through live foesd such as Tebifex sp. worms could be tried 1o
overcome this problem in Clarias fry,

Sex-ralin

In the present, study the synthetic an-ﬁrugen reslosterone propionale was
fourdd to play a sigiificant role inealtenng the sex of C. garepinus into males.
Among the five doses of bormone tested, the dose of 50mgfky feed was found
ter be most potent and resulted in 92.08% male fish. Ridha and Lone (1990)
reported 90,.3% male O, spilurus after oral administration of 70 mg 174
methyltestosterone per kg feed for a period of 38 days. Administration of
S0ppm 1 7Emethyliesiosterone for 3 weeks (from & o 11 week], resulied in
92, 7% males in Cyprings carpio ikamen ef al, 1989). These findings are more or
lpss similar to the findings of the present study, Goudie ef al, {1989} reporied
that due to the antagonistic action of 17&-methyliestiostercne the frequency of
female fish was higher at higher dosages, The occurrence of relatively more
fermale (dess malel at higher levels of testosterone propienate may have been
resulted from the same reason. In contrast o the present study, Van den Hurk
efal, 11969 reported that 17F-methyliestosterone had a feminizing effect at a
dose of 100pg/ (mmersion freatment) from day 14 after hatching in O,
gaviepinus, However, they mentioned this effect as pharmacological rather than
physiological, The same dose of a particular hormone is not cqually effective in
all species of fish, It has also been reported that the higher doses of bormone
might not necessarify produced higher induction in sex-reversal [Guerrero 1975,
Waolwode 1978, Ridha and Lone 19905 As the androgenic hormone action is
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species specific, for maximum induction of sex-reversal the dose of a particular
hormone to be aptimised for each species individually. From the present study,
it appears that the optimum dose of lestosierone propionate in O garepinus lies
within the range of 50-75mphkp feed.

Like the dose of hormone the success of sex-reversal experiment also
depends on optimal duration as well as date of starting of hormone treatment for
a particular species, Since the higher doses of hormone produced relatively
higher martality and lower frequency of male fish it is recommended to optimise
the duration of lestodterone propionate weatment for better masculinization in C.
gariepinus. As mentioned earlier, the overall survival rates of fry during the
hormone feeding phase was found to be low which might also affect the
success of the sex-reversal experiment. In the present study, the hormone
treatment was initiated from day-5 after hatching. Starting of hormone treatment
at later stages would have resulted in berter survival and and thus better result in
sew-reversal,

The abpective of a sex-reversal experiment is 0 produce |1 00% mono-sex
population of a particular sex. The highest frequency of male fish obtained in the
present study {5 92.08% which indicates that it is paossible to reverse the sex
mostly or entirely by dietary administration of testosterone propionate in C.
gariepinus. Further research in this species is however, extremely essential.
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Abstract

An experiment was carried ouf for a period of 20 days using 7-day old Clarfas
batrachus barvae of initial total length of 7.4 2 0.49 mm and weight of 2.9 + 0083 my.
Three artificial diets were used for the study having three replication of sach. Amaong
these, diet | was formulated wsing 20% fish meal (FMI, 30% powdared milk and 30%
boiled egp wolk (BEY), diet || wsing 27% Fh, 0% Baker's yeast BY), 30% BEY and
3o agar and diet | using 20% FM, 209 BY and 45% whole ega, The larvaa fed on
digts 1B and 11 showed slpnificantly {P<0.05] batter langih and weight gain than those
of the larvae fed on diet | The lamae fed on diat 11 showed the bBest sureival rate
(F0%). Howesers, the condition factor af the lareae fed on diet | was significantly
hettar thar those of the laraa fed on other two diets, The results of the study
chowed that C bafrachws larvae could be su|:£essr'url',.- regred with diat containing
45% wiole agi, 200 yeast and 20% fich meal,

Key words | Clarias batrachos, Larvae, Fead

Introduction

Larval stage of fish is considered as the most sensitive phase of its life.
Development of successful and suitable induced spawning technigue fails to
fulfill the demand of stockahle sized frv unless some success in rearing the
larvae is achieved. Catfish C. batrachus is not out of this normal phenomenon,
Although its induced breeding success has been reported by a number of
worrkers including Rahmatullah er 2l (1983) and Mallah (1987a and 1987h), nat
much work seems to have been conducted to solve its larvae rearing problems.
It is, however, an established fact that live feeds like Tubificid worms ancdfor
sooplankton like Daphnia’ Moina give very good grawth and survival of the lamvae,
But the availability of these live food round the wear is uncertain and their
controlled production technology has not yet been demonstrated conclusively.
As a resuft, it was felt necessary to find out the alternative way of rearing the
larvae with formulated diets, In this context, the recent works of Alam and
Mollah (1988 and 19895, Madhury and Mollah (19900 and Saha er al (1996)
worth mentioning. Howewver, no perfectly suitable larval diet has yet been
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developed. Therefore, an experiment was conducted with the aim of finding a
suitable diet for successful rearing of C. batrachus fanvas.

Materials and methods

The experiment was carried out with 7-day old larvae having an initial 1otal
benath of 7.4 mm and weight of 2.9 mg. . batrachus larvae used in the present
study were produced by induced breeding with the use of human chorfonic
gonadotropin {(HCG) at a dose of 3 and 2 1L/ body weight of female and male
respectively. When the volk sac was completely absarved, the larvae were fed
with hard-boiled chicken egp yolk.

The experiment was conducted In nine trays of size 104 X 43 X 15 cm’,
gach having 20 litres of water, Each of the ravs was stocked with 100 larvae at &
rate of & larvaed of water. The trays were divided info three treabment groups
each having three replicates. Larvae of treatments I, 11 and 11l were fed with diets
L Il and Il respectively. For maintaining continuous flow in the trays, water was
supplied by perforated plastic tube which was connected to the tap of the
laboratory. Excess water was drained out through the outlet of the tray.

The larval feeds were prepared with fish meal, veast, powdered milk, bolled
chicken egg yolk, whole egg, wheat flour, agar, cod liver oil ete, Fish meal was
prepared from deboned 'Tata shutki' (Channg stefatus) which was purchased
from local market. Required amount of dietary ingredients were measured and
mixed thorgughly, Then the mixture was made into paste form by adding
required quantity of water. Proximate compositions of distary ingredients and
test diet were determined by ADAC 11963) methads with slight modifications.
Proximate composition of dietary ingredients are shawn in Table 1. Formulation
af test diets and their proximate composition are given in Table 2. The enegy
content {Kcalfg) of the diets were estimated according to Hastings (1979, The
vitamin and mineral premixes used were prepared according to Jauncey and
Raoss (19820

Table 1. Proximate composition of dietary ingredients used in three experimental diats (%
dry matter bas)

Frozbmate compesitan

Ingredients Dy mattes Cride Lipird Al Crude fihee  MFF
protein

Fish meal 23,00 A3.03 1226 ida T 5
Hakoor's yeast 24,60 3787 6,55 320 D08 2.25
Whobe egp {albuminsyiolk) Z.om 5883 .03 o9 -

Boiled chicken egg yolk 36,50 ] 21.24 12.39 -

Powdered milk 97 2713 2896 5,50 . r.Aag
Wheat faur 22.14 1248 1.32% 211 214 __E1.‘E|!|_

MFE (Nitrogen free extiacl! = VK - forude protein + liphd -+ ash + crude filre?
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Table 2. Formulation and proximate composition of the test diets (% dry rmattes basis)

LCiress

I|'|p|r41-r|:'u:n|:+:'I

| ] 11}
Fisn meal 2040 170 Hifl
Bakes"s yenst : 00 A}
Podered milk 300 . .
Bodbstl chicken Jan R ]
e vk
T
iaEemin + otk . . 50
Wil faur 110 154 1a.0
Mfar " 14
Ciotfl liver ail 140 14 1.0
Atiractant © i a L
Wiramin pne-unn3 = 1A 1%
Finieral premlx"' = = .
Crnade probeln 3917 2.0 4925
Lipld 12,060 708 00
Agh TIH T.3H r.11
MFE 4164 + 4148 R3.64
Ervengy 1K cal 00 437 .64 415.88 #21.50

"BTOR @ ey ol Soaliim aspdrmate (sal of aynetic scid)
Ted Accovding to frunesy & Rods ()982

The experiment was continued for a period of 20 days. The fish were fed
three times daily between 08,00 h and 20000 h, Feeds were supplied in excess
of satiation. The larvae were considered satiated when they stopped feeding,
though there were some feeds el (o be fed and astembled in the corners of
the trays. The excess feed was removed before nest feeding and dead larvae
were removed and counted at that ime, The growth in terms of length (mm)
and weight (mgl and survival rate of the larvae were determined at the end of
the experiment, The data on survival rates were normalized by arcsine
framsformation [Zaman &f &, 19821, Statistical analysis of the data were done by
one way Analysis of Varance (ANOWA} and Duncan's Multiple Ranpe Test
(Gomez and Gomez 1984} fo determing differences between the means
(P05},
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Results

The growth and survival rates of C, batrachus larvae in response to different
formulated diets are presented in Table 3. The length gain and weight gain
attained by the larvae fed diets Il and 1l were significanly better than that fed diel
I, However, the differences among the length gain and weight gain of the larvae
fizcd diets 11 and 11 were insignilicant.

Tabbe 3. Various grewth pararmeters and survival rase of C, darachos larae
fad o three different artificial diets af the emnd of 20 dayvs experimental pericd

s —

Treptmee s Chiei | et || e 1 "‘Eil:"
Fasametens -
Initias! acal 7.4 T r a;
Sengih dmmi

Longeh gabn mm) & ;"_1h 10552 10737 (251
Initial weight imgl 29 .9 29

Welght gain imph 40787 B4 913" 1.4
Speciiic growth rate 13.36 14,08 14,15 0. 20}
{'% clayk

Candlison factar Lozt D.Ei'ﬁb Elﬂih IERE
Suardwal 1 19,427 iﬂb 70,457 3530

4 "
Figures dn the same row will sivme lelfers are nodsigrtfcaanly diffonent (PatLOS;
SE = Standard eroe

The larvae fed diet | showed significantly better condition factor than those of
the larvae fed other two diets. There was no significant difierence between the
candition factor of the larvae fed diets Il and 1. The [arvae fed on diet containing
whole epp (diet 11} showed higher survival rate (70%) than those of the larvae fed
ather two diets. However, no significant difference was ohserved between the
survival rate of the larvae fed diets 1 and 1.

The mcrtality of the larvae of three diets ranged from 7-18% at day-5 (Fig. 1)
The larvae fed diets | and [| showed more than 50% moralite at day 15. At the
termination of the feeding trial, the larvae fed on diel containing boiled eag yolk
[diat I} and diet containing whole egg (diel 1) showed the highest (70.58%) and
lowest (29.55%) morality respeciively,
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Fig. L. Cumulative monality of O batrachus larvae during 20 days feeding trial fed on
differant formulated diats,

Discussion

The suitability of artificial feed for rearing of €. batrachus larvae was
investigated in the present study. Three dicts were tested during the period of
20 days feeding trial. At the termination of the feeding trial, it was observed that
the larvae fed on diet containing 45% whole egg and 20% yeast (diet Ul showed
better growth and survival rate followed by the larvae fed on diet containing egg
valk and agar {diet 11}, The larvae fed diet 1] showed an average weight pain of
4912 mg after 20 days feeding trial. The rgsult of the present study was better
than the findings of Verreth ef al. (1987, Bairage er 2. (1988} and Alam and
Mallah (19831, Alam and Maollah (198%) reported that the larvae fed on 60%
whole egg and 20% veast attained an average weight of 41,60 mg after 20 days
(25 day after hatching).

In the present study, the specific growth rate of the larvae fed on diet
containing whole egg idiet I} was 14,15 which was befter than the specific
growth rate (10,291 reported by Alam and Mollah {(1989), The larvae fed on diet
containing whole egg showed the condition factor of 1,23 reported by Alam and
Mcllah (1989} which was better than the condition factor abtained in the present
study.

The growth rates of the larvae fed diets Il and Il were comparable but the
larvae fed on feed containing whole egg showed higher survival rate than that of
fed diet II. The larvae fed diet 11 showed survival rate of 70% which was similar
or comparable 1o the findings of Dabrowski ef al, (1984), Winfree and Stickney
{1984}, Verreth ef al, (19871, Bairage ef af, (1988}, Husain (1986) and Alam and
Maollah (1989).

The larvae fed diets I and 1 showed similar trend in morality up to day-10
{Figure 1. But the larvae fed diet 1T showed highest mortality between day -0 and
[ 5. The larvae fed diet | exhibited increasing rate of morality from day-5 up to
the end of the experiment. The larvae fed diet 11 showed 29.55% mortality at the
end of the experiment.
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Conclusions

In the present study, the larvae fed on diet containing 45% whole egg and
20% yeast attained better growth (weight gain of 4912 mgh and survival rale
(70%1 during the 20 days experimental period, Therefore, C. batrachus larvae
could be successfully reared with diet containing 45% whole egg, 20% yeast and
20%, fish meal.
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Ahstract

A laboratory iral was conducted 1o determine the optimum distary profein to
energy (F/EI ratio of African catfish, Claras pariepinus, The experiment was
carmied out in a (lowahrough svstemn for b eeeeks. Thers were 12 treatments
each with two replicates having 10 fish each wth a resan initial weight of 1.80 4
B.02g. Twehe semi-purified diets were formlated with four digestible cride
prodein levels (23, 2625, 30-and 33.5%) and theee dipestibie energy levals (2 25,
275 and 3.25 Kcal'gh, The fish were fed three fimas daily af satiation level, The
resulis of the stdy showed that, diet containing 33.5% digesdible protein and
275 kealfy digestible energy with a protein o energy ratic of 121.8 (mp
proteindcall appeared o be best uiilized for growth,

Key words : Clarias garispinus, Protein-encigy ratio

Introduction

Fresently African catfish, Ciarias gariepinus is one of the important species
being cultured in many commercial fish farms in Bangladesh, Because of higher
growth rate, the species bas gained popularity among fish culturists both in neral
ardl wrban areas. Fish like all other animals, require energy to sustain life. The
energy gain is primarily dependent on the proteinfenergy ratio in the diet (Cho
and Kaushik 1985). An effective utilization of energy requires a relatively high
proportion of non-protein enesgy in the diet,

A considerable protein is lost in the transformation of foosd energy o net
energy available for metabolism and growth. It is desirable that the largest
possible portion of the diet should be used for growth and the energy
requirement met as far as possible from the carthohyerates and fats, the
absorbed protein can be used principally for the synthesis of new body tissue,

Unless sufficient dietary energy is provided, the quality and quantity of
duetary protein can not reflect protein synthesis (Cowey T978). Excess dietary
protein is wasteful and stresses the animal while excess energy means more
fatty fish, Again, conditions where energy intake Is inadequate, dietary proteins
are used as energy source and the production cost Increases. Thus, optimum
protein to energy (PE! ratio in the diet is very important to maintain fish quality
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and to reduce the dictary cost, The present study was undertaken to determing
the optimum dietary protein to energy ratio for fingerlings of Clarias garfepinus,

Materials and methods

Experimental system

The experiment was conducted for 6 weeks during the month of October 1o
November'd5 in a flow-through system in the laboratory of the Department of
Aquaculture, Bangladesh Agricultural University, Mymensingh, Twenty four
plastic buckets of 20 | capacity were used as experimental tanks. All the buckets
set in the flow-through syéterm were arranged in two rows and kept on a iron
frarne 1o facilitate better observation and accessibility. Water supply wag from a
deep tubewell and water was agitated before being collected in a header tank on
the roof of the building. Since it was a continuous flow-through system, no
artificial aeration was used in the tanks,

Experimental fish and acclimatization

Fingerlings of African catfish, T, garfepinus were collected from the Faculty
of Fisheries, Bangladesh Agricultural University, Mymensingh, Fish were then
given a prophylactic treatment with 0.5 ppm KMnO, sobution, Belore starting
the expariment the fish wers acclimatized 1o the experimental system for one
week, During this period the fish were fed formulated pelleted feed containing
A5% protein.

P
Experimental procedure

Twelve treatments were scheduled for the study, Each treatment had two
replicates and 10 fish per replicate with a mean initial weight of 1.80 & 0.02g.
Initial and final weight of fish in each tank were recorded individually on an
electric balance. The fish were fed thres fimes a day at 9.00, 1300 and 17.000 R
at satiation level throughout the study period. The amount of feed fed by fish
was recorded for subsequent calculation of food conversion ratio, protein
efficiency ratios and apparent nel protein utilization,

Experimental diets

Fish meal was the main protein source used in diet formulation and the
analysed proximate composition value of profein, lipid, ash, crude fibre and MNFE
were 6518, 11.24, 21.51, 0.5 and 1.57% respectively, Twelve semi-purified
diets were formulated with 4 digestible crede protein levels of 23, 26.5, 30 and
13.5% each having 3 digestible energy levels of 2,25, 2.75 and 3.25 kcalig
respectively. The specification and formulation of - the experimental diets are
shown in Table 1. The digestible coefficient values of protein and energy of fish
meal, fish oil, sovbean il and dextrin was based on Rahman {1996) since same
ingredients and formulation was used for experimental diets. The digestible
energy {DE) value of fish meal, fish oil, dextrin ard soybean oil estimated in
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terms of Kcallg of the ingredients were 368, 3,22, 438 and 4.44 Kcal'g.
respectively. The protein digestibility coefficierds of fish meal used was BE.05%.
The desired protein and energy in the experimental diets were maintained by
varving proportion of fish meal, fish oil, soybean oil, dextrin and alfa-cellulose
{Table 1}, Experimental diets were prepared according to Rahman {1996 and the
analyvsed composition of the prepared diets are shown in Table 2.

Table 1. Specification and formalation of the experimental diets

et Diges: Diges-  FE mlia

Ha, ke il imig Irgradieni

prodedn eneipy oo’ Bish Hsh  Sevbean  Desirin ."."ll:amln Ceallufoan  CWC

=l Kcalig Kl mal al il R

ey el

1 2. 225 101.: L= L 20 3.0 ir.y3 Z4m ¥3.72 2.1
2 3.0 275 El.ha 3989 T 5 .12 z.0n 18.99 2.1y
3 230 e ] M.7E ¥9.R0 240 500 41.41 .00 4,50 2.1
a 8.5 225 117.70 ah 0% - .00 1335 .Ml 3363 2.0}
5 265 2T5 96.3h 461% 2.00 E.a0 3.29 .00 18458 2.0
b 2E5 3.25 H1.54 Ah03 2.00 A.00 £.7R 2.1 5.1% 2.
7 Jon 235 13333 52.1h - 3.0 h.21 2.0 34.ih3 2 1
i} oo *T5 1059.08 52.1h 2.00 5.00 Th.15 2.00 20.69 2.0
£l oo 325 oI.34 5216 2.00 .o 27.64 2. 0,20 PR
1o 135 2.25 1£B.04 58.30 L L 342 .00 3418 4.0
11 1315 2.E5 121.82 5H.30 B 5.00 1211 2. 205G 1iE
12 EE L 10308 58.30 - o0 A.07 2.0 21,81 1

" Accoring fo Rabeman (1996, TAC s Carboxymethyl Calfuloss thigh viscosity)

Table 2. Analysed prosimare compasition of the experimental (% dey matber basis)

DIET ML

I 2 3 4 5 B 7 B 3 1o [ 1z

Dy
matter 458 HEAD 9450 9499 G40 9585 G466 S4B5 G447 S4TE TS R

Proviem Ie 13 2630 2548 2954 1020 I0009 1400 J46F 1407 IFED 3EO1 A
331 2315 122.87} 2638 FES5F D650 2954 Q04 (1004 30300 ¢3140) 3EDh3]

Lopkd FAT 1146 1460 300 P40 ¥408 937 E307 T5AF &3 116 1541
Ash I3 7.83 B.54 330 102¥ 9.7% .58 0130 TOES 1187 1Z.e9 12.n2
Crude

filda NAw TheA 373 WA OB 46 MMAT 1ESE T 569 1RZ3 1931
MFE 01 3273 4700 40F AR 94 1358 XROE O31ST DD 1B.B0  14.35
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Water quality

The water quality parameters such as temperature was recorded by Celcius
thermometer and pH by a pH meter (portable digital pH meter, OSK 1148,
Crizsolved oxygen was measured using [0 meter {(Hana HI 8043).

CArcass coimposiiion

Al the start of the experiment 20 fish from the stock were randomly faken
for analysis of proximate composition and considered as initial carcass
composition, At the end of the experiment, 5 fish from cach replicate was
sacrificed for final carcass analysis.

Analytical methods

Feed ingradients, diets and fish samples were analysed for their proximate
composition according to standard procedures given in ADAC (19800, Statistical
analysis of the data was performed by Analysis of Variance (ANOWA) Tollowed
by Duncan's New pultiple Range Test (Duncan 19935).

Resulis

The proximate composition of the experimental dietz are shown in Table J
The protein content in different diets waried according to their original
formulation. The level of lipid, NFE and crude fibre contents in different diets also
varied due to variation in amount of ingredients included in diets for keeping the
profein and energy contents af desired levels.

The ranges af water guality parameters monitored weekly during the study
periodd were: temperature 25.1-29.2°C pH 6.7-7.6 and dissolved oxvgen 6.6-
7.5 mg/l, The ranges of waler quality values in the present study are well within
the limit for fish life and could not have hampered the growth of fish {Ihingran
149830

The growth performances and feed utilization by ©, gariepinus in terms of
fimal weight (o}, percent weight gain, specific growth rate (SGR], food canversion
ratio (FCR), protein efficiency ratio (PER) and apparent net protein utilization
IAMPLI%Y are presented in Table 3. It is seen that fish fed diet 11 containing
33.5% digestible protein and 2.75 Kcal/g digestible energy produced significantly
{p<il.05) the highest growth and feed utilization among the dietary treatment
groups. However, there was no significant differences (p=0.03} hetween the
L-.-'Elght gain and S3CGHs of fish fed diets 7, B, 9, 10 and 12. Fish fed diet 1 (23%
protein and 2,55 keal/y DE) preduced significantly {p<D.05) the lowast weight
gain and SGR among the dietary treatment groups. The SGR values ranged
between 3.42 to 4.08 among different treatment groups.
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Table 3. Eifect of dictary protein to energy ratio on growth parameters and food utifization
by C. garispinus fed experimental diets
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¥ i 542" - e 2” 104" 200" 147 b1 7 a
e 180" a5 r 337 e ™ 230 T L
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Figures 1in the saeme codivm fidving sarme superscpls are nof sigmifcantly diforent fpsd 5]
Standara evror (SE) of redtrman maars calcwlated o sesidual mean SUATE 0t Ay ol
Varangeg

The mean FCR values with different dietg ranged between 1.82 and 3.01
with diet 11 producing significantly (p=0.05) the lowest FCR. However, there
was no significant difference {p=0.05) between the FCR values of diets & and 11.
Again, there was no significant difference {p=0.05] between the FCR wvalues of
diets 8, % 10 and 12 and these values were higher than those obtained with
other diets, The PER values oblained with different diets varied between 1.26 1o
147 (Tahle 31, Howewer, diets #, 9 and 17 had significantly the best PER values.
There were no significant (p>0.05) difference between the PERs of diets 1, 2, 3,
5,6, 10 and 12 and these values were higher than that of diets 4 and 7. The
apparent net protein whilization (ANPL % for the diets ranged betwesn 20,23
and 26.70 (Table 1.). The significantly jp=0.05) highest ANPU values were
obtained with diets 3,5, 6, 7, B, 9, 10, 11 and 12 and these values were not
significantly (p>0.05] different among themselves,

The proximate carcass composition of fish at the start and at the end of the
experiment is shown in Table 4, The moisture and lipid content was influenced
by the dietary P/E ralio. The highest moisture content was abserved in fish fed
diet 1 and the lowest was with diet 11, The moisture content ranged between
7020 and 73 40%, The carcass lipid content ranged between &.60 and 9.20%.
The carcass lipid was directly influenced by the dietary lipid content. The highest
(17.80%1 carcass protein content was observed in fish fed diet 11 and the
protein content i different dietary groups ranged between 1650 1o 17, 80%:
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Table 4. Froximate carcass composition of figh {% fresh matter basiz)
al the start and end of the experimeant

Disd Mo hiisture Protein  Lipid Azh
1. 7340 16,55 i 27
- 732 Th, 50 0 278
3 73.04 1644 7. 280
4, 7266 17.10 T8 2402
5 F2.10 17.28 f5k 2
i 2D 1744 0 287
rh 1.42 1740 Bt 2,90
B .34 17.56 B0 .82
B, 7002 174 it .79
L] .24 17,66 G2 186
m 0,30 17,50 G085 1a2
12 m.1z 17,1 R 1488

witial @l fishi P 15.01 %14 266

DHiscussion

The results of the study revealed that the best growth performance and feed
utilization of Clarias gariepinus were obtained with feed 11 (33.5% digestible
protein and 2,75 Kcal/g energy) with a peotein-energy ratio of 121.8. This may be
due 1o the fact that the digestible protein level (33.5%] in diet 17 was optirmum 1o
pramate growth and the energy 12,75 Kealig) of the diet was alsa adequate for
maintenance and growth. The F/E ratio obtained in the present study s similar 1o
that reported by Singh and Bhanat (1987) who found a P/E ratio of 124.8 for Catla
catla, Catacutan and Coloso (1995} also feported that diet containing 42.5%
crude protein and 10% lipid with a P/ ratio of 128 [mp profein/Kcal) was found
10 be optimum for juvenile (1.34g) sea bass. Reis ot al{196%) also found a FE
ratio of 120 in channel catfish, Jeteluras ponclatus fed diets containing 26, 31, 35
and 399 protein or 91, 107, 120 and 127 mg prateincal digestible energy (DE)
respectively for 123 days.

In contrast to the present findings, Mukhopaddhyay et al. (1980} observed a
significant Increase in weight gain, feed efficiency and protein utilization in Clarias
batrachus fed diets containing ME ratio of 87.6. Garling and Wilson (1976]
dempnstrated the optimum P ratio for channel catfish to be 88 with a dietary
protein levels of 24 to 36%. On the other hand, Winfree and Stickney (1984)
reported that optimum protein cequirement for channel catfish appeared to be
551 (P/E= 122 at 0.2g size and 54% (F/E= 117) for 1.7g size,

The importance of protein level in relation to the energy level 1o the diet is
very important {Garding and Wilsen 1976}, The amount of fish meal in diet 11
increased proportionately with the increase in the dietary protein level, which
prabably gave a hest amino acid profile. Lovell (1979] reported that protein levels
af 30- 36% will probably be adeguate for most warm water fish diets, Use of fish
ail and sovhean qil as energy source may be another possible factor that
influencedd the growth performance of fish.

The absence of positive relation between growth and dietary energy level
indicates that . gariepinus may probably unable to utilize feeds having higher
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protein and at a energy level of 3.25 Keal/a. Page and Andrews (1973) obiserved
in channel catfish that, bigger fish require more energy and less protem
compared to smaller fish, Since in the present study experimental fish had an
initial average weight of 1.80g, it is expected that it may be possible to further
reduce the digtary PE rabio for growers.

The growth of fish in different ireatments was undoubledly affected by the
protein-energy relationship, Growth increased with the increase in energy at
26% digestible protein level while the similar result was not found with other
diete, This finding is similar 1o that of Lovell (1979 who reported that when fizh
are fed diets containing too much energy in relation o protein, they will not mest
their daily protein need for optimuem growth even if they are fed to satiation.

Although diet 10 contained same level (33.5%) of digestible protein with
2.25 Kealfg energy produced much lower growth of fish which indicates that the
energy was not sufficient for growth, This may be due 1o the fact that fish oil and
sovbean oil were not added in this diet and relatively low levels of lipid and
destrin were present in the digt (Table T and 2) which could not supply the
eeqquired energy for fish growth and the dietary protein might have been spared
foor the enerpgy.

In the present sludy poor growth performance of fish was observed with
ciets containing lower levels (23, 26.5 and 30%) of digestible proteins at high
enesgy levels. This may be due to the fact that when fish were fed higher energy
i relation [0 protéin, they could not meet their daily protein needs for optimun
groawith even if they were fed 1o satiation level.

The FCR in this study varied between 1.82 to 3.01. Diet 8 (30% digestible
protesnt and diet 17 (33.5% digestible protein) with 2.75 Kcal/g energy peoduced
significantly {p=0,05]) the best FCR values. The FCR values in the present study
are higher than the values for channel catfish reported by Garling and Wilson
(19761 but lower than the values reported by Das eral, (1991) for Labeo rohita
fingerlings, Res ef al (1989} reported a much lower food conversion ratio of
1.15 in channel catfish fed diet containing 35% profein with a PYE ratio of 120,

The PER values followed similar trend of FCR and ranged between 1,26 10
1.47. The best PER value was oblained with diet= 8, 9 ard 11, The best PER
ohtained with 309 digestible protein with  PYE ratio of 10890049, 92,34 and 33.5%
digestible protein with P/E ratio of 121.82, In general, at each protein level, PER
incraased as the PYE ratio decieased. The PER values obtained in this study are
higher than those reported by Das e al, (0997} for L. rohila,

The ANPLI (%) values in the study ranged between 20023 and 26.70%. Since
the carcass prolein content (Table 4) of varicus fish groups are morg or fess
gimilar the ANPL values in general tended 1o reflect the PER values.

Proximate carcass composition of fish was found 1o be influenced by the P/E
ratio. Carcass lipid content increased with the dietary lipid content, Similar
observation is reported by Daniels and Robingon (19861 with juvenile red dium
{Sciaenopes ocellatus) fed diets containing different levels of protein and energy.
An inverse relationship between lipid and moisture could be observed as
reported arlior (Andrews and Stickney 1972, Garling and Wilson 1976},
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The results of the present study showed that diet containing 33.5%
digestible protein and 2.75 Keal/g energy with a protein to energy ratio of 121.8
(mg prefeinKeal) appeared to be bast wtilized for  the growth of . gariepinus.
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Effects of culture treatments on HUFA levels in
Artemia cyslts
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Ahsiract

Artemia cyste fof GSL, Utah, USA origink were groduced from the madified
traditional solar sall works of Bangladesh during winter months through differemt
feedingferilization treatments (T,,T,,T,.T,) were analyzed to understand fhe
affects of weatments on their laly acid profife, Palmitic, Linolenic,
Eeosepartacnonic and Docohexaenoic dcids (mg.DW) wene found highest for
the eydts in T, 16.0% £1.361 T, (14.7% 0.47), T, (4.7% $0.40] and T, {0.7%
L0 treatmente, respectively. High amount of 18:3n-31 acids in the Cyals of
all sources prmves 1o be freshwater type of the cysts. The peesence of marine
lype essential fay acids in the cysts of all sources were found low for 20:5n.3
(3.7-4.7%} and very low for 22:6n-3 (0.09-0.7%). Mo significant vartation was
observed for 16:0 acids within the treatments, but for 18:30-3) 2cid, (he
vanation was found highly significant (P= 0.0G52) betweon T, and T, treatments,
For 20h5(n-31, only variation between T, and T, was found insignificant
IP=0.1161}, but between other treatrments, significam variation was chesrved
between T, and T, (P=0.0241), Taand Ty (P=00022) and Tyand T, (P=b07161]
Mo sigriticant varlation was found in ather treatiments,

Key wards © Aremia, HUFA, Cyst, FFA

Introduction

The presence of essential fatty acid is the principal factor for the food value
of Arternia (Watanabe et al. 1978a.b} as low levels of the HUFA 20:5w3 in
Arntemia resulls in low survival and poor growth in all marine fish and crustacean
larvae. A detailed biochemical and commercial analysis of Arfemia from the
different sources (Clney et al. 1980, Schauer et al. 1980, Seidal er af, 1980 and
1982, Soejima etal. 1980, Leger ot al. 1985) revealed only ane factor, ramely
the presence of highly unsaturated fatty acids (HUFA) in Artemis that
unambiguowsly related to the feed intake of the animals during their grow up
{Leger e al 1985, 1986a,b). Watanabe efal. (1978a,b and 1980 and Leger eral,
{1986a} found that the content of 20:5w3 in Artemia appears to very not only
from strain to strain but also within same strain, It has been shown that food
condition greatly determines the faity acid profile of Artemia afi-spring. Though
HUFA levels of Artemia cysis produced in lakes and large ponds (i.e. all



S0 Afmwed ar al.

commercial cperations) are completely determined by nature, but manipulation
of food conditions aiming to increase HUFA levels in Artemia off-springs are
however, restricted to small system, e.g. intensive pond and tank cultures (Vos
efal, 1984, Lavens ef al. 19861, So the production of Arfemia from the modified
solar salt works of Bangladesh by using imported cysts and verification for their
gualitative difference due to difference in culture freatment is also imporant (o
understand the effect of local culture environment frorm the Cysts origin,

taterials and methods

Source of cysis
Cysts were produced by using GSL [Utah, LSA] origin mather cysts through
various treatments as follows:
1% year
T, Imitial : 50 kg urea +20 kg T5Pha.
Divess up ; 25 kg urea + 20 kg TSF/hafevery 7 days.
T, Initial : 500 kg chicken manure'ha
Drress up : 250 kg chicken manuretha/3-4 days interval.
2™ year
T, - 5Same as T, of firsl vear.
T, - Double the dose of T,

Fatty acid profile analysis

Fatty acid profile analysis of the cysts were done on decapsulation basis
iollowed the ICES standard methodaology.

Total lipid extraction

Total lipid was extracted according to the procedure of Ways and Hanahan
[1964) with some madification. Extraction was periormed using a solvent mix
macle of 2 parts of CHCL ichloraform) and 1 part OH,OH imethanoll. CH.CL,
was replaced from the original procedure by CHCL, because lipid may
contaminated by water after extraction when CHLCL, used, Finally the amount of
fatty acid an dry weight basis was calculated and the lipid after extraction {1 ml of
sofvent mix consisting of 3 pars of CH ,OH and 2 parts C.H.CH.) flushed with
nitropen and closed well and stored in freezer.

Exterification

Exterification was done according to the modification procedure of Lepage
and Roy (19841, where total lipid was esterified directly {therefore, the
saponification step is superflous). The purpose of this dep s to maadify the Ffaity
acicls inte their methyl esters (FAME= Fatty Acid Methyl Esterl, This modification
was tdone because FAME- columns have a higher separation efficiency than the
HUFA columns making the gas chromatographic FAME analysis more reliable

4,

56



HLUFA [Bved i Artamyad cpst

and accurate than analysis performed on HUFA, The procedure performed
saponification and esterification in one step wiing an acetylchioride/methanol
mixfure (5:100vfv). FAMEsS were than dissolved with 1 ml iso-octane and
transfer into a 2 m! vial with screw cap and teflon-faced silicon septaliner and
finally flushed with nitrogen and stored in a freezer at -30°C,
Gas-Chromatography analysis

Ceas-chromatograph was done in Carlo Erba HRGS 5160 mega scries
apparatus [carrier gas hydrogen at a pressure of 50 KPal with Chrompack
WCOT fused silica cappilary column (stationary} phase- CP-5il-68. The standby
temperature at 105"C on-column injector was used with a Carlo Erba ©OC on-
columm contral unit.

Data processing

A dpectro-physics 5P 4290 integrator was wsed (for easy manipulation and
calculation of data).

Data expression and treatment

The data tor each FAME was expressed as percemtage of total FAME:
irelative values) and as mg per g dry weight of tissues (abolute values),

Results

Fatty acid analysis {area % and mg/s DW) data of the cysts of all the sources
are presented in Table 1ifor treatments T, and T, and in Table 2 (for treatments
Ty ane Ty, *

Analysis of Variance for palmitic acid, L& 16:0 showed F ratio and
propability within T, and T, T, and T, T and T,. T, and T, T, and T, Ty and T
treatmeenis as 1.0000, 0.373%: 00173, 0.9016; 33607, 4.1407; 0.9678, 038049
1.5610, 0.2796; 0.0050, 0.9470, raspectively.

For linolenic acid, i.e. 18:3 (n-3), F ratio and probability within T, and T,
treatments was found 2.0773 and 02230, within T, and T;, 0.4231 and 0.5508,
within T, and T,, 30.5636, and 0,0052 [ highly significant], within T, and T,
0.0490 and 0.8356, within T, and T,, 1.9620 and 0.2339, and within T, and T,
1.1242 and 0.3488, respectively.

In case of eicosapentaenoic acid, i.e. 20:5 (n-3), Analysis of Variance
between the treatments showed significapt variation between T, and T,
(F=75.7033 and P= 0.0010), between T, and T, (F=21.1461 and P=0.0100),
between T, and T, (F=41.1835 and P=0.0030), between T, and T, (F=22.2609
and P=0.0092), between T, and T, (FeB.00040 and P=0.04747), and hetween T,
and T, (F=4 0000 and P=0.1161, not significant),
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Table 1. Fatty acid content (area %% and mpR of DW) of the cysts produced in the
first EnLr

Treatments

Code Peak T; Fy

Area %o mg'g DW Area T mgE O
*1IR 1440 1.4H0. 50 | G40 17817 | s ER L
*2 T41in-51 1 38000 | 2810 1. 2&R10 1012
"3 15:10 DA 06 D.3=06 0 A3005% a0, )
*q 15116n-51 RN e T ] [H R PR 0, 72000 0.740.06
LE:| 14 0. 32007 0,240,600 0.3x0.00 0,240, 0
*h § 161l 17.7=4a9 IRk .36 1722080 15.623.54
T T 1{n-T| G082 5.041.37 & 518 980,62
] 174 1. 120,05 1.5320,17 1,020, 05 1. 1£0.00
bl 1721n-TF 1.0 10 1.540.17 100 1 1 G=0 06
10 (FEH 490 1h 4 540,15 4, b0, 50 4. 8z0a4
1R TH:1in-1) .5x0.00 19.9£1.07 23,345,109 24125402
1.2 TH:1En-71 74220 FAiE 36 7 A30.53 781065
13 18:2in-k}-1 035 200 03000 0, 32000 0. 32000
“14 & T18:2in-6l-C 851014 50040 F.440.90 HEHLEE
*15 R EI]
*Th 181 3n-l 0.5 z0.12 05017 0.5 +0.06 QEH1.05
;7 EREET|
“ig 18:Hn-3| la 1 2078 1382063 14.2 1040 14,7847
1y [ H:de 182 2.7 +0.10 754015 2.8 20,15 1.550.25
= Finkl}
*21 HETinS: (1.4 +0.06 O 4105 b4 =0 A0
1 R inbernal  Standaed
23 I
=24 Flidin-g) {001 080,00 DO 0. 0B X0
25 2din-R) b5 N15 L5 =020 0706 £ 7000
=2h 2indin-) g G 0.3 DG 0.3 #1006 (.4 H.06
=27 Ha .4 £0.00 0.4 007 04 0G0 (hd HL06
= FRE ] 03 0ulr 0.2 Dim 04 0oy 1.3 =07
"R 20FHN-3) Ik DG 374033 35 002 4.750.40
] T 0.1 320006 0, 120006 0,140,068 dizar
*11 P
12 a0 In-5p
=k I2 &Ik
"E4 I2:3in-3b
"3 24
"A6 F2:5in-1) h3 2l (R b 1 D4=006 0.6 10, 15]
L I 24:1n-11)
"SH K 22 hin-11 w2 05 03 15 0.3 0,09 0.7 &1.06
EHILIFA widn 20 iin-1) 30 =012 4.5 036 4.3 +0,11 b, 140,57




HLUFA levels tn Amtemnia Cysl

Table 2. Faily acid contem farea % and map of DW)S of the owsts produced in the
second year

Treatmments

Code Paak T; T,

Area T mafn DY Areg B mef 1A
IR 1440 1. ££.05 118324 1. A&d.10 122008
=3 14:1in-51 124010 115115 1. 4+0.00 1120408
| 154 HEH,05 0 200.06 B2e0an 0,200
=4 M5:1in-5 20, 00 0L7s012 LR TN O 7 0
*3 142 =007 025000 03000 0.2+0.00
"h kK a3 17, 340.06 14262177 18 280,59 |4 82095
b 1h:1(n-74 4.440,33 360 e ] d4.120.09
=& L1 1.141,10 0 9+0. 20 1.1+0.06 0,090,110
"2 17 1in-7h 1,640,115 [P 170006 1.d4x0.10
=10 L1 Ei] AHLIS A, &0 40 E.PHlEG 4,440,203
"I K TH: A9 25. 240,17 19,742 00 26 L4 10 21 A=l 87
12 T8 1In-7} I TFHILAT f. 21053 FALLG Bk, 5 2
3 T2 -6t 400,00 035000 [ ST TH 0,340 4%
"4 K TH2[R-6)-c Rk N1 d4_7+0. 40 5AOEhi1s 4 B0 42
13 T i, 00,0 012001 000 (RN ES R ]
"le TH:3in-h} 440,00 044006 Dap0 1l [ EER
Gl I 1709k
bt 1 TH3IN-3) 15,620,046 1271036 1562010 1292091
b 1 THA4+ 103 26t Dok 2. 140,21 284015 124015
R d 200 1,040, 0} 0140083
= ST N5 0,440, 0 €, 440,10 5802 Dozl z
=R Irtnraal i

Standard ;

=23 210
w14 Jk:Rlr-hh 0,740, 0F €. 120,03
=I5 Jk2in-6) @, F 40, 0k 0. 7140.00% e [EREERE|) |
hara) 20 5n-3) 0,420, 0 0.3120.06 a0 O 0, 30006
b ¥J 25 0,540, 13 0440903 &0, 0 (320000
.| 421 0,3+, 0} .20 00 0.0 . 23000
=M R 2LEIN-3) 040,05 &,.21+0.26 284,62 L L]
10 123In-8 Q. 740, 0 0, 140,01 0. 1:10.00 PRELLTIE]
=11 231}
=32 250 N9}
=11 22:4in-6)
=1 22531
=315 1411
*1k 225In-3) 0,340,051 @, 340,06 80,00 1 5001
*17 1408
3R 2248In-3 0,240, 0 0.240.81 . 150, 0 Ar 1 2040
EHLIFA vid=20: -3} 3,340,210 &, 510,64 _3.110.24 4. 18021

Significant variation for docosahexaenoic acid, i, e. 226 (n-3) has been found
between T, and T, (F=12.50000 and PaD.0241), between T, and T, (F=49.0000
and P=0.0022), betwean T, and T, (Fe16.0000 and P=0.0161). F ratio and
probability for other treatments was found between T, and T, as 4.5000 and
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01002, bevween T, and T, as 2,0000 and 0.2302 andd T, and T, -as 4.0000 and
0.1161, respectively,

Significant variation in HUFA content between T, and T, {F=63.8790 and
P=0,0013), between T, and T, (F=25.1288 and P=0.0074), between T; and T,
{F=33.1250 and P=0.0019), between T, and T, (F=%.6154 and P=0.0362) and
between T3 and T4 (F=3.72735 and P=0.0749) was observed.

But the variation was not significant between T, and T, where F ratio and
probability was found as 04217 and 05518, respectively. Highest values for
areas (o) mg's (DW) of palmitic, linolenic, eicosapentaenoic, docosahexaenoic
and HUFA of the cysts of treatments T 75Ty and T, was found as follows -
18.240.59 (T, cysis), 16.021.36 (T, cysisl, 15.620.10 (T, cyvssl, 14.7£0.47 (T,
cysis), 3.5£0.02 (T, cystsl, 4.740.40 (T .cystsl, 0.320.006 (T, cystsh, 0.740.06 (T,
cwsis) and 4 0031 (T owsts), 6.OZ057 [T, Cyslsh

Diiscussion

The most important fatty acids found in cvsts, nauplii and adulis of Artemia
are 16:0 {palmitici, 16:1n-3 {palmitoleic), T8:1n-9 ioleicl, 18:20-6 (linobeich and
20:5n-3 (eicosapentaenoich. Except for the EFA, most of other acids were found
comparatively higher in those cysts produced through single dose orgamnic
manure and few acids were found higher in the cysts of double dose
treatments. Generally the food value of Artemia produced after inoculation in
another bigtope is not nacessarily the same as the food value of the inoculation
materials (Leger 1389), because the main factgr influencing the nutritional value
of Artemia is the content of essential fatty acid 20:5n-3 and the level of
contamination by chlorinated hydrocarbons, The fatty acid profile in Artemia ofi-
spring in mainly determined by the camposition of the diet ingested by the
parantal population, which explains that the food present in the various ratural
biotopes of Artemia iz not identical and that the composition of food in one
hiotope may change in function of time (Leger 1989}, 5o the present finding is in
full agreement with the abowve findings except the variation in 16:0 fatly acid
content of the cysts {variation were found insignificantl. This might because of
the commaon environmental condition of the production ponds (Lavens and
Sorgefoos 1984). Categorisation of Artemia cysts on the bagis of fafty acid
contents Watanabe et &/, 1978a,b and 1980) led to place all the eysts into
freshwater type as they have high content of 18:3n-3 (Watanabe 1978),
However as the minimum content of 20:5n-3 acid in cyst for marine larvae has
been determined and recommended as 4% by Mavarra et al. {1988), so the
lower level of requirement for marine predators | for early feeding of fish and
shrimp larvael can also be fulfilled by the present produced cysts, as the content
af 20:5n-3 is ranging between 3.7-4.7% and they are also capable to madify the
fatty acid intheir diet to produce unsaturated fatty acid which they require.
Similar observation was reported by Kavama el al. (1963), where authors
observed conversion of linolenic acid 18:3 (9,12,18) into EFA like
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eicosapentaenoic and docosahexaenoic acid. Findings like, presence of
eicosapentaenoic acid and presence of docosahexaenoic acid in very small
amounts in the cysts is in full agreement with Schawer et al, (19801, Cowgill et
al. 11967). And generally, the presence of higher amount of 20:5n-3 in Arlemia
is assaciated with a lack of 18:3n-3 (Benijis ef af. 1975, Claws f al. 1977 and
1979, Schauer ar al. 1980) and was confirmed by the present finding as the
cysts of all sources contained higher amount of 18:3n-3 with lower amount of
20:5n-3 acids. Like present finding, high content of 18:3n-3 and low content of
20:50-3 i GSL slrain oysts were also reported by Leger ef al, {1986a) and
ptaced the cyst under freshwater type. The proportion of 18:2n-6 was found
relatively higher in all types of cysts, which Is again in agreement with the
findimgs of Watanabe {197 8a),
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Gill pathology of juvenile carps in nursery ponds
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Abstract

Gill pathalogy of juveniles of bwo Indian majer carps Lates solaita and Circhins
mrigala were studled for a culture pariod of thres menths in a private and a
government fish farm ponds. Under histopatholopical observations, only
protozoan parasite, Mpxobaies spo, was recorded as oyt Thess myxosporidian
cyels were high inthe gills of L. rohita of the government farm pond followed by
. mngala of the private farm posd. Hyperrophical gill lamellae iprimary and
sacondaryl with Ioss of secondary lamellae wers evidenced in C mvigala of
privately operated pond,

Key words : Histopathalogy, Mysebolug sp., Carp, Mursery ponds

Introduction

The cutbreak of various tvpes of dizease is one of the impartant reasens of
feduction in fish production. Maintaining good water guality, nutrition,
broodstock, species composition, stocking density etc., e, proper
management, can contrel or at least reduce the outhreak of disease. Some fish
farmers, fish traders and related people are in the opinion that maost of the
private fish farms are better managed than the government fish farms, and the
fish seeds in the private farms are of good quality for further stocking,

Gills of fish are important sites for prevalence of disease. In Indian major
carps, gill diseases are very commaon, |nfestation in the gills of L. rohita and ©.
mrigala differ due to difference in feeding habits of the fishes (Sanaullah and
Ahmed 1980). The Myxosporidia are cosmopelitan parasites and infect a wide
range of both marine and freshwater fizshes. |nfestations of Myxobolus,
Henneguya and Thelohanelius on the gills of freshwater fish are very common.
There have been several recent studies on the pathology of gill infections by
Myxosporidia (Aisa 1972). Dykova and Lom (1978} found inflammatory tissue
reactions in the gill sphaerosporosis of carps due to invasions by Henneguya sp.
Sanaullah and Ahmed {1980) found Myxabolus sp. infection in adult C catla, L
rohita and C. mrigala and desceibed the histopathalogy of the disease.

The present research has been aimed to investigate the gill diseases
through histopathological study of juvenile L. rohita and €. mrigala from two
nursery ponds in different locations and of different management systems.
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Materials and methods

The experimental fish samples were collected from two nursery ponds: one
pond of a private farm and the other, from a government one. The private one,
at the “Jhalak Fish and Shrimp Farm”, Gouripur, Mymensingh, was designated
as pond-l (area 30 decimals), and the government owned one, at “Fish Seed
Multiplication Farm®, Trishal, Mymensingh, was designated as pond-ll (b6
decimals).

To kill the insects and all other animals of the ponds, phostoxin {5 tabs/40
m?*) and rotencne (20 gms/40 m° were applied to pond-l and pond-Il,
respectively, After 7 days of toxin application the ponds were fertilized by urea
(100 gms/40 m” in pond-1 and 200 gms/40 m” in pond-I1), TSP {30 gms/40 m" in
pond-1 and 100 gms/&0 m® in pand-1) and cowdung 14.5 kg/dom’L.

I pongd-l, Labeg rohita, Cirhinus mrigala, Pusfivs gorionotus and Cyprings
carpio leach species in equal number) were stocked at a total density of 70
fingerlings40 m’, and in pond-1I, only L. rohits and C, mrigala [1:1) were stocked
at 4 density of 45 fingerlings/40 m°. Supplemental feed composed of rice-bran
and mustard-oilcake (4:1) was given twice a day (around 0830 h and 15.00 h) at
the rate of 5% of the body weight of the stocked fishes in each fime in each
pord, Overnight soaked oil-cake was mixed with rice-bran and applied to the
ponds in doupgh fom.

L. rohita and . mrigala fingerling samples were collected from the ponds
iorinightly for three months. In each sampling, 12 fish of each species from
each pond were taken for detailed observations af which 4 fish of each species
were used for histological study. The gill samples were fixed in 10% formalin
and processed in an automatic tissue processor. Four gill-sectiond were taken
for each sampled specimen and were examined under microscope 10 oDsefve
whether (hey were infected by Myxobolus sp. oysts or not, The number of
infected fishes was recorded and their percentage among the sampled fishes
was Calculated, A squash preparation of gill was taken over glass shides and was
coverad with coverslip before microscopic examination. An average of 30
spored Trom gill of each fish were measured using dimensions recommened by
Lom and Arthur (1989,

Resulls

The cysls containing spores of Myxobolus were mainly located with single
secondary lamellae and mostly at their tips (Fig. 1AL
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Fig, 1. Croas secton of gills of juvenile rarmps.

A, Cletinus mmgala of pond-, €, cysts at the tip of secondare amelite; 5, spores wilhin the cysts,
Haortatdalin and Easin ¢ a1 181

8. Lahen rafifa of pand-il pl, hypadrophied primany lametla; sf clibbed secondary lameliae; o
Crss e pig of socemdlivy lamellse. Hasmatoaeln and Easin @ x 1151

. Lorohita of pora-il. pl and sl bpgertrophy and hyperpiasia i primany (pl) ard secondary gil!
famellze (o) me, rratire cyals; ms, mpsosponiaian spares; armows indicate rphaed cpst walls,
Haematasyin amd Easin ¢ & 4400

In respect of gill pathology, more histopathological changes were evidenced
in C, mirigala when compared with L. mohita. In the gills of O mrigalfa, large
Mpxobalus cysts were recorded at the terminal ends of secondary lamellae
where partions of the lamellae were hypertrophied, missing or some were
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deformed with inflammatory cells, consisting of thrombacyte, monocyte and
other leucocytes (Fig. 1AL Mumerous cysts of various sizes of the said
protozoan parasite were also noticed with those secondary lamellag. On the
other hand, hypertrophied primary lameflae with clubbing secondary lamellae
were noticed and a few protozoan cysts were attached with the secondary
lamedlae of the gills of L, rehits (Fig. 1BL

In the gills of juvenile L. rohita of pond-l mysespoaridian cysts were also
found at the tip of the secondary gill lamellae but their number was few in
comparison to €. mrigals. On the other hand, in pond-il the gills of L rohifa
were more affected by the protozoan parasites than those of the . mrigala (Fig.
18-C). The peripheral wall of some cysts were found to be ruptured to release
spares of Myxobolus species (Fig. 1C). The secondary lamellae Iost their normal
structure and they were clubbed together [Fig. 1B-C)

The prevalence of cysts in L. rahita were 39% [pond-l) and 89% (pond-1lj and
in C. mrigala were 72% {pond-1) and 22% (pond-1IL.

Discussion

The gills of the juvenile L. mohita and C. mrigale obtained from both the
private and government farm ponds were found to be affected wnder
histopathological observations. The causative agent of carp gill disease in the
present experiment was a pratozoan parasite, Myxobolus sp. which appeared n
the gills of both the carp species in the form of cysts. Cccurrence of Myxobolus
sp. in the gills of adult major carps of Bangladgsh was first reporied by Sanaullah
and Ahmed (1960).

The highest prevalence was recorded from the L rehita of government
farm which was followed by the C. myrigala of private farm, Sanaullah and
Ahmed (1980} alto observed higher pravalence from L rohifa than C. mrigala.

Many cyets with swollen secondary lamellae and appearance of
inflammatory cells, consisting of thrombocyte, monocyte and other leucocytes,
were ohserved in the gills of €, mrigala of the private farm-pond. In the present
investigation hypertrophied primary lamellae in the gills of L rofita with clubbing
secondary lamellae and considersable number of myxosporiodian cysts were
ohserved. Gerundo ef al, (1991) while studying the effect of chemotherapy by
repeated doses of malachite green found clubbing of the apical end of
secondary gill lamellae of rainbow trout, Salme bwtta. However, the
histopathology caused by Myxabolus sp. in both the carps (of both farm) in the
present study is generally similar 1o those described by Sanaullah and Ahmed
(19801 and Dykova and Lom (19731,

In the present investigation, the cysts of Myxobofus sp. appeared only at the
tips of primary and secondary gill lamallae in L. rohita and at the tips and/or base
af secondary gill lamellae in C mrigala of both ponds, Sanaullah and Ahmed
{1980} found parasitic cyst2 in the distal tips of the primary lamellae to a point
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about half way along their length. Crespa ef ai. (199 found cysts in the gills of
amberjack, Seriola durmerili Rasso, in the trailing edge of the gill filament and in
the interlamellar spaces.

Although the majority of the sampled young carps of the nursery ponds
seemed to be healthy by external examination but histological observations
showed a good percentage of the fish affected by the gill parasites. Infestation of
Myxobolus sp. in L. rofita were higher in the government fish-farm pond and in
C. mrigala in the private farm pond. This might be due to the quality of
broodstock of the respective species andfor the water quality of the farms.
Since fishes of the both ponds were infested by Myxobodue sp,, though with
difference in intensily of infestation and in fish species, it is difficult to say, on
the basis of present study, which pond was better managed. However, farmess
should take precautions in maintaining broodstock and water gquality to get
healthy and disease free spawn and juveniles. No chemotherapeutic measures
were taken in the present experiment and would he cartied oul in succeEssive
BX EFiMents.
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Abstract

Studies were conducted to find oul the survival of three antibictic reskstant
Aerorranas strains in ditferent types of water, The selected Asromonas strains
were A hypdrophila (lecall, A sobrla (ocal) and A bydraphils (Thai), which were
only recovered from farmed fishes. Seven types of water were used. Among
these experimental water, lake water, distilled water and fish farm pond water
had supported the long time survival of A. hydrophifa, In contrast, private fish
farm pond water was the mast favourable for A, spbria, Deionised water was
found not tp sepport the survival of any species bt Masjid pond water and FRI
pond water were found to be moderately suitable for zll the species. However,
the survival pattern of Thai strain of A, hyofopkila was found to have similarity
with the survival of the local strain of A, hpdaphils.

Key words : Asvomonas, Antibiotic, Water

Introduction

Aeromonas spp. are very important ameng the major bacterial fish
pathogens. Many fish diseases including ulcer disease, haemorrhagic
septicaemia, efc, commonly found in freshwater fishes are caused by A.
hydrophila. Aeromonas sp., Pseudomonas sp, and Flexibacter columnaris were
initially suspected 10 have their involvement in the outbreak of these diseases
(Chowdhury 1997). The Aeromaonas spp. are widely distributed all over the
world {Amoes 1985), The conditions of aguatic environment is very important for
the survival of these bacterial fish pathogens. Any types of environmental water
which supports the long time survival may contribute 1o an easy out break of fish
disease (Chowdhury and Wakabavashi 1990). The present study was
undertaken to investigale the survival patterns of three Agromonas strains
resistant to antibictics in seven tyvpes of waters.
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Materials and methods

Aeromanas sirains

Three Aeromonas strains were used for survival test in this study. These
were as tollows: 1. Aeromonas hydrophila (locall, 2. Aeromonas sobria llocal)
and 3, Aeromonas hydrophila {Thail. The source of collection and the resistant
level to antibiotics of the selected Aeromonas strains are shown in Table 1.

Table 1. Selecied Aeromeonas strains used for survival test in different types of water

SprainG sounces of collecnon Resistant te the
Farm Figh Cirgan arflibantice
A, lprlraphidas docal) IFF . mgala Kidney E 5 O
A aoheva Hocall TF 1. mhia | Fwemr B BNT. C
A fyetropfla | Thaid Thaikerel P ogoafonois Kidmey E O, C
JFF : [adak Fésh Farm TF ;i Fish Farm E ¢ Enafwontcin (10mgidisc
oA, Chalinig ackl (Xmgadisc) C ¢ Chipramphericol (ihmgidisc?
5 Steepiramein 1 0mgilier) EXT - wphametbastzale (25magdlisc)
Experimental waler

seven different types of water were used as experimental water for the
curvival test of the three selected Aeromonas strains. These were as follows : 1)
Distilled water, 2) Deionised water, 31 IFF pohd water, 4} BAL Masjid pond
water, 5) Ishakhan lake water, &) FRI pond water and 7) FF pond water. The
walers were used after sterilization by autoclave. Parameters like dissolved
oxygen and pH of the relevant water were recorded before and after autoclaving
as shown in Table 2.

Table 2. Physico-chemical parameters of the experimental water recorded
during the samgling persod of survival best

Types of wamr Belone agachaving Alter autoclaving
i I imigy pH D imgdl

Destilled waler AR T.h | 7.2
elonised waler 71 T2 73 TAH
IFF pond weater T.h il 78 TR
Miagjil pond waber 74 Bk 74 T
Ishakhan lake waber 74 L3 F4 81
FRI pond water 7.2 7.0 78 7.5
FF pord waser 75 2.1 TR 7.8

¢ dissohod oxygen FF 1 Facuity of Fishenes

IFF ¢ Iradak Freh Farm PRI Flsferies Research Insdifane
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Procedures of survival test

Individual experimental Aeromonas were cultured on Tryptone Sova Agar
(TSA, Oxoid Ltd., UK) plate. Then a sample of freshly cultured (18 1o 24 hours)
inoculum weighing 20 to 30 mg was taken into the sterile 1est tube containing 3
o 4 ml of dissifled water to make a stock suspension. Then 0.5 ml of suspansicn
was inoculated into 150 ml of sterile individual experimental water from the
stock suspension and maintained at 25°C in incubator. AL each time of sampling
0.2 ml of incubated bacterial suspension was taken separately for individual and
required ten fold dilution’s were made in sterile relevant experimental water,
From each dilution 0.1 ml was taken for incubation on TSA plate and was spread
it by sterile L-shaped glass rod. Then the plates were placed at 25°C in the
incubator for 24 to 36 hours 1o fncubate. After incubation, the number of
hacterial colonies were determined at 0 day limmediately after Incubation), 1
day, 3 day, 5 day, 7 day and 10 day until completion of the experiment {Islam
and Chowdhury 19%7). In each circulation duplicate plates were used and
bacterial load was calculated.

Results and discussion

Survival of A. hydrophils (local)

It was observed that Ishakhan lake water, FF pond water and distilled water
had supported the long time survival of this strain for a longer period as no
considerable variations in the total load of bBacteria had been noticed in thoze
experimental water during experimental period. Deionosed water did noi
support the survival of this strain, Water of IFF pond, FRI pend and Masjid pond
water supported mcderate survival of the straim.

Swrvival of A, sobria (lecal)

Among the seven types of experimental water, distilled water and IFF pond
watber wers found to be more suitable to support the survival of this strain, as in
both cases the total load of A, sobria did not show any significant variation during
the experimental period. But sharp variation in total load from the Inital day 1o
the 10 day of the experimental perlod in case of deionised and lshakban lake
waler signifies their unsuitability for prolonged survival of this strain, FRI pond
water, FF pond water and Masjid pond water were found to be moderately
suitable to support the survival of this strain.

Survival af A. hydrophils (Thai)

It was observed that Ishakhan kake water, FF pond water and distilled water
had supported the long time survival of this strain, Deionised water did not
support the survival of this strain, JFF pond water and FRI pond water supported

moderate survival of the cirain as in both cazes slight variations in total load had
been observed.

il
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The results of the present study showed that Masjid pond water and
lshakhan lake water supported prolonged survival of local strains of A,
hydrophila. The reasons might be the high concentration of dissolved oxygen
and favourable pH of the water in those water bodies. |FF pond water supported
good survival of A. sobwia. Deionised water did not support the survival of either
of the strains and distilled water supported the survival of A. hydrophila in
varying degrees which agree with the findings of Chowdhury and Wakabayashi
(19901, Chowdhury {1997) investigated the survival of some selected isolates of
Aeromonas and Pseudomonas in different water conditions. The results of the
present study were similar o the results of Chowdhury's winrhs.

Comparison of distilled water with pond water in the survival of Aeromonas
strains, revealed that pond water was better than distilled water, though bath
were freshwater, The source of pond water is considered to be similar to the
water of the aguaculture facilities, Pond water may contain $ome irace alaments
and rich in nutrients which probably helped Aeromonas strains in it long time
survival. Deionised water lacking any such nutrients may have failed to produced
this effect. River water, pond water and saline water were found to be the most
suitable for long term survival of Pscudomonas strains ilstam and Chowdhuory,
1997). Wakabayashi and Egusa {1972} demanstrated that high survival of F
columnaris in tap water. Muroga and Tatani (1982) reported that grawth of V.
anguillarum in 0.0% Nacl was negative but positive in 0.5-5.0% Macl.

The present study provides information about the survival of Aeromonas
strains recovered from the agquaculture facilities in Bangladesh and a fish
farmer/scientist could utilise this knowledge in order to reduce the incidence of
density of the bacteria from his farmed pond. Further studies are necessary 10
know the pathogenicity of these Aeromonas strains and to find out an
appropriate control measures against these sirains,
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Abstract

Histamine levels in batches of beavily salted (fishsalt ratio 4:1) herring (Clupes
harengus) were monitored during ripening at 4°C and 25°C. The batches studied
were prepared from both pre-spawning and post-spawning (spentt fish wrsing
naw and used salt. Salt levels in the flesh, which reached 11 to 14% (wet weight
basis) during the ripening period, were found to retard histamine formation.
During nofmal spoilage of ice chilled fish, histamine levels had been reported 1o
exceed S0mg/100g flosh as it approached the limit of edibilisy whilss, in the
heavily calted fish, levels remained below 20mp100g ilesh throughout the
ripening pericds of 18 maonths for the 4°C batches and 3 months for the 25°%C
batches. This was the case when the samples were sat up and the salt aflowead
to penetrate the flesh at 4°C. When, however the samples were sat up and
inifially stored at ambient (10-15°C ) temperature the histamine lavels in the
flash rose above 20mg/100g before enough salt had penetrated 1o inhibit its
generation. The gradual rise in levels which, nevertheless, occurred over the
ripening periccs followed sigaificantly (5% level of significance) differant trencs,
being greater in the batches preparsd from pre-spawning than those from spent
fash

Key words | Histamine, Harring. Salt, Preservation

Introduction

The brine salting process has long been considered as an effective methad
of aily fish preservation inhibiting the axidation of lipid which would take place
under dry salting. This process in its various forms, is practiced in many parts of
the world, Although heavily salted fish is now less papular in Western Euroge
than the other alternatives available throughout the year, certain products such
as maatje cured herring remain popular, Maatje herring ilightly salted herring) is
gaining pepularity in many countries of Europe. Barrel salted herring is still
produced in some parts of the United Kingdom, but most is preduced in the
Scandinavian countries,

In Bangladesh, Hilsa ilisha, is brine salted in much the same way as herring
in MNorthern Europe except that the process is carried out at ambient
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temperature so that the products ripens 1o “maturity” in about 2 months
compared to the 918 manths required for the herring product ripensed at lievww
temperature, For this reason the two experimental storage / ripening
temperatures {4°C and 25°C) were chosen, A large proportion of the reported
UK incidence of food poisoning, which have implicated fish, have been
scombraid paisonings from the consumption of scombroid and clupeid species,
which may have been lessthan-fresh. Whilst there is doubt as to whether
histamine is the cause of this type of poisoning (Clifford and Walker 1992,
Ahmed 1992} its Jevel in the fish flesh is still regarded as a good indicator of the
freshness and of the likelihood of their having been subjected to any
temnperature abuse during handling. For this reason, Council Directive
91/493/EEC (1991) relating to the conditions required in the production and
trading of fish product for the EC, specifies a maximum allowable limit (MAL of
20 mg/100g flesh (with the mean value for % samples not to exceed 10mg 1005
flesh] (EEC 19900, In view of the increasing aftention being paid to biogenic
amines by health and regulating authorities the present study was undertaken to
studly histamine level during the ripening of barrel saited herring. Factors which
might influence histamine formation such as catching season, presence or
absence of viscera, salt purity and storage temperature were investigated.

Literature on the formation of histamine in foods suggests that the
decarhoxylation of histiding results in the production of histamine, Early workers
believed that histamine was generated due to the activity of the enzyme
histidine decarboxylase, although the produgion rate varied widely under what
were regarded as normal, optimum ripening conditions (Kimata 1961, Ferencik
1970, Yoshinaga and Frank 19821, Prateclysis, either autolytic or baclerial, has
been suggested on playing a role in the release of free histidine from tissue
protein {Ababouch et al, 1991}, Some species of fish of the scombroid and
clupeid families have large amounts {in arder of 1% of the fish of wet weight) of
free histidine {Hibiki and Simidu 1959, Ababouch et al. 1991} nomally in their
muscle Hssue. This serves a5 a substrate for bacterial histidine decarboxylase.
Studies on the effect of salt on histamine formation showed that histamine can
form in wacuum-packaged, lightly-salted herring fillets stored at in-store,
refrigerated display temperatures, particularly after contamination with
psvchrophilic Photobacterium spp. (Van Spreekens 1986). Mackerel stored at
5°C, even in the presence of 2% salt showed markedly increased histamine
content following a profonged refrigerated display pericd (Yamanaka et al, 19851,
The effect of higher salt concentrations on histamine formation in fish is less
knowan, |n this paper the formation of histamine in heavily salted herring where
the fish to salt ratio is 4:1, is reported.
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Materials and methods

Source of fish

Herring {Clupea harengus) used in the study was provided from the purse
seining wessels of Alexander Buchan Ltd., Peterhead, Scotland. Pre-spawning
herring were caught from the nearby Piper field in mid-July and post-spawning
ispent) herring from off Scarborough of UK in late September. The herring was
kept in KSW tanks at -2°C intide the purse seining vessels but were fanded
within 24 hours of capture at the Peterhead processing factory. The catch was
unloaded by an on-board winch operated scoop net digging the catch out of the
RSW tanks and transferring them via a hopper to polypropylene tanks of about 1
m' capacity which were fork-lifted to the adjacent processing factory, At this
stage the temperature of the fish was 0 to 2°C ., In the factory the herring for the
investigation were immediately processed according to the scheme selecied 1o
examine the effects of salt on histamine level under different condition 1.,
before and after spawning, evisceration, salt purity etc.

Savrce of gall and additives

Pure salt (industrially processed new salt NaCl) and used salt both from the
same source was collected from the Anderson’s (Fish Merchants) of Peterheadd,
The used salt had been collected after its use in the dry salting of cod. Potassium
sorbate was supplied by Merck Lid., UK and nisin was supplied by Aplin &
Barrett Ltd., UK. .

Processing of ffsh

Both the pregpawning and spent fish were processed inte 4 different

groups as follows:
1. Whole fish + new salt (with potassium sorbate and nisin)
2. Whaole fish + used salt
1. Gibbed fish + new salt {with potassium sorbate and nisin)
4. Gibbed fish + used salt.

The sample were prepared as described below for maturation (ripeningh at
4°C in polypropylene barrels and in polyethylens pouches (Synclair 5-layer
pouches Type DBFI; Gee pack, UKL Gutting was carried out to remove gills and
viscera in such a way that the pyloric caeca remained in the fish, A ratio of 1 part
of salt te 4 parts (by weight) of fish was used in the preparation of all samples,
Alfter “rousing”, (the hand mixing of fish and saft) the herring were packed into
the barrels in the traditional manner. First a layer of fish was placed with belly
uppermozl and head 1o tail until the layer was complete. A layver of salt was
placed on top and a new layer of fish laid at right angles to the layer beneath,
These alternate layers of salt and fish were continued until the barrel was full. An
extra two layers of fish and salt were laid on the top of the filled barrel . Within
two days of holding at 4°C, the herring inside the barrel had settled down, due to
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the pickle formation, and the extra layers had become immersed in the pickle. In
a subsequent experiment, this pickle formation stape was allowed to proceed at
ambient {10-15°C) temperature before allowing the ripening to proceed at the
selected storage temperatures. The barrel was then closed and made airtight
with a palvanised steel collar, To suppress bacteria and mould growth, nisin and
potassium sorhate had been mixed with the new salt at a dosage level of 20
ppm and 1000 pom respectively, Each barrel on closing contained 100 kg of fish
angd 25 kg of salt. In the same way 260 polyethylens pouches for each batch
were prepared by vacuum sealing 1 kg fish and 250 g of salt in each pouch.
Crher caonditions were exactly the same as for the barrel-salted fish,

Similarly & plastic tubs (4 for prespawning and 4 for spent fish) and &0
polyethylene pouches for the prespawning batch and 60 for the spent baich
were prepared for storage at 25°C | Other conditions were exactly same as for
the fish stored at 47C.

All of the experimental materials were transported from Peterhead of
Sctoland 1o Hull, England by insulated vehicle, which took nearly 24 hours, Final
storage was performed at Hull until ripening. During the first 2 weeks of storage
the harrels were rolled every other day 1o ensure uniformity of admixture and
prevent the fish sticking together.

At 4°C storage, the barrels were opened once in every three months for
sampling but the polyethylene pouch stored fish were sampled every month. At
25°C storage, the tubs were opened for sampling at the end of ripening (2-3
monthshy and the polyethylene pouch stored fish were sampled every month
they were judged to have achieved maturity/ripening

Im the subsequent experiment, the herring were allowed to ripen in smaller
plastic tubs as well as 60 kg barrels so that sampling could be performed every
week, whilst leaving some tubs and barrels unopened for long-term storage. The
fish in these containers could, thereby, ripen normally without suffering the
effects from air ingress at sampling times.

Analysis

The histamine content of the maturing salted hesring  was determined
according to the method of Hardy and Smith (1976) which was based on the
principle of colorimetric determination by coupling with a diazonium salt. The
maoisture contert was determined according to the ADAC (1965) method, The
salt (NaCh conent was determined by accurately weighing 23 & of fish flesh
thomogenised from at least 6 fillets) and blending with 225 ml of cold water. This
was filtered and 10 ml of aliquot was titrated against O.1N AgMNCh, using
potassium chromate as Indicator. The percentage of NaCl in fish flesh was
calculated from the relationship 1 ml QUIN AgNCy, = 0005845 g NaCl,

Paired t-test were carried out to assess the significance of the experimental
results according to Miller and Miller (19881,
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Reeults and discussion

In the herring stored at low temperature (4°C) the higtamine levels of the
pre-spawning batches increased with storage time up to 6 months for the
gibkbed fish, and up to 9 months for the whole fish, then gradually decreased as
the fish continued to ripen (Fig. 1), Less histamine was produced in fish treated
with new salt than in those treated with used salt. There were differences in
histamine level among the 4 different groups of herring during barrel salting but
all those where ripening had heen allowed to proceed at 4°C contained
acceptable levels of histamine at the end of ripening/maturation. In the spent
batch at the same storage temperature (4°C), histamine levels were found to be
considerably lower than those of the fish of prespawning batch (Fig. 2. Very little
difference in histamine level were found among the 4 different groups of spent
fish during the ripening/maturation pertod. Similar trends were observed in the
fish stored in vacuum-sealed polyethylene pouches (Figs. 3 and 4).
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Figs. 1-4. Lovels of histamine during tha ripening of (1} pre-spawning, (2} spent herring
IBxarrel salted), {3) pre-spawning and () spent herring {polyethylene pouch salted),

The batches where ripening had been allowed to proceed at 10-15 °C
temperature were found to have unacceptably high histamine levels (ranging
hetween 16 and 77mg/100g fleshl when first sampled, after 30 days storage
{Figs. 5 and &),
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Ritchie and Mackie (1980} studied the histamine level in ice-stored herring
tat 1"C where histamine reached 50mg/100g flesh within 17 days of storage.

Farnandez-5alguero and Mackie (1987) observed 53mg/ 1008 in whale fish
anil 52mg/100g in fillets of herring by the 7th day of storage at 5°C. In the
present study the barrel salted fish were allowed to mature for 12-15 months
and those for in the polyethylene pouches for 7-8 months of storage. During this
extended pericd, histamine levels remained below the EC Council Directive
MAL and the US Food and Drug Administration Defect Action Level (DAL), High
salt concentrations, therefore, appear to effective in retarding histamine
formation in herring,

The results of the present study also show histamine levels in stored figh
vary with the catching season, They were found to be much lower throughout
the ripening period in the spent fish. Variations in the histamine level with
season in mackerel have been reported by Smith er all (19805, Such variations
were suggested as being due to the differences in the activity of fntrinsic
enzymes. The pre-spawning fish were caught in July and were siill In active
feeding condition and, for this reasan, the protealytic enzymes may have hoen
more active than in the fish caught at the end of September, scon after
spawning. The effect of gibbing on histamine formation, however, is nat clear, In
the pre-spawning herring, histamine levels trend in the barrel salted samples
were contrary 1o those salied in the polyethylene pouches. It might have been
expected that the presence of viscera would lead to higher histamine levels, Yet,
the ambient-prepared batches showed higher histamine levels in the gibbed
than in whole herring over start of the ripening period. This would probably be
due to the spread of gut contenis over the belly cavity in the process. The
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contradictory results obtained, however, leaves the question of whether the
enzymes from the gut bacteria play a significant rale in histidine decarboxylation
during 4°C ripening unanswered,

Mevertheless, differences in the levels of histamine In the batches treated
with new salt and used salt suppested that histidine is being decarboxylated
through the activity of both tissue enzymes and bacterial enzymes. Batches
prepared with new salt were treated with antibacterial and antimould agents
whilst thase prepared with used salt were not. The former were found to contain
lower concentrations of histamine than the latter. This differences was found in
all groups of experimental fish, In the fish stored with pure salt iwith antibacterial
and antimould agents) the role of bacterial enzymes in histamine generation
would have been expected to be reduced. Histamine formation in these fish
therefore would be largely due to the activity of the intrinsic enzymes of fish, The
level of histamine i the fish treated with used salt was always higher than the
level of fish treated with new salt. It is to be expected that the used salt would be
contaminated by halophiles which, over a long period of storage, might remain
marginally active and contribute 10 histamine formation along with the intrinsic
enzymes of the fish,

The decline in the histamine level after 2 certain period of storage, firstly,
may be due to some of the histamine formed in the flesh being leached out into
the surrounding brine and, secondly, some may enter into another hiochemical
pathway, for example, taking part in reactions with aldehyde groups of simple
sugars or lipid oxidation products, £

Al higher temperature storage (25°C) the histamine levels in the fish from
the plastic tubs at the end of ripening were very similar to those fram the barrels
kept at low temperature {4 °C), Table 1 shows the results obtained at the end of
ripening (2 months) of the 4 different groups of fish from prespawning and spent
batches. In the prespawning fish, which were allowed to ripen at 25°C, less
histamine was produced in fish treated with new salt (with potassium sorbate +
nisinl than in those treated with used salt. Histamine levels were helow the
specified MAL, although there were differences in histamine level in the 4
different groups of fish. In the spent batch {at 25°C) histamine levels were found
to be lower than those of the fish of the prespawning batch (Table 1}, The
difference in histamine levels among the 4 different groups of spent fish was
very small. The same trends were observed in the fish stored in vacuum-seafad
polyethylene pouches (Table 2 and 3) although the level went slightly above the
specified MAL in some samples of fish from the prespawning batch (Table 2)
during the first weeks of the ripening period. Cnly in the ambient-prepared
samples did the histamine levels substantially exceed the MAL. In these
samples the bacterial activity associated with spoilage would have proceedead
rapidly until sufficient salt had penetrated through the tissues to inhibit the
further profiferation.
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Table 1. Histamine contents of the fish ripened In plastic tubs at 25°C

- Sadnple Hi..r_i_arnine i 100g)
P‘a'l:ma':l'h'rng Spent
Wikala fish « new =i 185 135
Whole fish + e sall 1245 a7
Gibbed fieh + ramw 531 13.32 1.04
. Gibbed fish & used salt 17.35 175

Table 2. Histamine levels of the prespawning fish ripened in polyethylens
pouches at 25°C

Histamine {1008
Storage perlod whole fish Whale fish  Cibbed fish  Gilibed fish

Imenthi + - - +
remy 53l used wall rere salt used salt
1 18,36 L 1922 FAE 634
s 1160 1329 17.24 18,23
212 ”1_EA.IEI|:| 17.60 16,04 18.00

—_

Tahle 3, Histamine levels of the spent fish ripened in the polyethylene
pouches at 25 °C a

Higtamire {1008
Whaole fish Whoda fish Whaole fish il fish Gibbesgl fish

- + + -
mawe salt retre 5201 e =ali ey salt wsed salt
1 76 8.42 2484 34
2 B2 132 3.83 4.6
| &.7% 112 1,80 17

The main conclusions of the present study are that;

it Low temperature (4 "C) and high salt concentration retard histamine
formation in fish flesh,

fil Ii the fish are salted at high (above 15 "C) ambient temperatures, the
specified MAL for histamine In the flesh is likely to be exceeded during the
first two weeks of the process.

fiiil Even at the high salt concentration, histamine |5 still produced by the activity
of the intrinsic enzymes of fish, but, unless histamine levels in the raw
material are high or become high during the period when the sali was
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diffusing Into tissues, these levels are likely to remain below the specified
MAL upto the time  of maturity.

iivl After the salt concentration in the fish flesh has become high enough te
inhibit the growth of histidine decarboxylating bacteria, storage temperature
has little effect on the histamine formation.

(¥l Spent herring is better than the prespawning herring for salt preservation if
the lowest histamine levels are considered to be the maost desirable
attribuite but spent fish fails to produce a ripened product with the desired
characteristic sensory atfributes, compared 10 those of prespawning fish.,
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Abstract

ELEFAM-g, ELEFAMN-I, ELEFAN-II were used to estimate the parameters of
population of Harpodon neherews from length- frequency data collected from
Kutubdia channel of Bangladesh coactal water. The Lie and K were found 1o be
2448 cm oand 1.50¢ vaar, The annual rate of nateral morality (M) and fishing
martality {F1 were found to be 2.46 and 3.27 respectively. The rate  of
explaitation | E} was estimated as 0.57. The mean length at first capture (Lo was
estimated as 6.747 cm. This species  was recruited in the fishery during March
to May, Awgust and October, The Peak recruitment appeared bebween March
t April. Emax. was found to be 0.501. The present investigation clearly

showed the over fishing (E=D.50) of H. scherews in the investigated area of
Banpladesh coastal water.

Key words : Population dynamics, Hamodon .E-EﬁEI'EL'i. Kutubdia channel

Introduction

Harpodon aeherews (Ham.-Buch 1822} popularly known as Bombay duck is
one of the inshore shallow water and estuarine fish of the Bay of Bengal, Indian
ocean and the Arzbian Sea. It is locally familiar as ‘Lotiva much' or 'Loittya’
around the coastal areas of Chittagong and Cox's Bazar,

A large number of this fish is caught every year from the coastal areas of
Bangladesh lacated between Latitudes 20" N - 22° N and Longitudes 84° E - 927
E (Sarker 19671, The major portion of the fish is caught by the local fishermen
and annually about 0.1 million tons are harvested. Kutubdia, Moheskhali,
Cox'sBazar, Sonadia, Khulna and the coastal areas of Chittagong are the maost
important fishing place for H. neherews. In the Bay of Bengal, Bombay duck
contributed a major part of the catch of fish population,

The Bombay duck is generally caught by the ‘Bebundi nets’ (set bag net)
with mesh size varying from 70 mm at the wider part 10 10 mm at the cod end.
The peak season of fishing commences fram July and continues for a period of
about 5-6 months. In other months, they occurred in comparatively small
numier {Chas 1980,
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Though H. neherews is one of the highly esteened table fish at home and
ahroad, but litde work hag <o far been reported on it in the field of population
biclogy. The present (nvestigation shows the different aspects of population
dynamics such as asyvmptotic length (L&), growth co-efficient (K), natural
martality (M), fishing morality (F), recruitment pattern, length at first capture (L),
relative yield-per-recruil amd biomass-per-recruit and exploitation rate (E) of H
nehereus and 115 management at Maximum Sustainable Yield (MSY) level in the
Kutubdia channel of the Bay of Bengal.

Materials and methods

Farimghtly samples of M. nehereus were collecled during August™3 o
July™6 jrom the Kutubdia channel {Fig.11 of Bangladesh coastal water. Fishes
were collecied from set bag nets with mesh zizes 10 cm at the mouth, 5 cm at
the middle and 1.5 om at the code end. Total length (TL) at 0.5 cm interval for
2366 specimens were measured and length-frequency data were poofed month
WEE,

Fig. 1. Investigatesd area of Kiqubdia channef in the coastal water of Bangladesh.

Length-frequency based computer programs ELEFAM |, ELEFAN Il were
used to estimate population parameters. As explained in detail by Pauly and
Cavid (1987) and Saeger and Gayanilo (1980) the growth parameters Lo and K
of the Von Bertalanffy equation for growth in length are estimated by ELEFAN 1.
An additional estimate of Lo and Z/K value was obtained by plotting L-L on L
Metherall 1986 as modified by Pauly 1986] i.e,

La- L=a + b

Where, La = a-h and Z/K = (1+b) b

Where L is defined as the mean length, computed from L upward, in a given
length-frequency sample while L is the limit of the first length class wsed in
computing a value of L.

b4



Popalation dvaamics of M. nehemeus

The growth performance of H. peherus  population in terms of lenpth

growth was compared using  the index of Pauly and Munra (19845,
o= Llog,, Ke2log,, Lo

The ELEFAM || egstimates Z from catch curve based on the equation,

KiLee-L)

A — i)

Lee - L
Where, L it the mean length in the sample, computed from | upward and L is
the lower limit of the smallest length class used in the computation of L |
Beverton and Halt 19565

The parameter M was estimated using the empirical relationship derived by
FPauly (1983, i.e.,

Log, M = - 0.0066 - k279008, Lo+ 0.6543og,, K-I-l.’!.dﬁﬂdlugm T il
Where Lot s expressed in cm and T the mean annual environmental
temperature in “c which is here 28%,

The estimate of F was taken by subtracting M from Z, the exploitation rae
(E) was then computed from the expression |

E=FZaFf (F+hi)

'Gear Selection Pattern' was determined wsing the routine ELEFAN 11, i.e.,
plats of probability of capture by length (Pauly 1984 by extrapolating the catch
curve and calculating the number of fish that would have been caught.

Recruitment pattern is obtained by backward projection on the length axis
of a set of length frequency data (seasonsl growth curvel according to the
routing ELEFARM 11,

Relative yield- per-recruit (Y/Rl and biomass-per- recruit (B/R) was obtained
from the estimated growth parameter and probabilities of capture by length
{Pauly and Soriano 1986). Here, yvield (¥) - per - recruit (R is calculated as
refative yeild -per -recruit (Y/R) . The calculations were carried out using the
“Complete ELEFAN" program package developed at ICLARM {Ingles and Pauly
1984},

Resulis and discussion

Growth parameters

Growth parameters of the Von Bertalanffy growth formula were estimated
a5 Lot = 1348 cmand K = 1.5 per year, For these estimates through ELEFAM |
the response surface (Rnd was 0,157 for the main curve salid linel and 3,129 for
the secondary line idotted linel, The computed growth curve produced with
those parameters are shown over its restructured length distribution in Fig. 2.
The t; walue was taken as 0.

£5
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Flg. 2. Growth parameters of Harpodon aeherews estimated by ELEFAN
(Lt = 24 48 crnoand & = 1. 50/year).

The Powell-Wetherall plot are shown in Fig. 3. The corresponding estimates
of La and Z/K for H. nehersus are 24,11 cm and 1,538 respectively. This
additional estimate of Le is slightly lower than the La estimated through ELEFAN
I The comelation co-efficient for the regression was 0.943 ja = 8.49 and b = -
.352). Calculated growth performance index (§) was found to be 2.053. Mustafa
et al. (1994) reported Lot = 29.0 cm and K value = 0.9 per year for H. nehercus
from the Kumira estuary and Islam {1995) also reported that Lie = 30.00 cm of
the species in the Karmafully estuary of Banfl'ad&sh_

POWEEL = WETHERALL PFLCT

1 it

a
-] L
v L ' (=) gu&
o
o
l?qn
a

a . —
& 14 L 1.% .3 1.3
Migleagik [i=m])

FigguPaiy (mag™l

CwHed napre | L' am]

Fig. 3. Fstimation of Lo and Z/K using the methods of Powell-Wetherall plot for
Harpodon nehereas, The estimated La = 2491 om and 2K = 1,636



Populatin aynamics of H. nebereus

Movrtality

The mortality rates M, F and Z computed are 2.46, 3.27 and 5.73
respictively. Fig. 4 represents the catch curve utilized in the estimation of Z. The
darkened quadrilateral represents the points used in calculating Z through least
square linear regression. The blank circles represents points either not fully
recruited or nearing to Lo and hence discarded from the calculation, Good fit to
the descending right hand limits of the catch curve was considered. The
correlation co-efficient for the regression was 0.955 (a = 10,65 and b = - 5.73).
The natural mortality rate estimated from the empirical equation, Pauly (1380)
suggested that this method gives a reasonable value of M. This method of
estimating M, is widely used throughout the tropics where time series of reliable
catch and effort data and several years of Z values are not available so as 1o put
int the most usual methods of estimating M and F. The fishing mortality rate (F)
was taken by subtraction of M from Z and was found to be 3,27,

CATCH CURVE

BB
L]

Eriwlire wgr |pusry <qi|

Fig. 4. Length-corverted catch curve of Harpodon neherews.

Exploitation rate

The exploitation ratel E ) has been estimated from the Gullznd's (1971)
equation, £ = FF+M, Thus from these range of values of F and 7 it can be
shown that the rate of exploitation (E) is 0.57. It appears that the stock of H.
nehereus of Kutubdia channel s under fishing pressure. This assumption fs
based on Gulland (1971} wha stated that suitable vield s pptimised when F = M
and when E is more than 0.5, the stock is generally supposed to be over fishing,
Mustafa ef 2l (1994) and Islam (1995} also reported the over-sxploitation of the
species in the coastal region of Bangladesh.

Selection pattern
It appears from Fig. 5 that the length at first caplure (Lo from "Selection
pattern® was found to be 6.747 ¢m on the basis of the present net used. But

&7
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this is likely to differ in case of commercial fish trawlers having different mesh
size in the cod end.

FRCBABILITY QF CaPTURE
AKALYLIL

. —

Finhaainp 6l papan

Fig. 5. Selection pattern of Harpodos nehereus,

Recruitment pattern

The recruitment pattern Fig. 6 determined through the ELEFAN I
analysis (Pauly et al. 1931), with the separation af the normal digtribution of the
peaks by means of the NORMSEP program shows that M. nehereus was
recruited in the fishery during March-May, August and October. As may be
derived from growth curves also, one spawning appears to take place in
November amd another in May, Peaks appeared during the months of March
and April.

RECRUITMENT PaTTERN

™™ 1"|
f.-"
F up | |
; : Vﬁ __K‘IK /‘j [ ]
2 @ _.-'r>(JH""|-..| |
k Tk it —

Fig. 6. Recruitment patiern of Harpodan nehersus.
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Poguildarion dynamics of H. nefereas

Yield-per-recrufl and biomass-per-recruit

The relative yield-per-recruit and hiomass-per-recrall were defermined as a
function of Lo e and MK are 028 and 1.64 respactively, Fig, 7 chows thal the
present exploitation rate (E = 0.37) exceeds the optimum exploitation rate
(Emuax = (50T,

Ul b ant | redrnii

LIRS L R T N s N

1/

L
(1] i 4 a5 2 v 3 =
Expinifpbsaa r=' g b s

Fig. 7. Relative yield-per-racruit and biomass-per-reciult of Haipodon fsehereus
lobe = 0.28, MK = 1.bd.

References .

Beverton, K.J.H. and 5.0, Holt, 1956, A review of methods for estimating momality ranes
in fish populations with special references to sources of bias in caich sampling.
Rapp. P-v_ Renn. Cons, Int. Explor, Mer., 1440 @ 6783,

Cras, B. R.. 19&80. Population dynamic: of Harpodon nehersgs [Ham. Buch.) in the
Karnatully river estrary, Chittagong. M. Sc. Thesis, Instilute of Marine Sciences.
Linivessity of Chittagong, Bangladesh. 47-62 pp.

Ingles, I and O Pauly, 1984. An atlas of the growth morality and recruitment of
Fhilipping fishes, ICLARM Tech. Rep, 13 1 127 pp.

Islam, 55, 1995, Population dynamics of some fishes and shrimp of Karnaiully river
estuary based on lengih-frequency data. s, Sc. Thesis, Depamment of Zoaolopy,
University of Chittagong, Bangladesh. 37-76 pp.

Mustafa, MG, MAL Aradi and MLE. Islam, 1994, ELEFAN based papulation dynamics of
Bombay duck Harspodon nehereus Hamillon-Buchman from the Kumira essuary.
Faper presented Sth Mational Zool. Conf. of the Zoolopical Society of  Bangladesh.
26-28 |an., (Souvinir abstract mo, 429,

Fauly, 3., 1980, On the interrelationships betwean nafural mortality, growth parametars
and mean environmental temperatuse in 175 fish @ocks. § Cone int Fxplor. Mer.,
IWMIp 1 TR-102,

Pauly. 0., 19683, Some simple method for the aseesement of tropical fish stocks. FAD
Fish Tech. Pap. 234 - 52 po,

a9



WG Mirstaly o1 af

Pauly, 0., 1984, Fish population dynamics In tropical waters: a manual for wse with
programmable caloulators. ICLARM Stud, Rev. B : 325 pp.

fauly, D, 1986. On improving operator and use of the ELEFAN programme. Part Il
impraving, the estimation of L, Fishlate, 4 (1) 0 18-20

Pauly, 0. and |. L. Munro, 1984, Once more on the composition of growth in fish and
invenebrates. Flshbyte, 2000 21 p,

Pauly, O, and N. David, 1961, ELEFAN |, a bassc programme for the objective extraction
af recruitment pattern from length-frequency data, Meeresforsch, 27{2) : 200-210.

Pauly, D, M. David, and |. Ingles. 1981, ELEFAN I User's instructions and program listing
P war. (imed),

Pauly, D. and M.L, Soriano, 1986. Some practical extensions 1o Beverton and Holt's
relative yield-per-recruit model, fn : Ist Asian Fisheries Forum jeds. ). L. Maclaan,
LB. Dizon and L.V, Hosillosl. Asian Fisheries society, Manila, Philippines, 149-495

E:d:,‘}h'l. M. U, Z. A, Chowdhury, F. Alam and MG, Khan, 1995, Lengih-welght
relationship and size frequency of Harpodon sehereus (Hamiton-Buchanan) in the
Bay of Bengal, Bangladesh, tn: Annual Conference of Zoological Society of
Bangladesh, Abstract Mo, 16 30p.

Saeger, ). and F. |. Gayanilo, 1966, A revised and graphics oriented version of ELEFAN |
and | basic programs for wse on HRYBEST micre computers. Fech. Rep. Ciept.
tlarime Fish Mo, 8.

Sarker, . B, 1967, Extuarine ard coastal fisheries of East Pakistan with special reference
to gill netting Trans . Figh Frotein Conc., Dacca, Pakistan, Now. 7 & 8, 1967,

Wetherall, |.A., 1986, A new method for estimating growth and mortality parameters
from length-frecquency data, Fishbyte 42 11204,

fvfanisssript receiverd 14 fly T997]

90



Farpplavhe=h L Fish, fes,, 1L 19%3 . 95-98

Rice-fish and rice mono-crop production at Gouripur,
Mymensingh : an economic analysis

M.Z. Hague, M.H. Kabir' and M.T.H. Miah

Pept. of Aprinilhun! Econamics

Bangladest Agricultursl Universiy, Mymensingh-2202, Bangladresh

'Present address © Farming Systems & Enviammental Studies. BAL, Mymensingh
* Corresponding awtfar

Abstract

This study examines the relative profifability of rice-fish culture and rice maonn-
crop production at Gouripur thana of Mymensingh districl, The sesulls of the
study show that the rice-fish farming was economically more rewarding than the
rice mono-Crop farming, although both the farming activities were  found
profitable over cash as well as full costs, In addition fo extra earmings fram fish,
the rice-flsh farming produced significantiy a higher yield of rice requiring very
minimum extra cost for fish, Rice=fish farming also reduced varlability in yield of
and return from rice.

Koy words | Rice-fish, Econamics

Introduction

The notion of rice-fish culture originated with a view 10 ensure beter return
from high yielding variety (HYV) boro rice to farmers thorough the best and
maximum use of scarce land resources, The inereased fish procdiection
harvested from simultaneous production of rice and fish is expected o lift the
national fish consumption and to contribute much to the household welfare,
Although the rice-fish culture under scientific management (i.e. in irrigated boro
rice fields) is relatively a new gesture in Bangladesh, on-station rice-fish culiure
of the Bangladesh Fisheries Research Institute (FRI), the Farming Systems and
Environmental Studies (FSES) and the Bangladesh Rice Research Institute (BRED
proved to be technologically feasible and economically viable, This performance,
of course, is based on the results of the experimental stations, However, only a
few farmers in some places have already changed their farm planning towards
rice-fish farming from irrigated rice mono-crap farming,

According to Dewan {1992) Bangladesh has 10,22,9000 ba area under rice
production of which irrigated area is 12,27,000 ha and potential area for rice-fish
culture fs 615,000 ha, Unfortunately, rice-fish farming presently occupy a very
small portion of the suitable area of Bangladesh,

To become accepted by the farmers a technology must satisfy farmers'
sociceconomic seftings and farm environment. But detalled farm level study is
yet to be done to confirm rice fish production system, Thus the present study
aimed at determining farm level profitability of rice-fish farming against rice
maone-crop farming,
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daterials and methods

The farmers of Gouripur in Mymensingh district have been cultivating HYY
horo rice under irrigated condition for last few years, although the area is well-
suited for rice-fish culture. I 1992, doe-fish culture was initially introduced in
this area by the FRI in the form of some field experiments. The encouraging
vield of both rice and fish in the experimental plots attracted the farmers 1o
adopt this new technology. That is why, the area was selected for the siudy.

A stratified random sampling technigue was followed in this study. In total,
sixty farms taking thirty from rice with fish and the remaining thirty from rice
without fish, were randomly selected for this study. The study covered only the
Bara cropping season beginning from December94 to May'95,

To collect necessary primary data a sample survey was conducted by using
a set of well designed questionnaires. The collected data were analysed by using
enterprise costing technigque and the results were presented in the fabular form
with the help of simple statistical measures like arithmetic mean, percentage
and ratio. Whenever necessary the results were confirmed with the help of “t'
test.

Results and discussion

The profitability analyses of HYY boro rice with and without fish were done
on the basis af full and cash costs. In the case of full costs, all input items bath
family supplied and purchased were valued at the market prices of the inputs.
Cin the other hand, only the out of pocket costs wene taken into consideration to
arrive at the cash cost. The major findings of the study are presented in the
following secticns.

Production cost of HYV boro rice with fish

Per hectare cost of producing HYV boro with fish in the sample farms is
shown in Table 1. The table reveals that the cost of simultaneous rice-fish
farming stood Tk 32,666.00 on the basis of full cost. The analysis showed that
operating costs represented 64.18 percent (Tk 20,966.00/Mha) of total costs and
the rest 35,62 percent (Tk 11,700.00%a) was interest cost in which interest on
land value alone acoounted for 34.90 percent (Tk 11, 300.00/ha), The major part
of the operating cost was shared by human labour and irrigation charge
representing 17.99 (Tk 5877.00/ha) and 13.45 percent (Tk 4393.00/ha) of total
costs, respectively. The other important operating cost Items were fertilizer,
animal power, seedlings and cow-dung. Fish culture in the rice fields added
extra cost of Tk 3331.00/ha [10.20 percentl to the total costs of which 5.94
percent was shared by fingerlings. It may be noted here that the family supplied
inputs accounted for 15,19 percent (Tk 4962.00Mha} of full cost.

a2
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Table 1. Per hectare ingut vse and cost in rice-fish production

Cost item Linstai Chraritity Cost
q_.!.m_!_!__r'r Full casi Cash cost
R fta  %ofwml  Teba % of ol
Fuman labour ran-day 6751 37085 17.9% 3218615 20,53
Animal labesar Pass-day A0.45 1027 M 3.59 VE24.20 1135
Secdling Kg 4527 15EATD £47 &35.&0 147
Cow-lung ton 500 126543 A7 337 46 211
Feriilizor 5 - ZRA3AT an 268237 16,74
LMea lg_ HIE.O5 112278 145 1127.78 705
TSP kg 0F, 72 e 4B 247 GE4 48 fn,02
AP g B1.014 il | 105 1370 1%
Ciypeum g 2145 6735 (i B [ a2
(M cake lg_ 201 T164dL 5% Lay 160.55 1.6
Imigation a a 4393100 13.45 4349300 IF.45
Fanpeding s HE TR 1535 {0 554 153900 1212
Feod [H 23950 51900 139 23300 1.45
Linne kg b 7106 Ly 7356 L4k
Excanation of diich = = HODUH 145 HOHOLI) 50K
Ing, pan o, capital - - 0 A ez - 3
Ing. o land value - « 11400000 1450 .
Tedal - S L - 1600314

O the basis of cash cost, the production cost [Tk 16,003.00ha) of rice-fish,
as expected, was less than half of the cost calculated on full cose basis (Tk
32,666.00hal. Irigation, human labour, fertifizer and animal power appeared to
be the most important items of cash cosit, These cost items accounted for
74,89 percent of cash costs of rce-fish production, The extra cost for fish in the
rice field was Tk 3044.00/ha (19.02%) of which fingerlings alone accounted for Tk
1935.00ha (12.12%) and the rest Tk 1105.00'%ha {6.89%) was represented
topgether by feed, lime and excavation of ditch.

Produection cost of HYV boro withowd fish

Per hectare cost of producing rice without fish is given in  Table 2. Per
hectare cost of producing HYY boro as 3 single enterprise was estimated at Tk
28,263.00 of which Tk 16,631,000 (38.84%) and Tk 17,632.00 (47.16%) were,
respectively operational and intérest costs, As a single cost item, interest on
land value represented the lion's share (40.33%) of tolal costs. Among the
operational cost itemns hurman laboar, irfgation and fertilizer accounted for 19.34,
12,32 and 11.34 percent, respectively of fotal costs of producing boro rice.
Animal power and seedlings appeared to be other two important cost items
representing 6,23 and 6.08 percent of total costs, respectively. In producing
HYY boro rice, more than 15 percent (Tk 4263.00ha) of total costs was
represented by family supplied inputs.
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Table 2. Per hectare input wse ard cost in rice mono-cropy prodection

Cost item __Llu_-gigﬂ_ Chranlity LT
cpantiby Full poss Cash cosi
Tt oo a3l Ththa T of 1atal
Human Eshour o=y 156.20 546700 19,34 AATAE 5.3
Animal labour Pair-daw 35,35 176100 13 151 6.8 1226
Loadling 43 4%.10 171850 h.d SH115 4.55
Cowedung Ban 314 7E5.2S 274 256,15 207
Ferilizer - - AW 44 11.14 12046 44 2541
Lirea i 13B.05 134,28 443 1300 28 10,59
raf i 118346 146534 i7r G524 B.GE
[E1g "F B3T1 441,77 1L5E 44177 157
Gy psum b 13.00 540 0,35 G50 0Ed
Ol case by 3823 191,15 1.0 291.1% 235
irrigation : - TR 00 12.33 34081 060 1815
Inepcticides & 21200 .75 N EM LM
Int on aprt. capetal . - 23190 18 - .
int. on lard vakue . - 1 VA0 an.34 -
Total - 283263108 - 1236F.75

The total cash costs of producing HYV boro rice as a single enterprise stood
Tk 12.368.00M0a which, as expected, was much lower (43.76%) than the full cost
of production. As were in the full costs, the most important cost items in the
total cash costs were irrigation (28.15%). fertilizer (25.93%), human labour
(25.33%) and animal power [12.16%). However, seedlings, cow-dung and
insecticides combinedly shared anly 8.33% of fotal cash cost of HYV boro nce
production.

Comparison of fnput use in rice-fish and rice mono-crop farming

It #s ewvident from the resulis presented in Tables 1 and 2 that there is a
vamation in inoul use in peoducing HYW boro with and withowt fish, It can be
seen from the Tables that more human labour (167.91 man-day/hal was used in
rice-fish farming than the farm producing boro rice without fish (156,20 man-
day/hap, This was due to some extra activities required to produce fish in rice
fields, The amount of seedlings (45.42 kg'hal used for producing rice in ricefish
farming was lower by 3.68 ka/tha than the amownt used in rice mono-crop
farming (49,10 kg/a). This was resulted from alternate double row system of
trransplanting rice which gave adequate space for easy movement of fish in the
rice fields and saved some seedlings. A substantial difference in wsing fertilizers
and cow-dung was also observed between the above mentioned two types of
farming. In the case of rice-fish farming, amount of all wpes of fertilizer used
were much lower than the amount used in rice as single crop. In fact, the
application of fertilizer was substituted partially by higher amvount of cow-fung
used in rice-fish fields [higher by 1.92 thal, The higher amount of cow-dung
contributed in the production of micro-organisms for fishes to eal and also
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added nitrogen to rice plants, To maintain sufficient standing water for fishes to
move in the rice fields the rice-fish farmers paid Tk 912.00/Mha mare for ieigation
than paid for that by the rice mono-crop farmers: 1@ mav be noted hera that i
the case of rice mono-crop farming the farmers paid Tk 212.00/ha for
insecticides while the rice-fish farmers paid nathing for that, Like all other studies
iGrist 1965, Coche 1967 and Dela Cruz 19800 it was also ohserved that fishes
helped to control some insects biological ly.

Agro-ecanomic performance of rice-fish and rice mono-crap farming

Apgro-economic performance of rice-fish as well a3 rice mono-crop farming
was examined in terms of vield, gross return, net relurn and endiscounted
benefit-cost ratia (BCR}, The results are presented in Table 3. The table shows
that per hectare yield of rice (4.77 t'ha) in rice-fish farming was significantly
higher {t = 5.09) than the vield (4.23 vha) abtained fram rice mona-crop farming.
Similar findings were alsa found in several experimental studies conducted by
the FAES (Mazid et al. 1992, the FRI (FRI 1995) and the BRR] (Al et al, 19493},

Hora and Pillay (1962) also observed that the yield of rice increased by
approximately 15,00 percent in Indo-Pacific countries due 1o adoption af fish
culture, According to Dela Cruz et al. {1980) rice-fish farming provides higher
vield of rice through reducing rice pests, aerating battom soil and making mare
nitrogen and phosphorus available to rice plants. |n this regard Grist {1965) and
Coche {1967) put arguments that this extra increase in yield is due to biclogical
control of harmtul insects and pests and grazing of the fish on weeds. Apart
Ty the paddy, 15932 kg/a of fish was hrvested from rice-fish felds during
e hara season of 1995,

To obtain gross return, total produced was multiplied by the prevailed
farmgate prices of the products, At the rate of Tk 7,011,300, gross return from
rice stood Tk 33 465.00/ha and Tk 29,672.00/ha, respectively under rice-fish and
rice mono-crop farming. The estimated gross return from straw in rice-fish and
rice mono-crop famming were Tk 1,176.00vha and Tk 1,030.00/ha, respectively.
Gross return obtained from fish was Tk 6,381.20/ha where the prevailed
rarmgate price of fish was Tk 40.00/kg. Thus, the overall gross return from rice-
fish and rice mono-crop farming amounted Tk 41,022.00/ha and Tk
30,702 .00¢ha, respectively.

To arrive at net return, gross cost was deducted from gross retum and was
calculated on both full cost and cash cost basis, Per hectare nel returm in rice-
fish farming was Tk 8357.00vha over full cost and Tk 25.019.00/ha over cash
cost while net returns in rice mono-crop farming stood Tk 2,439.000ha and Tk
18.334.00/ha, respectively over full cost and cash cost. It is noted bere that the
net return per hectare from rice-fish farming was significantly higher it = 7.75)
than the net return earned from rice mono-crop farming. As a measure of
average return to each Taka spent in production, undiscounted BCR was
calculated, Table 3 reveals that regardless the methods of estimating cost, the
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BCR in rice-fish farming appeared to be relatively higher (1.26 and 2.5&) than in
rice mone-crop farming (1.09 and 2,48}, The results of the study clearly shows
that both rice-fish farming and rice mono-crop farming are profitable business
from the view point of individual farmers considering both cash as well as full
costs,

Tabbe 3. Per heciare costs and refuins of producing HYY borno
with aid without fish at Gowrlpur, Mymensingh

Pauular R HYY b FY B il dish
wilh fish
Yield
Rice iyl 4,77 4713
Fish (kathal 159,53 -
iross returm (Thihal 41.4022.14 3070182
Mg 13,464 94 29,671 .82
Saraw 1, 87600 1,050,040
Fizh 6,181 .20 -
Grisa cosi [Tk
Fisll st lssis 12 RGS 5T 28,363 04
Cash cesl lesis TEN03 16 123677
el resurn (Thha)
Fuall cosr husis 8,356,577 2.438,73
Cash cost hisis 25.018.58" 18,134.07
Henefii-oost rathe
Full caer hasie 136 a 1.8
Cash cost hisic 256 144
Sipdicant ar T% kel

Varrabilify in wiehd and net redurn from HYV boro

An attempd was made in this section 1o examine farm o farm varation in
yield and net return from rice under rice-fish and rice mono-crop farming. The
results are presented in Tables 4 aind 5.

Table 4. Variation in per heclare wield of HYV boro with and withou? fish & Ciouripur,

M','rl'h:n-:jﬁg_h
¥ield group tha) Farms producing HY Farme producing HY'Y
bacirc sl Fish bacires sariibaciiad Fish
Humbor % of toral Mumbes % af notal
3.43-3.93 1 10,03 & 667
4 005,35 4 13,33 b 3667
4. 4057 . 100 @ 000
4 805 47 14 4h &7 2 kAT
Tkl E TG0, e M LREARALH]
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Table 5. Variation in net relurm per hectase from HY 'V boa
weith and withowt fish at Gouripur, Mymensingh

Med reurn Faerns producing HYY Fasms producing HY'Y
group {Thébal boro with flsh bara without fish
Mumber % aif tanal FMumbes  of otal
1E,721-1 5,000 i 1.33 [ 3.0}
15008 -18,000 i 133 ] 1333
18,0661 -21, 000 1 1), 0 F 0.6
21060 -24,000 4 13,33 5 1667
24,000 -27 000 11 ELiN-L) - .
27,000 - 28, 76 14 23 - .
Tzl L] 18016 1] 1 0.0
Variation in yvield of HYV boro

The average per hectare yield of HYV boro in the rice mono-crop farming
was nat anly significantly lower than the yield obtained in the rice-fish farming
but the variability In yield obtained was also higher in rice mano-crop farming
iTable 4). The highest and the lowest yields recorded in rice-fish farming were
5.47 tha and 3.67 vha, respectively while the vield of rice oblained in rice
mano-crop farming varied from 3.49 o 4.81 vha. Table 4 reveals that 46.67
percent (14 farmsl of the sample farms under rice-fish farming had yield
between 4.80 to 5.47 tha while only 6.67 percent (7 farms) of the rice mona-
crop tarms had yield in this range of vield. Again, in the case of rice-fish farming
only 23.33 percent (7 farms) farms obtained yigld of rice between 3.49 to 4.39
thha but 63.34 percent {19 farms) of the rice mona-crop farms fall in this group.
The results indicated that most of the rice-fish farms were concentrated in the
highest yield group but the rice mono-crop farms were scattered in lower yield
wroups. Variation in vield of rice in rice-fish farming was relatively lower due o
evien management practices of rice-fish plats required for fish over the growing
period,

Variafion in net reicirn From HYV boro

Only the variation in net returns over cash cost from rice were analysed.
Table 5 reveals that the net return from rice in ricesfish farming varied from Tk
12,721.00 to Tk 29,7900/ ha while the net return from rice mona-crop farming
ranged between Tk 14,517.00 to 22,673.00/ha, The distribution of rice mono-
crop farms was scattered aver the lower net return groups, But in the case of
rice-fish farming the distribution was concentrated mainly over the two high nel
return groups which s similar to the concentration af rice-fish farms owver The
yield groups (Tables 4 and 5.
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Conclusions

The results of the present study clearly indicate that farmers can make profit
fram both rice-fish and rice mono-crop farming. The farmers, however, can
make more profit from rice-fish culture than the farms producing only HYV boro
rice. Extension workers should, therefore, encourage farmers to adopt this new
technigque (rice-fish culture) of farming. Thus, bath the production of rice and fish
could be increased within the shortest possible time, This will contribute much
10 farmers' income and thereby in well being of rural people. The government
and non-governmental organizations should streagthen their efforts to
disseminate rice-fish culture technology elsewhere in the country where similar
type of topography (low-lying areal is fownd.
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Manipulation of chromosomes in fish : review of various
techniques and their implications in aquaculture

MG, Hussain

Bangladesh Fishovivs Reseanch Institune, Freshwater Station
Mymensingh 2207, Hapgladash

Abdtract

Human ingenuity has made it possiblde to advent the chromosome manipulation
techniques to produce individuals with differing genomic status in a number of
fish using warious causal agents such as physical shocks (temperature or
hydrostatic: pressurel, chemical lendomitotics) and anaesihetic ireatments  aifher
o suppress the second meiotic diviston shortly after fertilization of eggs or 1o
prevent the fird mitctic division shortly prior to mitotic cleavage formation. This
results in the induction of polyploidy (riploidy - and tetraploidy), synomenesis thoth
meiotic and mitotic leading to clonal lines) and androgenesis in fish population.
The rationale for the induction of such ploidy in fish has been its potential for
generating sterile individuals, rapidly inbred lines and masculinlzed fish, which
could be of benefit 1o fish farming and aguaceliure.  In this paper, these are
eritically reviewed and the implication of recently developed chromosome
manipulstion technigues to various fin fishes is discussed,

Key words : Cell divisions, Fich egps. Polyplosdy, Gynogenesis, Androgenasis

Introduction

Chromosome manipulation research has a short history in fish compared o
that of crops and animals. Since 1943, early atternpls were initiated, and until
recently various techniques have been developed 1o interfere with normal
functioning of the metaphase spindle apparatus during nuclear cycles of cell
division in fish eggs using several causal agents, both physical and chemical. A<
a result, individuals with differing genomic status, viz. polyploids {triploid and
tetraploid), gynogenetics (beth meiotic and mitatic gvnogens) and androgenetics,
are being produced in fish population.

Among polyploids, triploid individuals are expected_to be functionally and
endocrinologically sterile due to their meiotic inhibition of gametogenesis and
lack of essential sterpid hormone levels to support gonadal grawth, Such sterility
i tripdoid fish can be of advartage to aquaculture where control of reproduction
and population is desirable. The production of putative tetraploids might have
tremendous impact, because of promising future of large scale production of
genetically sterile fish iriploids) population lies with the mating of normal diploic
and tetraploid individuals.

Induction of two types of gynogenesis has its potential in generating nearly
all female and all hemaozygous individuals in a single generation. Probable
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application of meiotic gynogenetics in aguaculture relates to coupling with sex
inversion using androgen hormones to produce all outbred monosex female
sopulation where growth rate of females are superior to males particularfy in
salmonids and cyprinids. Mitotic gynogenetics have limitations 10 use them
directly for culture but they are potential and valuable as completely
homozyeous broodstock to produce second generation of clonal lines,
Production of viable androgenetic diploids in fish has its greal impact on
eommercial application of genetic masculinization lechnique to replace hormonal
sox-roversal. Prasent review hiphlights mainly on the various chromosome
manipulation fechniques which could easily be used to suppress cell divisions in
fish exgs and their probable implications to the cultured species to banefit
aquaculiure.

Suppression of meiotic events of cell division in fish eggs

Table 1 shows a brief review of suppression of second meiotic events of cell
division in the fertilized eggs of various fishes.
Induction of triploidy

Triploidy is induced directly by blocking of second pelar body extrusion
during second meiotic division shortly after fertilization of fish eggs using various
physical shocks and chemical treatments. The mating of normal diploid and
tetraplaid fish is an alternative method for producing hybrid tripleids.

Many workers successfully used both temperature {cold and heatl and
pressure stocks as effective agents in inducing triploidy in several fishes. In a
thorough investigation in Nile tilapia, Qreochromis nilaticus, conducted by
Hussain et al, (19911 and Hussain ef al, (1995, the cold shock survivals showed
a lot of inter female difference despite the uniformly high control and pressure
shocks survivals, Heat shock showed lower inter-individual variation than was
found for cold, bul on average were nol 25 great as pressure in optimizing
triploid yields, A similar situation following temperature shock for the induction
of triploids, in the uge of heat to produce triploid Atlantic salmon has been
reported where, because of extreme variability in response 1o the same heat
shock treatment of eggs from different females, pressure shock was the
preferred method of triploidization {Benfey and Sutterlin 1984, Bentey at al.
1988, Johnsions 1989).

The use of chemical treatments such as cytochalasin B; colchicine (Refstie
et al. 1977, Allen and Stanley 1979, Smith and Lemoine 1979} and anaesthetics
such as nitrous oxide and Freon 22 (Sheldon et al. 1986, Johnstone et al. 1989,
Santiago ef af, 1992) to induce retention of the second polar body in several
fishes have alsa been reported. Thorgaard {1983) suggested, In view of the
success and ease of temperature and pressure shock treatments for inhibiting
cell division In fish, chemical treatments may not be the method of choice. They
are probably less adaptable to mass production than other methods.
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Triploid individuals are expected 1o be functionally and endocrinalogically sterile,
Such sterility of miplaid fish thoth male and female) can be of benefit to
aquaculture, The blocking of complete gametogenesis particularly in female
triploids during early meiotic division results in complete inhibition of cocyte
development and functional sterility (Thorgaard and Gall 1979, Richier et al,
1987, Hussaln et 2l 1994a, 1995), Despite gametic sterility triploid males due to
meiatic inhibition of spermatogenesis, in fish species a proportion of such males
are able to produce abnormal and aneuploid sperm. This ultimately leads to
reproductive sterility of these males {Swarup 1957, Richter ef al. 1987, Hussain
gral, 1994a and 1995). Therelore, it was suggested thal triploid males could be
infroduced into a wild population where suppression of natural reproduction of
undesirable wild female fish ( viz. Greochromis spp.) s required to control their
overpopulation, as any mating between the sterile male triploid and any females
would result in inviable eags and a reduction in recruitment. Such method can
experimentally he applied in some of the Asian resenvoars

Induction of meiotic gynogenesis

I the process of meiotic gynogenesis, eges are fertilized with UV irractiated
sperm and then are exposed to a wariety of physical shocks or chemical
treatments which suppress the anaphase stages of second melotic division by
disruption of metaphase spindles, resulting artificial diploidization of matemnal
chromosome complement (retention of second polar body) of eggs (Purdom
1983,

The gynogenesis by the suppression of melotic events has been induced
since 1960 in numerous fish. At present there are few direct applications. of
gynogenesis in aguacullure hecause the fish are inbred and have a reduced
variability compared to normal diploids, It has been commonly suggested that
gynogenesis induction should be coupled with sex inversion such that functional
XX afl males could be produced (Magy 1987, Thorgaard and Allen 1967), Such
sex-reversed gynogenetic males are thought 1o be useful in crosshreeding
experiments to produce all outhred monosex female population where the
prowth rate of females are superior to males particularly in salmonids and
cyprinids, Presently sex-reversed gynogenetic males are being widely used in
China for line breeding and genetic improvement of common carp and some
other commercial strains (Prof. Wu Chingziag, personal communicationy.
Roangrati f al, (1994) reported a model of producing all-fermale Thal silver barb,
Puntius gonionotus, using the technigues of gynogenesis and sex reversal {Fig.
11. Attempis are being undertaken for mass scale production of such fish in
Bangladesh and Thailand under the auspices DFID/Strling University, Lootland
for augmenting procduction of P. gonionotus in the rice fields and seasonal water
bodies.

Suppression of mitotic events of cell division in fish eggs

Suppression of first cleavage of mitatic events of cell division has alraedy
been carrled oul in a number fish species, a summary of these works is
presented In Table 2.
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FLAN FOR PRODUCING GENETICALLY
FEMALE SILVER BARBS

FEMALES

| FRODUCTION
| CYCLE
MASSE PRODUICTEON OF

ALL-FEMALE FI5H

Fig. 1. A schematic model for commercial production cvcle of
prodhecing all-female Thai sibver barh, Puntive gomionotus.

Induction of tetraploidy

Several agents, both physical and chemical, that disrupt the first mitotic
division shortly prier to formation of cleavage farrow, therefore, leading 1o the
generation of letrapleid individuals having extra sets of chromosomes.
Chourrout &f al, {1986}, who obtained fertile tetraploid male and female rainbow
trout and successfully crossed tetraploid male and diploid females 1o produce
viable triploids, although tetraploids have begn produced in ather fish species
iBidwell &f al. 1985, Valenti 1975, Myers 1986, Pandian and Varadaraj 1947,
Don and Avtalion T938, Mair 1988). The aforementioned authors used various
physical agents such as cold, heat and hydrostatic pressure shocks to induce
tetraploidy in fish, OF the three shock treatments, pressure has been found
maost effective at blocking first mitatic cleavage in rainbow trout (Chourrout er al,
198&), Production of viable tetraploid individuals might have tremendous impact
in aguaculture,

Induction of mitatic gyvnogenesis

In this process, putative gynogenetic progeny derive by the artificial
diploidization of the maternal chromoseme complement due to prevention of
mitotic cleavage, The main rationale for gynogenssis induction in fish has besn
ite podential for genesating rapidly inbred lines. Han ef al. (1991} suggested that
homozygous inbred lines will never be produced by using meiotic gynogenetic
diploids, even when regroduction is repeated for several generations. Therefore,
induction of diploid gynogenssis by inhibition of first cleavage at mitatic division
of a zygote might be more promising method for producing inbred lines which
will be homozygous at every gene locus (Chourrout 1984, Streisinger et al.
1987, Hussain af al. 19%4h),

The first example of the production of viable mitotic gynogenetics in a fish,
Brachyndanio revio, was that of Streisinger et al. (1981}, The level of temperature
or pressure shocks required to suppress first mitodic cleavage is the same as or
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chose 1o the level for inhibiting meiotic events. Recently, the technique has been
applied successfully to common carp, Cyprinus carpio (Nagy 1967, Komen et al,
1991}, medaka, Ovyzias latipes (lzin 1987), ayu, Plecoglosus altivelis {Taniguchil
et af, 1988); Nile tilapia, . niloticus (Mair ef al. 1967, Hussain 1992, Hussain ol
al. 19931k rainbow trout, Cnchorhynchus mykiss IQuillet et al, 1991); channel
catfish, fctaluros punctatis (Gowudie ef al. 19910 and Asian carp, Labeo rohita
(Husgain et al. 1997,

Despite the first generation of mitotic gynogenetics have limitations to use
them directly for culture but they are potential and valuable as completely
homoeygous broodstock to produce second generation of clonal lines in fish,

Indection of androgenesis

Androgenssis is a penome manipulation technique which is the reverse of
gynogenesis. It involves a genetically inactivated egg fertilized with normal
sperm, resulting in the embryonic development with entirely parental
chromosomal inheritance without any contribution from matermal genome.

The first androgenetic diploids in salmonids were produced by the
suppression of first cleavage wsing pressure shock (Parsons and Thorgaard
1985, Scheerer ef al. 1986, May et al. 1988) and later by heat shock [Thorgaard
etal. 1990). The induction of androzenesis in fish could be useful in producing
all male population in tilapia and some other fish to replace hormonal sex
reversal (Myers, pers, communication). Anather possible application of
androgenetic diploids lies in recovering genotypes from cryopreserved sperm,
which is important as egg and embryo cn,r-::n'i:ureswat'run that has not vet been
succeeded.

Production of clonal ines

Viable clonal or inbred lines in fish could be produced sither by
crnsshreeding between a viable mitatic gynogenatic female and male [recessive
mutaticn in a sex determining genel or by gynogenetic repraduction (retention of
2l polar body) of mitotic gynogenctic diploidis) using optimal physical shocks
(pressure, heat, cold etc.) or chemical treatments. Purdom and Lincoln (1973
pointed out that to produce inbred lines by conventional methads of sib-mating
requires the maintenance of several lines with close inbreeding up 10 - 20
generations. But gynogenesis especially by inhibiting first mitatic division could
dramatically shorten the time required ta produce completely homozygous
progeny in the first generation and an “inbred' or "clonal® lines with the unigue
gene combinations in the second (Komen et al. 1991, Hussain 1992, Hussain e
al. 19945,

Mitotic gynogenesis has already been induced in 2 number of fishes by
several authors, but until recently, clones have only been produced in zebra fish
(Streisimgers of 2/, 19B81); medaka (Maruse ef al. 1985, Ijiri 12687); Common carp
(Komen et al. 1991}, ayu iHan et 2!, 1991}, Nile tilapia (Hussain and McAndrew
1998} and Asian carps (Hussain er al. 1967).
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Majority of these workers observed that clonal lines produced in the
aforementioned fishes were mostly free of recessive, deleterious, low
penetrance alleles and timilar o the starting population. It was alsa appeaned
that the heterozygous clomal lines rather than the homozygous lines were
preferred for the production of more vighle and vigorous populations (Komen et
al. 1991, Hussain and McAndrew 19981 It is expected that such vigorous clones
will also be of great use as a pure "gene pool" for many genetic studies such as
cell line and tissue cullure, genetic fingerprinting, immunological, disease
resistance, heritability and sex differentiation studies as well as developing
breeding schemes based on the exploitation of heterosis.

Conclusions

In the recent past, the inland capture fisheries has registered a gradual
decling in most of the countries of this region due to deterigration of aguatic
environment, and partly or mastly, because of physical reduction of aguatic
habitat. These have resulted in the threat of shrinking genetic base, causing the
genetic vulnerability of fishes. Consequently, it gradually losses genetic diversity,
which in tum, brings a havoc change in genetic stock structure of nafural fish
population. While the governments of most of the countries of this part of the
world are seriously making all out efforts to rehabilitate the inland fisheries, they
have focused their attention recently on aguaculture, which has tremendous
apportunities in Asla. Therefore, apart from or in addition @ the results of
chromosome manipulation research of previousand present time, all the fishery
biologists and geneticists should intense their anention o give more stress on
further breeding plans and genetic sludies to develop better breeds and
improved stocks of commercially important cultured fish species to be useful for
increasing sustainable aguaculture production,
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