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FOREWORD

The 7" Asian Fisheries Forum with the theme “New Dimensions and
Challenges in Asian Fisheries in the 215! Century” comes at a time when the
fisheries sector is facing challenges of declining production from capture
fisheries and increasing demand for fish not only in Asia, but globally. Asian
countries have been playing a pivotal role in global fish production and
contributing to nutritional security of people especially in developing countries.

The Forum has attracted a large number of abstracts indicating the
importance the scientists from the region and globally accord to the triennial
forum of the Asian Fisheries Society. However, due to limited time during the
Forum, it was not possible to accommodate all submissions for oral
presentation. Many of the submissions were received very late much after the
closing date for submission of abstracts. The Scientific Committee tried its
best to include all the papers received in spite of their being received very late
and managed to complete this Book of Abstracts on time due to the tireless
efforts of many people in the Local Organizing Committee.

Unlike in the previous fora, 11 special symposia dealing with topics of
importance covering both fisheries and aquaculture - are being organized
during the Forum. Presentations in these symposia are expected to address
the constraints that deter the sustainable management and development of
aquatic resources. There are plans to publish the proceedings of many of
these special symposia in refereed journals. '

On behalf of the Scientific Committee, | would like to thank all those who have
given their time for reviewing/editing the abstracts received, chairing the
various sessions and for convening the special symposia.

| wish all the participants productive four-day meetings.
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MODADUGU V GUPTA
Chair, Science Committee
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EFFECT OF Squilla MEAL INCORPORATED DIET ON THE GROWTH AND NUTRITIVE
VALUE OF Labeo rohita

L.M. Rao*, K. Satish Kumar
Department of Zoology, Andhra University,
Visakhapatnam-530 003; India.
Imrao1@rediffmail.com

In India, fresh water aquaculture is mainly carp-based, which accounts for about 89% of total
aquaculture production. Over the last decade, fish farming has been fast developing from the
traditional extensive system to the semi-intensive and intensive culture systems, by
increasing the stocking density. As the stocking density exceeds the natural carrying
capacity, the dependence shifts from natural food to nutritionally favorable protein rich
artificial food to achieve optimum growth and increased production.

The objective of the present study was to formulate and evaluate such artificial feeds by
incorporating cost effective animal protein. Accordingly, it has been proposed to test the
effect of Squilfa meal on the growth and nutritive value of the fingerlings of Labeo rohita, an
indigenous major carp, cultured widely in the state of Andhra Pradesh. Diets of 35% and
40% protein content have been formulated by incorporating Squifia powder in the traditional
feed of rice bran and groundnut oil cake mixture. A control diet of 35% protein has also been
prepared with the traditional feed. Pellets of all these diets, thus formulated, have been
prepared in the laboratory with the help of a pellet mill and were dried in a hot air oven with
blower. The dry pellets of these artificial diets have been used to feed the experimental
fingerlings of L. rohita to study the growth, FCR, PER and apparent protein digestibility, The
experiments were conducted for 80 days in the -laboratory conditions. Preliminary
observations revealed that the performance of both the formulated diets is superior to that of
the control diet. However, from among the two formulated diets with Squifia meal, the one
with 35% protein performed better in every respect. Froximate analyses of all the three diets
and fish flesh have been carried out to evaluate the relative performance of the two animal
protein incorporated artificial diets. The details are dealt in the present paper.
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SOYBEAN MEAL SUPPLEMENTED WITH THREE SELECTED AMINO ACIDS IN DIETS
FOR Mystus nemurus FINGERLINGS UNDER WATER RECIRCULATING SYSTEM

M. A. Zaman”, C. R. Saad, M. A. Ambak, M. S. Kamarudin, A. R. Alimon, Adam Puteh
Department of Fisheries and Aquaculture, University College of Science and Technology
Malaysia (KUSTEM), Mengabang Telipot, 21030 Kuala Terengganu, Malaysia.

. MUKULB7 @yahoo.com

Seven types of isonitrogenous (42% protein) diets having fish meal with soybean meal
{Control diet) and different proportion of soybean meal supplemented with three selected
indispensable crystalline amino acids (DL-Lysine, D-Methionine and D-Threonine) were
used to determine their suitability as feed for tropical fresh water catfish Mystus nemurus
. fingerlings under small scale water recirculating system {A total of 21 glass tanks (35-L of
water) were used in the recirculating aquacultural system, which were in three rows. Three
fiberglass elevated filter tanks (0.71m long, 0.53m wide and 0.38m high) were connected in
the system that functioned as a trickling biological filter, An airlift pump was arranged in each
glass tank to maintain water flow to the collector tank from which water was lifted to the
elevated filter tank.}. Casein was added to make up 42% protein. Feed was given twice
(930h and 2230h) a day to satiation. The uneaten feed was estimated. The study showed
that M. nemurus fed with the contral diet (D,) with 25.44% FM and 50% SSBM had the

highest growth performances. The species fed the diet with 57% SSBM (D,) with the

selected amino acids had the second highest growth performances. However both
treatments (D, and D,} showed no significant differences (P>0.05) on the basis of weight

gain (%), FCR, SGR, PER, yield and survival (Table 1).

Amino acid profiles of whole-body M. nemurus fingerlings at different feeding trials were
determined to provide baseline information on the amino acid requirements of the fresh
water catfish. The essential amino acid (A/E) ratio were calculated and found to be a
possible method for evaluating the M. nemurus diet, as a superior ratio indicates superior
production, which are not included in this presentation. -

TABLE 1: Effect of different percentages of soybean meai on weight‘ gain and protein
utilization by M. nemurus fingerlings*?

b= Initial Weight gain : SGR FCR PER Yield Survival
2 weight _ o .

fg (9] (9) (%) (% per day) (kg/m™) {%)
=

D1 4462027 7.03:040° 158.41118.08°  1.7620.1%°  (0.99+0.07°  2.4440.15° 4.21=0.16° 79.05+1.00°
D, 443011 5.25:0.18°  118,6746.94° 1.45:0,06%  1.34£0,04® 16740037 2.85:0.48° 78,19+5.82°
D: 4204023 6.42:028° 152.97+11.43°  1.7210.08" 1.05:0.08% 219014 4.02+0.50° B1.67+4.36
D:  4.55:022 5.17:0.47°  114.20£8.80%°  1.4120.08°  1.10£0.02°% 2,08+0.04"°  2.03:0.07° 76.43:0.71°
Ds 4384004 4.99+0.85°  113.88:18.43™  1.40+016°  1.1420.00"  2.044020° 2.88:0.50° 70.76+1.80°
Ds  4.89+055 4.37:0.77% 05.26426.30"  1.23:026°  1.3420.35%  1.7440.50% 243:038° 78.57+1.86°
D: 4364023  3.86:0.50°  88.79+413.28° 1.17401%F  1.37£0.03° 1.86+0.06° 1.49:01%F 67.8645.39°

' Mean = s.d. of three replications. Treatment means within columns with the same
superscript are not statistically different (P>0.05).
 FCR, feed conversion ratio: SGR, specific growth rate; PER, protein efficiency ratio.
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DIETARY ASCORBIC ACID IMPROVES GROWTH AND NON-SPECIFIC IMMUNE
RESPONSES OF GROUPER Epinephelus malabaricus CHALLENGED WITH Vibrio
carcharlae

Mei-Fang Lin*, Shi-Yen Shiau
Department of Food Science
National Taiwan Ocean University
Keelung 202, Taiwan, R.O.C.
d89320003 @mail.ntou.edu.tw

An 8 week feeding trial was conducted to estimate the adequate dietary L-ascorbic acid (AA)
requirement for growth of juvenile grouper and to elucidate its effect on non-specific immune
responses of grouper when challenged with Vibrio carchariae. AA supplemented at 20, 50,
80, 150, 250, 400 and 800 mg/kg diet in the basal diet providing 3, 14, 27, 46, 76, 135 and
288 AA mg /kg diet, respectively. Basal diet without AA supplementation was included as
control. There were total of eight experimental diets. Each diet was fed to triplicate groups of
grouper {mean weight 7.58 + 0.05 g).

Fish fed diets supplemented with > 46 mg AA had significantly (P<0.05) greater weight gain
(WG) and feed efficiency (FE) than fish fed diets with 14 mg AA/kg. After the final weighing,

ten fish were randomly taken from each aquarium and injected with Vibrio carchariae
(2.53x10" CFU/g grouper body weight). Mortality was recorded daily for 3 days and non-
specific immune parameters were monitored for the remaining fish. Higher cumulative
mortality was observed in fish fed diet supplemented with 3 mg AA or the AA deprived
control diet. Fish fed diet with 288 mg AA /kg had higher respiratory burst activity
(superoxide Oy) of head kidney leukocyte and alternative complement activity than fish fed

the contro! diet or diets with $ 76mg AA /kg. Lysozyme activity was higher in fish fed diets

with > 76 mg AA than fish fed diets with £ 27mg AA/kg. Liver ascorbate concentration

generally increased as dietary AA supplementation level increased. Analysis by broken-line
regression of WG indicated that the adequate dietary AA concentration in growing grouper
was 45.3 mg AA /kg. The data also suggest that higher AA supplementation was required to
improve non-specific immune responses of grouper infected with bacteria.

Table 1 Weight gain (WG), respiratory burst activity (O production ratio) of head kidney
leukocyte and alternative complement (ACHS50) of grouper challenge injected with Vibrio
carchariae after fed diets containing different amounts of ascorbic acid for 8 weeks. Means
in the same column followed by a different superscript letter are significantly different
(P<0.05)

Analyzed ascorbic acid WG O, production ratio ACH50
levels (supplementation '

levels)

mg/kg ' % ' units/ml
0(0) 40.06 % 8.10° 1.32+0.23° 38.79 £ 9.56°
3 (20) 52.37 £ 5.867° 1.42 + 0.22% 48.39 + 35.11°
14 (50) 63.83 + 0.69% 1.48 £ 0.03%® 41,35+ 23.12°
27 (80) g2.82 +16.66™ " 1.54+0.32% 52.63 + 6.24°
46 (150) 121.06 £11.31° 1.61 0,11 52.65 +2.15°
76 (250) 124.10 £ 7.91° 2.04 + 0.62% 58.06 + 7,75°
135 (400) 129.69 £19.52° 2.09+0.26®  73.08+12.08"
288 (800) 124,11 + 3.16° 2.00 £ 0.10° gg9.98 +13.86°
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EFFECTS OF PROTEIN AND LIPID SOURCES ON THE GROWTH OF RED SEA BREAM
Pagrus major AND JAPANESE FLOUNDER Paralichthys olivaceus RECEIVING
MICROBOUND DIETS DURING LARVAL AND EARLY JUVENILE STAGE

Shin-ichi Teshima*, Shunsuke Koshio, Manabu Ishikawa, Md. Shah Alam, Luis Hector
Hernandez Hernandez
Lab of Aguatic Animal Nutrition,
Facuity of Fisheries, Kagoshima University,
4-50-20 Shimoarata, Kagoshima 830-0056, Japan.
teshima@fish.kagoshima-u.ac.jp

The effects of dietary protein and lipid sources on growth and survival of the red sea bream
Pagrus major (30 days old) and Japanese flounder Paralfichthys olivaceus (15 days old}
were examined using four zein-microbound diets (MBD) containing the following nitrogen
and lipid sources: MBD-1, SBP-1000 (soybean peptides with molecular weights of about
1,000} + fish oil caicium soap (FOCS); MBD-2, SBP-3000 (molecular weights of about
3,000) + FOCS; MBD-3, soybean protein isolate (SPl) + FOCS; MBD-4, SBP-1000 +
stearoyl calcium lactate (SCL). Six groups of the test fish were maintained on the following
diets for 30 days; group 1, live food; group 2, 1/2 live food + 1/2 MBD-1, group 3, MBD-1;
group 4, MBD-2; group 5, MBD-3; group 6, MBD-4. In the red sea bream, high performance
in terms of total length (TL) and body weight gain (BWG) was obtained in groups 1, 2, 3 and
4, On the other hand, the fish receiving MBD-3 (group 5) and MBD-4 (group 6) had shorter
TL and lower BWG than those receiving the other diets. Regarding the Japanese flounder,
high performance in terms of TL, BWG, and SR was obtained in groups 1 and 2. Group 3
receiving MBD-1 gave the BWG and SR close to those of group 2 but lower than group 1. In
contrast, groups 5 and 6 receiving MBD-3 or MBD-4 alone had significantly (P<0.05) shorter
TL and lower BWG than groups 1 and 2. The present study thus indicated that soybean
peptides with molecular weights of 1,000 to 3,000 and FOCS are superior to SPl and SCL

as nitrogen and lipid sources of MBD for the red sea bream and Japanese flounder at larval
and early juvenile stage.
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LEACHING OF SUPPLEMENTED AMINO ACIDS FROM SHRIMP DIET

Md. Shah Alam®, Shin-ichi Teshima, Manabu Ishikawa, Shunsuke Koshio, Fady Raafat
Michael, Orhan Uyan and Luis Hector Hernandez Hernandez
Lab of Aguatic Animal Nutrition,
Faculty of Fisheries, Kagoshima University,
Shimearata-4-50-20, Kagoshima 820-0056, Japan.
alam1@rocketmail.com

Leaching of supplemented crystalline amino acids (CAA) into water from shrimp diets and
lack of knowledge of utilization of CAA by shrimp are the major obstacles for the
supplementation of CAA to shrimp diet to overcome individual amino acid deficiencies in
diets and to determine amino acid reguirements of shrimp. Therefore, research were
conducted with the aim to innovate leaching retarded CAA using several binders such as
carboxymethyl cellulose (CMC), zein, k-carrageennan, agar, casein or gelatin fo single,
double or triple coating of CAA and tested on juvenile, larvae and post-larval kuruma shrimp,
Marsupenaeus japonicus by feeding trial. Leaching loss of CAA from diets were checked 10
min, 30 min, 1 h, 6 h and 12 h after immersion into water. Coating treatments reduced the
teaching of CAA during the holding period of 10, 30 min and 1 hour after immersion into
water. The total amino acids leaching from the diets were lowest for the CMC bound CAA
with casein-gelatin coating. Ten, 30 min and 1 h after immersion into water, more than 30%,
58% and 67% of supplemental CAA in diets with non-coated CAA were lost via leaching,
respectively. With the lapse of holding time, the leaching of CAA increased in every diet;
nearly 70% of CAA leached into water 12 h after immersion. The leaching rate differed with
each amino acid, with different values for valine, methionine, isoleucine, leucine etc. The
leaching rates of valine from the diets were highest in each sampling period compare to
other indispensable amino acids. Feeding frials indicated that kuruma shrimp larvae, post-
larvae and juvenile are able to utilize high amount of coated CAA. Leaching trials suggested
that shrimp growth performanice was improved partly due to the retardation or reduction of
CAA leaching by coating them with specific binders. The innovation of leaching retarded
CAA could be used to prepare environmentally sound feed for fish and crustaceans.
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OPTIMIZED FEEDING IN THAI CATFISH Pangasius hypophthalmus CULTURE USING
SHORT TERM FEED DEPRIVATION FOLLOWED BY SUBSEQUENT REFEEDING

Mostafa A. R. Hossain*, Shaila Akter, Abul K. M. R. Amin
Department of Fisheries Biology and Genetics
Bangladesh Agricultural University
Mymensingh-2202, Bangladesh.
marhossain@yahoo.com

The effects of different period of starvation and subsequent refeeding on growth, survival,
daily food demand, feed conversion ratio and bedy composition of Thai catfish, Pangasius
hypophthalmus (initial weight 38.51 £ 1.77 g and L7 15.71 £ 0.29 cm) were investigated. The
experiment was conducted in sixteen equal sized ponds (1.5 decimal) in the field laboratory
facilites of Faculty of Fisheries, Bangladesh Agricultural University, Mymensingh,
Bangladesh from June to October, 2002 for eighteen weeks. Fish maintained in four
treatments were either: fed twice a day (control - A), or fed alternative day {1:1 - B), or
starved 2 days followed by a spell of 2-day feeding (2:2 -C), or starved for 4 days following
4-day feeding (4:4 - D). The stocking density was 100 fingerlings per decimal. The average
temperature of the pond system was 28 + 1.54 °C. Satiation feeding was maintained for all
four treatments.

The survivals were 100% in all the treatments. Thai catfish responded to a change from
restricted to satiation feeding showing a higher daily feed demand compared to their
counterparts raised on a liberal feeding regime. The total feed demand of fish in the control
treatment was, however, much higher than the fish in other three treatments. Nonetheless,
at the end of the experiment, fish that were fed to satiation on alternate day (1:1) had similar
body weights to the conirols, and were larger than those exposed to 2 or 4 days of feed
deprivation (2:2 or 4:4). There was no significant difference in specific growth rate of fish in A
and B over the experimental period. The lowest FCR was found in B at which fish were fed
to satiation level in alternative day, whereas the highest FCR was found in A {control) where
fish were fed to satiation twice a day. Proximate analysis of body tissue (dorsal muscle, gut
and liver) was also carried out from the fish sample taken every 15-day throughout the
experiment. There were no significant differences in tissue protein level in fish from different
treatments. However, over the experimental period, relative gains in lipid in different tissues
were highest in fish from A and lowest lipid was
found in fish from D. ‘

The study provided evidence that Thai catfish
could be cultured in feeding regime with feeding
in alternate day without any significant difference
in fish size and final preduction. This way P.
hypophtahimus farmer can save feed cost up to
30%. As the farmers are giving less feed in the
system they can control water quality in a better
way. In addition, this type of feeding regime also
helps farmer to improve their personal time
management since they do not need to attend to 9

the fish everyday. 9 4 8 12 16 20
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Individual mean weight (g) of Thai
catfish in four treatments over the
experimental period. Error bars are
confidence limits.
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DIGESTIVE ENZYME PROFILE OF CATLA Cafla catla DURING ONTOGENIC
DEVELOPMENT

Rina Chakrabarti, Raja Mansingh Rathore, Sunil Kumar
Agquaresearch Lab, Department of Zoology, University of Delhi, Delhi -110 007 India.
rina@ndf.vent.net.in

Indian major carp Catla catla (4 days-old) were cultured in a recirculating system for 34
days. Fish were fed with live zooplankton. The length and weight of fish showed exponential
relationships with the age of fish. Amylase activity was detected from fourth day (472.2 Og
maltose/ml gut extract/h). Amylase activity was reduced to 380.4 Ug maltose/mg gut
extract/h on day-10 after hatching but the activity was doubled on day-12 (770 0Og
maltose/mg gut extract/h} and this showed an increasing trend thereafter. Total protease
activity was minimum on day-4 (84.17 {ig tyrosine/ml gut extract) and reached maximum
level on day 34 (237 Og tyrosine/ml gut extract). Specific protease activity showed an
increasing trend along with ontogenic development of fish. Trypsin activity also increased
along with the ontogenic development. SDS-PAGE showed that higher molecular weight
bands (ranging from 64 - 132 KDa) appeared within first 18 days, whereas lower molecular
weight bands ranging from 24 - 49 KDa appeared during 20 - 34 days. Substrate SDS-PAGE
showed the molecular weight of bands ranged from 33 - 121 KDa. Inhibition study with
specific inhibitors showed that the enzymes belonged to the serine protease group.
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EFFECT OF DIETARY PROTEIN SOURCES ON GROWTH, PROTEASE AND AMYLASE
ACTIVITY OF JUVENILE Macrobrachium rosenbergii AT DIFFERENT GROWTH
PERIODS

Lizy Behanan, Saleena Mathew+
School of Industrial Fisheries,
Cochin University of Science and Technology,
Fine Arts Avenue, Cochin- 6820 16, India.
smathew@cusat.ac.in

A ninety-day feeding experiment was conducted on juvenile Macrobrachium rosenbergii on
six formulated feeds at 35% protein level, to evaluate the effect of different plant and animal
protein sources on the hepatopancreas protease and amylase activity. The feeds were
tested for its water stability and prawns were analyzed for their proximate composition and
nuiritional evaluation parameters at 15, 30, 60 and 90 days.The prawns were found to utilize
animal protein sources better than plant protein sources and the groups given shrimp meal
and squilla meal showed the maximum total protease activity. The maximum totai and
specific enzyme activities were shown at 30 days and the different growth periods showed
statistical significance at 5% level.

The maximum amylase enzyme activity was seen in the group fed clam meal diet at 15 days
followed by those fed the silk worm pupae diet and the shrimp meal diet. The enzyme
activity showed maximum levels at 30 days irrespective of the protein sources and the
difference was significant at 5% level. The algae meal diet showed the least enzyme activity
throughout the culture periods.

M. rosenbergii fed the squilla meal diet showed the maximum specific growth rate
percentage followed by prawns fed the shrimp meal and clam meal diet. The period 15-30
days showed maximum SGR (%) which indicated that during the early stages of growth, the
conversion of food material is faster than at later stages, with the animal proteins showing
highest variation compared to plant proteins.

Table 1. Analysis of variance of protease specific activity at different protein sources and
growth periods.

Sources Sum of squares Degree of Mean sum of F-value
freedom squares
Sources 10.9815 5 2.1963 1.0011
Periods 88.0216 4 22.0054 10.0303 =
Error 43.8782 20 21939
Total 142.8813 29
CD=1.7839 CD=1.9542

Sources mean=13.5140 13.6940 13.3760 14.5020 14.1440 12.5860
Periods mean= 76.2200 77.5600 96.3900 90.7500 68.1600

** significant at p<0.01
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IMPACT OF SUBSTRATES AND FISH STOCKING DENSITY ON THE GROWTH AND
PRODUCTION OF THE INDIAN MAJOR CARP Labeo rohita (HAM.)

P. Keshavanath*, B. Gangadhara, T.J. Ramesha, M. Priyadarshini
College of Fisheries,
University of Agricultural Sciences,
Mangalore-575 002,India.
perarkeshavanath@yahoo.co.in

A 70-day experiment was carried out in 9 mud-bottomed cement tanks, each temporarily
partitioned into 4 equal compartments to evaluate the effect of bamboo and sugarcane
bagasse substrates on the growth and production of Indian major carp, Labeo rohita and fish
stocking density on periphyton and fish production, Bamboo poles (7.5 cm diameter) and
bagasse bundles (3.28 cm diameter) were tested in triplicate by installing at the rate of 25
and 10 per compartment respectively. The tanks were limed and fertilized with poultry
manure. Fish (av. wt. 2.09 g) stocking was done at 4 densities viz. 0, 6, 12 and 18,

The final mean weights of fish were 23.22 g, 32.40 g and 32.30 g in control, bamboo and
bagasse tanks. Thus, substrates affected fish growth positively (39% increase) and
production increased significantly with increasing fish density. However, survival and growth
of fish were independent of stocking density. Periphyton ash free dry matter did not differ
significantly among substrates, but showed an increase with progress of the experiment
along with that of pigment. Fish stocking density did not affect pigment content of periphyton
from the two substrates. Bagasse treatment recorded the highest plankton dry weight. A
reciprocal relationship was noticed between plankton dry weight and fish stocking density,
indicating higher feeding on plankton at higher fish densities. Substrates reduced water
temperature and dissolved oxygen. Nitrate content of water decreased over the experimental
period, indicating nutrient utilization.

10
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ABSORPTION OF AMINO ACIDS AT DIFFERENT SITES OF THE GUT IN AN INDIAN
MAJOR CARP Labeo rohita (HAMILTON)

Bidhan C. Patra’

Aguaculture Research Unit,
Department of Zoology, Vidyasagar University,
Midnapore- 721 102, West Bengal, India.
bepatra@yahoo.com

The present study was designed to measure in vivo and in vitro  serous transport and to
quantify the rate of absorption of different essential and non-essential amino acids in the
intestine of Labeo rohita. Experiments were conducted with eight non polar (Ala, Val, Leu,
lle, Pro, Phe, Trp, Met) , nine polar (Gly, Ser, Thr, Cys, Tyr, Asn, Gin, Asp, Glu), three basic
(Lys, Arg, His) and six other amino acids (2 amino n butaric acid, D L. DOPA, cystine, Nor-
leucine, hydroxyproline, ornithine HCI) through ‘everted’ and ‘non-everted’ gut technique. it
was observed that the rate of absorption (ng h™" sq cm™) was significantly higher (P<0.05) in
the posterior gut followed by middle and anterior gut, and recorded significant difference with
the amino acids of higher (histidine — 1625.0) and lower (glycine — 884.0) motecular weight
group. In general, the intestinal epithelium of lower size group of fish absorbs slightly higher
amounts of amino acids as compared to larger size groups.

Out of 26 amino acids (20 natural and 6 un-natural), when considered only the essential
amino acids, highest absorption was recorded with histidine (1625.0) followed by isoleucine,
tryptophan, threonine, phenylalanine, valine, methionine, leucine and arginine (1027.78).
This study also correlates with the electron micrograph of the intestinal lumen and confirmed
that there is no absorption site at the intestinal bulb and last part of the intestinal serosa.
When intact protein and crystalline amino acids included in the diet separately, a sharp
increase in the plasma amino acid level was observed as compared to intact protein diet.

Although this work is a preliminary absorption study, it will help in the formulation of a
balanced diet for Labeo rohita as well as other indian major carps.

Table 1 Rate of absorption of EAA through serosal layer of posterior intestine.

Name of the amino acid Rate of absorption
(1 g hour'sqcm™)

Valine (Val) 1425.00
Lysine (Lys) 1545.00
Isoleucine (ile) 1545.67
Phenylalanine {Phe) 1475.67
Tryptophan (Trp) 1500.00
Methionine (Met) 1416.67
Threonine (Thr) 1500.00
Arginine {Arg) 1027.78
Histidine (His) , 1625.00
Ornithine HCI ' 1441.67

11
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EVALUATION OF MIXED FEEDING SCHEDULES WITH VARYING DIETARY PROTEIN
CONTENT ON THE GROWTH PERFORMANCE AND REDUCTION OF COST OF
PRODUCTION FOR PANGAS WITH SILVER CARP

M. A. Hossain*, M.Z. Ali, M. M. Rahman, M.A. Kader
Department of Aquaculture,
Bangladesh Agricultural University, Mymensingh-2202.
silke@royalten.net

An on-station pond trial was conducted for 6 months to investigate the suitability of mixed feeding
schedules with varying protein levels on the growth of pangas, Pangasius hypophthalmus, and
silver carp, Hypophthalmicthys malitix, with a view to minimizing the cost of production of
pangas. The five different feeding regimes employed were: high protein diet (30% protein, H),
low protein diet {15% protein, L), one day low protein diet followed by one day high protein diet
(1L/1H), 7 days low protein diet followed by 7 days high protein diet (7L/7H) and 14 days low
protein diet followed by 14 days high protein diet (14L/14H). Ten experimental ponds each of 80
m® size were divided into 5 treatment groups each with two replicates. Fishes were stocked at
the ratio of 80:20 (pangas:silver carp) at the total rate of 25000/ha. Feeding rate was calculated
on the basis of pangas weight only and fish were fed at the rate of 15, 10, 8 or 5% of their body
weight for the 1%, 2™, 3™, and subsequent months, respectively. The range of water guality
parameters during the study period were: temperature 22 to 32.8°C, dissolved oxygen 4.30 to
7.44 mg/l, pH 6.85 to 7.50 and transparency 21.9 to 32.2 cm.

The result of the study showed that significantly {(P<0.05) higher weight gain of fishes was
achieved in feeding schedules of H and 1L/1H and lowest with 14L/14H. The FCR values ranged
between 2.06 to 2.51 with H and 1L/1H showing significantly the lowest i.e. the best FCR. The
FCR values were very low when weight of silver carp was considered which ranged between1.58
to 1.68. The survival (%) of pangas were lower (78.1 to 82.5%) compared to that of silver carp
(80-95%). Total production of pangas ranged between 3594 to 7095 kg/ha and silver carp ranged
between 1777 to 2220 kg/ha. A simple economic. analysis showed that fish in 1L/1H fed
alternately with low and high protein diets resulted in the highest net profit. The results of the
study demonstrated that feeding of fish continuously with high protein diet is not economical. For
profitable pangas farming in Bangladesh, farmers can adopt a mixed feeding schedule of
alternated low and high protein diet instead of continuously feeding a high protein diet.

Table 1 Final weight (g), production (kg/ha) and net profit (Tk/ha) of pangas and silver carp
maintained under different feeding schedules for 6 months

Parameters -Feeding schedules
H L 1LMH 7LITH 14L/14H
Mean initial weight (pangas) 2.5 25 2,5 25 25
Mean initial weight {silver carp) 25.0 25.0 25.0 25.0 25.0
Mean final weight (pangas) 415.0° 230.0° 430.0° 385.0° 275.0°
Mean final weight (silver carp) 465.5° 395.0° 480.2° 445.2° 415.1
Production (pangas) 6795° 3594° 7095° 6072° 4306°
Production (silver carp) - 2211° 1777° 2220° 21147 1864°
Total production (kg/ha) 9006° 5371° 9315° 8186° 6170°
Net profit (Tk/ha) 75097 58806 136441 105318 52687

1US dollar = Taka 58

Figures in the same row having the same superscripts are not significantly different
(P>0.05).
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GROWTH PERFORMANCE, FEED UTILIZATION EFFICIENCY AND DIGESTIVE
ENZYME ACTIVITY IN ROHU Labeo rohifa FINGERLINGS FED YEAST EXTRACT
POWDER (YEP) SUPPLEMENTED DIETS

Arun Kumar Ray*, Koushik Ghosh, Sukanta Kumar Sen
Fisheries Lahoratory
Department of Zooiogy
Visva-Bharati University
Santiniketan 731 235, india.
arun_ray1@rediffmail.com

Yeast extract powder (YEP) consists of protein and other intracellular constituents extracted
by the process of autolysis. It is a rich source of B vitamins and is used to supply these
factors in bacterial culture. The objective of this study was to evaluate the effects of YEP
supplemented diets on growth performance and digestive enzyme activity (both intestinal
and gut bacterial) in rohu, Labeo rohita, fingerlings. Rohu fingerlings (1.76 + 0.15g) were fed
fish meal based 35% protein diets supplemented with 0.1% (diet D1), 0.2% (D2), 0.3% (D3),
0.4% (D4) and 0.5% (D5) YEP for 75 days twice daily (2% body weight) in triplicate
treatments. The control diet (RD) was not supplemented with YEP.

Rohu fingerlings fed YEP supplemented diets exhibited hetter growth in comparison to the
RD up to 0.2% level. YEP at 0.1% level resulted in the hest performance of the fish in terms
of % weight gain, SGR, FCR and PER followed by 0.2% level. Apparent protein digestibility
values showed a decreasing trend with increasing level of YEP inclusion. YEP led to higher
deposition of protein and depletion of lipid in the carcass. Diet D1 resulted in maximum
deposition of protein in the carcass followed by D2. The intestinal a-amylase activity was
maximum with rohu fed D2, while the protease activity was maximum with D1.The enzyme
producing capacity of gut bacterial flora in in vitro culture followed the same trend (Table 1).
The results indicated a positive effect of oral administration of YEP on rohu fingeriings. The
better growth performance and protein digestibility in rohu fingeriings fed YEP supplemented
diets up to a level of 0.2% might be due to the production of extracellular enzymes by gut
microflora which helped in better utilization of feed. Further studies are required to
characterize (physiological and biochemical) and identify these microorganisms prior to full
scale application in commercial aquaculture.

Table 1 Activities of digestive enzymes in rohu fingerlings fed experimental diets for 75
days. The resuits are mean & SD of 3 determinations. Means in the same column with same
superscript are not significantly different (P>0.05).

Protease activity a-Amylase activity
Intestinal® Bacterial® Intestinal® Bacterial®
Diets (ug glycine liberated (diameter of halo, {mg maltose (diameter of halo,
h" mg protein™) mm) liberated h™" mg mm)
protein™)

RD 22.134£0.92° 8.540.4° 10.15+0.34° ND
D1 28.15+1.28° 16.220.6° 13.1940.54%° 4.5+0.2°
D2 27.02+1.29° 13.5£0.5° 13.5320.44% 10.2+0.5%
D3 23.89+1,05™ 9.0+0.4° 10.82+0.49° 10.2+0.5°
D4 24.27+1,18" 8.540.3° 12.56+0.56™ 8.0+0.3
D5 22.0341.06° 6.240.2° 12.19+0.58° 7.540.2°

3Initial value : 14.69+0.58 ; “initial value ; 7.14+0.29
“With pure cuiture of intestinal isolates. ND : Not detected
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POPULATION DYNAMICS OF A COMMON BRACKISH WATER ZOOPLANKTON
SPECIES ENRICHED WITH COMMERCIAL PROBIOTICS, INERT FEED AND BAKER'S
YEAST

Mohd.Fariduddin Othman*, K. Subramaniam, Rosnani Yaakob, Fadzil Harun
Brackish Water Research Center, Fisheries Department Malaysia
81550, Gelang Patah, Johor. Malaysia.

pptap@tm.net. my

Zooplankton being an important food organism for shrimp, its population need to be well
maintained in a pond system. The traditional method of pond fertilization to induce primary
productivity hence to stimulate zooplankton production, however, is questionable of late,
following an excessive presence of nuisance algae in the culture environment. Giving due
consideration to the baker's yeast, which has a proven track record for producing the much
needed zooplankton in the culture system, this study looked into the possible use and the
efficacy of other products such as the inert feed in the form of prepared detritus and
commercial probiotic. Hence, an initial inoculation of zooplankton was introduced, consisting
of a combination of adult and nauplii stages of copepod Oithona sp, L-type rofifer
Brachionus plicatilis and dwarf rotifer Coflurella adriafica at a density of 0.40, 0.60, 0.34 and
0.24 individual mI" respectively into each of the twelve fiber glass tanks filled with 200 | of
5u filtered sea water at salinity of 20 ppt (28.0 + 1.5 °C, pH 8.1 + 0.2). In triplicates, the
cultures were enriched twice daily with diets consisting of baker's yeast, prepared detritus,
commercial probiotic bacteria type ‘A’ and type ‘B’ product. Practiced in static water culture
system, water quality parameters such as water temperature and pH were recorded twice
daily while ammonia nitrogen was recorded once every three days. Al the different
zooplankton species inoculated in the system indicated a steady propagation but differed
significantly in overall growth dynamic pattern. For a speedy propagation of the organisms,
baker's yeast was the best enrichment product but it could not ensure sustainable
zooplankton production. Next to it is the inert feed in the form of detritus however, it
performed better (P<0.05) in terms of sustainable zooplankton production. The commercial
probiotic bacteria products were slower in stimulating zooplankton production. However, the
probiotics induced the best zooplankton. growth dynamic and the most sustainable
propagation. After about two weeks of enrichment, the zooplankton population in the culture
systems enriched with both the commercial bacteria probiotic products and the detritus
prepared from inert feed found to produce three times more zooplankton population if,
compared to the culture system enriched with baker's yeast. In all the different treatments,
the organism that multiplied the most was the rotifer, B. placilitis. Its dominance, somehow,
managed to suppress the other zooplanktons, which are equally important to the shrimp in
the culture system, within a short period of 5 to 7 days of the propagation period. Practically,
it was found that the culture system, enriched with the different products did not deteriorate
water guality.
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DEVELOPMENT OF A SUITABLE DIET USING LOCALLY AVAILABLE FEED
INGREDIENTS FOR MONOCULTURE OF GIANT FRESHWATER PRAWN
Macrobrachium rosenbergii IN PONDS

M. A. Hossain®, L. Paul, M. R. Hasan
Department of Aguaculture,
Bangladesh Agricultural University, Mymensingh-2202.
silke@royalten.net

An experiment was conducted for three months in 12 experimental ponds of each 30m? size.
~ Three experimental diets containing 30% protein were formulated using fish meal, meat and
bone meal, mustard oilcake, sesame meal and rice bran. A special shrimp feed (starter -Il)
from Saudi-Bangla Fish Feed Ltd. was used as the control (diet 4). Juveniles of
Macrobrachium resenbergii (2.90+0.81g) were stocked at the rate of 4/m*. They were fed
twice daily at the rate of 10% of their body weight at the beginning, which was gradually
reduced to 5% for the last month. The ponds were provided with aeration during the night
using air pumps. The results of the study showed that there was no significant (P>0.05)
difference between the weight gains of prawns fed diets- 1 and diet 4 {control), but was
significantly (P<0.05) higher than other dietary groups. The FCR values of diets ranged
between 2.61 to 3.36 with diet 1 and 4 showing significantly (P<0.05) lower values. The
survival ranged between 68 to 78% with prawns fed diets 1 and 4 showing significantly
higher survival. The production ranged between 921 to 1428 kg/ha/90days and diet 1
resulted in significantly (P<0.05) highest production. A simple economic analysis showed
that diet 1 generated maximum net profit of Tk. 161,980/ha/90days. The results of the study
showed that a diet containing 20% fish meal, 10% meat and bone meal, 15% mustard
vilcake, 15% sesame meal, 35% rice bran, 4% molasses and 1% mineral-vitamin premixes
could be recommended for monoculture of M. rosenbergii in ponds which is cheaper than
commercial prawn diets available in the market.

Table 1. Growth and feed utilization in Macrobrachium rosenbergii fed with experimental
diets for 3 months. :

Parameters Diet 1 Digt 2 Diet 3 Diet 4
Mean initial weight(g) 2.90° 2.90° 2.90° 2.90°
Mean final weight(g) 46.32° 39.30° 34.36° 40.43%
Weight gain(g) 43.42° 36.40° 31.46° 37.53%
SGR(%day) 3.12° 2,90 2.74° 2.92°
FCR 2.61° 3.16° 3.36" 2.80°
PER 1.24° 1.03° 0.99° 1.16°
Survival(%) 78° 72% 68° 75%

Total production (Kg/ha/90 days) 1427.6° 1118.9° 921.3¢ 1197.9°
Nat profit {Tk./ha/90days) 161,980 76,618 29,702 39,683

1 US dollar = Taka 58
"Figures in the same row with same superscripts have no significant variation (P>0.05)
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INTERACTIVE EFFECTS OF DIETARY PROTEIN AND CARBOHYDRATE LEVELS ON
GROWTH, NUTRIENT UTILIZATION AND BODY COMPOSITION IN ROHU Labeo rohita
FINGERLINGS

Arun Kumar Ray*, Bana Behari Satpathy
Fisheries Laboratory
Department of Zoology
Visva-Bharati University
Santiniketan-731 235, India.
arun_ray1@rediffmail.com

A 60-day feeding trial was conducted on replicate groups of rohu, Labeo rohita, fingerlings
(5.48 + 0.02g) to study the effect of increasing dietary levels of carbohydrate at varying
dietary protein levels on growth, nutrient utilization efficiencies and protein sparing effect of
carbohydrate. A restricted ration @ 2% BW d”' once daily was employed using twelve
purified diets with casein, gelatin and dextrin prepared to achieve 25, 35, 40 and 45 %
protein and 15, 25 and 35 % carbohydrate at each specified protein level, The gross energy
level was 336.00 + 15.47, 377.00 + 17.13 and 417.00 + 15.77 kcal/100g cormresponding to
15, 25, and 35% carbohydrate diets, respectively, while the P/E ratic corresponding to
dietary protein levels ranged between 63.42 and 78.81 mg/kcal (25% protein), 85.44 and
105.15 mg/keal (35 % protein), 88.74 and 126.77 mg/kcal (40 % protein) and 103.75 and
127.01 mg/kcal (45% protein).

The best performance of fish in terms of weight gain %, SGR, DGI, ADG, FCR and PER was
recorded in diet P40/C35 (40% protein and 35 % carbohydrate). Although the overall growth
was lower with low protein diets (P25/C15 to P35/C25), the increased supply of energy from
carbohydrate at each protein level induced better growth rates and protein efficiency ratio.
Protein sparing effect was at the threshold when dietary energy level was augmented by
inclusion of carbohydrate at 40% protein level. The interaction of dietary protein (X;) and
carbohydrate (X;) level on percentage weight gain (Y} was established from the multiple
regression analysis which explained 91.95% variation due to protein and carbohydrate in the
diet ;

Y = -116.245 + 4.216X .+ 2.179X; (r = 0.9195)
The dietary protein rather than dietary carbohydrate was the major determinant of growth
over the range of protein and energy levels tested. But within the same protein level, lower
P/E ratio (higher carbohydrate %) yielded better growth. The amount of feed and protein
remaining same, FCR was closely identical to the trends for weight gain indicating that the
fish was able to use carbohydrate as an energy source. The interactive effect of dietary
protein and carbohydrate levels on PER and FCR was low but significant (P < 0.05) as
indicated from regression equations;

YF'ER = (0.2047 + 0.0144 X1(Protein) + O-OBOSXZ(Carbohydrate) (I'2 = 0535)

YFCR = 23,7353 - O.1081X1(pmgein) - 0-8965X2(Carbohydrate) (l'2 = -06699)
Protein consumption per kilogram bodyweight gain at all protein levels marked significantly
lower values as the carbohydrate level rose from 15 to 35%, indicative of protein sparing
action of carbohydrate on fish. The apparent digestibility of protein and lipid were not altered
by the dietary treatments. At all of the protein levels tested, dietary carbohydrate did not
influence significant changes in the body composition.

The study established the possibility of incorporating up to 35% carbohydrate in compound
diets with 40% dietary protein content {gross energy : 413 kcal/100g; P/E ratio: 98 mg/kcal)
to support optimal growth rate in rohu fingerlings. The protein sparing effect of dietary
carbohydrate was confirmed from the highly significant positive effect on growth and nutrient
retention efficiencies.
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USE OF L-ASCORBYL-2-MONOPHOSPHATE-NA/CA AS A VITAMIN C SOURCE FOR
JUVENILE KURUMA SHRIMP Marsupenaeus japonicus (BATE)

Yin Yin Moe’, Shunsuke Koshio, Shin-ichi Teshima, Manabu Ishikawa
Laboratory of Aquatic Animal Nutrition, Faculty of Fisheries, Kagoshima University,
Shimoarata 4-50-20, Kagoshima 830-0056, Japan.
yinmoe243@hotmail.com

A feeding trial was conducted to determine the vitamin C {Ascorbic acid, AsA) effect on
growth and stress resistance of kuruma shrimp juvenile, Marsupenaeus faponicus using L-
ascorbyl-2- monophosphate-Na/Ca (AMP- Na/Ca) as a vitamin C source. Six different levels
of AMP-Na/Ca with AsA equivalent levels of 0, 48, 92, 165, 367 and 745 mg kg™ diet were
supplemented in semi-purified diets and fed fc juvenile shrimp, M. japonicus {(mean weight
0.31 £ 0.04) for 60 days. Each treatment was set up with four replications. After the feeding
trial, shrimp were subjected to osmotic stress to evaluate the effect of AsA on stress
resistance. Results indicated that the highest weight gain (WG, %) and specific growth rate
(SGR, %) was found in 48 mg AsA kg™ diet. However, there was no significant difference in
feed efficiency ratio (FER) (P>0.05). Poor survival was found in the shrimp fed the AsA free
diet after 40 days. Shrimp survival was significantly reduced at the end of the trial by feeding
a vitamin C-deficient diet (P<0.01}. Tolerance against osmotic stress was significantly higher
in diets containing 367 and 745 mg AsA ' compared to others. Generally, AsA contents in
the hepatopancreas of shrimp increased with dietary AsA levels. The hepatopancreatic AsA
of shrimp fed an AsA free diet showed a significantly lower value than those fed the diets

containing 367 and 745 mg AsA kg, but the values for the latter two groups were not
significantly different.
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IMPACT OF FEEDING STRATEGIES ON THE GROWTH AND BODY COMPOSITION OF
STRIPED CATFISH Pangasius hypophthalmus

Kanjana Payooha®, Amararatne Yakupitiyage
Aquaculture and Aquatic Resources Management Field, School of Environment, Resources
and Development, Asian Institute of Technology, PO Box 4, Klong Luang, Pathumthani
12120, Thailand.
kan @agri.ubu.ac.th

Striped catfish Pangasius hypophthalmus is one of the most economically important
freshwater fish in Southeast Asian countries such as Thailand, Vietnam, and Cambodia. Its
high growth rate and adaptability to various food and culture conditions make it an ideal
candidate for aquaculture. But the poor carcass quality resulting from high fat content and
off-flavor have reduced its farm-gate price. It was suspected that the use of inappropriate
feeds and feed management might have exacerbated the problem of fat deposition in fish,
- and this may be linked to the occurrence of off-flavor. An on-farm survey was conducted to
evaluate the effect of different feeding regimes and culture management practices of
commercial farms on the body composition of striped catfish, Fifteen farms in Central of
Thailand with different feeding systems and feeding regimes were randomly selected for this
study. The general information on culture practices, farm economics were obtained by
interviewing farmers using a prepared questionnaire. Fish of marketable size {1-1.5 kg) were
collected from each farm for carcass proximate composition analysis.

There were significant differences in proximate body composition of fish among the 15
surveyed farms in this study. The moisture content varied widely in sampled fish (57-73%).
The highest lipid content (59%, dry weight basis) was observed in fish fed leftover bread and
the lowest lipid content (22%) was found in fish raised with integration of chicken. There
were inverse relationships between the lipid and protein contents or lipid and moisture
contents of the fish. Body protein content of fish also varied greatly (35-63%) among the
fiteen farms. The carcass ash was between 8.7-15.2%. The average body lipid of striped
catfish from commercial farms was 39.9% and the fish from wasted food-fed farm contained
50% of body lipid. The body lipid of fish grown in integrated farms had lower fat content
(26.7%) and fish cultured in integrated farms but received additional feed had intermediate
lipid levels (37.7%).

Since the result of the survey showed that on-farm feeding regimes affected the body
composition of striped catfish, a feeding trail was conducted to investigate whether it is
possible to control body lipid content of fish by manipulating dietary composition. The
feeding trial used nine practical diets containing three levels of protein i.e. 20, 25, 30%. The
P:E ratio of each protein level were manipulated by varying dietary fiber 7, 13 and 23%,
respectively. The corresponding lipid levels of the diets at each protein level were 12,7 and
2%, respectively. The juvenile fish with initial average weight of 157 g were stocked in 27
cages installed in 3 earthen ponds. Fish were fed to satiation twice a day with the
experimental diet for 3 months. At the end of experiment, fish were weighed and analyzed
for proximate body composition. There was no significant difference in weight gain, FCR,
PER and ANPU (P < 0.05) among treaiments. Body protein content varied from 40.6% to
63.5%. The highest percentage of body protein was obtained with fish fed 20% protein diet
that contained 23% and 2% of fiber and lipid respectively. The lowest percentage of body
protein was also found in fish fed 20% protein but with 7% fiber and 12% lipid (the lowest
P:E ratio). At each protein level, percentage of body protein decreased with a decrease in
P.E ratio. Body lipid contents follow the opposite trend of protein percentage. Percentage of
body lipid varied from 27 to 48% and the highest body lipid was observed in fish fed with the
lowest P:E ratio diet containing 20% protein. Manipulation of P:E ratio by decreasing dietary
lipid and increasing dietary fiber produced fish with lower of body lipid.
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EFFECTS OF DIETARY SUBSTITUTION OF TUNA MUSCLE BY-PRODUCT POWDER
FOR FISH MEAL ON GROWTH, BODY COMPOSITION AND PHOSPHORUS LOADING
IN JUVENILE JAPANESE FLOUNDER Paralichthys olivaceus

Orhan Uyan*, Shunsuke Koshio, Shin-Ichi Teshima, Manabu Ishikawa, Moe Thu, Fady
Raafat Michael, Md. Shah Alam
Laboratory of Aquatic Animal Nutrition, Faculty of Fisheries, Kagoshima University,
Shimoarata 4-50-20, Kagoshima 890-0056, Japan.
orhanuyan@hotmail.com

Tuna muscle by-product powder (TMP) was evaluated as fish meal substitute in Japanese
flounder (Paralichthys olivaceus) diet. Control diet containing 45 % protein was formulated
using fish meal as the major protein source. TMP was used to replace 25 %, 50 %, 75 % or
100 % fish meal, and effects on weight gain, feed intake, and phosphorus retention were
determined in a 40-day growth trial. The feed intake and weight gain of fish fed the control
diet, 25 % or 50 % replacement diets were not significantly different: however, they were
inversely related to inclusion levels of TMP up to 50 % replacement. Phosphorus (P)
concentration of the experimental diets decreased with increasing dietary TMP substitution.
Whole body P concentration was not significantly affected by dietary treatment, and P
loading markedly decreased with increasing TMP concentration in diets. These results
suggest that TMP may be promising protein source for inclusion to reduce discharge of
phosphorus into the water, and can replace 50 % of fish-meal protein with no adverse effects
on weight gain and survival of P. olivaceus juveniles. Further researches concerning the
relative palatability of TMP should be conducted.
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EFFECT OF DIETARY PROTEIN-TO-LIPID RATIO ON GROWTH AND BODY
COMPOSITION OF BAGRID CATFISH Mystus nemurus

M.N. Afini*, R. Hashim
Laboratory of Fish Nutrition and Feed Management,
Aguaculture Research Group, School of Biological Sciences,
University Sains Malaysia, 11800 Penang, Malaysia.
' afini.naim@gmail.com

A 16-week feeding trial was carried out to evaluate the utilization of lipid as dietary energy
source for juvenile bagrid catfish (Mysfus nemurus). Eight isonitrogenous and isocaloric
semi-purified diets were fed to triplicate groups of M. nemurus (initial mean weight of 3.88 +
0.14 g). A total of eight diets were prepared with two protein levels (35% or 40%) were
incorporated at four different lipid levels (5, 10, 15, 20%). The diets were designated PasLs,
PasL 10, P35L15, P35L20, P40L5, P40L10, P4UL15, P40L20' respectively. Overall best SIinflcant gl’DVVth
performance was obtained for fish fed the PasLoo diet with an average relative growth rate
(RGR) of 116.92%, followed by PasLis (103.80%) and Pgolap (87.1%). Survivor was high,
there was no significant differences (P>0.05) were found among treatments. Nutritive
parameters such as feed intake, food conversion ratio (FCR) and protein efficiency ratio
(PER) were affected by diets. The significant differences were recorded in percentage of
body indices such as intra-peritonial fat, hepatosomatic index and body composition of
bagrid catfish fat different dietary protein and lipid levels (P<0.05). Carcass lipid content
were inversely related to moisture content. These study indicates that the protein sparing
capabilities of juvenile bagrid catfish and the results suggest that diet containing 35% protein
and 15% lipid with P:E ratio of 20.91 mg protein kJ-1 is optimal for the candidate species.
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CHEMICAL POTENTIAL OF LABLAB

Ida G. Pahila
University of the Philippines in the Visayas
College of Arts and Sciences
Division of Physical Sciences and Mathematics
Miagao, lloilo.
maegrace@yahoo.com

Chemical characterization of fabfab (benthic complex) was done to determine the potential
metabolic compounds and nutrients present. The /fablab collected from Leganes, lloilo,
Philippines was predominantly composed of microalgae;,Chaetoceros spp., Pleurosigma
spp.. Oscilfatoria spp., and unidentified filamentous algae, and the rotifers, Brachionus spp.
Qualitative tests and infrared (IR) spectroscopy confirmed and established the presence of
terpenes, saponins, cardiac glycosides, phenolics, flavonoids, fatty acids and amine acids in
the fablab extracts.

Bioassay of the different extracts proved that the dichloromethane (DCM) fraction has
significant antibacterial activity against V. harveyi apparently due to phenolic and flavonoid
compounds detected. Phenolics and flavonoids are purportedly significant antimicrobial
compounds Nutrient analysis of the lablab samples showed that 5.81 + 0.28% crude protein
with all the essential amino acids , 6.11 + 0.11% crude lipid to include both saturated and
unsaturated fatty acids, 0.12 + 0.02% crude fiber, and nitrogen-free extract of 8.91% were
present. The 79.05 + 0.02% mineral content was significantly rich in essential elements
such as calcium (1155 mg/L), phosphorus (2037 mg/L), iodine (2795 mg/L, iron (36390
mg/L), and zinc (67 mg/L). :

The presence of these compounds in fablab made them significantly valuable to aguaculture
as an excellent live feed and a potential source of bhioactive compounds with promising
antibacterial property.
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EFFECTS OF DIETARY CARBOHYDRATE TO LIPID RATIO WITH TWO LEVELS OF
PROTEIN ON THE GROWTH PERFORMANCE, BODY COMPOSITION AND
HEPATOSOMATIC INDEX OF RAINBOW TROUT Oncorhynchus mykiss

A.M. Abedian®*, A. Meshkat Rohani, F. Shariatmadarei
Fisheries Department. Faculty of Marine Science. Tarbiat Modares Univ.
aabedian@yahoo.co.uk

Effects of carbohydrate to lipid ratic at two different protein levels on the rainbow trout
(Oncorhynchus mykiss) was investigated in this feeding trial. In this experiment, fish- with
average initial weight of 60 £ 0.55g were used and the feeding trial conducted for 60 days in
500 liter tanks. A 2x2 factorial experiment with 2 levels of protein (40 and 45%) and 4 ratios
of carbohydrate to lipid (0.5, 1, 1.5 and 2) with 4000 Kcallkg constant energy were
formulated and prepared. The study was conducted with 8 treatments and triplicate random
groups of 20 fish per tank. Fish biomass were determined at fortnightly intervals and daily
feed levels adjusted accordingly. Results showed that with increase in dietary protein levels,
growth performances did not improve significantly ( P = 0.05) . The resulis of study also
indicated that at constant protein level, weight gain, SGR, FCR, PER and price index
improved with decrease in carbohydrate to lipid ratio and fish fed a carbohydrate to lipid ratio
of 0.5 had better growth performance than fish fed other ratios. Furthermore, results showed
that fish fed less protein and carbohydrate / lipid ratio had the best condition without any
negative performance on the liver. According fo results obtained, it could be suggested that
for this size of rainbow trout, a dietary protein level of 40% and carbohydrate / lipid ratio of
0.5 can be used

22



INCREASING AQUACULTURE PRODUCTIVITY

EFFECT OF TEMPERATURE, SALINITY AND STOCKING DENSITY ON DEVELOPMENT
OF MASS CULTURE OF Isochrysis galbana AND Nannochloropsis ocullata FOR
BREEDING

Le Xan, Do Xuan Hai
Research Institute for Aquaculiure N° 1
Hanoi, Vietham.

In 2002 — 2004, Research Institute for Aquaculture No. 1 (RIA1} in Vietnam have produced
450.000 seeds of Brown spotted - grouper Epinephelus cofoides for 60 days (4 - 5cm
length) on an experimental scale. In order fo raise mass culture of two micro-algal species
Isochrysis galbana and Nannochloropsi ocullata the effect of temperature, salinity and
stocking density on production was studied. Salinity (25%0), temperature 25 °C and stocking
density 2,106 and 5,106 with /.galbana and N.ocuflata respectively gave the best response
for algal mass culture. Harvest of [.galbana and N.ocullata at average density of 26.27 -
28.13x10%cell.ml” and 22.57x106 cell.mI is effective and economical.
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USE OF LOW FISHMEAL FEEDS IN AQUACULTURE OF THE COBIA Rachycentron
canadum ‘

Houng-Yung Chen
Institute of Marine Blology
National Sun Yat-sen University
Kachsiung 80424 Taiwan.

One of the most challenging tasks facing the sustainable development of aguaculiure is the
strategy fo produce feeds that are composed of minimum level of fishmeal and fish oil for
the mostly carnivorous fishes under cultivation. A carnivorous pelagic fish, the cobia
{Rachycentron canadum) grows rapidly and is becoming a key candidate species for sea
cage aguaculiure in tropical coasts. In an effort to minimize effectively the use of fish meal in
diets of the cobia, a series of experiments have been conducted to identify the proper
alternative protein sources, the strategy of their effective incorporations, and nutritional
problems associated with high level supplement of the alternative proteins. The results have
so far indicated that the cobia can effectively use non-fishmeal protein ingredients. Up fo
40% of the fish protein in the cobia feed could be replaced by soybean meal without
compromising growth. Biological or chemical treatment of soybean that altered its flavor and
chemical compositions changed the nutritional responses of the cobia. Lupin meal, bloed
meal, and canola meal also are effective alternative protein sources. Use of supplemental
crystalline amine acids or their modified products in the low fishmeal feeds has been found
ineffective in supporting growth of the juvenile cobia. In addition to problems relating to
protein quality degradation during fishmeal substitution, the presence of phytate in the plant
proteins and its anti-nutritional role in the cobia were studied. The resulis have indicated that
the cobia could effectively utilize the plant proteins commonly used for aguaculture feed
production. Methods designed to enhance the utilization have achieved some benefits.
Further studies are needed fo fine tune and thus improve the strategy to optimize the
incorporation of alternative protein sources in the feed of the cobia.
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PARTIAL REPLACEMENT OF FISHMEAL BY SOYBEAN MEAL IN THE DIET OF ROHU
Labeoc rohita (HAMILTON) FRY

D.A. Jahan', L. Hussain, M.A. Islam
Department of Fisheries Biology and Genetics
Bangladesh Agricultural University, Mymensingh-2202, Bangladesh.

A laboratory feeding trial has been conducted for 8 weeks with Labeo rohita fry in 12 aquaria
in static indoor fish rearing system of the Department of Fisheries Biclogy and Genetics,
Bangladesh Agricultural University, Mymensingh, Bangladesh, to evaluate the effect of
protein of soybean meal (SBM) and fishmeal on the growth and survival of Indian major
carp, L. rohita fry. In this trial, 3 diets were used as Diet 2 (75% fishmeal protein and 25%
soybean meal protein), Diet 3 (50% fishmeal protein and 50% soybean meal protein), Diet 4
{(25% fishmeal protein and 75% soybean meal protein) without supplementation of amino
" acid. The fry were fed on a pelleted diet containing 30% crude protein having fish meal and
soybean meal as major protein source except control {Diet 1) where only fishmeal was used.
Performances of the formulated diets were compared with the control diet (Diet 1). Feeding
with 25% soybean meal plus 75% fish meal (Diet 2) based diet resulted in significantly
(P<0.05) better performance of L. rohita in terms of live weight gain (%), specific growth rate
(SGR % day ") and feed conversion ratioc (FCR) as compared to those fed continuously with
100% fish meal and other diets (Diets 3 and 4). Higher protein deposition in carcass and
higher protein efficiency ratio (PER) were also found in fish fed with Diet 2. There was no
significant (P<0.05) difference in fish growth and feed efficiency of fish fed diets 1 and diet 3.
The highest FCR was obtained in the fish reared on Diet 4, which was significantly (P<0.05)
different from all other diets. However, the feeding performances of Diet 4 was significantly
(P<0.05) lower than those of other dietary groups. The findings of the present study suggest
that L. rohita fry can be effectively reared with Diet 2 where 25% fishmeal was replaced by
soybean meal. The growth response and feed utilization of fish fed Diet 3 was also
comparable with that of control. Therefore, considering the price and scarcity of fishmeal, up
to 50% soybean meal can be used for the diet of L. rohita without supplementation of amino
acids. o

Table 1 Performance of Labeo rohita fry fed on experimental diets for 8 weeks.

Parameters Diet-1 Diet-2 Diet-3 Diet-4 |
Average live weight gain (%)  205.80°  245.40° 200.00° 134.90°
Final body weight (g)* 2.63° 2.97° 2.58" 2.02°
SGR (%/day) 2.95° 3.522 2.87° 1.93°
PER 1.40° 1.65° 1.45° 1.06°
FCR 2.29" 2.02° 2.30° 3.147
ANPU(%) 21.03° 24 497 21.13° 16.10°
Survival rate (%) 100 100 100 100

*Initial body weight 0.86g
Values having the same superscripts in the same row are not significantly different (P<0.05).
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POTENTIAL OF SUBSTRATE BASED MICROBIAL BIOFILM FOR NURSERY REARING
OF MRIGAL Cirrhinus mrigala AND FRESHWATER PRAWN Macrobrachium
rosenbergii IN CEMENT TUBS

J.K Manissery*, R.M. Mridula, P. Keshavanath, K.M. Shankar, M.C. Nandeesha, K.M.
Rajesh
Department of Aquaculture
College of Fisheries
University of Agricultural Sciences
Mangalore 575002, India.
manissery@rediffmail.com

Two experiments were conducted separately in 1m® cement tubs to study the effect of
substrate on water quality, biofilm and plankton production and growth and survival of
Cirrhinus mrigala and Macrobrachium rosenbergii, for a rearing period of 28 days each. In
the first experiment three tubs each received cow dung @ | kg/tub (T4), cow dung @1kg/tub
+ feed (fish meal based ) @ 10% of bedy weight/day (T;) and cow dung @ 1kg + substrate
{paddy straw) @ 200 g/tub (Ts). All the tubs were stocked with10 fry of C. mrigafa (0.0S g} 7
days after the addition of manure and substrate. In the second experiment three tubs each
received substrate, sugarcane bagasse (T.) and paddy straw (T.) and three tubs without
substrate served as control (Ts3). All the tubs were manured with poultry droppings @ 2 kg
/ftub and stocked with 15 post larvae/tub of M.rosenbergii (0.01g) 7days after manure and
substrate addition. Important water quality parameters were analyzed initially and after the
addition of manure and substrate at weekly intervals in both the experiments.

In the first experiment the water temperature, pH, dissolved oxygen, alkalinity and carbon
dioxide recorded ranged from 24.6 to 27.8 °C, 7.01 to 7.99, 3.38 to 6,75 mg/l, 30 to 68 mg/l
and 0 to 15.8 mg/l respectively. Tubs without substrate recorded higher average ammonia of
7.99 (T) and 9.15 ug-at./l ( T,) than tubs added substrate {6.55 ng-at./l). Total plate count
(TPC) of bacteria (CFU x 10 * /ml) in water did not vary much between the treatments and
the values were 5,13, 5.49 and 5.85 in T4, Tz and T3 respectively. TPC on substrate (CFU x
10 ° /g) was higher than in water and the average value was 1.34, Significantly higher
phytoplankton and zooplankton were recorded in T, (P< 0.05) compared to Ty and T;
whereas higher phytoplankton was recorded in Ts; compared to T, Phytoplankton and
zooplankton recorded on substrate were 203 and 70.67 no./cm?®. Growth of C. mrigala was
significantly higher (P< 0.05) in substrate added tubs; the average final weight recorded
being 3.37, 5.01 and 6.83 gin T, T, and T3 respectively,

In the second experiment the mean water temperature, pH, dissolved oxygen, alkalinity and
carbon dioxide recorded ranged from 25.1 to 28.1°%, 7.23 to 7.98, 3 to 6.38 mg/l, 40 to78
mg/t and 0 to 14 mg/l respectively. Total ammonia did not differ significantly between the
treatments T, (5.19) and T, (5.32) but both differed significantly with control T, (7.16). TPC of
bacteria in water (CFU x 10 */ml) did not vary much between the treatments with the mean
values recorded being 6.07, 6.8 and 6.46 in Ty, T4 and T, respectively. Bacterial counts on
bagasse (CFU x 10 ° /g) was higher (2.06) than paddy straw (1.54). Higher density of
phytoplankton and zoeoplankion were recorded on bagasse than paddy straw. Average final
weight and survival of M. rosenbergii recorded were 0.83g and 62.22%, 1.28g and 86.67%,
and 0,99 g and 80% respectively in To, T1 and T,.
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FEED ATTRACTANTS FOR THE FRESHWATER PRAWN Macrobrachium rosenbergii

D.D. Nambudiri*, P.M. Sherief, Sajan George, C. Mohanakumaran Nair
College of Fisheries, Panangad, Kochi 682506 India.
deancof@md5.vsnl.net.in

Feed attractants play a significant role in the economic success of aquaculture as they
optimize feed conversion rates by maximizing consumption and reducing feed wastes so as
to lower production cost. Use of attractants in prawn feed is reported to reduce feed waste
and Improve the feed efficiency. Considering the importance of attractants, a study was
carried out to evaluate several natural materials as attractants in the feed of freshwater
prawn Macrobrachium rosenbergii {de Man, 1879). Different feeds were prepared by varying
percentage incorporation of attractants. The attractants used were fried coconut cakes,
peenari, cuttle fish liver, squid meal and prawn head.

The composition of different feeds is given in Table |. Feed 1 does not contain attractants
and served as control. Proximate composition of different feeds were analyzed and reported
in Table 2.. Proximate compesition does not significantly vary for the different feeds. Highest
" water stability value was recorded for Feed 6 containing prawn head as attractant. Highest
values of SGR, FCE and PER were recorded for Feed 5 in which squid meal was used as
attractant. From the results, it is inferred that a feed containing squid meal as attractant was
the best and it provides greater feed utilization and growth in Macrobrachium rosenbergii.

Table 1 Feed Composition { % )

Feeds Clam GOC Wheat Tapioca Attractants® Total
bran
Feed 1 40 25 25 10 0 100
Feed 2 40 25 24 10 1 100
Feed 3 40 25 24 10 1 100
Feed 4 40 25 24 10 1 100
Feed 5 40 25 24 10 1 100
Feed 6 40 25 24 10 1 100

*Attractants used in various feeds were Feed 1-control, Feed 2 -Fried coconut cake,
Feed 3 -Peenari ,Feed 4- Cuttle fish liver, Feed 5- Squid meal, Feed 6 -Prawn head

Table 2 ADC, SGR, FCE and PER values of different feeds

Feed ADC SGR FCE PER
(%) (%) (%) (%)
Feed 1 63,18 2.73 33.00 100.62
Feed 2 70.69 3.27 21.00 105.08
Feed 3 64.73 2.61 19.25 95.56
Feed 4  60.56 2,08 20.47 90.43
Feed 5 71.92 3.59 40.44 125.44
Feed 6 72.37 3.45 38.22 115.52
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EFFECTS OF DIETARY LIPID LEVELS AND SOURCES IN ISOENERGETIC DIETS ON
GROWTH, BODY COMPOSITION AND TISSUE FATTY ACID COMPOSITION IN
JUVENILE Barbodes altus

Adrian Elangovan
School of Chemical and Life Sceinces
Singapore Polytechnic
500 Dover Road,Singapore -139651,
elango@sp.edu.sg

The effects of four (2.5, 5.0, 7.5 or 10.0%) dietary lipid levels of two different sources (squid
oil or safflower cils) in isoenergetic diets with the same protein level {42%) on growth and
body composition of Barbodes aftus were examined. At the end of the growth trial, carcass
samples were analysed for moisture, crude protein, crude fat, ash, and fatty acids.
Increasing the dietary level of lipid with either squid oil or safflower oil as the source, whilst
keeping the protein and energy levels constant in the diets, did not affect the growth of B,
aftus. Significantly more lipid was stored in the body of groups fed 10% oil diet with either
squid oil or safflower oil as lipid source compared with those fed lower dietary lipid levels
(2.5 and 5%), even though all the diets had the same amount of energy. In this present
experiment, the significant increase in visceral lipid content and no significant change in
muscle lipid content in relation to increased dietary lipid level indicated that, in B. altus,
excess fat was stored in visceral tissue rather than muscle tissue. In viscera, the
concentration of total PUFA at higher levels of safflower oil (7.5 and 10%) was significantly
greater than at lower levels (2.5 and 5%). The concentration of total n-6 fatty acids increased
in the muscle of fish fed with increasing safflower oil level in the diet. The concentration of
total n-3 fatty acids in the muscle of fish was significantly greater when fed at higher levels of
dietary squid oil than in fish fed at the 2.5% dietary level.

Table 1 Crude fat content in muscle, liver and viscera of B. altus after 8 weeks of feeding
ispenergetic diets containing various levels of dietary lipid (squid cil)

Dietary lipid level As percentage of wet weight
(%) Muscle Liver Viscera
2.5 2.85+0.32° 0.49+1,02% 16.99+0.48°
5.0 2.58+0.07° 8.61+1.12° 20.12+0.43%°
75 - 3.03+0.06° 10.0442.72° 25.3242.95°
10.0 3.24+0.22° 9.59+1.92° 24.25+2.08"

Table 2 Crude fat content in muscle, liver and viscera of B. alfus after 8 weeks of feeding
isoenergetic diets containing various levels of dietary lipid (safflower oil)

Dietary lipid level As percentage of wet weight
(%) Muscle Liver ‘ Viscera
2.5 3.05+0.22° 7.62 +0.94° 18.47 £ 3.59°
50 3.55 + 0.25° 8.88x0.77° 23.30 £ 0.667
7.5 3.28 +0.27® 8.09 £ 0.48° 23.09 £ 1.37°
10.0 3.57 £ 0.31° 8.31 £ 0.68° 32.52 £ 3.62°
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FEEDING PERIODICITY, GUT EVACUATION RATE AND DAILY RATION OF
FINGERLINGS OF MRIGAL Cirrhinus mrigala (HAMILTON)

T.S. Annappaswamy*, H.R.V. Reddy, T.S. Nagesh
University of Agricultural Science,
College of Fisheries, Matsyanagar,
Mangalore — 575 002,
Karnataka, India. .
annappaswamyts@yahoo.co.in

Feeding periodicity of fingerlings of mrigal, Cirhinus mrigala, was examined from gut
collections taken during winter, summer and rainy seasons at the Harangi Reservoir Fish
Farm, Kamataka, India. Feeding periodicity was determined by means of mean percent
fullness of gut and means gut content weight per gram of body weight of fish. No significant
differences in the gut content weight were found between any two sucocessive three-hour
sampling periods. The evacuation data were fitted to linear regression model. The
evacuation time for natural, conventional and pelleted feeds ranged between 6.95 hr and
9.31 hr. The natural feed evacuated faster than both conventional and pelleted feed. Effects
of protein sources, protein and fat level in the diet, starvation period and feeding frequency
on evacuation rate in mrigal fingerlings were determined. The daily ration was estimated to
be 8.84 %BW to 12.09 %BW with an average value of 10.59 %BW at 28+1.5°C.

Table Gut evacuation time (GET) in mirgala fingerlings.

Time (hr) to percent evacuation
Type of feed GER o5 75 100
Natural 0.1932 0.48 479 6.95
feed
Conventional
feed 0.1822 2.45 7.02 - 9.31
Pelleted 0.1956 12,63 6.89 9.02
feed
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ONTOGENETIC CHANGES IN TRYPSIN, AMYLASE AND LIPASE ACTIVITIES IN Scylla
serrata

A.E. Serrano, S. Nunal, R.F. Traifalgar
National Institute of Molecular Biology and Biotechnology
U.P. in the Visayas, Miagao 5023 lloilo, Philippines.

Iin order to increase productivity in mud crab hatchery, feeding management should be
based on information on basic digestive physiology such as ontogenetic changes in
digestive enzyme activities. Thus, this study aims to measure the activities of three digestive
enzymes, namely amylase, trypsin and lipase in mud crab. Both amylase and trypsin were
dominant in the larvae. Tryptic activity showed a smaller peak at Z, and a bigger peak at the
crab stage. Amylase to total protease (A/P) ratios were determined to be 9.86, 20.4, 5.0,
44.5 34.3 and 52.2 at larval stages Z1, Z2, Z3, Z4, Z5, and megalopa, respectively. This is
an indication that at early larval stages the mud crab was carnivorous and shifts to being
omnivorous at the latter stages. It is hypothesized that this is one of several natural
strategies towards achieving energetic efficiency in crustaceans (Jones et al. 1897). Low
levels of a-amylase at Z1 — Z3 was observed with a sharp increase from Z3 maintained at
the maximum all through the megalopa and then decreased at the crab 1 stage. The low
amylase activities during early larval stages were another indication that the mud crab larvae
are exclusively carnivorous during these periods just like the caridean larvae (Kamarudin
1994). Lipase activities exhibited two similar peaks at Z2 and at Z4-Z5 which is similar to the
non-specific esterase ontogenetic pattern in Macrobrachium rosenbergii {Kamarudin 1994)
which coincided with a sharp increase in hepatopancreas (HP) volume and HP/DW (dry
weight) ratio.
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FATTY ACID PROFILE IN Perna viridis FROM SEBATU, MELAKA

S. Ramli, B.A.G. Idris, H. Omar, N.A. Aziz, Fawzl Zakaria*, A, Supian
Aquatic Laboratory, Dept. of Biology
Faculty of Science and Environmental Studies
University Putra Malaysia,
43400 UPM Serdang, Selangor D.E.

Fatty acid profiles in green mussel (P. viridis L.) with size 5 to 8 cm were analyzed. Samples
were taken from Sebatu mussel culture area in Melaka. The objective of this study were to
determine fatty acids profile of matured mussel (with gonad) and immatured mussel (without
gonad) Analysis was done by using gas chromatography mass spectrum (GCMS). Results
showed that mussels have 16 types of fatty acid (FA) with 15 - 23 long chain carbon
consisting of five saturated fatty acid, four mono-unsaturated fatty acid (MUFA) and seven
poly-unsaturated fatty acid (PUFA). Overail, percentages of saturated fatty acid were
highest, followed by PUFA and MUFA (table 1). Percentage of unsaturated fatty acid was
the highest especially PUFA in mussel with gonad (matured). Predominant fatty acid in both
types of mussel (mature and immature) are hexadecanoic acid (17:0). Ratio of w-3 to w-6 for
matured mussel was slightly higher than immature mussel which is 8.08:1 and 4.32:1
respectively,

Table 1.Percentages of fatty acids and their ratio between mature and immature mussel.

Mussel tissue

Faity Acid immature  matured
Saturated 60.71 57.57
MUFA ‘ 15.46 18.3
PUFA 23.83 2413
Unsaturated 39.33 42.43
Ratio (saturated:unsaturated) 1.54 1.36
w-3 17.156 14,31
w-6 3.97 1.77
Ratio (w-3:w-6) 4.32 8.08
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ELEVATED DIETARY LEVELS OF TRF, TOCOTRIENOLS-RICH FRACTION,
EXTRACTED FROM CRUDE PALM OIL, AFFECT VITAMIN E STATUS AND OXIDATIVE
STABILITY OF TILAPIA TISSUES

Y. Wang*, K.H. Yuen, W.K. Ng
Fish Nutrition Laboratory, School of Biological Sciences, Universiti Sains Malaysia, Penang,
11800, Malaysia.
wkng@usm.my

A 9-week feeding trial was conducted to evaluate the effects of dietary vitamin E on fish
growth, lipid peroxidation and distribution of tocopherols and tocotrienols in various tissues
of hybrid red ftilapia. Five semi-purified isoenergetic and isonitrogenous diets were
supplemented with 0, 139, 278, 556, and 1111 mg/kg, respectively, of a tocotrienols rich
fraction (TRF) extracted from crude palm oil. There were no significant differences in fish
percent weight gain, feed conversion ratio and protein efficiency ratio among fish given the
various test diets {P>0.05). Muscle, liver, adipose, skin and plasma concentrations of o-
tocopherol, o-tocotrienol, and y-tocotrienol increased linearly in response to increasing
dietary concentrations originating from the added TRF. a-Tocopherol constituted 51.2—
94.2% of the vitamin E composition of various tissues. The deposition of tocotriencls was
highest in the adipose tissue. The concentrations of thiobarbituric acid-reactive substances
(TBARS) from Fe**-catalysed vitamin C induced lipid peroxidation in muscle, liver and
plasma of tilapia fed diets with no added TRF were significantly higher than that found in the
tissues of fish fed diets supplemented with TRF. Results obtained from the present study
indicated that TRF supplementation could markedly enhance the tocotrienols concentration
in various tilapia tissues and provide higher protection of these tissues against lipid
peroxidation.
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EVALUATION OF MIXED FEEDING SCHEDULES WITH VARYING DIETARY PROTEIN
CONTENT ON THE GROWTH PERFORMANCE AND REDUCTION OF COST OF
PRODUCTION FOR PANGAS, Pangus hypophthalmus, WITH SIVER CARP,
Hypopthaimicthys molitix, IN FARMERS PONDS

M.Z. Ali*, M.A. Hossain, M.A, Mazid
Bangladesh Fisheries Research Institute, Mymensingh - 2201.
zulfikar_bfri@@yahoo.com

A 6-month growth trial was conducted under field conditions using fish farmers’ ponds to
investigate the suitability of mixed feeding schedules on the growth performance and production
costs for pangus, Pangas hypophthalmus, with silver carp, Hypopthalmicthys molitix. Ten
farmers’ ponds {10-15 dec} were used for the study, Fish were stocked at the ratio of 80: 20
{pangas: silver carp) at the total rate of 25,000 / ha. The mean initial weights of fish were 4.9 and
12.0 g for pangas and silver carp, respectively. Two diets- high protein (30%, HP) and low
protein {15%, LP) were prepared by using locally available ingredients and fed to the fish
continuously served as the control treatments. Five different feeding schedules of high protein
{control-1, HP), low protein (controi-2, LP), 1 day low protein followed by 1 day high protein diet
{1L/1H), 7 days low and 7 days high protein diet (7L/7H) and 14 days of low followed by 14 days
of high protein diet (14L/14H) were tested. The fish were fed twice daily at the rate of 15, 10, 8 or
5% of their body weight for the 1%, 2™, 3™ and subsequent months of the experimental period,
respectively. Feeding rate was calculated only on the basis of pangas weight and was adjusted
after fortnightly weighing of fish. Fishes fed low protein and high protein diet on alternate days
(1L/1H) resulted in significantly (P < 0.05) higher growth rate, feed utilization and production
among the treatments. The FCR values of pangus ranged between 2.04 to 2.79 with feeding
schedule 1L/1H showing significantly the lowest i.e. the best FCR. The FCR values were
relatively lower when weight of silver carp was considered which ranged between1.61 to 2.04.
There was no significant difference (P > 0.05) between the growth rates and production of fish
fed high protein diet {30%, HP) regularly and fish fed 7 days low protein diet followed by 7 days
high protein diet (7L/7H). Fish maintained on low protein diet (15% LP) grew least. The total
production of fish {including silver carp) ranged between 8,310 to 12,422 kg/ha with fish on the
1L/MH feeding schedule resulting in the highest production and net profit. The present study
reveals that feeding fish continuously with a high protein diet is uneconomical. it is recommended
thatfor profitable pangas culture with silver carp in Bangladesh, farmers can use a mixed feeding
schedule of alternate day feeding of low and high protein diets as a means of reducing feed cost.

Table 1 Final weight (g), production (kg/ha} and net profit (Tk/ha) of pangas and silver carp
maintained on mixed feeding schedules for 6 months In farmers ponds

Parameters Feeding schedules

o HP Lp ALMH 7U7TH  14LM4H

Mean initial welght (pangas) 49 4.9 49 49 49

Mean initial weight (silver carp) 12.0 12.0 12.0 12.0 12.0
Mean final weight (pangas) 495.0° 350.0° 520.0° 476.0° 421.0°
Mean final weight (silver carp) 552.5% 490.0° 590.0° 533.0°° 510.0™
Production (pangas) 8945.0° 6123.0° 9722.0° 8421.58°  7329.5°
Praduction (siiver carp) 2406.0%° 2187.6° 2700.5°  2467.5  2328.3°
Total production (kg/ha) 11351.0°  8310.6" 124225 10888.9°  9657.8°
Net profit (Tk/ha) 1,05,619 81,523 159,954 1,15982 87,316

Tk. 58.00=US $ 1.00

* Figures in the same row having different superscripts are significantly different (P < 0.05)
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EVALUATION OF THE EFFECT OF D[ETARY VITAMIN C, E AND ZINC
SUPPLEMENTATION ON REPRODUCTIVE PERFORMANCE OF NILE TILAPIA
Oreochromis niloticus

M. Gammanpila’, A. Yakupitiyage, A.N. Bart
National Aquatic Resources, Research and Development Agency, Crow Island,
Mattakkuliya, Colombo 15, Sri Lanka.
gmeneke@yahoo.com

A 3x2 factorial experiment was conducted to evaluate the role of dietary vitamin C (ascorbic
acid) and vitamin E (x-tocopherol) and zinc supplementation on Oreochromis niloticus
growth, survival and reproduction in hapa based system installed in earthern ponds for 5
months. The triplicate groups consisting 30 fish were fed three levels of vitamin C (0, 50 and
1250 mg/kg diet), two levels of vitamin E (0, 600 mg/kg diet). An additional treatment that
supplemented zinc at a rate of 120 mg/kg with higher vitamin C and E levels was also
included in the experiment. Vitamin C deficient fish exhibited significantly lower daily weight
gain and percentage weight gain compared to the supplementation of higher vitamin C in the
diet (P<0.05). The spawning efficiency, total seed production and number of eggs/spawner
were not affected by dietary vitamin C or E supplementation. However, the spawning
percentage, total number of spawns and total seed production in hapa (80.0+28.28, 2646
and 10,091+1334, respectively) were higher in fish fed the dietary zinc supplemented diet.
The brood fish fed diets supplemented of with 1250 mg/kg vitamin C and 600 mg/kg vitamin
E had a higher mean clutch size and relative fecundity (62680 and 74621588, respectively).
The fertilization rate, egg hatchability and larval survival were 76.19+£5.58 and 88.8014.68,
19.13+8.56 and 45.92+6.33, 57.74+15.02 and 81.09+2.93, respectively, for females fed on
diets without supplementing vitamins and diet supplemented with higher levels of vitamin C
and E, -. There was a high correlation between gonadal ascorbate content and a-tocopherol
concentration in diets. Fish fed diet without ascorbic acid had reduced sperm viability and -
sperm motility compared with supplementation of 1250 mg vitamin C/kg in the diet. No
significant positive effects were observed on egg quality or sperm quality of O.niloticus fed
higher zinc level in the diet. Present findings suggest that the dietary vitamin C
supplementation of 50 mg/kg diet and 120 mg/kg Zinc in the diet support maximum egg
production, egg quality and sperm quality. Higher vitamin C levels (1250 mg/kg} in the diet
may not be necessary to enhance seed production.
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ESTIMATION OF IN VITRO PROTEIN DIGESTIBILITY AND INHIBITORY EFFECTS OF
DIFFERENT FEED AND INGREDIENTS ON PROTEASE ACTIVITY OF FRESH WATER
GIANT PRAWN Macrobrachium rosenbergii (DE MAN)

Md. Ayaz Hasan Chisty*, Roshada Hashim, Alexander Chong
Aquaculture Research Group, School of Biclogical Sciences
Universiti Sains Malaysia, 11800 Pulau Penang, Malaysia
chistyku@lycos.com

Rapid and inexpensive technique for estimating protein digestibility and inhibitory effect of
feed and its ingredients are in vifro enzyme assay. Two assays - Lazo single enzyme assay
using bovine trypsin and pH-drop method using prawn crude enzyme were used to measure
the relative protein digestibility (RPD) of different feed (seven formulated diets) and feed
ingredients namely fishmeal (FM), extracted soybean meal (ExSM), mustard oil cake (MOC),
sesame oil cake (SOC) and coconut cil cake (COC) used In diets of freshwater giant prawn,
Macrobrachium rosenbergii. pH-drop method using prawn crude enzyme appears to give
better indication in RPD determination of Macrobrachium rosenbergii.

Further, the effect of protease inhibitors present in different feed ingredients used in feed for
Macrobrachium rosenbergii were assayed Using in vitro technique involved in estimation of
the remaining protease activity after incubation with different solutions containing inhibitors.
Inhibitors ebtained from extraction of plant proteins (ExSM, MOC, SOC and COC) produced
S to 56% of inhibition on the total protease activity and that of animal protein (Danish
Fishmeal) produced 4% of inhibition on the total protease activity. The use of sodium
dodecyl sulphate polyacrylamide gel electrophoresis (SDS-PAGE) zymograms allowed
visualization of the aforementioned differences in inhibition.
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THE EFFECT OF MIXED FEEDING SCHEDULES ON THE DAILY SPECIFIC ACTIVITY
-OF PROTEASES IN STOMACH AND INTESTINE OF AFRICAN CATFISH Clarias
gariepinus

Mohammed AL-Dohail*, Roshada Hashim

Laboratory of Fish Nutrition and Feed Management, Aguaculture Research Group, School of
Biological Sciences, Universiti Sains Malaysia, 11800, Penang, Malaysia.

An experiment was conducted to evaluate the effect of mixed feeding schedules on the daily
specific .activity of proteases in the stomach and intestine of the African catfish Clarias
gariepinus. Two practical diets containing 35% (high) and 25% (low) protein levels
containing 10% lipid level were prepared. The three mixed-feeding schedules tested were as
follows; one day of 35 % protein followed by one day of 25 % protein (1H: 1L); one day of 33
% protein followed by 2 consecutive days of 25 % protein (1H/2L); and one day of 35 %
protein followed by 3 consecutive days of 26 % protein (1H/3L). Four hundred and fifty

catfish ranging from 300-400 g were stocked in 15 circular 1m?3 fiver tanks at a rate of 30
fish /tank with three replicates per treatment. The fish were fed three times daily to satiety for
a period of 10 days. Daily specific activity of proteases in the stomach and the intestine
were sampled by collecting three fish from each replicate 4hrs after feeding. Results show
the existence of a daily rhythmic pattern regardless of feeding schedule and that fish fed the
35% protein diet had a higher protease specific activity compared to those fed the 25%
protein diets. Generally, a trend of one day of high followed by one day of low protease
specific activity was detected in the stomach and intestine.
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THE EFFECT OF DIETARY INCLUSION OF SELECTED SOY PRODUCTS AS PARTIAL
REPLACEMENT FOR FISH MEAL ON THE GROWTH AND FEED UTILIZATION OF
Oreochromis niloticus

Erlinda S. Ganzon-Naret*, Shunsuke Koshio, Shin-ichi Teshima, Manabu Ishikawa
Institute of AguactLilture
College of Fisheries and Ocean Sciences
University of the Philippines in the Visayas
5023 Miag-ao, lloilg, Philippines.
esgnaret1025@yahoo.com

Five experimental diets were used to evaluate the effect of utilizing selected soy products as
protein sources on the growth and feed utilization of Oreochromis nifoticus. Protein sources,
solvent-extrated soybean meal (SESM), roasted soybean meal (ROSM), raw soybean meal
(RSM)} and boiled soybean meal (BSM) were incorporated approximately at 10% level into
isonitrogenous {30% protein) diets A, B, C and D respectively, to replace fish meal (FM)in a
control diet (Diet E). Young male Q. nifoticus with mean initial weight of 10.98 g were fed on
the experimental diets in a seven-week feeding triai in aquaria. The results of the study
showed that fish fed ROSM diet produced the best weight gain (9.83 g fish™), specific growth
rate (1.31% day™"), protein efficiency ratio (0.98) and feed conversion efficiency (29.5 %).
However, the data showed that inclusion of selected soy products at 10% in tilapia diet had
no significant effect (P>0.05) on the growth performance, feed utilization and survival
compared to fish fed Diet E. The dietary soy products did not affect the hepatosomatic
indices (1.17-1.81%) (P>0.05}.

Among the five tilapia diets, ROSM diet proved to be the best in terms of economic analysis.
The resuilts suggest that SESM, ROSM, RSM and BSM are suitable ingredients in tilapia diet
at a level of 10%. Future studies should be directed to assess using these soy products as
feed components at higher inclusion levels and to further anticipate doing feeding trials
under pond culture conditions so as to clarify the results observed from the present study.

Table 1 Growth, feed utilization and hepatosomatic index (HSI} of Oreochromis niloticus fed
with soy product ingredients and control diet. Means with the same superscripts within a
column are not significantly different (P>0.05).

Diet Average body weight (g) Weight Specific Feed PER HSI

7 . gain growth  efficiency {%)

Initial Final - (g} rate (%) (%)

A 10.90 20,217 g9.31%  1.23° 29,32° 0.97* 1.65°
B 10.86 20.69° g.83% 131° 29.52° 0.98° 1.66°
C 11.04 17.61° 6.57%  0.95° 20.82° 0.70° 1.59°
D 11.08 17.69° 6.61%  0.95° 20.76° 0.69° 1.17¢
E 11.05 20.02° 897% 1.20° 26.39° 0.87° 1.81°
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BREEDING CAPABILITY OF THE HYBRID CATFISH Clarias macrocephalus X C.
gariepinus IN CAPTIVE CONDITION

Ambok Bolong Abol-Munafi, Pham Thanh Liem*, Mohd Azmi Ambak
Faculty of Agrotechnology and Food Science
Kolgj Universiti Sains dan Teknologi Malaysia
Mengabang Telipot, 21030 Kuala Teregganu
Malaysia.
ptliem@ctu.edu.vn

The study was conducted in order to assess the breeding capability of the hybrid catfish
(Clarfas macrocephaius x C. gariepinus). Hybrid catfish (Hybrid 1) was produced artificially
and reared in 3-ton fiberglass tanks at the density of 20 fish per square meter. They were fed
with tilapia starter pellet (34% protein) at a daily rate of 2% of fish biomass. Female of hybrid
1 can reach first maturation in captive condition at the size of 0.38 + 0.08 kg (11 month old).
72.89% (n = 107) females obtained full maturation and can be induced to spawn. The
remaining female fish had an abnormal gonad. Artificial breeding among F1 hybrids was not
successful probably due to a problem of spermatogenesis. Whereas, mature hybrid females
were successfully backerossed with both parental species and hybrid 3 (female hybrid 1 x
male C. macrocephalus) and hybrid 4 (female hybrid 1 x male C. gariepinus) were produced.
The fertilization rates of the hybrid 3 and hybrid 4 were 73.98% and 72.01%, respectively.
However, hatching rates were low, 62.81% and 60.32%, and deformation rates were high,
17.32% and 25.58%, for hybrid 3 and hybrid 4 respectively, compared to those of parental
species. Results of larval rearing showed that in the first 30 day after hatching, the growth
rate of backcrossed hybrid was comparable to those of C. gariepinus and higher than
C.macrocephalus with specific growth rate (SGR) of 16.84 and 17.89%.day ' for hybrid 3 and
hybrid 4 respectively.
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INDUCED BREEDING AND LARVAE REARING OF Ompok pabda (HAMILTON)

Fazlul Awal Mollah
Dept. of Fisheries Biology & Genetics
Bangladesh Agricultural University
Mymensingh 2202, Bangladesh.
mollahfa @ royalten.net

Ompok pabda (Hamilton) is an important species of Bangladest and commercial culture of
this species is not possible because of lack of seed for stocking. Successful induced
breeding and larval rearing of O. pabda have not been reported. Therefore, this study
attempts to optimize the doses of two inducing agents (PG and HCG) to achieve spawning
success and also to increase the larval survival by determining the suitable frequency of
food delivery. Four single PG doses of 14, 18, 18 and 20 mg/kg bw of female were tested;
males received 12mg/kg. The PG dose of 18 mg had a 67% spawning 88% fertilization 76%
hatching success. In a second experiment HCG was given in 4 single doses (0.5, 1.0, 1.5
and 2.0 1U/g). Males were given 0.5 |U/g. The dose of 0.5 IU/g bw failed to induce
spawning. Among the rest, the dose of 1.0 [U/g bw had a better result compared to other two
doses with a 50% spawning, 78% fertilization and 60%hatching.

In the feeding frequency study, 5 days old larvae  produced in induced breeding trial, were
reared for a period of 21 days with live feed, Tublficld worms. Larvae were fed to satiation
under the feeding frequencies of once, twice, three times and four times per day. Higher
percent length, weight gain, and specific growth rate were shown by the larvae fed four times
a day followed by those fed three times, twice and once daily. The highest survival rate
{81.5%) was found among those at feeding frequency of four times per day whereas the
lowest (66.25%) was found in those fed once a day. The study thus, not only demonstrated
the optimum doses of two widely used inducing agents but also a suitable feeding frequency
for tarval survival and growth.

Effects of different doses of PG on induced breeding of O. pabda expressed in terms of
spawning rate, fertilization rate and hatching rate. Values are mean = standard deviation.

PG No. of fish No. Fertilization (%) Hatching (%)
(mg/kg) {pair} spawne %
d Spawn
14 17 4 24 70.96°+4.06 54.60°+8.67
16 17 7 41 81.82%°+3.21 64.71%°1+5 .98
18 21 14 67 87.89%+6.67 76.21%+4.72
20 26 9 35 50,32°+7.23 36.59°+5.74

*Figures in the same column having different superscripts are significantly (p<0.05) different
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EFFECT OF TRANSPORTATION STRESS ON THE FEEDING OF MAJOR CARP
HATCHLINGS IN A NURSERY POND OF BANGLADESH

M. Niamul Naser*, Pronob K. Mozumder
Advanced Fisheries Research Laboratory, Department of Zoology, University of Dhaka,
Dhaka 1000. Bangladesh.
mnnaser@udhaka.net

It is important that the carp larvae have developed the habit to feed before they are released
in to the nursery pond. The guestion raised in developing the present research is whether
major carp (Catfa catla, Labeo rohita and Cirrhinus mrigala) fry have any difficulty in
searching for food in nursery pond when they spend their early feeding stage in plastic bags
(PB) or aluminum pitcher (AP) during short (5 hours) or long term transportation (12 hours).
In addition to non-feeding habit, transportation-stress could result in mortality. Initially, it was
found that the carp hatchlings do not feed just after releasing in to nursing pond (Table 1).
This was due to transportation stress. However, 50% of hatchlings/fry after transported in PB
and AP exhibited active feeding within half-an-hour. Hundred percent hatchlings/fry started
active feeding after 5 hours of release in nursery pond. The survival of fish fry is about 60%
in the nursery during this experiment. There is no risk in transporting fish hatchlings in
oxygenated bags even with partial yolk sac. However, in traditional pitcher with water
hyacinth, the survival of hatchlings was (about 50% mortality) than the oxygenated plastic
bags. The water quality degradation and injury due to agitation by hand flapping may have
resulted in higher mortality in aluminum piicher.

Table 1 Food acceptance of carp fry in different time intervals (5min, 30 min, 1 hour, 3
hours and 5 hours) in nursing hapa after transportation in oxygenated plastic (OP) bags and
aluminum pitcher (AP).

Species Transportatio Food in stomach (%) after
(mortalit n simulation 05 min 30 min 1 hrs 3 hrs Shrs
y%, if  (Typel hrs)
any)

Catla catla
G QP (5hrs) G 18.67+1.76 48.33+3.38 73.33+4.18 100
32 AP (5 hrs) 0 9.67+.88 40+4.58 76+4.93 100
18 Control 5 hrs 77+1.15 100 100 100 100
0 OP (12hrs) 0 12+1.73 51+4.73 67.67+5.55 90.33+.88
53 AP (12 hrs) C 7.33+1.2 34.33+6.89 62+3.51 100
26 Control 12 hrs 80.33+3.83 100 100 100 100

Labeo rohita
0 OP (5hrs) c 21+2.08 58.33+3.84 80.33+5.21 100
38 AP {5 hrs) C 13+1.53 51.33+546 72.67+4.41 100
16 Contral 5 hrs 73+4.93 100 100 100 100
0 OP (12hrs) 0 24+5.86 47 .67+42.03 74.67+4.37 100
46 AP (12 hrs) 0 8.67+1.2 42+5.2 68+5.2 100
12 Control 12 hrs ~ 81+2.08 100 100 100 100

Cirrhinus mrigala
0 OP (5hrs) 0 39.33+3.48 48.33+3.38 ° 99+.58 100
18 AP (5 hrs) 0 30.67+2.85 49+4.58 91.67+2.03 100
12 Control 5 hrs §7.33+67 100 100 100 100
0 OP (12hrs) 0 25+1.73 51+4.73 94.33+2.91 100
20 AP (12 hrs) 0 22.67+.67 34.33+6,89 82.33+26 100
10 Contral 12 hrs 81+3.61 100 100 100 100
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EFFECT OF HOLDING TEMPERATURE AND LIGHT REGIME ON REPRODUCTIVE
PERFORMANCE OF RAINBOW TROUT Oncorhynchus mykiss IN THAILAND

Prasan Pornsoping®, Gomut Unsrisong, Therdchai Vearasilp, Gabriele Hérstgen-Schwark
Institute of Animal Husbandry and Genetics, University of Goettingen, Albrecht-Thaer-Weg
3, D 37075 Goettingen, Germany,
ppornso@gwdg.de, ghoerst1@gwdg.de

In Thailand, the rainbow trout (Oncorhychus mykiss) was introduced by His Majesty King
Bhumibol Adulyadej of Thailand in 1969 to induce trout farming in the northern highlands as
a cash income source for the hill tribe people to enable them to abandon opium POPPY
cultivation. Compared to other salmonids, rainbow trout are tolerant to relatively high water
temperatures but there are only very limited information available about the effects of
elevated temperatures on the reproductive success. Reproductive development of salmonid
fish is known to be strongly influenced by photoperiod but till now investigations on
reproductive performance of rainbow trout under the photoperiod and the ambient water
temperatures in the highlands of northern Thailand are missing.

thteen months old rainbow trout, raised under ambient water temperatures and natural light
regime at the Doi Inthanon Fisheries Research Unit since hatching, were divided randomly
into three groups (March). The first group (105 fish) was exposed to a light programme,
which consisted of the natural light regime of Germany with an increasing photoperiod till
June and thereafter a decreasing photoperiod till December. Water temperature was
controlled in such a way that it did not exceed 18°C. Fish of the second group (105 fish)
were kept under ambient water temperatures but the same light regime as group 1 fish. Fish
of the third group (420 fish) were kept under ambient water temperatures (mean
temperatures of 14.6°C in January and 20°C in May) and the natural photoperiod (11 to 13
hours of daylight the whole year round} of Northern Thailand. At the age of 23 months (body
weight of female spawners between 0.9 and 1.4kg), brood stocks started to spawn.
Spawning season lasted from November to January with concentration of spawning events
(number of fish with ovulated eggs) in December. Eggs from nearly all females in group 1
could be obtained before January, whereas the percentage of females with ovulated eggs
was reduced to 84% in group 2 and to 68% in group 3. In these two groups ovulated eggs
were obtained also in January. The percentage of fish with overripe eggs was on average
lowest in group 1 with 8.8% compared to 27% in both other groups. The weight of female
spawners was significantly lower in group 3 (1kg) than in the two other groups (1.3kg). On
average, the number of ovulated eggs per kg body mass of spawners was reduced from
1357 in group 1 to 1136 in group 2 and to 1185 in group 3 with significantly lower egg
diameters of 4.45mm in group 2 and in group 3 compared to 4.67mm in group 1. With 75%,
the fertilization rate was highest in group 1, followed by 55% in group 3 and 44% in group 2.
Survival rates till the eyed egg stage showed the same ranking with rates of 43% in group 1,
29% in group 3 and 20% in group 2. For hatching rates, on average 24%, 20%, 25% in
group 1, 2 and 3 respectively, no significant differences c¢ould be found between treatment
groups. The best hatching rates obtained in group 3 were in the range of 78 to 87%. It has to
be seen if and how much reproductive performance can be improved further, when
spawners of the second generation will come into use.
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IMPROVED LOW COST INCUBATION SYSTEM TO INCREASE HATCHING AND
SURVIVAL OF LARVAE FROM NATURALLY SPAWNED EGGS CF INDIAN MAJCR
CARPS IN HALDA RIVER

Mohammad Ali Azadi’, M. M. Kibria, M. Akhteruzzaman, Amrit N. Bart
Department of Zoology
University of Chittagong
Chittagong 4331, Bangladesh.
azadi1@spnetctg.com

This study compared various locally made incubation systems to increase hatching and
survival rates of eggs collected from Haldia River in Bangladesh for enhancing the quality
wild seed. . Six different types of incubation systems with circulation and without circulation
of pond and river water with different proportion of eggs in different systems were tested.
Ponds dugout on the riverbank, a traditional incubation system for river-collected eggs of
Indian major carps has low hatching and survival rates. Highly significant variation (P<0.03)
existed among the hatching rate of different incubation systems except between the Plastic
tank and Tiles cistern where hatching rates were the highest (>90%). All incubation
techniques with circulation of water resulted in significantly higher hatching and survival rate
than the non-circulated water in cloth hapa and earthen pond. However, hatching in
Galvanized Iron sheet bottle with circulation of water caused sand particles coating the eggs
and hatchlings resulting in low hatching and high mortality. Quality of both river and pond
water (temperature, pH, dissolved oxygen) showed no major variation except the secchi disc
visibility which was much lower in river water due to turbidity. Comparison between six
incubation systems clearly indicated that plastic tank and tile cistern were far superior to
other systems compared. By increasing hatching and survival rate by as much as 50%, this
study therefore, contributes to enhance wild seed production by the poor seed collectors.

Table1 Efficiency of six different incubation systems for hatching of naturally spawned
fertilized eggs of major carps from the River Halda, Chittagong, Bangladesh. Means in the
last column followed by different superscript letter differ significantly (ANOVA, DMRT,
P<0.05) :

Six different types of Nos. of Nos. of fertilized Mean
incubation system Fertilized Eggs  Eggs hatched in hatching and
(Hatchery) in different different systems survival rate (%)
systems (hatching rate %)
Plastic Tank 1 18,609 16,050 (86.25%)
1 2 22,414 21,600 (96.36%) 90.992
3 76,672 69,283 (90.36%)
G.L.Sheet Bottle 1 41,165 6,300 (15.30%)
2 2 39,165 6,000 (15.31%) 15.30°
3 47,150 7,211 (15.29%)
Tiles Cistem 1 1,22,820 1,14,750 (93.43%)
3 2 1,56,316 1,49,000 (93.32%) 94.48°%
3 2,19,326 2,07,700 (94.69%)
Cloth Hapa 1 1,313,510 40,059 (43.22%)
4 2 1,09,000 48,232 (44.25%) 44359
3 1,06,900 48,746 (45.60%)
Earth pond 1 12,34,000 6,22,000 (50.40%)
5 2 13,50,250 6,42,000 (47.55%) 48.87°
3 13,310,150 6,30,000 (48.67%0)
Cement cistern 1 2,17,604 1,75,000 (80.42%)
6 2 2,05,000 1,60,000 (78.05%) 7081 "
3 2,28,500 1,85,000 (80,96%)
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NURSING OF HATCHERY PRODUCED Penaeus monodon POST-LARVAE (PL) IN
FLOATING CAGES AS AN ALTERNATE LIVELIHOOD OPTION IN BANGLADESH

H. Zamal
Institute of Marine Sciences
. University of Chittagong
Chittagong, Bangladesh.
hzcu@yahoo.com

Shrimp post larvae (PL) collection is a primary income generating activity among the poor
coastal people of Bangladesh. They are called PLs collector and the only suppliers of wild
PL to the shrimp culture farms. Collection of wild PL is a primary income generating activity
of PL collectors. During collection of PL from the wild they destroy other shrimps and fish fry
as by catch. It is estimated that for one P. monodon PL collected, 99 fry of other fish and
shrimp are destroyed. As a result natural resources are being declining sharply. To over
come this problem government of Bangladesh has recently banned PL collection, affecting
the livelihoods of PL collectors.

Nursing hatchery produced P. monodon PL. could be an alternative and suitable economic
activity for the livelihcod of such PL collectors. Stocking nursed PL in the culture pond as
opposed to direct stocking of hatchery PL, enables farmers to more accurately predict
survival, standing crop, feeding rate and production level in grow out ponds. Nursing could
be in ponds, hapas or in floating cages. It was assumed that floating cage nursery could be
most appropriate and suitable for PL collectors because cages can be installed in sheliered
open water along the coast where they have free access.

Nursing for P. monodon post-larvae in floating cages of 2 x 3 x 1.5m, installed in sheltered
areas of the coast were tried. Cage frame was made from locally available wood or
bamboo. Two nets one as outer and other as inner net were fixed fo the cage frame. Four
empty plastic drums of 150! capacity were used as floats. Post-larvae PL.gto PLs purchased
from the hatchery were stocked in the cages at a density of 2-4 PL/I. Raw ground fish or dry
fish meal were provided as feed 3-4 times a day. Average survival rate after 6-7 days
nursing was 80% with promising growth. Two to seven fold growths were recorded in 6-7
days nursing period. The system was found as profitable alternate livelihood option for PL
collectors.
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PROPAGATION OF FIRST GENERATION {F1) OF Pangasianodon hypophthalmus

Ngan Heng’, Ouk Vibol, Ros Narin
Director of Bati Fish Seed Production and Research Station.

Pangasianodon. hypophthalmus has been bred in 1990 at Bati Fish Seed Production and
Research Station in Cambodia from 30 pairs of wild brood fish that were collected from
Mekong River in Prey Veng Province. Thirty pairs of brood fish were stocked in 300 m? Ped
at a stocking density of 1 fish/5 m®. The brood fish were fed with pellet feed containing 35%
protein. Water quality was monitored and water was exchanged.

The female fish matured within 3 years plus, but male fish matured at the third year only.
Their weight ranged from 4-7 kg.

The artificial propagation of these brood fish was conducted with dry method. The hormone
for female fish was administered with HCG at a priming dose of 500 |U/kg and 20 pg/kg of
Suprefact plus 5 mg/kg of Domperidon as resolving dose. Male fish were injected with half
the resolving dose of female. The ova stickiness was removed by using Tanin Acid solution
at 1 mg/liter of water,

The study showed that the duration of fish maturation under culture conditions is one year
shorter than wild brood stock, The cultured fish accepted the supplementary feed better
than the wild brood fish. It was easier to spawn cultured fish than the wild brood stock.
Gonad weight ranged from 4 to 15% of fish body weight.
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TILAPIA BREEDING IN TANK TO ENHANCE SEED PRODUCTION

Suhairi Alimon
Brackishwater Aquaculture Research Centre, Gelang Patah, Johor, Malaysia.

Research has been conducted to breed red Tilapia in tank at Freshwater Fisheries Research
Centre, Batu Berendam, Melaka, Malaysia, A 3.6m x 2.7m x 0.5m concrete tank was used.
The tank was filled with the domestic water supply to a depth of 0.3 m. The experiment was
carried out with minimal water exchange. The tank was continuously supplied with air and
the oxygen level was maintained above 3.5 ppm. After a week, 20 brooders of 250g each
comprising 5 male and 15 females were introduced into the breeding tank. Fish were fed
once a day with starter floating tilapia diet at the rate of 1.0% biomass. The waste from the
tank bottom was siphoned out as and when necessary. Fish larvae were seen to be released
from the mouth of the brooders at day 15 after stocking. The larvae were then scoped with
hand net three times daily at 0800 hr, 1200 hr and 1600 hr. The larvae were counted
individually and recorded prior to nursing. After 55 days breeding duration, 30,484 larvae
(0.5 mm) were collected. An average of 40 larvae per day was found to be produced from a
single female brooder. From this experiment, it was concluded that tilapia breedlng in tank
has a potential to enhance seed production.
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PRELIMINARY RESULTS OF INDUCED SPAWNING AND NURSING OF Cirrhinus
microlepis IN THE MEKONG DELTA, VIETNAM

Trinh Quoc Trong*, Huynh Huu Ngai, Nguyen Minh Thanh, Thi Thanh Vinh, Dang Van
Truong, Pham Dinh Khoi, Hoang Quang Bao, Nguyen Thi Hong Van
AIMS Vietnam sub-component,
Research Institute for Aquaculture No. 2,
Cai Be, Tien Giang, Vietnam.
aimscaibe@hcm.vhn.vn

Cirrhinus microlepis is of great interest in Lao PDR, Thailand and Vietnam. Artificial
propagation of this fish started in the Mekong Delta of Vietnam 2001, as part of the
Aquaculture of Indigenous Mekong Fish Species (AIMS} Component, Mekong River
Commission (MRC). The first larvae and fingerlings were obtained in 2004. Brood stock
conditioning, induced spawning and nursing techniques have initially been established.
Preliminary results of artificial propagation of C. microfepis are discussed, and plans for
optimising induced spawning techniques are presented.
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CULTURE OF COPEPODS FOR MARINE FINFISH HATCHERIES

Cheng-Sheng Lee*

The Oceanic institute
41-202 Kalanianaole Hwy.
Waimanalo, Hawaii 96795, USA.
cslee@oceanicinstitute.org

Rotifers and brine shrimp nauplii are the two common live food organisms that have been
used to successfully raise hundreds of marine finfish species in hatcheries. On the other
hand, several desirable marine finfish species suffered high mortalities when copepod
nauplii were not available at the time of first feeding. Besides their size, copepods have
other desirable characteristics, such as their nutritional value to finfish larvae. Some
copepod species provide greater amounts of the highly unsaturated fatty acids
eicosapentaenoic acld (EPA) and docosahexaenoic acid (DHA) than rotifers or brine shrimp.
So far, there has only been limited information about copepod culture scattered in diverse
sources. A mass production technique for copepods has yet to be developed. An
international workshop was held in Hawaii in 2003 to gather information about the status of
culturing copepods in hatcheries and basic biological studies on various types of copepods.

At the workshop, in addition to aquaculture biclogists, copepod biologists and ecologists
were invited to present their work and discuss key issues related to copepod culture. The
topics of the workshop covered the current culture status of copepods and basic hiology,
such as the production of resting eggs, reproductive performance, behavior, and natural
productivity of various types of copepods. It is hoped that these studies and the knowledge

gained thereby will help to advance the techniques for culturing copepods and applying them
to larviculture,

All of the information presented at the workshop and a surmmary of the discussion sessions
are to be published by Blackwell Publishing this year. This presentation will summarize the
information presented and discussed at the workshop.
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THE COMPARISON OF NATURAL AND ARTIFICIAL FROG Rana rugulosa BREEDING

Somphanh Phanousith”, Bounsong Vongvichith
Ban Khounta Village, Po Box 9108 Lac PDR
85621 Vientiane Laos.
somphanh2002@yahco.com

The objectives were (1) to compare the spawning and hatching rate in natural and artificial
breeding and (2) to compare the economic return from each method. The results are based
on three trials. Spawning from artificial breeding resulted in 33,000 eggs while from natural
breeding it was 26,000 eggs. Hatching rates from both methods were not different. After one
month nursing (tadpole period) the survival rate from natural breeding was higher (60%) than
artificial breeding {40%). The development tc adult frog was 40% from natural breeding while
from artificial breeding it was 30%. The survival rates of frog from month old - 2 month cld
were not much different.
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SOME ASPECTS OF REPRODUCTIVE BIOLOGY AND REARING OF YOUNG STAGES
OF Belontia signata (GUNTHER)

T.V. Sundarabarathy’, U. Edirisinghe, C.M.B. Dematawewa
Department of Biological Sciences, Faculty of Applied Sciences, Rajarata University,
Peolgolla, Sri Lanka,
tvbarathy@yahoo.com

Belontia signata (Gunther) is a threatened endemic fish of Sri Lanka, which is also named as
a conservation dependent species in the IUCN Global Red Data List. This study was aimed
to develop captive breeding and rearing the young of B. signata in order to reintroduce the
captive bred fish to the habitats where the population has already declined,

Breeding was possible under indoor conditions without hormonal stimulation. They were
serial as well as seasonal spawners and spawn 5 — 6 times per spawning season under
captive conditions at 26 — 28 °C. Fecundity was 190 — 322 eggs / spawning with an egy size
of 956 — 1042 ym. Duration of development stages were egg to hatchling within 48 hr, free
swimming stage in 3 — 4 days, juvenile stage by 21 — 30 days. Males aitain a total body
length of 8.2 — 10.9 cm and females of 5.4 — 7.5 cm by one year under captivity.

B. signata fry were tested with three feeding regimes, Arfemia nauplii, microworm
(Anguifiuia sp.) and formulated feed for 6 weeks. Fry fed with Arfemia nauplii exhibited the
highest growth (P < 0.05) compared with microworm fed fry. Formulated feed was not
suitable for rearing the fry as 100% mortality was observed within 14 days. There was a
significant interaction (P < 0.05) between the time and growth performance, which revealed
that microworm was more suitable during the first three weeks than Artemia nauplii.

Four types of test feeds, wild guppy {Poecilia reticulata (Peters)) at a length of 6- 8mm, raw
swine liver, dried swine liver and formulated feed were used for juveniles for a period of 6
weeks. Guppy fed juveniles showed significantly highest growth performance (P < 0.05)
when compared with the formulated feed and dried swine liver. There was no significant
difference (P > 0.05) between the growth performance of formulated feed and dried swine
liver fed juveniles. Raw swine liver found to be unsuitable for the juveniles as they did not
survive for more than 14 days. Swine liver is cheep (Sri Lankan rupees 25 per kg) and
used only for dog meat in Sri Lanka and the results showed that the dried form of swine liver
has a good potential in raising the B. signafa juveniles under captive conditions.
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STUDIES ON SEED PRODUCTION OF G.IANT FRESHWATER PRAWN Macrobrachium
rosenbergii IN A BACKYARD HATCHERY

S.T. indulkar, S. G. Belsare, P. C. Raje
College of Fisheries, Dr. B.S. Konkan Agricultural University,
Ratnagiri — 415 629, Maharashtra, India.
indulkarst@rediffmail. com

Maharashtra, the third largest state of the Indian union having rich rescurces for prawn
farming in terms of water spread area. The water bodies available for culture based capture
fisheries is estimated at 3.0 lakh hectares which includes ponds, lakes, tanks and reservoirs.
A portion of more than 50,000 hectares of unproductive saline sugar cane land of Western
Maharashtra offers a very good potential for freshwater prawn farming. Despite tremendous
possibilities, freshwater prawn culture is lagging behind in the state. Non-availability of
sufficient quality seed is one of the main constraints in the development of freshwater prawn
culture in the State. Mostly the seed requirement for the culture is sufficed with the natural
collection from the rivers and that too with a meager quantity. As the awareness of
freshwater prawn culture among the aquaculturists has increased during the last decade or
so, the demand for quality prawn seed has increased many folds. Estimated prawn seed
demand will be more than 75 to 100 crores from the State if only 25% of the total potential
area have been brought under freshwater prawn culture. Hence, there is a vast scope to
establish more than 50 backyard hatcheries of 2.0 million seed production capacity each in
coastal region of the State. Even though the technology of seed production has developed,
there was no commercial freshwater prawn seed hatchery through out the State till 2001,
Recently, a backyard hatchery was established in Ratnagiri district with only 5.0 million seed
production capacity under the guidance of Faculty of Fisheries, Dr. B.S. Konkan Agricultural
University. This itself is a big achievement, considering the fact that the entrepreneur is a
lady in a remote rural village in Ratnagiri district. During hatchery operations, it was
observed that generally first post-larva appeared on 16 - 17" day with a total period of 30 to
32 days for completion of larval cycle and more than 80% survival from first zoeal stage. In
this paper the details about hatchery facilities, seed production technology, results of seed
production, future demand and successful story of a backyard hatchery, which is run by a
first woman entrepreneur in the State, is discussed.
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REMOVAL OF EGG STICKINESS IN AFRICAN GIANT CATFISH Heterobranchus
bidorsalis

Q.T. Adebayo’, O.M. Batire
Department of Fisheries and Wildlife,
Federal University of Technology, P.M.B. 704, Akure, Nigeria.
adebot541@yahoo.com

The African giant catfish, Heterobranchus. bidorsalis is an important food fish in Africa and is
widely cultivated under various culture systems. H. bidorsalis eggs develop a thick
gelatinous outer layer, which is very sticky immediately after fertilization and on contact with
water. Stickiness is one of the major problems in incubation of H. bidorsalis eggs. The
removal of “egg sticking” is therefore an essential factor for artificial reproduction and
successful incubation of eggs. This study aims at providing a better understanding of the
method of eliminating stickiness of H. bidorsalis eggs for greater hatchability, survival and
yield of larvae, and to ascertain the use of NaCl /urea solution for removing stickiness.

1200-eyed eggs of H. bidorsalis were randomly distributed into 12 incubation trays at 100
eggs per tray. Four treatments: combination of urea and sodium chloride at 4gNacl/3g urea
per litre (treatment 1); 3g/l urea solution only (treatment 2); 4g/1 Nacl solution only
(treatment 3); and aerated water (treatment 4 control), were tested in triplicate incubation
frays containing eyed eggs. The eyed eggs were washed in each solution for 45mins. The
following parameters were measured: egg stickiness removal was measured by cbserving
the rate at which eggs were detached from one another in each solution and the control,
time of hatching and period (the time between the onset of hatching and the point at which
no further hatching take place) and the time of onset of yolk absorption and the time at which
all the fry had fully absorbed their yolk were recorded for each solution, % hatching, % larvae
deformity and % larvae survival.

Detachment of eggs from one another started at 30, 5, 15 and 25 minutes for treatment 1, 2,
3 and 4, respectively. The effects of pre Nacl/urea treatments on hatching and survival of
H.bidorsalis is shown in Table 1. The hatching periods, % hatching, % larvae deformity and
% larvae survival were affected by treatments of eggs with Nacl/urea solutions.

Table 1 Effect of Nacl/urea solution on hatching and survival of H. bidorsalis larvae.

Treatment Hatching period % Hatching % deformed % survival of
{hrs.) _ larvae larvae

3g urea 45.00+2.00° 18.00+0.00° 8.00+0.00° 10.000.00°

4gNacl/3g 40.00+1.50° 80.00£4.00° 4,00+£0.02° 76.00+2.00°

urea .

4g Nacl 37.50%1.70° 42 .50+4.00° 6.00£0.20% 36.00£2.00°

Aerated water 26.00+2.20° 74.00£2.00? 0.00+0.00° 70.00+0.007

{controt)
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‘WEANING PERIOD FOR Heterobranchus bidorsalis LARVAE

Q.T. Adebayo
Department of Fisheries and Wildlife,
Federal University of Technology, P.M.B 704, Akure, Nigeria.

Heterobranchus bidorsalis is the second most important clariid catfish used for aquaculture
in Nigeria. The high mortalities of its fingerlings have hindered its production. This is due to
lack of knowledge of optimum weaning period for its larvae. The aim of this study therefore
was to determine the optimum weaning period that will enhance high growth and survival.
Different weaning period were assessed: 1, 5, 10 and 15days after yolk absorption (W1, W5,
W10 and W15). In the control treatment, larvae were fed Artemia nauplii throughout the
feeding trial (AP). H. bidorsalis larvae (3.5mg) were stocked in glass tanks (60 x 40 x 40
cm®) at 30 larvae/tank, Weight of larvae was determined every 5 days and mortalities were
recorded daily. All data collected .were subjected to one-way analysis of variance (ANOVA)
test and least significant difference (LSD) test at P = 0.05 significance level.

Growth of H, bidorsalis larvae increased proportionally with weaning period up to 10 days after
yolk absorption and no significant growth were achieved by weaning above 10days after yolk
absorption. FGR was lower at W10 than W15 and AP. Suggesting that the larvae utilised a
large proportion of the nutrients at this weaning period. The differences in the mean body
weight gain at different weaning periods could be attributed to the difference in the stomach
functioning state. Fish larvae fed on treatment AP grew faster than larvae on treatment W1.
This may be due to ability of the larvae to detect their food. As from day 10 onwards, the
survivals in larvae weaned on day10, day15 after yolk absorption and the control were similar
but the larvae weaned on day1 and day5 after yolk absorption had significantly lower survival.
This was probably due to the inability of larvae to ingest artificial diet at early stages of
development, because of its non-functional stomach, with a short digestive tract and few
functional enzymes. The results of this study show that food requirement of H. bidorsalis
changes with age. Weaning of H. bidorsalis from Arfernia to artificial diet should be at day10
after yolk absorption to significantly improve larval production.

Table1 Growth performance of Heferobranchus bidorsalis weaned at different period,

Treatment

W1 W5 W10 W15 AP (Control)
Initial weight (mg.) ~ 3.5:0.00°  35:0.00°  35:0.00°  3.5:0.00° 3.5+0.00°

Final weight (mg.) 6.76£2.10°  15.45:2.30° 30.3+2.60°  28.50:2.40°  27.62%2.00°

Weight gain (%) 329.75 1195.65 2680.32 2490.53 2410.90
+21.00° +23.00° +26.00° +24.00° +20.00°
Specific growth . 2.08:1.11°  4.92+050°  7.12#0.39° 6.96+0.28°  6.92+0.18°
rate (%/day)®
Feed gain ratio® 2.52:0.27°  2.08£0.21°  0.98+0.12°  1.7620.15°  1.79%0.15°
Survival (%) 22,50 57.00+ 82.00+£0.00  79.50% 80.00+
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SUSTAINABLE CARP CULTURE THROUGH PARTICIPATORY AQUACULTURE
TECHNOLOGY ASSESSMENT AND REFINEMENT BY WOMEN SELF HELP GROUPS

B.B. Sahu*, H. K. De, M. K. Pati, N. Sarangi
Technology Assessment and Refinement (TAR)
Through Institution Village Linkage Programme (IVLP)
National Agricultural Technology Project
Central Institute of Freshwater Aquaculture
Bhubaneswar-751002, India.

Carps have been the mainstay of culture practice In India. Carp farming in the country
demands sufficient number of stockable carp seed. There is a great scope of carp seed
raising in the rural sector to supplement the increasing demand of fish seed as well as to
provide income and employment generation. Analysis of resources and needs have lead to
the conclusion that women can be attracted for fish seed production and composite fish
culture.

Five technologies currently being investigated starting from spawn rearing to induced
breeding of common carp involving women self help groups

Table 1 Spawn rearing technology intervention on-farm-trial on eradication of insects and
pests from nursery ponds.

Year Nursery ponds Spawn Treatments Spawn % Net B:C
(Avg. 0.02 - stocking Litre/ha yield survivability returns ratio*
0.06 ha) rate (Lakhs) (Th.
WSHG's (Lakhs/ha) Rs/ha)
members
2001 15 30 Farmers 1.5 15 30 2.0
(178) practice
Kerosene (60) 2.5 25 50 3.59
HSD 60 3.0 30 525  3.87
2002 18 30 Kerosene (60} 2.8 28 55 3.65
(220} + Detergent
(40)
HSD (80} + 45 45 90 5.02
Detergent (40)
Veg. Oil (60) 5.5 55 100 579
+ Detergent
(40)
2003 20 30 Veg. Oit (60) 6.5 65 1115 6.25
(250) + Teepol {40}

* Calculated on the prevailing cost of inputs and products in market.

The information on carp seed rearing technology, their assessment and refinement has
raised the confidence of complex-diverse-risk prone poor WSHG's and a horizontal
expansion of the fish seed rearing women farmers have been observed. The strong
traditional knowledge supported by scientific inputs in the form of various interventions were
the factors responsible for such overwhelming adoption.
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HATCHERY PRODUCTION AND GROW-OUT FARMING OF FRESHWATER PRAWN IN
INDIA — RECENT DEVELOPMENT

H. Shivanandha Murthy*, K. Thanuja
Department of Aquaculture, University of Agriculture Sciences,
College of Fisheries, Mangalore-575 002, India.
hsmurthy@sancharnet.com

Aguaculture is emerging as a thrust area in producing the required aquatic food, which is
proteinaceous and rich in highly unsaturated fatty acids (HUFAs) and considered as healthy
food. The major group in freshwater aquaculture is carps, the culture of which is not
lucrative, since profit margin to agua- farmers is small. The next important group is
freshwater prawns. The giant freshwater prawn, Macrobrachium rosenbergii is a
commercially important species. It is a fast growing, hardy, disease resistant species and
command an export market.

The global production of freshwater prawn is around 65,000 tons coming from 70,000 ha.
The contribution from india is about 30,000 tons for 35,000 ha. There are 71 hatcheries
operating in the country and producing 1.83 billion seed. However, the produced seed is not
sufficlent to meet the demand. Most of the hatcheries are not producing the seed up to their
installed capacities due to various problems, such as long larval cycle, lack of efficient larval
diets, dependence on Artemia and subsequent high cost of production, water quality
management and disease outbreaks.

There is a tremendous potential for enhancement of freshwater prawn production in the
country. The average production is about 1 ton per hectare/crop, which can be enhanced by
manipulation of stocking and judicious harvesting. Size variations and Heterogeneous
Individual Growth (HIG) is one of the constraints in grow-out systems under monoculture. By
employing poly-culture practice with carps, the above problem could be minimised. In high
density monoculture, mono-sex culture is being practiced by the progressive aqua-farmers.
Mono-sex population is derived by extended nursery rearing and sex grading by skilled
workers. Other problems recently noticed in the freshwater prawn grow-out farming is the
soft shelling and white muscle occurrence, which are attributed to poor nutrition, water
quality, viral contaminations and other management problems.
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INTERSPECIFIC AND INTRASPEC!IFIC VARIATIONS OF Echinometra SPECIES IN
OKINAWA

Sk, Mustafizur Rahman’; Tsuyoshi Uehara
Graduate School of Science and Engineering, University of the Ryukyus, 1 Senbaru,
Nishihara-cho, Okinawa 903-0213, Japan. ’
mustafizku@hotmail.com

Interspecific and intraspecific morphological and fertilization variations were studied in three
congeneric species of Echinometra species B (£. mathel), C and D (E. oblonga) found off the coast of
Okinawa, Japan. These species are distinct in adult and Iarval morphology as well as species-
specificity of fertilization. At higher sperm concentrations (10 x 5) for conspecific-control, all ova
become fertilizable but for heterospermic crosses, fertilization rate was low. Ova from all types of
Echinometra species B failed to fertilize with sperm from Echinometra species C and Echinometra
species D, but alternatively, sperm from Echinomelra species B easily fertlllzed eggs from
Echinometra species C and D (Table 1). At limiting sperm concentrations (10° x 1.7), both
Echinometra species C and D were unable to fertilize reciprocally with Echinometra species B.
However, crossing between Echinometra species C and D produced fertilization membrane at higher
and limiting sperm concentrations in both directions (Table 2).

‘On the other hand, intraspecific fertilization of Echinometra B showed different pattern of fertilization
when the sperm concentrations were limiting. We also observed that Echinometra species B showed
intraspecific morphological variation in addition to variability in fertilization success. Intraspecific
morphological and fertilization variations within the species may be due to a number of genetic factors
including bindin alleles/genotype, egg-sperm collision or non-genetic factors such as nutritional
condition, habitat, gonadal maturity, gamete conditions or environmental cues. Such intraspecific
variation within the species may imply that Echinomeira species B is now speciating very slowly.

Table 1 Mean percent of fertilization in conspecific and heterospecific crosses at higher sperm
concentration in which 100% of the conspecific eggs were fertilized. Each mean value represents 6
replicates crosses.

Female E. sp. B E.sp.B E.sp. B E. sp.C E sp.D
Maie {brown) (green) (dark green)

E. sp. B (brown) 100 1002 100° 3582192° 17252136°
E. sp. B (brown) 100° 1007 100 ® 302+1.30° 13.791.01°
E. sp B(dark green) 100 ¢ 100° 100 ° 36.0=1.58°¢ 18,76 = 0.98°
E.sp.C 0° 0.80=0.84° 0° 100® 844+ 0.89°
Esp. D ' 0° 0.40+ 055" 0° 90.6 = 1,14° 100 ?

* Mean values in the same column having the same superscript are not significantly different (Tukey's
test, p > 0.05)

Table 2 Mean percent of fertilization in conspecific and heterospecific crosses at limiting sperm
concentration in which 60% or below of the conspecific eggs were fertilized. Each mean value
represents 6 replicates crosses.

Female E. sp. B E sp.B E sp.B E.sp.C E sp.D
Male {brown} (green) (dark green) ]
E. sp. B (brown) 4133£2.4°  403329.7° 39.22+79° 0° 0°
E. sp. B (brown) 4711+85% 5978+134° 50.11:9.3% 0° 0°
E sp B(dark green)  51.22=105" 5744 :139% 5044 =135 0.44+0.7° 0°
E.sp.C 0° 0° 0° 53,73 + 11.8° 433+111°
Esp.D 0° 0° 0° 7.07%086°  67.44:11.1°

*Mean values in the same column having the same superscript are not significantly different (Tukey's
test, p > 0.05)
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IGF-l, IGF-li AND IGF-IR AS MOLECULAR MARKERS FOR EGG QUALITY

Josette Bangcaya*, Josephine Nocillade, Alex Anderson,
: Mike Rimmer, Peter Fry and Abigail Elizur
School of Life Science, Queensland University of Technology, Brisbane
Bribie Island Aguaculture Research Centre- DPI, Queensland
Australia.
jopesayco@yahoo.com

The common measure of egg quality in fish has been survival to specific developmental
stages. Determinants of egg quality are variable among and between teleost species and no
common criteria have been established. This study aims to look at expression of growth
factors in the developing embryo as potential molecular indicators for egg quality. Insulin-
like growth factors {IGFs) are peptide hormones that are important for growth functions and
have been shown to induce final cocyte maturation in fish,

Through reverse-transcription polymerase chain reaction (RT-PCR), we have isolated and
cloned fragments of the cDNA of IGF-I, IGF-Il and IGF-IR in brain, gonad and liver tissues of
grouper, Epinephelus coioides. From the deduced sequence, primers were designed for use
in the guantitative PCR (QPCR) using SybrGreen® as the fluorescent probe. Relative
expression ratio of the three genes in sinking eggs, late embryo and newly hatched larvae
were calculated using Pfaffl method. Results showed relatively higher expression of the
three genes in egg batches with high fertilization rate (FR) than those with low FR in all egg
stages examined. 1GF-l showed consistent high level of expression related to hatching rate
(HR) as compared fo IGF-Il and IGF-IR. This study also confirmed published findings of
decreasing level of IGF expression as development progresses, from the spawned egg to
hatched larvae. Although it still needs to be established that these mRNAs are translated
into biologically active-proteins, this study has established a direct correlation of IGFs as a
marker for egg quality and could serve as a model for other fish species.

Figure 1. Relative expression ratio of IGFs during
embryonic deveiopment in grouper

relative expression ratio

- iGF-

KGF-II
IGF-4 high FR
} low FR

sinking late hatched
egys embryo larnvae
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IMPACT OF DIETARY Quillaja saponins ON GROWTH, SEX RATIO AND
REPRODUCTION OF NILE TiLAPIA Oreochromis niloticus UNDER FIELD CONDITIONS
IN BANGLADESH

Silke Steinbronn®, Md. Arshad Hossain, George Francis, Ulfert Focken, Klaus Becker
Department of Aquaculture Systems and Animal Nutrition in the Tropics and Subtropics
University of Hohenheim, 70593 Stuttgart, Germany.
inst480@uni-hohenheim.de

Tilapia aquaculture research focuses on environmentally friendly techniques to improve
growth performance and to reduce uncontrolled reproduction lately, it was shown in
laboratory experiments that a supplementation of the diet with Quiflaja saponins resulted in
increased growth, and suppression of reproduction in adult tilapia and a higher proportion of
male fish in tilapia larvae. These findings were tested under field conditions in Bangladesh
during a 4-month experiment.

Ten day old titapia larvae were divided into four feeding groups and their diets supplemented
with different doses of Quillaja saponins (QS) for five weeks. The treatments were control
(no supplementation} and three groups fed diets supplemented with QS at 150 ppm,
500 ppm and 2000 ppm. After 5 weeks the fish were grown-out in hapas in a pond and fed a
standard diet without saponins.

At the end of the experiment, the final body weight, weight gain, specific growth rate (SGR)
and the assimilation of nutrients in the group supplemented with 150 ppm QS were higher
compared to the control, even though the differences were not statistically significant. The
SGR and weight gain of tilapia fed diets supplemented with 500 and 2000 ppm QS were
similar to the control. Food conversion efficiency was higher in all treated fish compared to
the control group. The sex ratios in those fish supplemented with 150 and 500 ppm QS did
not differ significantly from 50:50, but the share of males was slightly higher in both
treatments compared to the control group. Fish in these groups produced normal fry. Fish
whose diets were supplemented with 2000 ppm QS, did not reproduce at all. This could
have been caused by a sterility of either males or females. Supplementation of the diet with
QS could potentially be used for control of reproduction in tilapia.

DSGR (%)

9,36 9,43 . 9,35 8,34
Control 5150 800 2000

Treatment

Figure 1 Mean specific growth rate (SGR) of Nile tilapia fed diets supplemented with
different levels of Quillaja saponins. Bars not sharing the same letter are significantly
different (p<0.05).
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THE REPRODUCTIVE BIOLOGY OF Polymesoda erosa FROM NORTHERN
AUSTRALIA

Ricky Gimin, Luong-Van Thinh’, Ram Mohan, A.D. Griffiths
Faculty of Education, Health and Science Charles Darwin University, Darwin 0908, NT,
Australia,
Jim.luong-van@cdu.edu.au

The reproductive biclogy of Polymesoda erosa (Solander, 1786) {Bivalvia: Corbiculoidae), a
staple food for indigenous Australians living in Maningrida Region, northern Australia, was
studied between June 2001 and September 2002 as part of a program to manage its fishery
and develop hatchery technology for the species. P. erosa is dioecious (gonochoristic)
which mature at shell length of about 45 mm. Within the range of shell length 55 to 80 mm,
the sex ratio in population was 1 male:1 female. However, at the shell length lower than 55
mm males were significantly more predominant than females. Females were more common
at the shell length larger than 80 mm, but not statistically significant. At the shell length
higher than 90 mm, this clam was probably in the senility state when production of new
gametes was reduced. Based on the gonadosomatic index (GSI) and histological study, P.
erosa spawns during the middle until late rainy season i.e., February and May. Males and
females showed a synchrony in spawning. Females within the shell range of 65 to 85 mm
produced at least 800,000 eggs per animal. The high frequency of spawning was likely
related to long inundation during the rainy season. The present practice of not gathering
mangrove clams during the rainy season may be important in sustaining the current
subsistence harvest. Future research into re-seeding/stock enhancement will constitute the
next phase of research prior to further commercial development of this species. '
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SEASONAL OVARIAN CHANGES IN THE SPOTTED SNAKEHEAD Channa punctatus
UNDER CAPTIVITY

K. Marimuthu*, M.A. Haniffa, Roshada Hashim
Laboratory of Fish Nutrition and Feed Management, Aquaculture Research Group, School of
Biological Sciences, Universiti Sains Malaysia,
11800, Pulau Pinang, Penang, Malaysia.
aquamuthuZk@yahoo.com

The spotted snakehead Channa punctatus is one of the commercially important air
breathing fish, and highly regarded in India as a food fish.. An investigation was carried out
to determine the annual cyclical changes during the ovarian activity and fecundity of C.
punctatus under captivity from April 1999 to March 2000. A total of 700 C. punctatus ranging
in tota! length from 12-20 cm and weiging 12 -110 g were collected from wild population in a
local pond and were stocked in an earthen pond of 3 x 3 x 1m. The fishes were fed with
chicken viscera ad fibitum throughout experimental period. For studying maturation and
gonadal development, monthly samples of 4 - 5 female fishes were collected. Altogether 50
females were examined during the period July-December 1999 for fecundity enumeration.
Gravimetric method was used for the estimation of fecundity. To establish the relationship
between fecundity and totai length, and total body weight, gonadal length and gonadal
weight, regression coefficients were calculated.

The high gonadosomatic index from April (3.34 + 0.16) to September (6.15 + 0.32) clearly
indicates vitellogenic period. In May the GS| suddenly increased from 1.17% to 4.42% as
the ovaries are in maturing stage , and maximum was observed in September (6.15%) when
the ovaries were in ripe condition. The study indicated that July-September is the peak
season for the spawning of the fish. The GSI value suddenly declined from 6.15 to 1.19 and
the ovary weight was less because most of the ova are shed during this period. The mean
ova diameter was maximum (972 um) during September when the ovaries were in ripe
condition and minimum (180 pm) during December when the ovaries were in resting
condition. Based on the general appearance of ovary, six morphological stages were
classified, viz.,, |. immature, Il. immature, Ill. maturing, IV. mature, V. ripe and VI. spent
respectively. Based on histological observation seven oocytic stages were clearly defined on
the basis of nuclear and cytoplasmic characteristics, of which stage | and 1l are immature,
stage lll, IV and V are maturing and stage VI and VIl are mature ones.

The average fecundity of fish of 110-181 mm in length and 14.4-70.4g in weight varied from
2,116 to 11,332. . The fecundity was found to be linear with respect to body length, body
weight and ovary weight. The species is less feécund when compared to Indian carps, catfish
and other air breathing fishes. In the present study, the values of GSI and ova diameter
increased with the approach of spawning season (July-September) indicating a single
spawning period.
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DETERMINATION OF SPAWNING SEASON OF Garra rufa (CYPRINIDAE: GARRINAE)
BASED ON THREE INDICES

H.R. Esmaeili*, M. Yazdanpanah
Department of Biology, College of Sciences, Shiraz University,
‘ Shiraz, Iran.
hresmaeili@yahoo.com

Indices are used in the biological and limnological studies for the easy interpretation of a
complex data. For the study of maturation and spawning biology, the Gonado-Somatic Index
(GSI) and its modified formula (GSIi) or {weight of ovary/weight of fish-weight of ovary}*100
are usually used. Another index is Dobriyal Index (D.l.) which is the third root of gonad
weight only. Calculation of GSI and GSII indices involve both the gonad weight as well as
the body weight of fish but estimation of D.1. involves only the gonad weight. In this paper,
these three indices have been used to determinate spawning season of Garra rufa which is
known as doctor fish because it is used in the treatment of neurodermitis. During
investigation on the biology of this fish, 292 specimens were collected from Zanjiran spring-
stream of Fars province, south of Iran. The specimens were fixed in 10% formalin solution,
and then were fransferred to the laboratory. The fishes were first weighed and then
dissected and gonads were removed and finally three indices were calculated. Data showed
that 3 indices (GSI, GSII, and D.1.) show almost increasing trend up to April in females when
the indices were high as 16.98, 20.45 and 1.27 respectively. There was a sharp fall in the
values during May which is indicator of heavy spawning in this month. There was a slight
increase during June and slight fall in the month of July which is another attempt for
maturation of oocytes and secend spawning or late spawning of some fishes, Data revealed
that 3 different indices showed similar trend but D.I. index was found more suitable and easy
for calculation of sexual maturity and determination of spawning season. As this index
involves only the data related to gonads for calculation of index, it is easy for interpretation
and calculation and it provides narrow range of index if the gonad weight is very low or very
high.
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SEASONAL SPAWNING CYCLES OF Aequipecten opercularis AND Pecten maximus
(MOLLUSCA; PECTINIDAE) FROM THE LAXEY BAY AND PORT ST. MARY FISHING
GROUNDS IN THE NORTH IRISH SEA, ISLE OF MAN, UNITED KINGDOM

Tikiri B. Wanninayake*, Andrew R, Brand.
Department of Aquaculture & Fisheries
Faculty of Livestock, Fisheries & Nutrition
Wayamba University of Sri Lanka
Makandura, Gonawila (NWP)

Sri Lanka.

- waninayake@hotmail.com

The scallops of the family Pectinidae, are economically important bivalves in many
parts of the world and the reproductive cycies of the species have been studied
extensively for the culture practices. The seasonal spawning cycles of Pectinids in
Laxey Bay and Port St. Mary fishing grounds have been studied over the period of
two years. The objective of this study was to identity the main spawning period in
these two locations.

Monthly samples of Aequipecten opercularis (queenies) and Pecten maximus
(scallops) were collected from Laxey Bay of the east coast of isle of Man at a depth
of 20-30m. This was considered to be an inshore area being approximately 6 km
from the coast. The second area is about 18.5 km south east of Port St. Mary at a
depth of 50-70 m and was considered to be an off shore area. The queenies and
scallops were separated and transferred to running seawater tanks with aeration and
left for 24 hours. Shell length, shell height and shell thickness were measured and
ages were determined. No juvenile animals were investigated so gonad condition
was divided into five stages which were termed ‘spent’, ‘recovering’, ffilling’, ‘half-
filling’, and full. From the monthly samples approximately 100 individuals of A.
opercufaris and P. maximus were taken and their gonad conditions were observed.

Frequency data of the results obtained by three methods of gonads assessment of
A. opercularis (staging, gonadal index and gonad dry weight) on Laxey Bay it
appeared that during May and June there was decrease in full gonad from 51% to
32% suggesting that partial spawning occurred in this period. Rapid recovery was
observed in July and August with 60% full gonads by August and in September 95%
-animals in spent condition indicating major spawning period has taken place. The
result observed at Laxey Bay in May which was composed of 33% spent gonads
suggests that a substantial spawning had already started in the area. This process
continued until June when 72% of the individuals were in the spent condition. The
early summer spawning therefore involved a rather higher proportion on Port.
St.Maty ground than Laxey Bay.

The main spawning of P. maximus in Laxey Bay was in late spring and early summer
(79%) (April — June} and there was a small but distinct autumn spawning in August —
September (10%). In contrast, the offshore Port St. Mary population only had a
single summer spawning (70%} with peak in June — July and there was no evidence
of any late summer or autumn spawning.

The study indicated that in both species the main spawning appear to be in early
summer and the minor spawning in spring and autumn.
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GONADAL CHANGES IN WILD FRESHWATER SPINY EEL Mastacembelus armatus IN
EARLY SPENT PERIOD

M.M. Rahman, G.U. Ahmed, 5.M. Rahmatullah
Department of Aquaculiure, Bangladesh Agricultural University Mymensingh-2202.

Histology of the testes and ovaries of wild freshwater spiny eel Mastacembelus armatus from
Mymensingh was carried out to investigate the gonadal stage during the month of August to
November 2003. No male eels were recorded in August and November. In testes, numerous
spherical and oval shaped lobule walls were found to be broken during September. Primary
germ cells, pycnotic nests of degenerating cells, spermatogonia and spermatids were more
and in cluster form during October in comparison with September. In August, ovaries had
distinct yolk vesicles stage and yolk granules stage. Oocytes at the yolk vesicle stage tend
to lose affinity or stain resembling very faint and appeared empty. During September the
follicular cells of the oogonia were ruptured, shrunk and as a result imegular shaped cells
were observed. Pycnotic and degenerating nesis of oogonia were seen in October
surrounded by thecal and follicular cells. Numerous pyenctic calls were also visible during
November and broken parts of oogonia were found tc be scattered in the area, as a result of
which many empty spaces were formed.
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OBSERVATION ON THE EMBRYONIC DEVELOPMENT OF BAGRID CATFISH
Pelteobagrus fulvidraco

Wang Weimin, Yan Ansheng, Zha Jinmiao, Zhang Zhiguo
Fisheries College of Huazhong Agriculiural University,Wuhan, China.

The stages of development of laboratory-reared eggs of Pefteobagrus fulvidraco are
described. The eggs of Pelfechagrus fulvidraco are sticky and spherical in shape with a
large quantity of yolk and yellow color. The mean diameter of fertilized eggs is 2.03 mm. At
the water temperature of 29+0.5 °C, P. fulvidraco eggs hatched 33 to 36 hr after fertilization.
Embryonic movements of P. fulvidraco are described in detail. Some of the eggs break the
membrane twice at intervals of several hours and hatchlings are normal.
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GENERATING RESOURCES TO CONTINUE TILAPIA GENETIC IMPROVEMENT R&D
THROUGH PUBLIC-PRIVATE SECTOR PARTNERSHIPS IN THE PHILIPPINES

BASILIO M. RODRIGUEZ JR.

GIFT Foundation International Inc, Manila Office, 707 Page | Bldg.,
1215 Acacia Avenue, Madrigal Business Park,
Muntinlupa City, Philippines.
fkphils @info.com.ph

in the 1980s and 1990s, three major tilapia genetic improvement projects were undertaken
in the Philippines. These projects were: a) the Fish Genetics Project, b) the Genetic
improvement of Farmed Tilapia (GIFT) Project and c¢) the Genetic Manipulations for the
Improvement of Tilapia (GMT) Project. All these projects were funded by international donor
agencies. When grant funding for these projects ended, the institutions involved in the work
adopted a number of strategies to generate the funding required to continue the programs.

This paper looks into the various strategies adopted by the institutions with a special focus
on the resuiting public and private sector partnership models. The paper discusses the
successes as well as the shortcomings of the various models that have emerged for the
tilapia seedstock industry in the Philippines. A brief review of post-project investments made
by the institutions is also provided.

As a result of the Philippine experience in generating resources for the continuation of tilapia
genetic improvement research, the paper highlights a number of issues and concerns and
makes a number of recommendations regarding public and private sector partnerships.
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PERFORMANCE OF STERILE COMMON CARP Cyprinus carpioc IN POLYCULTURE
PONDS

G.P. Satyanarayana Rao’, K.V. Mohire
University of Agricultural Sciences,
Inland Fisheries Division,
Hebbal Campus, Bangalore — 560024
India.
gpsrac@vsnli.com

A technology, to induce sterility in the common carp (Cyprinus carpio) has been developed
to overcome the problem of unabated breeding in culture ponds. This sterile C. carpio grows
much faster, vields more meat per unit weight and possess better disease resistance than
the normal C. carpio. The University of Agricultural Sciences, Bangalore, released this
technology for commercial exploitation in 2002.

Farmers have started using sterile C. carpic in polyculture as an additional species. They
generally stock only catla (Catfa catla) and rohu {Labeo rohita) fingerlings at the rate of 1250
and 8750 respectively per ha and obtain a yield of about 9.5-10 t per year. By introducing
sterile C. carpio fingerlings into their culture ponds, as a third species, at the rate of about

600-850 fingerlings per ha, they have Improved their total production by about 1-1.5 t per
annum.

In more than 25 farm ponds, each with a water spread area of about 2 ha, observed by us in
about 10 months culture period, the individual sterile C. carpio attained a weight of 1.5 to 2.5
Kg. in the districts of Bellary and Raichur in Karnataka, where as the individual weight of C.
catla and L. rohita ranged from 1.0-1.5 kg. The sterile C. carpio did not affect the main crop
and it formed a good additional crop, thereby increasing the yield and revenue to the farmers
by about 10-15%.

The culture of sterile C. carpio is steadily gaining popularity among the farmers and
consumers. Its use in culture is spreading to other States in india. Three commercial
hatcheries have been established in the private sector for the production of sterile C. carpio
carp seed.
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MOLECULAR DATA FROM THE 16S rRNA FOR THE PHYLOGENY OF CHANNIDAE
Channa sp. IN MALAYSIA

Ambok Bolong Abol-Munafi, Bui Minh Tam’, Patimah Ismail, Mohd Azmi Ambak
Institute of Tropical Aquaculfture
Kolej Universiti Sains dan Teknologi Malaysia
21030 Kuala Terengganu, Malaysia.
buitam70@hotmail.com

Snakeheads are freshwater fish which are distributed wildly in Asia and Africa. In Malaysia,
six species were identified voz. Channa lucius, C.striafa, C.micropelftes, C.gachua,
C.marulioides and C.melasoma. In the previous studies, Channa species were mainly
classified by morphology. Phylogenetic relationships were analyzed using the sequence of
16S rRNA gene. Genomic were exfracted from 35 individuals of 6 snakehead species.
Primers named forward 16AR (5'-CGC CTG TTT ATC AAA AAC AT-3) and reverse 16BR
(5-CCG GTC TGA ACT CAG ATC ACG T-'3) were used for gene amplification. Results
indicated that the species belonged two major clades. The first clade belongs to C.lucius.
The second clade comprises of C.striata, C.micropeltes, C.gachua, C.marulioides and
C.melasoma.

C.lucius

C.gachua

C.striatus

C.melasoma

C.marulioides

C.micropeltes

Figure 1 UPGMA phenogram showing the genetic relationship among all
individuals of 6 Channa species constructed using PHILIP software.
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COMPARATIVE STUDY OF GENETIC VARIABILITY BETWEEN RIVER AND HATCHERY
STOCKS OF Catla catia BY MICROSATELLITE ANALYSIS

Md. Samsul Alam*, Md. Shahidul Islam
Department of Fisheries Biclogy and Genetics
Bangladesh Agricultural University, Mymensingh 2202, Bangladesh.
samsul@royalten.net

Five microsatellite loci (Cc6, Cc7, Cc8, Cc8, and Ccat A12) were analyzed to study the
genetic variation in three rivers: Halda, the Jamuna, and the Padma and one hatchery
population of Catla caffa. The microsatellite alleles were amplified by polymerase chain
reaction (PCR), separated on polyacrylamide gel using a sequencing gel electrophoresis
system and visualized by silver nitrate staining. Four out of the five loci analyzed (80%) were
found to be polymorphic in all the populations. Locus Cc6 had the highest numbers of alleles
(6) while the locus Cc9 had the lowest (2). Differences were observed in heterozygosities
and average numbers of alleles in the four populations (Table 1) however, no difference was
observed in polymorphic loci among the populations. All the studied populations were found
to deviate from the Hardy-Weinberg proportions in varied numbers of loci mostly due to the
pronounced deficiency in heterozygosity. The hatchery population deviated from river
populations in all the four polymorphic loci analyzed. The N, values and the Fgr values
indicate a high level of gene flow and lower differentiation between the populations except
the Halda population which was more differentiated than the others (Table 2). Nei's genetic
distances between the Halda and the other three populations were higher than the genetic
distances between all other population pairs. The study revealed a relatively low level of
genetic variation in the microsatellite loci within and between the C. catla populations and
the genetic variation in the hatchery population was lower than any of the three river
poputations. '

Table 1 Mean observed and expebted heterozygosity and average number of alleles across
five microsatellite loci in four different populations of Catfa catia

Parameters Halda Jamuna Padma Hatchery
Observed 0.303 0.291 0.303 0.263
heterozygosity
Expected 0.494 0.480 0.502 0.431
heterozygosity

. Average No. of 4.000 4.200 3.800 3.200
alleles
Polymarphism 0.800 0.800 0.800 0.800
(P95)

Table 2 C. catfa multilocus Fsy (above diagonal) and Ny, {below diagonal) values between
pairs of populations across all loci

Populations Halda Jamuna Padma Hatchery

Halda Pk 13.314 12.382 8.868
Jamuna 0.018 * 30.877 91.117
Padma 0.019 0.008 B 16.103
Hatchery 0.027 0.006 0.015 Frrk
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CRYOPRESERVATION OF SPERMATOZOA OF INDIAN MAJOR CARPS AND OTHER
CULTURE SPECIES IN BANGLADESH

Md. Rafigul Islam Sarder
Department of Fisheries Biology and Genetics
Bangiadesh Agricultural University, Mymensingh, Bangladesh.
sarderri@royailten.net

Cryopreservation of fish spermatozoa is new in Bangladesh. It has immense application in
production of genetically good quality fish seed and conservation of biodiversity. Supply of
quality fish seed is considered as a pre-requisite for aguaculture development. However, fish
seed produced in most of the hatcheries in Bangladesh are integrated with the problems of
inbreeding and inter-specific hybridization. These problems can be solved by using
cryopreserved sperm from cryogenic gene bank. In order to develop sperm cryopreservation
protocols and to standardize them, a series of experiments were carried out with milt
collected from Indian major carps {Labeo rohita, Catla catla, Cirrhinus cirrhosus) and also
from tilapia (Oreochromis niloticus). Different extenders such as modified fish ringer solution
(MFR), Kurokura solution, 0.9% NaCl solution and egg-yolk citrate, and different
cryoprotectants such as di-methyl sulfoxide (DMSO), glycerol, sthyl alcohol and methyl
alcohol were used with different combinations for selecting suitable extenders and
cryoprotectants as well as for their suitable combinations. The sperm of Indian major carp
cryopreserved with egg-yolk citrate and 10% DMSO exhibited highest (about 90%) post thaw
motility followed by 0.9% NaCl solution (about 80%). The Kurokura solution and MFR did not
show good sperm motility.

In case of tilapia, sperm cryopreserved with both egg-yolk citrate and MFR mixed with 10%
DMSO showed highest post thaw motility (about 80%). The Kurokura and 0.9% NaCl
solutions mixed with 10% DMSO did not show good performance. However, about 60-70%
post thaw sperm motility was found when egg-yolk citrate was mixed with ethyl alcohol or
glycerol. About 40-50% sperm motility was obtained from MFR mixed with ethyl alcohol or
glycerol,
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COMPARISON OF GROWTH AND REPRODUCTION OF WILD AND HATCHERY
PRODUCED STRAINS OF INDIAN MAJOR CARPS

Md. Saifuddin Shah
Fisheries And Marine Resource Technology Discipline
Khulna University, Khulna-9208, Bangladesh.
msshahbd@hotmail.com

An experiment was conducted on the comparative growth and reproduction performance
between the seed of three species of Indian major camps, rohu (Labeo rohita}; mrigal
(Cirrihinus mrigala) and catla (Catla catla) from local hatcheries of Jessore and from two
natural sources: River adma and River Jamuna of Bangladesh. The growth experiment was
conducted for 3.5 months in hapas and 14 months in a communal pond. All the three
species of both the riverine stocks grew faster than the hatchery originated stock. The
differences obtained between the growths rates of the hatchery and the two rivers were
significant at 5% level; the differences between the two rivers were not significant. Rohu and
mrigal from the three sources matured in the breeding seascn of the third year of age and
were compared for their readiness for breeding from the early breeding season. Broods from
the hatchery source were found be ready for breeding at a higher frequency than either the
Padma or Jamuna river sources. Compariscns were also made on the rates of fertilization,
hatching and deformity of the developing zygotes. Eggs from the hatchery broods were seen
to have significantly lower rates of fertilization and hatching, while having significantly higher
rate of deformity in the developing embryos. The spawn produced were again growth tested
for comparison between the hatchery and riverine sources in the earthen nursery ponds.

The growth data on weight and length obtained after 18th month of growth showed that the
hatchery originated fish were significantly smaller. The SDs of growth in weight was smaller
in case of the hatchery fishes than the fishes of the two riverine sources suggesting reduced
genetic variability in the hatchery stock. This lower variability in the hatchery population is
likely due to the occurrence of inbreeding due to close mating under hatchery conditions.
Hatchery fishes, though, were smaller in size than the riverine fishes, became ready for
breeding in higher frequency, suggesting the prevalence of negative selection in favor of
smaller size broods in the hatchery populations. There is tendency among the hatchery
operators for selecting smaller size broods for the reasons of reduced hormone cost and
easy of handling of small size broods during spawning in the hatchery. The hatchery
population is under inbreeding pressure is further evidenced by the lower rates of fertilization
and hatching and higher rate of deformity in the eggs and developing zygotes respectively
produced from the hatchery broods. Means for avoiding inbreeding and negative selection in
the hatcheries have been suggested in the paper.
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ALLOZYME VARIATION OF HATCHERY AND RIVER POPULATIONS OF ROHU Labeo
rohita IN BANGLADESH

Md. Mukhlesur Rahman Khan*, Mohammad Shafiqul Alam, Mohammad Magueshudul Haque Bhuiyan
Department of Fisheries Biology and Genetics,Bangladesh Agricuitural University, Mymensingh-2202.
mukhles@royalten.net

To assess the populiation structure of rohu (Labeo rohita), five hatchery and three river samples
were analyzed by allozyme electrophoresis. Five enzymes specific to L. rohita were controlled by
eight loci. Two enzymes, EST and GPI, showed diagnostic in both hatchery and river
populations, and Mdh-2* locus showed heterozygous for river populations only. Polymorphic loci
per population (41.67£18.09%) and heterozygous loci per individual {15.48+2.068%) in river
populations were higher than those in hatchery populations, {35.00+5.59%, and 10.87+3.65%,
respectively). The heterozygosity ratio (Ho/He) was higher in hatchery populations (0.76410.178)
than in river populations (0.581+0.119), probably due fo the presence of hybrid individuals in
hatchery populations. The high genetic distance (D=0.263) between Padma River and other
seven populations indicated mix or hybridization between L. rohita and other carps species such
as Catla catla, Cirrhinus cirrohsus and Cyprinus carpio. The genetically diversified L. rohita
individuals were observed in Halda and Padma Rivers, while mixed individuals were found in
Jamuna River and five hatcheries. The hybridization or complex breeding scenario in hatcheries
may have been responsible for this.
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Fig. ng. 1. UPGMA dendrearam, of L. ehita, Fopulations
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GENETIC VARIATION IN THREE RIVER POPULATIONS OF Cirrhinus cirrhosus

Md. Abul Hasanat*, Md. Mukhlesur Rahman ¥han, Md. Samsul Alam,
Md. Fazlul Awal Mollah
Department of Fisheries Biology and Genetics
Bangladesh Agricultural University, Mymensingh-2202
Bangladesh.
hasanatabul@yahoo.com

Allozyme analysis was conducted for ten enzymes to assess the genetic variation in the
Indian Major Carp, Mrigal, Cirrhinus cirrhosus from three rivers of Bangladesh: the Halda,
the Jamuna and the Padma. A total of ninety individuals, thirty from each population were
used for the analysis. Gene products from seventeen presumptive loci were resolved from
muscle and liver tissues with three different buffer systems (CA 6.1, CA 7.0 and TC-1). Four
loci (Est-1, G3pdh-2, Gpi-1 and fdhp} were identified as polymorphic (p<0.95) while thirteen
loci (Aat-1, Aat-2, Adh-1, Adh-2, Est-2, G3pdh-1, Gpi-2, Ldh-1, Ldh-2, Mdh-1, Mdh-2, Pgdh
and Pgm) were identified as monomorphic. All three populations had the same proportion of
polymorphic loci (23.5%). The proportion of heterozygous loci per individual was 16.67% in
the Halda and 13.33% in the other two populations. The mean number of alleles per locus
was 1.353%0.608 in the Halda, 1.353+0.702 in the Jamuna and 1.294+0.588 in the Padma
populations. Average observed and expected heterozygosity were 0.112+£0215 and
0.103£0.195, 0.12420.258 and 0.103+£0.194 and 0.110£0.229 and 0.086£0.167 for the
Halda, the Jamuna and the Padma populations respectively. UPGMA dendogram (Figure 1)
based on Nei's (1972) genetic distance among three river populations revealed that the

Halda and the Jamuna populations are genetically closer compared to the Padma
popuiation.

Halda

Jamuna

Padma

0.005 0.004 0.003 0.002 0.001 0.000

Genetic distance

Figure 1. UPGMA dendogram, showing the genetic relationship among three river
populations of mrigal {Cirrhinus cirrhosus).
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NETWORKING IN RESEARCH: SUCCESS STORY OF INTERNATIONAL NETWORK ON
GENETICS IN AQUACULTURE (INGA)

Modadugu V. Gupta, Belen O. Acosta™
WorldFish Center
P.O. Box 500, GPO
10670 Penang, Malaysia.
b.acosta@cgiar.org

The importance of genetics and breeding in raising productivity of crops and livestock and
their contributions to food security has been well documented. While success has been
achieved on these commodities, and recently on temperate finfish, no efforts were made
until the 1980s for the genetic improvement of tropical finfish, which contribute about 90% of
global aguaculture production. Realizing the need and opportunities for genetic improvement
of tropical finfish as demonstrated by the project for genetic enhancement of Nile tilapia
(GIFT) and the pressing need for concerted efforts aimed at improving aguaculture
productions and conservation of aguatic biodiversity, the international Network on Genetics
in Aguaculture (INGA) was established in 1993. INGA is a research network committed to
the improvement of aquaculture production through genetics and breeding of cultured
species and has membership of developing countries from Asia, Africa, and Pacific,
advanced scientific institutions, regional/international organizations and private sector.

Within a decade since its inception, the network has resulted in: (i) development of national
breeding programs for genetic improvement of aguaculture species in 13 countries in Asia,
Pacific and Africa; (ii) improved breeds of tilapia and carps in member countries (iii} transfer
of germplasm among member countries for research and development, (iv) improved
capacity in developing country institutions for undertaking fish genetics research; (v)
formulation of policy recommendations on issues related to conservation and equitable
distribution of benefits from genetic improvement, and (vi) enhanced synergy between
genetics research being undertaken at advanced scientific institutions and developing
country institutions.

Effective dissemination of improved fish and other products of genetic improvement research
in developing countries to benefit the poor farmers remains the major challenge. Thus, the
network’s next phase will focus on socioeconomic aspects of technology dissemination,
including modalities and institutional arrangements needed for making the improved
germplasm accessible to rural poor. Through development of appropriate
policies/institutional set-up, it is expected that the network will have the following long-term
benefits: (i) increased production of fish through aguaculture in developing countries to meet
the demand for fish and improve the nutritional status; (ii) equitable distribution of benefits
from genetics research to poor; (iii) improved nutritional security of poor producers and
consumers in developing countries; and (iv) better conservation of aquatic biodiversity.

The network has made significant strides toward improving productions from aquaculture
operations and conservation of aquatic genetic resources and biodiversity. These
accomplishments are due largely to close cooperation and complementarities of strengths of
all the members pariicipating in the network.
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CURRENT STATUS OF GENETICS IN AQUACULTURE IN IRAN

MohammadReza Kalbassi*, Saeed Keyvanshokooh
Aguaculture Department
Faculty of Marine Sciences
Tarbiat Modarres University
46414-356 Noor, Iran.
Kalbassi_m@modares.ac.ir

Regarding the vital role of genetics in aquaculture and fisheries management, the application
of genetic techniques should be considered as one of the major tools towards the
development of aquaculture industry of Iran.

This paper discusses the status of genetics in aquaculture in Iran. This is with reference to
documentation of genetic studies. Also discussed are some of the problems confronting
wider application of genetics in aquaculture. This paper reviews the background, the role of
research organizations and the future prospects of genetic studies in lran.
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ESTIMATION OF CERTAIN GENETIC PARAMETERS ON GOLDEN Mahseer Tor
putitora (HAM.)

Jeena N S, Gopal Krishna*
Division of Fish Genetics and Biotechnology
Central Institute of Fisheries Education
Versova, Mumbai 61 — India.

The genetic parameters were estimated for Golden Mahseer Tor putitora (Ham.) using data
from 12 families produced in a nested breeding model and reared for 17 weeks, The
average performance of the progeny from each genetic group for growth at different time
intervals was studied and comparison made with natural population. They were found to be
significantly different. The growth performance was superior in case of natural population.
The female F2 performed significantly better than other females and the genetic group
M4XF2 was superior in growth compared to other families. Since T. putitora is a slow
growing fish, the average performance of the families ranged between 21.11mm % 0.21 to
23.05mm + 0.18 for length and 154.55 mg + 3.82 to 167.33mg + 0.93 for weight at 17
weeks.

Heritability, genetic correlations and phenotypic correlations were estimated from the data.
The heritability (sire component) for length ranged from 0.06 + 0.06 to 0.33 £ 0.20 (week 1 to
week 17) and heritability (dam component) ranged from 0.57 + 0.42 fo 0.71 £ 0.51 (week 1
to week 17) respectively. The maternal effects were found to be diminishing after 9 weeks.
The estimates of heritability for length were found to be higher than weight. The genetic
correlations between the traits ranged from 1.14 to 1.00 from (weeks 11 to weeks 17}
indicating a strong relationship. The estimates of phenotypic correlations varied between
0.48 + 0.06 to 0.25 £ 0.09 from 11 to 17 weeks.
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GENETIC IMPROVEMENT STUDIES IN COMMON CARP Cyprinus carpio

Y. Basavaraju*, Graham C. Mair, S. Pradeep Kumar, H. M, Mohan Kumar, David 4. Penman.
University of Agricultural Sciences, Inland Fisheries Unit,
Main Research Station, Hebbal, Bangalore 560 024, India.
ybraju@bgl.vsnl.net.in

Common carp (Cyprinus carpio), an introduced species to India, has become an integral part
of inland fish culture and enhanced fisheries in Karnataka state. It currently represents 43%
of seed stocked and 35% of the state’s inland fish production. However, the local strain of C.
carpio first introduced in the 1950's exhibits precocious sexual maturation and unwanted
reproduction suppressing growth and decreasing the yield of marketable fish.

To address this problem, a research programme was initiated in the University of Agricultural
Sciences, Bangalore. The main objective of the project was to assess the present genetic
status of existing stocks of C. carpio with a view to enhancing the livelihoods of rural farmers
practicing fish culture. Different approaches such as 1} induction of sterility, 2) production of
mono sex population and 3) evaluation of different stocks for developing a breeding
programme 1o evolve an improved stock with fast growth rate and late maturity were
investigated. ‘

Triploidy was successfully induced using heat shock (40°C for 1.5 min starting 1-3 min post
fertilization). The culture performance of triploid fish was evaluated in polyculture and
monoculture systems in comparison with diploids. Growth trials indicated that the growth rate
of 3n fish was slightly slower than 2n up to the age of sexual maturation (2n/3n=8.5%) but
the triploids had better dress out proportion compared to diploids (2n/3n=14.9%).

Indirect production of mono sex fish through combining hormonal sex reversal and progeny
testing was evaluated. A number of androgens including 17a-methyl testosterone (MT),
methyl di-hydroxy testosterone (MDHT) and androstenedione {AN) were evaluated using fry
of different size and age group. MDHT treatments at 50 or 100 mg.kg™ feed for 40 days
induced complete masculinization- when initiated on 50 day old fish. These results are
discussed in context of developing a breeding programme for the production of all female C.
carpio which have superior culture performance compared to mixed sex stocks.

As another option, different stocks of C. carpio introduced from Hungary (Amur and P3),
Indonesia (RJ) and Vietnam (SV), alongside two local stocks (L-BRP and L-FRSH) were
. evaluated in a series of culture performance trials. For harvest weight, the most important
- trait identified in a series of parallel studies with farmers, the stocks ranked Amur > P3 > RJ
> L-BRP > SV > L-FRS. Heterosis was negatively correlated with mid-parent values for both
harvest weight and RAPD variation (P < 0.01 in both cases), and the best performing
crosses weré not superior to the best performing pure stocks.

The above approaches are discussed in context of providing a viable long term genetic
management strategies for the improved performance of C. carpio in Indian aguaculture.
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SELECTION AND INTRASPECIFIC HYBRIDS IN RED SEA BREAM Pagrus major PART
I: EFFECTS ON GROWTH PERFORMANCE

Choong Hwan Noh*, Sung-Yong Oh, Yo Soon Jang, Kyung Pyo Hong, Hee Jung Choi, Yong
Joo Park, Jung Goo Myoung, Jong-Man Kim
Marine Living Resources Research Division, Korea Ocean R&D Institute (KORDI)
Ansan P.O. Box 29, Seoul 425-600, Korea,
chnoh@kordi.re kr

Red sea bream, Pagrus major, is an important aquaculture species both in Korea and Japan
and many genetic studies of this species were carried out for aquaculture purpose. In this
paper the effects of selection by fish size on growth enhancement of Korean strain of red
sea bream and the comparative growth performance of selected Korean strain and cultured
Japanese strain and their reciprocal intraspecific hybrids are reported.

Offspring from selected line (5" generation of selection) showed significantly better
performance in body weight, body length, weight gain, specific growth rate and feed
consumption (but not in feed conversion ratio) than offspring from non-selected line (2™
generation of wild) in sea cages rearing trials with communal stocking. At 36 months of age
offspring from selected line grew 1.49 times faster in body weight than offspring from non-
selected line.

Growth of selected Korean, cultured Japanese and their reciprocal intraspecific hybrids were
studied. One month after hatching, two offspring groups from mating with KORDI-F4 females
(KORDI-F42XKORDI-F43 and KORDIZXJPNS) showed significantly larger in length than
offspring groups from mating with JPN females (JPN@XKORDI-F4Z and JPN2XJPNS)
presumably due to the small egg size of JPN females. In sea cages, offspring groups from
JPNOXKORDI-F43 showed significantly faster growth (P<0.05, ANOVA, n=240) than other
offspring groups.

These results demonstrate that the selection effects on growth performance in Korean strain.
| Intraspecific hybrids between cultured Japanese female and selected Korean male showed
the heterosis in growth and resistance to low water temperature,
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PART II: FEED UTILIZATION OF OFFSPRING FROM SELECTED KOREAN STRAIN,
CULTURED JAPANESE STRAIN AND THEIR INTRASPECIFIC HYBRID OF RED SEA
BREAM, Pagrus major

Sung-Yong Oh*, Choong Hwan Noh, Kyung Pyo Hong, Jong-Man Kirm
Marine Living Resources Research Division
Korea Ocean Research & Development Institute
Ansan P.O. Box 29, Seoul 425-600, Korea.
syoh@kordi.re.kr

Feeding and starvation experiments were conducted to investigate the differences in growth
performance, total ammonia nitrogen (TAN) excretion rates and feces production rates
among the offspring from selected Korean strain (KK, mean body weight (BW); 21.5+0.1 g),
cultured Japanese strain (JJ, mean BW, 17.1%0.1 g) and their intraspecific hybrid (JK, mean
BW; 17.120.1 g) of red sea bream in order to compare their feed utilization efficiency. Fish
were hand-fed commercial diet containing 46.7% protein for 2 weeks, three times daily at
09:00, 13:00 and 17:00 hrs. Feeding rate for the fish was 3% body weight per day.

Feed conversion ratio and protein efficiency ratio of KK is superior to JJ and JK (P<0.05).
After daily feeding, the TAN excretion rates reached peaks of 49.03, 58.75 and 36.26 mg/kg
fish/nr for the JJ, JK and KK strain, respectively, during the daytime. The peak TAN
excretion rate of the KK strain was significantly lower than that of the JJ and JK strain
(P<0.05), but daily TAN excretion rates of the JJ, JK and KK strain were not different
(P>0.05). When fish were fed at satiation after 4-day starvation, TAN excretion rates
reached the maximum values 4 hours after feeding for the KK strain (31,23 mg/kg fish/hr)
and 6 hours after feeding for the JJ (44.19 mg/kg fish/hr) and JK strain (41.70 mg/kg fish/hr).
After 3-day fasting, the daily endogenous TAN excretion rates (ETE) for the JJ, JK and KK
strain was 286.91, 215.66 and 179.29 mg/kg fish/day, respectively, the value of the KK strain
was lower than that of the JJ and JK strain {P<0.05). The total feces production rates of the
JJ, JK and KK strain were not different significantly, but the proportion of feces production
rates with time series for the JJ, JK and KK strain were different (P<0.05). Overall, selected
strain had higher protein utilization efficiency than non-selected strain and the their
intraspecific hybrid.
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GENETIC ASSESSMENT AND MANAGEMENT OF CHINESE CARP STOCKS IN
BANGLADESH

M.G. Hussain*, M.A. Sattar, T.K. Das, Ann E. Gilmour, M.S. Islam, A.H.M. Kohinoor, M.A.
Mazid, M.Y. Mia, M.A. Rahman, John B. Taggart, David J. Penman, Brendan J. McAndrew
Bangladesh Fisheries Research Institute, Mymensingh 2201
Bangladesh.

Early introductions of Chinese carps into Bangladesh were secondary or tertiary transfers
from china, involving intermediate locations, and probably bottlenecking, founder effects, etc.
Anecdotal evidence suggested fairly widespread hybridization between silver and bighead
carps in Bangladesh, probably resulting in introgression in hatchery broodstock. In 1994,
new stocks of silver carp, bighead carp and grass carp were introduced directly from the
Yangtze River to the northwest fisheries extension project (NFEP), parbatipur, Bangladesh.
This presentation describes a series of studies relating to the evaluation, management and
dissemination of these stocks. A broodstock management plan was designed and initiated
with the objective of minimising inbreeding in the core broodstock. A series of trials
demonstrated that the performance of the parbatipur stocks in polyculture ponds was
consistently superior to that of several other stocks. Microsatellite dna loci were isolated from
a silver carp DNA library and used to assess intraspecific variation. Three of these loci also
consistently differentiated between silver and bighead carp, and were used to assess the
level of hybridization in hatchery broodstocks across the country. A range of levels of
hybridization was detected in commercial hatcheries (overall frequency 8.3% in silver carp
and 23.3% in bighead carp), while no hybridization was detected in the parbatipur stocks.
On the basis of these results, widespread dissemination of the parbatipur stocks to the
aquaculture industry, via a series of multiplier stations, has been recommended, along with
appropriate monitoring of and training in genetic management of broodstock.
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MUD CRAB Scylla serrata FATTENING IN BAMBOO CAGES IN BANGLADESH
COASTAL WATERS

Mohammad Zafar
Laboratory of Ecology
Institute of Marine Sciences
University of Chittagong
Chittagong 4331, Bangladesh.
zafarims@yahoo.com

Present traditional system of mud crab (Scyffa serrata) fattening in earthen ponds has not
been practical and was not successful due to high mortality and low growth rate. This study
shows comparison between cage culture and pond culture of mud crab. The higher growth
rate (1.12g/crab/day) and less mortality (3-7%) of fattened mud crab were recorded in the
cell cage as compared with the earthen pond culture system (growth 0.51g/crab/day and
mortality 8-12%). Male crabs had higher growth as compared to females. Mud crab fattening
in the cell type of bamboo cages required low investment (Tk.670/crop/cage) as compared to
earthen pond (Tk.2350/crop/pond), and was more profitable (about Tk.350 for cell cage, Tk.
224 for pond). The growth and mortality rate of mud crab was influenced by seasons. These
two biological parameters were probably related with salinity, temperature and other
ecological parameters in the present study area. The present results indicate cell type of
cage culture system is more sustainable and economically viable for the poor and landless
coastal people.

Table 1 Culture of Scyfla serrata in the Mathamuhuri river confluence at Chakaria
Sundarban area of Bangladesh

Stocking Stocking Stocking size Rearing Mean growth + $D  Percentage of

time number {gm) period in total rearing mortality (%)
{days) period
Male Female Male Female Male Female Male Female
12.06.03 30 30 160- 140- 15 24,66+ 16.00+  3.33 0.00
181 164 5.99 468
260703 30 30 300- 200- 14 21.03+ 8.51+ 3.33 0.00
348 250 6.55 4.78
06.10.03 30 30 250- 170- 15 20.52+ 15,03k 3.33 3.33
400 235 4,72 4.04
09.11.03 30 30 250- 170- 15 14.14+ 13.78+  3.33 3.33
395 250 5.85 451
24.12.03 60 60 250- 178- 15 18.21+ 14.98+ 3.33 -
300 247 5.87 4.80
06.03.04 30 30 250- 180- 14 12.82+ 10.71+  ©6.66 6.66
300 230 6.78 6.19
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COMMUNITY BASED MOLLUSC CULTURE IN BANGLADESH COAST: AN
ALTERNATIVE INCOME GENERATING OPTIONS FOR THE POOR

Md. Shahadat Hossain, A. S. M. Saifullah, Md. Ataur Rahman
Institute of Marine Sciences, University of Chittagong, Chittagong-4331, Bangladesh.

Unigue physical and biological conditions at Cox's Bazar coast, southeastern Bangladesh,
are responsible for an accumulation of high amounts of mollusc spat. Direct settiement of the
spat to suspended cultch in the water column was compared by using locally available
selected materials (e.g. plastic sheet, pottery, windowpane shell and bamboo} at Gorakghata
of Moheshkhali channel and Chufaldhandi canal of Cox’s Bazar coast. The prepared cultch
frames were installed at different depths of two selected sites for spat collection. Bamboos of
various sizes were used for raft construction. Plastic drums of 200 |, one on each comer,
were used as floats to keep the raft afloat. Iron anchor was attached to the raft. Cultch, rope
and tray were hung from the raft for culture in both sites. Material costs for windowpane
shell, pottery, bamboo (10 poles), and plastic sheet cultch were US$ 0.29, 0.98, 0.95 and
1.24, respectively where average spat density was found 0.34, 0.16, 0.02 and 0.14/cm? of
oyster and 0.69, 0.33, 0.03 and 0.27/cm? of green mussel in the said cultch. Cultch-wise
monthly average growth rates were measured as 0.6-09, 0.6-0.8, 0.5-0.9 and 0.5-0.9 cm for
oyster, and 0.4-0.9, 0.4-0.7, 0.3-0.6 and 0.3-0.9 cm for green mussel. The economic
analysis, spat density and monthly average growth rate indicate that windowpane shell is the
most viable spat settling material for the coastal poor communities. Total materials costs for
1 raft with preparation and installation were US$ 23.53 where total production was 115 kg
oyster and 92 kg green mussel. Muscle weight was 18 kg oyster {16%) and 38 kg green
mussel (41%) with selling price of US$ 1.72 and 1.03 respectively in Rakhain community.
Shell was sold to the lime producers and poultry feed mills at the rate of US$ 0.086/kg for
oyster and US$ 0.14/kg for green mussel. Total selling price of meat and shell was US$
86.16 and the profit was US$ 62.62 in 8 months from 1 raft.

Table 1 Cost, monthly spat density and growth rate in different types of cultch (Although
data have been collected from Oct 2003, only Jan-May 2004 data are presented here)

Cultch types Windowpane Pottery Plastic sheet Bamboo
shell
Cos’éfor 1 cultch frame 0.29 0.98 1.24 0.95 (10 poles)
us
E)ultu)red species Oyster Mussel Oyster Mussel Oyster Mussel Oyster Mussel
o Total spat 6 13 12 21 6 14 7 19
%C“ S Spaticm® 0.08 0.17 -0.05 0.10 0.03 0.07 0.005 0.01
A Spat size (cm) 2.3 1.7 2.1 1.7 2.0 1.8 1.8 1.6
. ol Total spat 10 18 14 29 9 17 6 11
€ 5 Spat/om’ 013 023 006 013 004 008 0008 0007
™ Spat size (cm) 2.9 2.1 2.8 2.3 2.6 2.2 2.7 2.1
2 o Total spat 21 38 27 47 25 42 14 22
E ‘§“§ Spaticm® 0.27 0.48 0.11 0.21 0.12 0.20 0.01 0.02
= Spat size (cm) 3.8 2.9 35 2.8 3.2 27 3.6 27
< Total spat 23 51 33 69 31 58 19 37
E’% Spat/cm? _ 0.30 0.65 0.15 0.30 0.15 0.28 0.01 0.03
Spat size {cm) 4.7 3.3 4,2 3.1 4.1 3.0 4.4 3.2
o Total spat 49 g4 51 103 38 81 36 61
2 § Spaticm® . 0.82 1.20 0.22 0.45 0.18 0.39 0.03 0.04
Spat size (cm) 5.6 4.2 5.0 3.5 4.8 34 5.2 35
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STATUS OF CAGE CULTURE IN LAO PDR

Somboon®, Sola Simmalavong, Bounthong Saphackdy, Lieng Khamsivilay
Living Aquatic Resources Research Center
P.0. Box 9108, Vientiane, Lao PDR.
fip@laopdr.com

Lao PDR has abundant aguatic resources, including reservoirs, back swamps, the Mekong
River and its tributaries. Many locations are suitable for nursing and grow out in cages, and
cage culture has increased dramatically in recent years. In 2002 a survey of cage culture
was carried out by the Living Aquatic Resources Research Center (LARReC).

. There is an increasing demand for fish produced from cage culture, and as a consequence,
the demand for seed, feed and other inputs are also expected to increase. There are approx.
2,000 cages of different sizes scattered in 7 provinces. The total feed requirement is
estimated to about 2,000 tons/year. The fish seed requirement is more than 2.3 million
fingerlings / year. The major part of fish seed and fish feed requirements are currently
imported from neighbouring countries. Substantial increases in cage culture development
~ will require improved and increased seed and feed production.

Cage culture in Lao PDR may be divided info three categories: (1) Tilapia and some other
carps, (2) Carnivorous fish species, e.g. Channa striata and Channa micropeftes, (3) Silver
carp and big head carp. Although tilapia is the main species for cage culture, an increasing
proportion is indigenous species. The average FCR for the first and second group is 1.6 and
3.5 respectively. The third group utilizes natural food, and additional feeding is not required.

It is suggested to support an increase in Indigenous fish species in cage culture. Further, the
country needs to become self-sufficient in the production of good quality fish seed and
increasing the amount of locally produced feed by using all local available raw materials.
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A BIOECONOMIC EVALUATION OF TILAPIA MONOCULTURE AND POLYCULTURE
WITH FRESHWATER PRAWN WITH AND WITHOUT PERIPHYTON SUBSTRATES

Md. Sharif Uddin*, Alize Farzana, Md. Abdul Wahab, Mst. Kaniz Fatema,
Mohd. Ekram-Ul-Azim ‘
Department of Fisheries Management, Bangladesh Agricultural University
Mymensingh-2202, Bangladesh.
sharifbd64@yahoo.co.uk

The effects of periphyton, grown on bamboo substrate, on growth and production of
genetically improved farmed tilapia (GIFT, Oreochromis niloficus) and giant freshwater
prawn (Macrobrachium rosenbergii) in monoculture and polyculture systems were studied at
the Bangladesh Agricultural University, Mymensingh. The experiment had 2x2 factorial
design: monoculture of GIFT at 20,000 flngerllngs ha', with and without substrates and
polyculture of GIFT at 20,000 fingerlings. ha' and prawn at 20,000 postlarvae.ha™, with and
without substrates. Twelve ponds (area 75m” and depth 1.5 m) were assigned randomly to
the four treatments in triplicate. Bamboo poles (mean diameter 5.5cm-and 5 poles.m ) were
posted vertically in ponds under substrate treatments. There were statistically significant
differences in secchi disc depth, pH and phytoplankton and zooplankton abundance and
community composition among treatments. A total of 43 genera of phytoplankton and 17
- genera of zooplankton were identified from the pond water whereas, 41 genera of
phytoplankton and 6 genera of zooplankton were identified from the periphyton samples.
Survival of GIFT and prawn was higher in ponds with bamboo substrate than in the control.
Addition of substrate and prawn into GIFT ponds significantly increased growth and
production of both experimental species. In monoculture, substrate contributed to GIFT
production by 39%, whereas, in polyculture, it contributed to GIFT production by 49% and to
prawn production by 127%. Highest total yield over 130 days culture period was recorded in
substrate-based polyculture ponds contributing a net profit margin of BDT 64,000. ha' as
compared to other treatments (Table: 1).

Table 1 Production (x SD) and income from ponds with and without substrate over 130
Days.

Without substrate With substrate
Monoculture  Polyculture  Monoculture Polyculture
Production 1,712+ 20 1,691+ 113 2,376 £ 240 2,523 £ 168
(kg ha™) GIFT

Prawn - 62+9 - 141+ 10
Economics Expenditure 91,000 106,000 114,375 129,375
(*BDT ha') Gross income 102,695 120,166 142,589 193,798
Net income 11,695 14,166 28,214 , 64,423

*1US$ =58 BDT

This study suggests that addition of high valued prawn to periphyton-based tilapia ponds
resulted in higher fish production and better economic returns which might be a promising
option for low-input ecological aguaculture systems.
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PERFORMANCE OF MUD CRAB Scyila olivacea CULTURE IN BAMBOO PENS AT
DIFFERENT STOCKING DENSITIES FROM SOUTHWEST BANGLADESH

Dipak Kamal', Md. Forhad Uddin
Fisheries and Marine resource Technology Discipline
Khuina University, Khulna 9208, Bangladesh.
dipak_kamai_ku@yahoo.com

The feasibility of female mud crab (Scylla ofivacea) cultured in 100 m? bamboo pens was
assessed in terms of growth, survival, production, FCR and ROI, through three stocking
densities (SD) (0.25, 0.5 and 1.0 crab/m®) with three replicates for each SD. The study was
conducted for a period of 60 days at Munshiganj of Satkhira district (22°12"19.7" N;
89°09'1.8" E), Bangladesh from October to December, 2003. The average body weights of
crabs at stocking were 102.69+1.66, 120.27+1.93 and 141.69+2.38g for SD 1, 0.5 and 0.25
crab/m? respectively. The crabs were fed with low cost trash fish (Tk. 20/kg) at 5% of their
biomass per day in the morning and evening. The water height in the pens were maintained

between 0.7 and 1 m. Total water of the pens was changed during spring tide phases
fortnightly.

The average water temperature, salinity, pH and DQ were recorded at 30 °C, 3 ppt, 7.7 and
6.2 ppm respectively. After 60 days, stocked crabs attained an average size at 147.33+0.58,
18341 and 193+2 g for SD 1, 0.5 and 0.25 crab/m? respectively. The best average growth
based on length and weight (7.79£1.04 mm and 62.73+2.19 g) were aftained at SD 0.5
crab/m? followed by 0.25 and 1 crab/m?. The highest survival (79.33+1.53%) was found at
SD 0.25 followed by 0.5 and 1 crab/m®. The highest production (8.20+0.14kg/100m?) was
achieved at SD 1 followed by 0.5 and 0.25 crab/m®. The lowest FCR (1.6940.12) was found
for 8D 0.5 followed by 0.25 and 1 crab/m®. The best return on investment (172.91%) was
found for SD 0.5 followed by 0.25 and 1 crab/m?.

A negative but significant correlation was found for growth rate and survival with stocking
density while production and FCR showed significant positive correlation with SD. However,
ROI showed negative and insignificant relationship with SD. The survival and production
were found to be befter with SD 0.25 and 1 respectively while comparatively better
performance of growth, FCR and ROl were achieved with SD 0.5 over the 0.25 or 1 crab/m>.
Therefore, a stocking density of 0.5 crab/m? could be most suitable for commercial farming
practice of mud crab through bamboo pen system in Bangladesh.
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gain; ¢: survival.
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AQUACULTURE IN LANDLOCKED STATES OF INDIA-AN APPRAISAL, CONSTRAINTS
AND DEVELOPMENT STRATEGIES

Asha Dhawan
Department of Zoology and Fisheries
Punjab Agicultural University
l.udhiana-141004, India.
dhawan@satyam.net.in

India with its varied agro-climatic zones is endowed with rich and varietal aquatic resources
from temperate waters of North to subtropical and tropical waters of down south.
Landlocked states are contributing 16.86% of the total fish catch and almost 113" of the
Inland fish production of the country.

The scenario of aguaculture in landlocked states especially the North-West plains of India is
different from that of coastal states. In view of diversification from agriculture (being
agricultural states), some farmers have converted part of their agriculture land into fish
farming units, and others have taken village ponds on lease. Carps are generally cultured in
these states by adopting semi-intensive polyculture system, which fetch low price in the local
markets as people do not like to consume carps due to the presence of intramuscular bones.
This necessitates promoting the culture of other economically important fish which have less
bones and high market price. Unlike coastal states, temperature fluctuations are quite high in
these states and the growth of carps is guite less during winter. Further in view of carp
diversification, only one crop (during summer) of freshwater prawn can be taken. So there is
need to introduce those species which can grow well even at low temperatures. Further, the
states of Haryana, Punjab, Rajasthan and Western Uttar Pradesh, have more than 3.2
million ha salt affected land, where, in some pockets (in different depths) salinity is even
more than 30ppt. These lands are unsuitable both for agriculture and carp culture. In areas,
where the level of salinity is alarmingly high, the culture of brackish water fishes can be
promoted and in low saline zones (up to 7.00 ppt) carps and freshwater prawn can be
cultured. Further in high saline zones water salinity can be decreased by mixing canal water.
These states have bountiful of freshwater resources in the form of reservoirs, lakes, rivers
etc.(where fish production is very less) and introduction of cage culture can promote culture
based capture fishery in these large water bodies

Further, there is need to i) enhance carp production from existing ponds by adopting
intensive culture technologies suited for the region; i} promote fish based integrated farming,
especially for agricultural farmers who are looking for diversification; iii) popularize
polyculture of carps with freshwater prawn, which is an exportable commodity with an
overgrowing demand; iv) promote export oriented aquaculture industry and production of
high value fresh water fishes; v) promote the production of value added fish/prawn products,
as these are in good demand not only in local but also in international markets; vi) install fish
processing units; vii} promote ornamental fish culture, not only to earn a living but also to
earn profits by exporting.

The paper highlights the strategies to formulate detailed integrated plans to promote
sustainable aguaculture in landlocked states of India, where, the farmers are highly receptive
to adopting modern technologies and willing to invest.
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THE POTENTIAL OF SELF- RECRUITING SPECIES (SRS) IN AQUACULTURE FOR
SUSTAINING THE LIVELIHOODS OF RURAL POOR IN BANGLADESH

M.A. Wahab*, Faruk-Ul-Islam, David C. Little
Vulnerability Reduction Programme
Intermediate Technology Development Group-Bangladesh
House 32, Road 13A, Dhanmondi R/A
Dhaka-1209, Bangladesh.
faruk@itb.bdmail. net

Self-recruiting species of aquatic animals {(SRS) appear to be an important component of the
harvest from small-scale, household-managed systems in Bangladesh. Previous studies
indicated that they are a particularly important resource for poorer people in environmentally
vulnerable areas. There is a widespread perception however, that such species have a
negative impact on stocked carp polycultures.

The impacts of incorporating selected SRS into conventional carp polycultures was studied

in farmer managed ponds in a drought- prone area of northwest Bangladesh for 12 months.

On the basis of farmers’ attitudes, interest and resource type three categories of SRS

management at the household level were identified as SRS positive {(POS), SRS negative

(NEG) and SRS neutral (NEU). A total of 30 households from 3 villages were wealth ranked

as poor (10 farmer), medium (15) and better-off(5). © SRS positive farmers deliberately
stocked Clarius batrachus and Heferopneustes fossilis broodfish and fingerlings of Anabas
testudineus, H. fossilis, C. batrachus along with commonly stocked carps while also-
encouraged introduction of selected wild fish from adjacent-aquatic systems where possible.

NEU households did not deliberately stock SRS nor prevent their entry or eradicate them

once in the system in contrast to NEG households. Household atfitudes and activities

regarding their managed aquatic systems were monitored monthly. System input/output and

consumption data was recorded weekly. Total production was estimated after draining of
ponds and final harvest. Estimates of consumption and sale were assessed from all farmers

at the end of season.

The production of SRS was significantly greater in POS and NEU than NEG. SRS
production in POS households was 2.14 times higher than NEG and 1.52 times higher than
NEU. Total harvested yields did not vary with treatment (production of carp and SRS
combined); for POS, NEG and NEU vyields were 2472.47kg/ha, 1788.28 kg/ha and
2230.41kg/ha respectively. Household category also did not affect the yield of stocked carps
(P>0.05).

Total consumption of SRS per household in POS was higher than NEG and NEU
households {P<0.05). The study also revealed that both better-off and poorer farmers tended
to consume more SRS than they sold. A minority of poorer farmers (30%) sold more SRS
than they consumed however revealing the importance of SRS for income generation among
this group.

Managing culture systems to maintain the productivity of SRS may demand only the
avoidance of negative actions. The lack of negative impacts on carp yields, and increased
production and consumption of SRS from POS/NEU households, confirms their value within
culture systems has been greatly underestimated.,
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EFFECT OF ADDED SUBSTRATES ON THE PRODUCTION AND POPULATION
CHARACTERISTICS OF Macrobrachium rosenbergii

K. Ranjeet, B. Madhusoodana Kurup*
School of Industrial Fisheries
Cochin University of Science and Technology
Cochin —16, Kerala, India.
madhukurup@hotmail.com

The effect of two different types of added substrates on the growth and population
characteristics of freshwater prawn Macrobrachium rosenbergii raised in polders of Kuttanad
(8. India) was evaluated. Additional shelters were introduced either in the form of earthen
pipes or tiers of nylon nettings in order to increase the surface area of the polders by 30%
and their performance was compared against control ponds in which no substrates were
added. Addition of artificial substrate produced linear increase in total production without
making any compromise on the average weights. The resulis of the present study showed
polders incorporating fiers of nylon nets gave promising results in terms of net yield and
percentage of marketable prawn groups when compared to those with earthen pipes or no
substrates. The survival rate, average weight of prawns and total production from polders
laid with net-tiers were more (58.66%, 58.78 g and 605.56 kg/ha respectively), when
compared with polders laid with earthen pipes (48.35%, 52.25 g and 453.11 kg/ha) or those
without any additional substrates (26.84%, 38.46 g and 111.62 kg/ha respectively). The
percentage of larger blue-clawed morphotype was significantly higher in polders with added
shelters either as earthen pipes (51%) or as net-tiers (48%) when compared to those without
(39%) any shelters. The results also showed irrespective of the type, substrate inclusion in
polders facilitated faster morphotypic transformation and thenceforth the preponderance of
terminal morphotypes. Hence it could be reasonably concluded that addition of tiers of nylon
nets were found necessary to improve the survival rate, average weight, net production and
better marketable yield structure from M.rosenbergii farming. Besides, these types of
substrates are easily replaceable at the time of harvest and therefore could be easily
managed. :
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SUITABLE SPECIES COMPOSITION IN THE POLYCULTURE OF THAI PANGUS
Pangasius hypopthalamus WITH CARPS AND PRAWN

Khandaker Anisul Hug*, Md. Sherazul islam, Md. Anisur Rahman
Fisheries and Marine Resource Technology Discipline
Khulna University, Khulna-9208
Bangladesh.
hugka@btthb.net.bd

An experiment was conducted to determine the suitable species composition for the
polycutture of Thai pangus (Pangasius hypopthalamus) with carps and prawn
{Macrobrachium rosenbergii) using low cost formulated feed. The experiment consisted of
three treatments: monoculture of P.hypothalamus at a density of 70 individuals/40 m? (T1);
P. hypopthalamus in polyculture with catla (Caffa catla), rohu (Labeo rohita) and
Macrobrachium rosenbergii at 40, 10, 20, 15 (T2) and 40, 20, 10, 15/40m? (T3). The fishes
were fed with 20% protein diet consisting of 40% rice bran, 10% fishmeal, 15% wheat bran,
15% wheat flour, 5% mustard oil cake, 11.5% soybean cake, 0.5%vitamin pre-mix, 2% snail
shell and 1% salt, at the rate of 10% body weight during the 1% month and then the feeding
rate was reduced up to 3% with the increase in body weight. The water quality parameters
were monitored fortnightly.

After 7.5 months of culture, P.hypothalamus reached the highest individual weight of

502.77g in monoculture (T1) followed by 383.28g in T2 and 398.25¢ in T3. The other three

species C.caffa, L.rohita and M.rosenbergii showed highest weight gain of 242.37g, 290g

and 102.82g in T2, T3 and T2 respectively, The food conversion ratio (FCR) in treatment T1,

T2 and T3 was estimated to be 2.17, 2.17 and 2.22 respectively. Fish production was

highest in T1 with lowest return because of lower market price for P.hypothalamus as

compared to carps and prawn. It might be concluded that polyculture of P.hypothalamus is
more profitable than the monoculture. The study also showed that M.rosenbergii can be

cultured with P.hypothalamus. Though P.hypothalamus is a carnivore, it does not feed on

prawn or carp fry if sufficient feed is supplied.
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CAGE CULTURE OF RAINBOW TROUT Oncorhynchus mykiss IN STAGNANT WATER
IN LAKE AND RESERVOIR

Jay Dev Bista’, Tek Bahadur Gurung, Suresh Kumar Wagle,
Ganesh Bahadur Karki, Ram Prasad Dhakal
Fisheries Research Centre, P.O. Box 274, Pokhara, Kaski, Nepal.
fishres@fewanet.com.np

The present study was conducted to utilize the empty cages during winter in mid hill lakes
after harvesting of carps. In summer, cages are used to grow plankion-feeding carps,
however, in winter carps do not show satisfactory growth due to low water temperature and
low productivity of plankton. Thus, mostly carp are harvested at the begmmng of winter and
the cages remain empty for 3-4 months until the next favorabie growing season of carp. The
present experiment showed that in a cage of 5 m x 5 m x 2 m dimension in lakes and
reservoir when stocked at the rate of 5 trout per cubic meter, a fotal of 25 kg of trout can be
produced with a daily growth rate of up to 0.88 g.

The study has shown that trout culture in cages in mid-hill lakes and reservoirs during the
winter from November to March when water temperature remain within 13-22°C, can be
undertaken. Using this technique marginal farmers can achieve a benefit of about 2735
Nepalese Rupees® per cage in a period of 100 days. Mechanism for trout seed supply to
enhance the further adoption of the technology Is recommended.

* 1US$ = 74 Nepalese Rupees
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DOMESTICATION OF SAHAR Tor putitora AND ITS DEVELOPMENT IN THE
HIMALAYAN KINGDOM OF NEPAL

Ash Kumar Rai*, Sadhu Ram Basnet, Arun Prasad Baidhya,
Jay Dev Bista and Tek Bahadur Gurung
Fisheries Research Division, NARC, Godawari
GPOQ 8975, EPC 653, Lalitpur.
akrai@akrai.wlink.com.np

Sahar {Tor spp.) the second largest indigenous riverine fish species after Bagarius spp. is a
very popular spori fish inhabiting large rivers and lakes/reservoirs in the Himalayan kingdom
of Nepal. It is an omnivore but needs higher animal protein content in its diet for better
growth. It is a long migratory fish and has high economic value and can survive from 7-38°C
though 25-28°C is suitable water temperature for good growth. The breeding technology for
Tor putitora has been developed in Nepal but the culture technique is yet to be refined. T.
putitora and T. tor are the two species available in Nepal, T. putifora being the most
comman at an altitude of 70-1881 m while 7. toris in an endangered species found at an
altitude of 135-1891 m. The study has shown that T. putitora grows better in warm water with
slow growth in first year and increasing from second year onwards. Both 7. putitora and T.
tor species are very popular having high demand as well as good protein and income
source for the fishermen living along the rivers, lakes and reservoirs. It is a partial breeder
with breeding response mostly during monsoon season and breeds from March to
November. ‘

The population of the species in natural waters is on the decline due to deteriorating
environmental conditions as well as high fishing pressure by electro-fishing, poisoning,
dynamiting etc. Therefore the development of breeding and culture techniques of Tor spp.
including feed will lead to positive development in culture industry as well as help to maintain
the declining population through stock enhancement in lakes/reservoirs and rivers. It would
also help to develop tourism industry and provide livelihood opportunities for the low-income
people living in the rural areas. T. putitora grew to 29 g within 7 months culture period in first
year and less than 100 g in second year at 12-21°C water temperature in Godawari in the
mid hill region at an altitude of 1800 m and to 160 g within 12 months in first year and more
than 500 g in second year at above 18.5°C water temperature in Tarahara in the terai region
at an altitude of 74m indicating that 7. putitora is suitable for culture in warmer areas in
southern part of the country while the mid hill region with lower temperature is more suited
for breeding.
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EFFECTS OF DIFFERENT CULTURE SYSTEM, DENSITY AND NUTRIENTS ON
Macrobrachium rosenbergii PRODUCTION IN AN ARTIFICIAL INTEGRATED CULTURE |
SYSTEM

H. Khoda Bakhsh*, Alimon, A.R., Christianus, A., Khanif, M.Y., Aizam, Z. A., Rashid Shariff
Faculty of Agriculture, Faculty of Engineering,
Universiti Putra Malaysia, 43400 Serdang, Selangor.
hamid110@hotmail.com

One approach to improve aguaculture production is through improvement of basic
aquaculture practices such as the technological development and modeling of a new and
multiple production system. Nearly all records of farmed prawn are atiributed fo
Macrobrachium rosenbergii, which is one of the largest species of the Macrobrachium genus
and culture of this species is favored due to good survival, taste and rapid growth in inland
freshwater bodies. The curtent research deals with the performance of operation technigue
on nutrient optimization, stock density and water purification processes in an artificial
enclosed system.

Data generated through three studies of freshwater prawn indicated that desirable growth
rate of M. rosenbergii would be possible from 0.1 to 0.5 EC {mS/cm) of supplemental liquid
fertilizer. Evaluation of nutrient composition illustrated that copper (Cu) and nitrogenous
compound (NH;) were the critical elements in the water of rearing tanks of the polyculture
system. Studies pointed out that some mortality of M. rosenbergii can be related to
cannibalistic behavior in the culture system. Space limitation would encourage competition
and cannibalism of M. rosenbergii especially during the molting process. In order to solve
these problems, water of culture tanks were recirculated frequently and an artificial
polyethylene substrate was installed to increase available surface area by approximately
50%. Survival, total yield and daily growth rate of M. rosenbergii in the thrid experiment,
when compared to previous studies, strongly confirmed the effectiveness of this artificial
integrated system and high density culture of M. rosenbergii juveniles (380-400
individual/m®) during production cycle.

Table 1 Comparative survivals (%), average daily growth (ADG), yield and feed conversion
ratio (FCR) of M. rosenbergii and plant in all polyculture systems.

Prawn/Plant Survival (%) ‘ ADG d Yield {(g/tank) FCR
Exp. | Prawn 0-68.1 0.011-0.0186 402,1-820.0 0.36-0.8
Plant - - 125.2-944.8 -

Exp. Il Prawn 36.7-78.3 0.012-0.036 10.6-327.1 1.40->10.0
Plant - - 341.9-2158.5 -

Exp. Ill Prawn 41.0-93.8 0.04-0.070 481.1-1343.0 0.42-1.2
Plant - - 84.2-1783.4 -
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FEASIBILITY OF EARLY FARMING OF FRESHWATER SHRIMP Macrobrachium
rosenbergii WITH OVER-WINTERED JUVENILES

Mahmudul Karim
Bangladesh Shrimp Foundation,
House 47, Road 23, Block — B, Banani,
Dhaka, Bangladesh.
karim@shrimpfoundation.org

Substantial income increase from the canstantly shrinking agricultural lands, particularly in low-lying
one-crop flood lands, is a major concern to reduce rural poverty in Bangladesh. Of late, many farmers
profitably have been growing freshwater shrimp Macrobrachium rosenbergii alternating with boro
(irrigated) paddy in such lands that previously used fo remain totally faliow during the second half of
the year. Currently, the annual export earnings from M. rosenbergii is about US $72 million, nearly 20
percent of the total export from the shrimp. With constantly increasing family sizes, resultant new
needs for the added population and ever increasing living cost, the limited farnm lands must quickly
generate more income for farmers to meet the life’s minimum needs. Farm income could be
substantially increased if it were possible to raise a full crop of high priced M. rosenbergii in the first
halif of the year, in addition to the usual crop in the second half. Early farming of this shrimp is a
difficult proposition as post-larvae either of hatchery or of the wild origin are unavailable during the
first 3 — 4 months of the year.

Economic feasibility of raising an early and full crop of the shrimp during the first half of the year has
been successfully demonstrated using over-wintered previous year's late season juveniles through
the cold winter months. The experiments were conducted in farmers’ ponds at two places from 29
Octaber to 19 May. The winter temperatures during December — February ranged between 16° C and
22° C: the temperature gradually rose up to 32° C in May. The extrapolated production per hectare
was over 1600 Kg in better stocked ponds, as against the national average of around 300 Kg. The
gross profit ranged Tk 376,200 — 338,664 (US$ 6,400 — 5,800} /ha as against only about US$ 370
from boro paddy suggesting high economic feasibility of farming M. rosenbergii using over wintered
juveniles,

Effective extension of the new technology may triggér hatchery, nursery and farm operations which
in turn will increase production, sales and incomes leading to poverty reduction,

Table Summary of stocking and extrapolated production and gross profit per hectare

Parameters Pabna District Mymensingh District
Pond 1 Pond 1 Pond 2
Pond area (m°) 350 767 476
Experiment period 29.10.00 —16.05.01  25.10.00 —19.05.01  25.10.00 — 19.05,01
Shrimp initial av, wt. (g) 6.8 0.9 0.9
Stocking /m? 2.86 1.43 3.57
Final av. wt (g) 74.72 61.96 60,17
Survival (%) ' 79.5 77.18 75.71
Production {(Kg.) Ha 1,605 685 1,626
Preduction cost (Tk) / Ha 268,714 89,152 188,802
Sale (Tk.)/ Ha 644,914 222,881 528,486
Gross profit {Tk.) / Ha 376,200 133,729 339,664
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INTEGRATED AGRICULTURE~ AQUACULTURE (IAA): A WAY TO AQUACULTURE
SUSTAINABILITY IN BHOLA ISLAND, BANGLADESH

Md Shamsuddoha*, Johannes Janssen
COAST Trust, Chafession, Bhola Island, Bangladesh. -
coasttrust@siriusbb.com

Bhola, a coastal island of Bangladesh, is different from the rest of the country not only
because of its unigue geo-physical characteristics but also for its coastal conditions and
vulnerabilities. About 1.5 million people live in Bhola, of which the majority is poor. Per
capita income of the islanders is Tk. 18,506 compared to the national average of Tk. 22,295.
Traditionally and historically, peoples’ livelihoods center on natural-resource-based activities.
However, due to increasingly extraction of natural resources, livelihood options are
becoming limited and dwindling faster.

As an alternative livelihood, the islanders are involved in cultivating crops, livestock and fish
to some extent. The biggest constraint in agriculture is the scarcity of land, which declined
from 0.13 ha per capita in 1960 to 0.06 ha in 1996. In this context, fish culture offers an
opportunity, as there are about 60,000 ponds covering a total water surface of 4500 ha. To
support aquaculture in Bhola, the WorldFish Center, with funding support from USAID,
initiated an aquaculture extension program in partnership with local NGOs. In 2002, 250
ponds were altered for different aquaculture practices e.g. carp polyculture in ponds and rice
fields as well as fish nursery. To facilitate the uptake of improved aguaculture practices by
resource poor households, integration of agriculture with aquaculture (IAA) is emphasized.

Farmers are given full freedom to choose aguaculture system based on their available
resources, It is found that 70% of the smallholders, in general the better-off farmers adopted
non-l1AA systems in perennial ponds based on off-farm inputs and 30% essentially resource-
poor smallholders preferred aguaculture systems integrated with on farm available resources
including dike cropping (IAA).

Both IAA and non-lAA ponds were stocked at a density of 1 fish per m* with 6 species of
Indian and Chinese carps. Integrated systems produced on average 1.2tand 3.5t, ha™,
worth Tk 72,000 and 35,000 for fish and vegetables respectively. . Non-integrated ponds
produced 1.5 t.ha™, fish worth Tk 90,000 but needed higher investments. . In conclusion,
integrated systems generated 27% more income.

Locatio of Bhola Island Dike Cropping Dike cropping: Bottle gourd
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COMPARATIVE STUDY WITH ON-FARM TRIALS OF ORGANIC & INORGANIC
FERTILIZATION REGIMES ON CARP SPECIES IN TWO DIFFERENT AREAS OF
BANGLADESH

Md. Abdur Rahman™, Prohlad Chandra Dey
Fisheries Development Program, PROSHIKA
Proshika Bhaban, 1/1-Ga, Section-2, Mirpur
Dhaka-1216, Bangladesh.
a_rahman@proshika.bdonline.com

Aquaculture and fisheries play an important and vital role in the national economy of
Bangladesh in terms of employment, income, nutrition and foreign exchange earning. Out of
140 million people of Bangladesh, 12 million people are engaged in aquaculture and
fisheries related activities. Bangladesh has a number of aquaculture related projects that
have been funded by international donor organizations. Proshika, national NGO, has been
~ implementing aquaculture and fisheries development activities independently in Bangladesh
through its extension network by group members and sometimes in collaboration with other
agencies.

On-farm trial was conducted in Bangladesh in two different ecological zones from July 2002
to March 2003 in collaboration with Bangladesh Agricultural University (BAU) with the
guidance of Asian Institute of Technology (AIT), Thailand. The study compared the effect of
fertilization regimes suggested by Proshika (500 kg/ha quick compost as organic fertilization
on weekly basis) and BAU (1250 kg cow dung, 31.25 kg urea and 13.625 kg TSP per ha on
fortnightly basis) on water quality, fish production and economic return. On-farm trials were
conducted in 12 ponds of average size 0.12 ha each, six with organic fertilization and 6 with
organic and inorganic fertilization.. The ponds were stocked with seven fish species: silver
carp (Hypophthalmichthys molitrix), catla (Catla catfa), rohu (Labeo rohita), grass carp
(Ctenopharyngodon idejfa), common carp (Cyprinus carpiospecularis), mirror carp {C. carpio
communis) and mrigal (Cirrhinus mrigala) at a density of 10,000/ha in the ratio of
11:6:11:2:3:2:5.

The highest gross fish vield of 5.4 t/ha were achieved through organic fertilization while
lowest gross fish vield of 5.0 t/ha were achieved through organic and inorganic fertilization.
While highest revenue of Tk. 148,459/ha/year was achieved from organic fertilization,
arganic + inorganic fertilization yielded lower revenue of Tk.146,247/ha/year. However,
highest net return was in case of mixed fertilization. Considering the cost of fertilization, fish
production and economic returns, on-farm trials indicated that for carp polyculture, mixed
fertilization is slightly better as compared to only organic fertilization 1250 kg cow dung,
31.25 kg urea & 13.625 kg TSP per hectare with combination of organic & inorganic both
fertilization regime on fortnightly basis.
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POLYCULTURE OF Pangasius hypophthaimus WITH INDIAN MAJOR CARPS FOR
HIGHER FISH PRODUCTION

Md. Reaz Uddin Sarkar*, Saleha Khan, Md. Mahfuzul Haque
Department of Fisheries Management
Bangladesh Agricultural University
Mymensingh — 2202, Bangladesh.
salehamk@bdcom.com

An experiment was conducted in 12 ponds of 0.02 ha each at Bangladesh Agricultural
University, Mymensingh for 140 days to evaluate the effect of introduction of Pangasius
hypothalamus on the growth and production in polyculture with Indian major carps: cCatla
caffa, Labeo rohita and Cirhinus cirrhosus. Four polyculfure-stocking patterns were tested
each with three replications. The stocking combinations were: 4940 C. catfa, 2470 L. rohifa,
and 2470 C. cirrhosus/ha (T4}, 2470 P. hypothalamusiha (T,); T, + 4940 P. hypothalamus/ha
(Ts), and T4 + 7410 P. hypothalamus/ha (T4). All experimental ponds were fertilized every 10
days with triple superphosphate, urea and cow dung at the rate of 24.70, 24.70 and 617.5
kg/ha, respectively. Pelleted feed was given only for P. hypothalamus at the rate of 8-4% of
the body weight per day, half in the morning and the other half in the afternoon. Addition of
P. hypothalamus to polyculture of major carps was found fo exert an influence on qualitative
and quantitative production of phytoplankton as well as on water quality. Phytoplankton
‘biomass was higher in ponds with high P. hypothalamus density where higher amount of
feed was supplied. Growth of C. catla and L. rohifa was found higher in ponds where P.
hypothalamus was stocked. This was possibly due to higher production of plankton in these
ponds and partial share in feed supplied to P. hypothalamus. Maximum growth of C. caffa
and L. rohita was observed in T, (with 7410/ha P. hypothalamus) which was not significantly
higher than the growth of T; (with 4940 P. hypothalamusiha). Growth of these two species
was also good in T . Both C. catla and L. rohita showed their lowest growth in T, where P.
hypothalamus was not stocked. Influence of P. hypothafamus on the growth of C. cirrhosus
was not significant. Growth of P. hypothalamus was found to vary with the stocking density.
The best growth of P. hypothalamus was found in T; (4940/ha). Significantly higher total fish
yield (p<0.05} was found in treatments where P. hypothalamus was included. Total carp
yield was highest in T4 , followed by Ts, T> and T,. In the present study, though addition of P.
hypothalamus at densities of 2470, 4940 and 7410/ha in polyculture of major carps seemed
to be feasible and profitable, a density of 4940/ha (T3) is recommended for higher production
and profit
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FAN IMPROVED CULTURE ENVIRONMENT WITH A DEVELOPED CLOSE-CYCLE
AQUACULTURAL SYSTEM & DESIGN FOR INTENSIVE CULTURE OF TILAPIA

M.A. Zaman', MAA. Ambak, A. Jusoh
Department of Fisheries and Aquaculture, University College of Science and Technology
Malaysia, Mengabang Telipot, 21030 Kuala Terengganu, Malaysia.
MUKULGB7 @yahoo.com

This study was conducted to develop and test the aquacultural water recycling system and
design and its capability to provide a conducive culture environment for the intensive culture
of Oreochromis niloticus, at three different stocking densities of three treatments with two
replicates, respectively (46 fish/m®, 57 fish/m® and 68 fish/m®). The design comprises of nine
individual units and each unit with its own individual configuration. The units are: 1) fish
tanks (42 m® volume of water), 2) collector tank cum primary sedimentation unit, 3)
secondary sedimentation unit, 4) down-flow sand filter (0.9 m?® volume of media), 5) trickling
filter (0.9 m® volume of media and media surface area of 148.79 m?), 6) denitrification unit, 7)
gravity aerator (oxygenation & degassing unit), 8) additional oxygenation unit, and 9)
reservoir (aged tap water, pre-aeration). They are constructed on an elevation with gravity
flow to reduce using pumping hardware except at unavoidable places in the recycling
system. All units are shaded to protect from sunlight and rain. Fish were fed daily using
commercial fish feed (32% protein) during experimental trials on a 2.26% body weight basis,
three times a day.

The water quality parameters were measured daily before water exchange (4% daily) and
the BOD and COD was measured once a week to determine the removal efficiency of the
whole system. The system’s culture period was 64 days excluding 8 weeks for system
acclimation period and 2 weeks for species acclimation period. The fish density of the
system was 12 kg/m® although the system’s carrying capacity was 19.34 kg/m®. This paper
presents the system's performance by statistical comparison of important water gquality
criteria, which are the most important characteristics for the system. The overall efficiency of
the system based on water quality is described in Table 1.

Table 1: Water Quality of the Recirculatory Aquacultural System and Design during the
Culture Period "*

Ouring the Culture Period (64 Whole

cx%: E days) System's S\:,\;?;iﬁs
o2 £ Efficiency to Efficiency o
Parameter s+ & . Influenrt of the Removal Percent
2 X FshRearing FishRearing Concenfration o el
Unit Unit Rate
Biological Oxygen Oemand (BOOs) {mg-Ou/L} - 5.2441.13° 0.9740.27° 4,28 81.49 %
Chemical Oxygen Oemand {COQ) (mg/L) - 34.3042 62° 11.52+1.60" 22.87 66.50 %
ﬁ::::;ﬂ!g}{mg’ L as CaCO, Total (7 or M) 55.20:4.63°  54.80+2.07% 0.40 0.73 %
Carbon Oioxide {CO2) (mg/l.) - 23.75+1.36° 8.42&0.88b 15,33 64.55 %
Nitrite (NOz-N or NOz) {mgiL} - 0.72+0.03% 0.20+0.00° 0.52 72.22 %
Total Ammonia Nitrogen (TAN) {ma/L) 0.97+£0.01 0.6240.06° 0.070.01° 0.55 88.71 %
Total Suspended Solid {TSS) {mg/L} - 3.40+0,312 0.3240.12° 3.08 90.59 %
Oissolved Oxygen (00) (mg/L) 5.11 55040.087  7.4240.12° 1.83% 24.66 %*
Temperature (degree centigrade) 27.53 27.5440.37° 27.61+0.31° - -
pH 7.05 6.77+0.05 7.0420.13%

(6.7 t0 6.87) (8.7 to 7.43)

T Meants.d. of three replications. The different superscript within rows is statisticaily different (P<0.05).
2 after run the trial, in fish rearing unit was arranged few more diffuser (air stone) to increase GO.
3 Calculation Is followed from Frank and Nancy, 1994,
* Whole System's Efficiency to Adding Concentration Rate and Percent Added.
The range of the pH value.
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INFLUENCE OF CONFINEMENT STRESS AND SEX RATIO ON THE IMMUNE
RESPONSES IN Oreochromis mossambicus

C. Binu Ramesh, Dieter Steinhagen, R. Dinakaran Michael*
Centre for Fish Immunoiogy, Postgraduate and Research department of Zoology,
Lady Doak College, Madurai.
rdmichael@eth.net

The ever growing desire of fish farmers to obtain maximum vield from limited area has often led to
extreme crowding in farms Ieading to sudden outbreak of diseases and heavy mortality. To investigate
the effect of crowding on the immune system of fish, outbred Oreochmmls mossambicus were
confined at three different degrees i.e., 4gl™ (control), 8gl”, 16gI" and were maintained in three
different sex ratios i.e., i) All male ii} All female iif) Equal male and female (mixed) for a period of 28
days, The fishes were assessed for their specific immune response in terms of antibody response to
Aeromonas hydrophifa assayed by ELISA, nonspecific immune respanse in terms of serum lysozyme
activity and intracellular reactive oxygen species{(ROS) production and integrated immunity by host’
resistance test. The monosex ratio groups showed enhancement of antibody response on
confinement. Irrespective of the sex ratio of the population, the intracellular ROS production showed
suppression on confinement.. In al-male sex ratio group confined, there was enhancement of serum
lysozyme level. The host resistance test showed the highest percent mortality in all male group.
Except in ROS, there was no significant difference between the treatment groups i. e) 8gl"and 16gr

! But all other groups showed a percent mortality of nearly equal to that of the control, The modulation
observed might due the action of pheromones and social stressors like suE}ordmatlon stress.

Table 1 Table showing the effect of crowding in different sex-ratio groups'on the peak day (a) antibody
response(b) Intracellular RCS production (¢) serum lysozyme level (d) Host resistance
a)

Antibody production (OD) All-male All-fermiale Real male &
a} Control {4gi™ 0.853+0.3 0.977+0.2 1.31410.4
b) &gl S 12112047 1.221£0.7% 1.2256%0.2
c) 16gl” ‘ - 1.282+0.42 1.202+0.8° 1,35540.4
b)
Reactive Oxygen Species . : Equal male &
groduction (OD) All-male All-female Female
a) Control (4g| ) 0.632+0.02 0.564+0.07 0.52310.01
b) 8gl" 0.394+0.04 0,396%0.04 ° 0.41420.05
c) 16g” 0.27540.08° 0.291+0.08 ° 0.249+0.04 ™
c)
Serum lysozyme ’ i Equal male &
Level {units/ml) All-male All-female female
a) Control (4gl™ 837.5177 881432 735454
b) 8gl" 1045+101° 90643 628+16
c} 16gi" 1192483 ° 851426 542129 °
d)
Host resistance ¥ Equal male &
(Percent % mortality) Al-male All-female fomaie
a) Control {4g™) 30 23.3 20
b) 8gl” 40 30 33,3
c) 16gl™ 56.6 36.6 40

~ Significant(P<0.05) when compared with * the controi(4gl™"), ® 8g™ and © 16g!™
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NEW PARADIGM IN FARMING OF FRESHWATER PRAWN Macrobrachium rosenbergii
WITH CLOSED AND RECYCLE SYSTEMS

Derun Yuan*, Yang Yi, James S. Diana, C. Kwei Lin
Agquaculture and Aguatic Resources Management
School of Environment, Resources and Development
Asian Institute of Technology
Pathumthani, Thailand.
yuand@ait.ac.th

An experiment was conducted in 15 cement tanks (2 x 2.5 x 1) m at the Asian Institute of
Technology, Thailand, during 5 January-12 May 2004, to develop closed and recycle
systems for culture of giant freshwater prawn (Macrobrachium rosenbergii). Juvenile prawns
were cultured in three systems as three treatments, each in triplicate: (A) open system with
water exchange, (B) closed system with aeration, and (C) recycle system, in which water
from a prawn tank was circulated through a Nile tilapia (Oreochromis nifoticus} tank to a
water mimosa (Neptunia oleracea) tank and back to the prawn tank. Prawn juveniles of 2.8 g
were stocked in all prawn tanks at an average density of 19 prawns m*, sex-reversed Nile
tilapia of 10.6 g were stocked in tilapia tanks at 2 fish m, and water mimosa seedlings at 0.4
kg m? were planted in mimosa tanks. Prawns were fed ad /ibitum two times daily.

Survival of prawns, ranging from 40.64% to 88.72%, was highest in the closed system,
intermediate in the recycle system, and lowest in the open system (P < 0.05). There were
also mass mortalities in one open and one recycle tank. Growth of prawns was not
significantly different among all three systems (P > 0.05), while gross and net yields of prawn
were significantly lower in the open system than in closed and recycle systems (P < 0.05).
Feed conversion ratio (FCR) in the open system was 2.81, which was significantly higher
than in the closed {1.67) and recycle (1.78) systems (P < 0.05). Prawn recovered 12.02% N
and 7.01% P from feed and fertilizer in the open system, and 25.26% N and 13.67% P in the
closed system. Prawn, tilapia, and water mimosa together recovered 39.55% N and 25.53%
P in the recycle system. Economic analyses showed that there were no significant
differences in net returns among the three systems.

The present study demonstrated that the closed and recycle systems are more
environmentally friendly and have good profit potential compared to the open system.
Further study is needed to determine appropriate ratio of culture area for prawn, tilapia and
mimosa to minimize environmental pollution, optimize production and maximize profits in the
recycle system,

98



PROMOTING ENVIRONMENT-FRIENDLY AQUACULTURE

COVE CULTURE OF MARBLE GOBY Oxyeleotris marmorata BLEEKER AND CARPS
IN TRI AN RESERVOIR OF VIETNAM

V.C. Luong®, Yang Yi, C. Kwei Lin
Aguaculture and Aguatic Resources Management
School of Environment, Resources and Development
Asian Institute of Technology
P.O. Box 4, Klong Luang, Pathum Thani 12120, Thailand.
st019987 @ait.ac.th

This study was conducted in the 5.91-ha Truong Dang Cove of Tri An Reservoir of Vietnam
during June 2002-May 2003 to describe cove culture of marble goby (Oxyeleofris
marmorata Bleeker) with silver carp (Hypophthalmichthys molitrix), bighead carp (Aristichthys

nobilis), common carp (Cyprinus carpio) and grass carp (Ctenopharyngodon idelfa) stocked
" at 0.096, 0.047, 0.047, 0.047 and 0.017 fish/m?, respectively. After 6.5 months of cuiture
period from October 2002 to May 2003, the gross vield of marble goby was 251.1
kg/ha/crop, with mean weight of 353 gffish, while gross yields of silver carp, bighead carp,
common carp and grass carp were 90.5, 114.3, 84.6 and 35.0 kg/ha/crop, with mean
weights of 333, 368, 301 and 321 gffish, respectively. Survival was 73.7 % for marble goby
and 55.1-62.8 % for carps.

Results indicated that the cove had relatively good physico-chemical conditions with
diversified natural food sources such as terrestrial vegetation, phytoplankton, zooplankton,
benthos, detritus, small wild fish and prawns. The major foed item of marble goby was small
freshwater prawns, followed by small wild fish and benthos. Addition of marble goby to carp
polyculture in cove gave much higher economic return compared to that without marble goby
(US%$2,713.2 vs. US$260/crop). This study has demonstrated that cove cuiture of marble
goby is a prominent prospect ecologically, technologically and economically.
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INTEGRATED CAGE-CUM-POND CULTURE SYSTEMS WITH HIGH-VALUED SAHAR
Tor putitora IN CAGES AND LOW-VALUED CARPS IN OPEN PONDS

Madhav K. Shrestha’, Yang Yi, James S. Diana, C. Kwei Lin, Narayan P. Pandit
Institute of Agriculture and Animal Science
Rampur, Chitwan, Nepal.
madhav_shrestha2003@yahoo.com

The concept of integrated cage-cum-pond culture system is to culture high valued fish with
feeding in cage and low valued fish to culture in open pond with natural feed derived from
the waste released from cage. This experiment was conducted in15 earthen ponds of 100
m? in surface area and 1.2 m in depth at the Institute of Agriculture and Animal Science
(IAAS), Rampur, Chitwan, Nepal, for 150 days to test the feasibility of Sahar (Tor putitora) in
cages and carps in open ponds. In this integrated cage-cum-pond system, each cage with
dimensions of 1.5 m x 1.5 m x 1 m, equivalent to a water volume of 2-m® was suspended in
each of the treatment ponds. There were one control and four treatments with three
replicates each namely: carps at 1 fish m™* in open ponds without cages (control, T1); Sahar
at 5 fish m™ in the cage and carps at 1 fish m™ in open ponds (T2); Sahar at 25 fish m? in
cage and carps at 1 fish m™ in open pond (T3); Sahar at 50 fish m™ in cage and carps at 1
fish m in open pond (T4); Sahar at 100 fish m* in cage and carps at 1 fish m? in open pond
(T5), giving ratios of caged to open-pond fish of 0:1, 0.1:1, 0.5:1, 1:1, and 2:1. Caged Sahar
were fed with a locally made pelleted feed (28% crude protein) twice daily at the rates of 3%
body weight per day, while no feed or fertilizers were added into open water of the caged
ponds. The control ponds were fertilized weekly using DAP and urea at rates of 4 kg N and 2
kg P ha™ d”' throughout the experimental period.

Survival of Sahar (93-100%) was high without significant difference among all caged
treatments (T2 - T5). Daily weight gains of Sahar, ranging from 0.11 to 0.25 g fish”, were
significantly higher at lower stocking densities, but net and gross yield of Sahar increased
significantly with increasing stocking density. Feed conversion ratio (FCR) of Sahar ranged
from 2.2 to 2.8, and was not significantly different among all treatments. The total net and
gross yields of all carps in open pond were not significantly different among caged
treatments (T2- T5), but the control treatment (T1) resulted significantly higher carp yields
than in cage-pond integrated treatments. Moreover, the total net and gross yields of carps in
the control were significantly higher than the combined net and gross yields of Sahar+carps
in the all treatments. The overall FCRs in the treatments were 0.15 - 0.95, and were
significantly better in the lower Sahar density treatments. The control and all treatments
produced positive net returns, and the highest net returns were produced by the control,
followed by the treatments from high to low stocking density of Sahar.

Results clearly showed that cage wastes were insufficient to release enough nutrients to
produce natural food in open ponds even in higher Sahar to carp ratio tested in this
experiment yielding lower yield of carps compared to fertilized pond without cages. However,
this study has demonstrated that the high-valued Sahar has great potential to be cultured in
this integrated cage-cum-pond culture system, but it is necessary to fine-tune stocking ratios
of Sahar to carps through adjusting stocking density of Sahar in cages and cage size or
cage number, and provide high guality feed.
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EFFECTS OF DIFFERENT FEEDING REGIMES ON AMMONIA EXCRETION AND FECES
PRODUCTION OF FINGERLING RAINBOW TROUT Oncorhynchus mykiss

Mu'slim, In-Bae Kim, Jin Hwan Lee, Jae-Yoon Jo*
Department of Fisheries Biology, Pukyong National University, Busan 608-737, Korea.
iyio@pknu.ac.kr

Rainbow trout (Oncorhynchus mykiss) is one of the most important freshwater aquaculture
fish and is mainly produced from flow-through systems from which effluent discharges
directly to the natural water bodies. High concentrations of organic (mainly feces) and
inorganic (mainly ammonia) wastes and ammonia and feces production is directly related
with amount of daily feed and feeding frequencies in the effluent have a direct impact on the
natural environment. The purpose of this study is to evaluate the effects of various feeding
regimes on ammonia excretion and feces production in rainbow trout.

Eleven fish, mean weight 9.3 g were stocked in each of 9 aquariums and maintained on
three different feeding regimes of 1%, 2.5%, and 5% of body weight per day. Each treatment
was carried out in triplicates. Fish were fed every 3 hours from 8 am to 8 pm and daily
ammonia excretion was measured every 2 hours. Basal ammonia excretion was measured 4
days after feeding terminated. Daily feces excretion was measured once a day at 8 am.
Feces production after feeding stopped was also measured every 2 hours for 45 hours.

Fish fed 1%, 2.5%, and 5% daily ration groups grew from an average weight of 9.3 g to
12.0g, 18.7g, and 26.5g respectively, after 4 weeks. Average ammonia excretion of the fish
fed 1%, 2.5%, and 5% daily ration were 20.7mg/kg/h, 28.8mg/kg/h, and 36.5mg/kg/h,
respectively and the maximum ammonia excretion were recorded 14 hours after the first
feeding. The amount of ammonia excretion increased as daily ration increased. Basic
ammonia excretions of the treated groups ranged from 2.7 to 2.8Bmg/kg/h and were not
different among the feeding regimes. There was a positive correlation between daily feeding
leve! and feces production. The maximum amount of feces was collected at 14 hours after
the first feeding in all treatment groups and the amount of collected feces from 1%, 2.5% and
5% daily ration groups for 2 hours were 0.023, 0.113, and 0.354 g in dry weight. Average
amount of feces from all treatment groups were decreased rapidly after stop feeding and
mucus was shown in the feces 3 days after stop feeding.
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INTEGRATED CAGE-CUM-POND CULTURE SYSTEMS WITH HiIGH-VALUED STINGING
CATFISH Heteropneustes fossilis IN CAGES AND LOW-VALUED CARPS iN OPEN
PONDS

Md. Abdul Wahab*, Yang Yi, James S. Diana, C. Kwei Lin, Obaidullah-Al- Masud
Department of Fisheries Management
Bangladesh Agricultural University
Mymensingh, Bangladesh.
wahabma@bdonline.com

An experiment was carried out for a period of 237 days at Bangladesh Agricultural University
to adapt the integrated cage-cum-pond systems developed by Aguaculture CRSP to local
conditions in Bangladesh, to determine appropriate stocking density of selected fish species
in cages, to assess growth and production of fishes in both cages and open ponds, and to
assess the economic and environmental benefits of this integrated system.

Stinging catfish and carps were stocked in cages and open water of ponds to give caged to
open-pond fish ratios of 50;100, 100:100, 150:100, and 200:100 (1:2, 1:1, 3:2, and 2:1) as
four treatments of three replicates each. Sfinging catfish fingerlings with a mean weight of
12.6-12.7 g were stocked at 50, 100, 150, and 200 fish per 0.85-m® cage, while fingerlings of
four carps, including silver carp (Hypophthalmichthys molitrix), catla (Catla cat/a), rohu
(Labeo rohita) and common carp (Cyprinus carpio), were stocked at 100 fish per pond with a
species ratio of 2:2:3:3 in open water of all ponds. Commercial pelleted feed (30% crude
protein) was given to caged fish twice daily at a rate of 10% body weight per day. No feed or
fertilizer was added into open water of the ponds.

Survival of caged catfish was low, ranging from 39.33% to 60.67% with the highest survival
in the 100:100 treatments. Caged catfish in all treatments grew slowly, giving daily weight
gains of about 0.06 g fish™". Net yields in the 50:100 and 100:100 treatments were 0.10 and
0.18 kg m? crop™”, respectively, while the other two treatments gave negative net yields.
FCRs were extremely high in the 50:100 and 100:100 treatments (131 and 148,
respectively), while FCRs were negative in the 150:100 and 200:100 treatments (-66 and -
311, respectively). Survival of open-pond carps was high, ranging from 71.67% to 100%
without significant difference for each carp species among all treatments. All carp species
grew steadily throughout the experimental period, with daily weight gains of 0.76 — 1.62 g
fish™®, Net and gross yields of all carps were significantly higher in the 100:100, 150:100 and
200:100 treatments than those in the 50:100 treatments. Overall FCRs were best in the
200:100 treatment (0.42), intermediated in the 100:100 and 150:100 treatments (0.76 and
0.59, respectively), and poorest in the 50:100 treatment (0.86). Net revenues were positive
in all treatment. This experiment has demonstrated the potential of the cage-cum-pond
integrated culture system, but more research is needed.
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CODE OF CONDUCT GUIDELINES IN DESIGNING TWO AQUACULTURE FACILITIES

Phillip T. Arumugam”
PO Box 160 Marden SA5070 Australia.
Arumugam@picknowl.com.au

The World Commission on Environment and Development (1987) and the Earth Summit
(1992) stressed the importance of sustainability. Various NGOs and governments have
developed working papers and palicies such as ecologically sustainable development (ESD).
Working papers are being prepared such as the Code of Conduct for sustainable fisheries
and aquaculture. Two facilities were designed, one in Australia {1997) and the other in
Indonesia (2002). The design features included conservation issues, translocation issues,
aquacultural wastewater treatment, by-product capability, occupational health, safety &
welfare guidelines and fish quality standards as required by HACCP and WTO.

For Australia, the aim was to build an aguaculture facility under strict quarantine guidelines
as required by the South Australian Department of Fisheries and AQIS. In South Australia,
quarantine culture is required for barramundi (Lates calcarifer) and cther alien species. The
facility cultured barramundi and other franslocated fishes. Fish entering the facility required a
pathogen-free certification issued by a recognised veterinary service in Australia. Pathogen-
free certification was required prior to any fish leaving the facility. The barramundi fingerlings
produced in the facility were supplied to farms approved by the government to culture
barramundi. The facility was enclosed. Entrance into the facility required stepping into a foot-
bath and handwash as sterilisation procedures. Daily monitoring of water quality and fish
health was recorded. Management of staff adhered to Australian work ethics such as
Occupational Health, Safety and Welfare guidelines. A bore supplied brackish water for fish
culture. Both through-flow and recirculation systems were used. The aguacultural
wastewater was treated with chlorine prior to discharge into a wetland.

In Indonesia, the aim was to produce fingerlings in a land-based facility for stocking sea
cages. The facility produced fingerlings for a livelihood scheme. Transmittable fish
pathogens for the targeted fish species occur in the region. The fingerlings produced should
be robust and have developed sufficient immunity response to adapt to the stressful
environmental conditions in the sea. A few of the guidelines adopted were more stringent
than that practised in Indonesia and Australia because the international Code of Conduct for
aquaculture was still being developed. The larval culture area is totally enclosed but the
nursery area has a roof. The water supply is pumped from a point source in deep waters
beyond the fringing coral reef. The aquacultural wastewater is treated with ozone initially,
then flow through a zigzag treatment system prior to discharge into deep waters, beyond the
coral reef. The zigzag system increased the distance of wastewater discharge to the sea
from 100 metres to 1000 metres, The required guideline for Indonesia and Australia were 60
metres and 500 metres from the nearest water source, respectively. Conservation practices
were placed in the tender document for construction of the facility as contract requirements.

Both the wastewater treatment systems have the capability for by-product functions. One of
the conditions for the aquaculture approval in Australia was to rehabilitate the premises from
its previous commercial activity. Yabbies was introduced into the wetland. The nutrient-
enriched wastewater resulted in a vibrant growth of plants and a sanctuary for aquatic birds
and native animals. Foxes made the wetland its home. The zigzag system can be stocked
with marine organisms as broodstock. The outflow water will carry the fertilised eggs as
recruitment in the neighbouring coastal waters. The discharged water can be reused for the
hatchery and culture of seaweed.
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MODELING AND COMPUTERIZING VISUAL ASSESSMENT OF AN ARTIFICIAL
INTEGRATED AGRICULTURE - AQUACULTURE SYSTEM

H. Khoda Bakhsh*, A.R. Alimon, Rashid Shariff, A. Christianus, M.Y. Khanif,
W.A. Wan Adnan .
Faculty of Agriculture, Faculty of Engineering,
Universiti Putra Malaysia, 43400 Serdang, Selangor.
hamid110@hotmail.com

Marketable harvest and large cost savings have been achieved in the production of aguatic
animals and crustaceans using efficient culture systems and enhanced production
management strategies. Decision and prediction expert programs have received
considerable attention in the agricultural community. Expert programs can alsc play an
important role in aquaculture, which is considered as an important source of dietary protein
and food in developed and developing country.

In order to increase the efficiency and sustainability of integrated aquaculture-agriculture
system (IAAS), expert software was adapted through basic guideline of visual basic and
database optioned from previous and related researches. The structural research involved
the nutrients dynamic, biological interaction (among the species), environmental impact,
management and statistical methods of planning on artificial integrated culture systems. The
various subjects in IAAS have capabilities for describing different aspects of integrated
production. IAAS expert program consists of one communicational interface and another
sub-basic form, namely. Integrated aguacuMure-agriculture programs (information and
statistical methods), general information of sustainable aguaculture-agriculture systems,
integrated fish farming, growth rate parameters, water quality variables, nutrients and
wastewater managements. Models in IAAS are organized into different levels aliowing users
(aquaculture experts or farmers) to simply perform different kinds of statistical analyses
based on input data, available database and output resolution requirements,
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INDIGENOUS TECHNICAL KNOWLEDGE (ITK) IN THE CONSERVATION OF COASTAL
BIODIVERSITY IN BANGLADESH

Anwara Begum', M. Mizanur Rahman, K.M. Nurul Islam, Md. Saifuddin Shah
Caritas Fisheries Program,
Prokalpa Bhaban, 1/C, 1/A, Pallabi, Section 12,
Mirpur Dhaka-1221, Bangladesh.
cfp@bangla.net

The coastal resources of Bangladesh are being depleted by intrusion of saline water and
over- exploitation. These losses are having a negative effect on the lives of people in coastal
areas, To rehabilitate and conserve these valuable resources, there is a need to gather
indigenous technical knowledge (ITK) and improve the practices at Munshiganj union of
Shyamnagar upazila in Satkhira district. Eleven types of [TK were identified using a
questionnaire and PRA tools. Three of them, all potential farming practices (potato-sweet
gourd; sea bass-tilapia; Macrobrachium-Scatophagus-rice-vegetables), were selected and
tested scientifically at demonstration plots. :

Culture of potato-sweet gourd resutted in production rates of 13,000 kg/ha of potato and
5,000 kg/ha of sweet gourd with a farm gate price of 108,000 taka/ha (US$ 1,844/ha) and
inputs costs of 46,153 taka/ha (US$ 788/ha). For sea bass-tilapia farming, 0.16 ha produced
400 kg of sea bass and 100 kg of tilapia with a cost benefit ratio 1:2.52. The Macrobrachium-
Scatophagus-rice-vegetables culture produced 440 kg of Macrobrachium, 88 kg of
Scatophagus, 1,800 kg of rice and 300 kg of vegetables from 0.4 ha of land and earned taka
198,300 (US$ 3,386) from input costs of 56,863 taka (US$ 971). Our paper details the
practices of applied ITKs in conserving coastal biodiversity.
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REDUCTION OF PRODUCTION COST AND MANAGEMENT OF ALGAE IN PANGAS
Pangasius hypophthalmus PONDS THROUGH INCORPORATION OF SILVER CARP
Hypophthalmicthys molitrix

Md. Mahfuzul Haque*, Md. Reaz Uddin Sarkar, Saleha Khan
Department of Fisheries Management
Bangladesh Agricuitural University
Mymensingh-2202, Bangladesh.
salehamk@bdcom.com

Monoculture of pangas, Pangasius hypophthalmus, and composite culture of pangas and
silver carp, Hypophthalmicthys molitrix, were carried out in similar sized earthen ponds in the
Field Laboratory of the Faculty of Fisheries, Bangladesh Agricultural University, Mymensingh
for a period of three and a half months to find out a standard stocking ratio for maintaining
good water quality and proper utilization of phytoplankton as fish food as well as to reduce
the cost of fish production. Ponds were stocked with three stocking ratios: 120 pangas only
(T4), B0 pangas plus 60 silver carp (Tz), and 80 pangas plus 40 silver carp (Ts) per decimal
(40 m?). The pangas was fed with a commercial pelieted diet at the rates of 8, 6 and 4% of
the body weight per day during 1st month, 2" month and rest of the culture period,
respectively. The daily ration was halved; one half was given in the morning and the other
half in the afternoon. The silver camps survived on plankton and did not -compete with
pangas for commercial feed. In pangas monoculture ponds, the average total phytoplankton
(130.75 x 10° cells/l) as well as cyanobacterial {(79.27 x 10° cells/i) cell densities were much
higher with higher concentration of NOg-N (1.9 mg/l) and PO4-P (1.5 mg/l) than the ponds of
other treatments. Inferior water quality with lower dissolved oxygen (3.84 mg/l) was found in
pangas monoculture ponds (T;) but composite culiure ponds showed better water guality
with higher dissolved oxygen (4.5 mg/l in T and 4.19 mg/l in T3). In ponds of Tz, significantly
higher (P<0.05) growth of pangas with an additional crop of silver carp without extra cost
was obtained. The production cost of per kg fish was found to be lower in composite culture
of pangas and silver carp. The present trial indicates that a combination of 60 pangas and 60
silver carp per decimal can be a suitable stocking ratio for getting good fish production with
lower input cost and for maintaining good water quality and algal management. More
research trials on composite culture of pangas and Indian major carps at different stocking
ratios and densities are suggested to reduce input cost further and to get better economic
return.
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EFFECT OF LIMNOLOGICAL CHARACTERISTICS ON CULTURE-BASED FISH YIELD
IN NON-PERENNIAL RESERVOIRS OF SRI LANKA

U. Asanka D. Jayasinghe®, Upali S. Amarasinghe, Sena S. De Silva
Department of Zoology
University of Kelaniya
Kelaniya 11600, Sri Lanka.
uasankadj@yahoo.com

Sri Lanka possesses about 30,000 reservoirs of which at least 13,000 are non-perennial.
There is potential to develop culiure-based fisheries in these numerous non-perennial
reservoirs which are under-utilized partly due to lack of proper scientific investigations to
identify suitable reservoirs based on their trophic status. This investigation was carried out o
study limnology of non-perennial reservoirs with a view to classifying them for the
development of culture-based fisheries.

Forty-five non-perennial reservoirs were randomly selected to study their limnology out of
which 32 were stocked with Chinese and Indian carps, tilapia and freshwater prawns at
various stocking densities. Of these, 23 reservoirs could be harvested successfully. Thirteen
major limnological parameters were measured during the water retention period of each of
the 45 reservoirs, between November 2001 and January 2004,

Limnological studies revealed that the non-algal turbidity is prominent in these reservoirs and
Carlson’s trophic state index based on chlorophyll-a is appropriate for grouping them into
different trophic categories (Fig. 1). Scores of principal component analysis based on Secchi
disc depth, total phosphorous, chiorophyll-a, inorganic turbidity and organic turbidity have a
significant correlation with total fish yield showing that they are the key factors influencing
fish yield. Shoreline:area ratio (SAR) is significantly related to fish yield (Fig. 2} in non-
perennial reservoirs. SAR and stocking density (Std) are related to fish yield according to the
following equation.

Y =-693 + 4810 SAR + 0.484 Std (r = 0.876; p<0.001)

2000 ¢y = 6672.3x -432.7
20001 r=0.632;P<0.05 «
y =27.314x - 1000.3 + 1600 -
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Fig. 1: Relationship between trophic state Fig. 2: Relationship of total fish yield ()
inindex (TS} based on chlorophyli-a and kg ha™ with shoreline:area ratio (SAR in
km ha™), fish yield (Y in kg ha™).
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PARTICIPATORY RESOLUTION OF WATER USE CONFLICTS IN A MIXED SHRIMP -
RICE CULTURE AREA OF THE MEKONG DELTA

Nguyen Khac Thanh*, Paula Brown
Research Institute for Aquaculture No. 2
116 Nguyen Dinh Chieu St
Q1 Ho Chi Minh City Vietnam.
amfpvn@fpt.hcm.vn

The introduction of mixed extensive shrimp-rice culture to traditional rice growing areas of
the Mekong Delta has resulted in increasing conflicts due to waste water and mud discharge
after shrimp harvest and disease outbreaks. A project has been initiated to develop a
participatory model for resolution of these conflicts through capacity building of existing
farmer clubs in Hoa Tu 1 commune, Soc Trang Province.

A baseline survey was undertaken in May 2004 to document household economics, farmer
clubs’ planning, operations, and communication, and understanding about key issues of
environmental monitoring and management, disease awareness and management, and
shrimp culture techniques. Survey participants included all members of the focus club and
cooperative being monitored through the project, club members from a non-focus club, and
non-club member farmers.

All farmers interviewed operate with a high level of risk, due to high debts and low level of
awareness of best culture practices. The existing clubs and cooperative have greater
access to a variety of information that could assist with the improvement of rice-shrimp
culture, however understanding about key issues was inconsistent within and between all
four groups surveyed. The development status of the existing participatory structures, the
farmer clubs, was also highly variable between the three groups surveyed.

Existing clubs and cooperatives may prove useful in developing a participatory model for
wider application within the target commune, but require assistance to further develop their
own cooperative capacity in the immediate future. There is need for wider education in key
issues of water use, disease and shrimp culture techniques for not only club members but all
commune farmers. It may be possible to address this need through a training
communications network accessing all leaders within the farmer groups, village, commune,
and unions. When linked with the project's task group, this network would ensure more
successful two way communication between all regional water use stakeholders, from the
farmers at the grassroots to the provincial authorities at the decision making level.
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REVISITING UNDERLYING ECOLOGICAL PRINCIPLES OF RICE-FISH INTEGRATED
FARMING FOR ENVIRONMENTAL, ECONOMICAL AND SOCIAL BENEFITS

Tek Bahadur Gurung®, Suresh Kumar Wagle
Fisheries Research Station, Pokhara
Nepal Agriculture Research Council (NARC)
Lake Side, Baidam, PO Box 274
Nepal.
fishres@fewanet.com.np

Ecological interaction and energy and material flow in rice field in absence and presence of
bottom feeding omnivore fish to give a clear scenario of food web interactions in rice field
was synthesized. Rice plants, weeds, and minute algae can be competitive to each other, as
they depend on common resources for growth. However, introduction of the fish about two
weeks after rice plantation can add new link to the food chain by perturbation and top down
control on rice competitors, pests, and mobility of nutrients towards rice plant for increased
rice field productivity to benefit the farmers economically, environmentally and socially,

in relation to above synthesis, rice-fish integrated field experiments were performed in four
mid hill districts of Nepal from 2000-2002. The results showed that despite of 3-5% loss of
the rice cultivating area due to digging a "trench” as fish hiding place, rice yield increased up
to 9%, in addition of 529 kg.ha™ fish from rice-fish integrated farming. In rice-fish system,
competitive advantages of rice plants over weeds and micro algae; control of rice pests and
increased nutrient supply due to top down perturbation and nutrient regeneration by fish
were the reasons for increased rice yield in treatments than in controls where rice alone was
cultivated.
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SUSTAINABLE ORGANISATIONS OF AQUACULTURE FOR PROPER RESOURCE
UTILISATION — BALANCING WATER AND SOIL CONFLICTS

N. Rajalakshmi
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Environmental Economics, University of Madras, Chepauk,
Chennai- 600 005 India.
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Aguaculture has been a remarkable economic growth sector in some countries and regions during the
past decade. In many countries the industry has become commercially organised as a sector in its
own righis. :

The growth of aquaculture in India has been rather smooth when compared to that in other countries
bringing forth lot of export potential as well as socio-economic benefits to the society. Developing
countries like India are predominantly dependent on agriculture of their export earnings. In this marine
products occupy an important position both in terms of export earning s and scope to expand this
industry. At present, the impacts of aguaculture practices on environmental operations are such that
which wake up violent protests from environmentalist and social activists demanding even the closure
of these aqua farms. Sustainable organization of aguaculture production and recrientation it to meet
social challenges in using water resources in the need of the day.

The growth rate of shrimp exports has been increased. It has increased from 2.27% in 1986-87 to
16.32% in the year of 1993-84. Comparing to the export of shrimps in terms of value shows at
increasing trend expect in the year 1989-90 it has 46.331 lakhs through it has increased from Rs.32,
981 lakhs in 1985-86 to Rs.1, 77,073 lakhs in the year 1993-94.

The impetus given to shrimp aquaculture is mainly due to its lucrative foreign exchange earning
capacity. In India this development has coincided with unprecedented pressure on natural resources
such as water and land which causes serious concern on environment. The study of coastal area
affected b y aquaculture and conflicts of water usage has brought at salient findings.

The water pollution problems due to discharge of untreated waste water containing large amounts of
settleable solids, organic waste and nutrient load, sometimes with traces of chemicals and drugs,
which would lead to hyper-nutrification and eutrophication.

Salinization of soil and water affecting liveiihood requirements and agriculture and extraction of
groundwater for extensive use and mixing purposes and salinization of aquifers as well as land
subsidence due to reduction of aquifer capacity to hold the land.

Many drinking water sources in villages adjacent to shrimp farms have turned saline due to the
indiscriminate pumping of ground water by shrimp farms. The instrusion of sea water coupled with the
sewage of effluents has caused the health hazards like cholera, malaria, jaundice and eye ailments.
The Bhagavathi Environment Institute, Dindigul claims that an analysis of water samples from half a
dozen villages in Sirkazhi taluk has shown a disturbing degradation in the quaiity of groundwater.
Hardness and alkalinity levels of water collected at 17 points in seven villages were alarmingly in
excess of the prescribed tolerance limit for drinking water. These are attributed to shrimp farms set-up
along the coast in the past two years. But CMFRI (1895) reported that the quality of groundwater in
the entire coastal area (Nagapattinam District) is saline. As such implicating the very recently started
shrimp farming for such development is not at all justified and that too in the absence of any data
before shrimp farming came into operation for comparison.

Hence a suitable organisation of aquacuiture is essential for proper water utilization. To facilitate a
balanced development of aguaculture benefiting different cross sections of the population more than
50% of the water resource especially in the coastal area will be reserved for distribution to the rural
poor farmers whereas the other part of resources would be judiciously allotted to the resources rich
entrepreneurs or farmers for high technology-based aquaculture production. Further water pollution
abatement technology must be installed with proper cleaning of ponds and technical soundness in
discharging the wastes.
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IMPACT OF SHRIMP CULTURE ON NATURAL RESOURCES OF MUNDEL LAKE IN SRI
LANKA

AS.L.E. Corea*, JM.P.K. Jayasinghe, W.A.L. Wickramasinghe
National Aguatic Resources Research and Development agency, Crow Island, Colombo 15,
Sri Lanka,
aslecorea@yahoo.com

Majority of Sri Lankan shrimp farms are distributed in the North western coastal region
mainly along the Dutch canal and Mundel Lake, which are the major brackish water source
for the industry. The 20 year history of shrimp aquaculture has brought many changes in the
resource use of Mundel Lake. The present study was aimed at investigating effect of
changes on socio-economic structure in the region.

Mundel Lake was formerly used as a fishing ground and supported a good fishery of
brackish water species dominated by Nematalosa nassu (42%) and Arius sp. (26%)
seascnally. The shrimp catch in the 1980s was dominated by Penasus semisufcatus and P.
indicus and was seasonal while the catch data of the 1990s did not indicate any shrimp
catches from this lake. Presently P. monodon dominates the shrimp catch throughout the
year. Fish catches are dominated by Arius sp. (39%) and N. nassu (23%) seasonally but
numbers have declined. The present increase in P.monodon catch is attributed to release of
diseased shrimp from culture ponds, when disease conditions are detected at an early
culture stage. The moliusc fishery in the lagoon was dominated by Meretrix meretrix and was
seasonal. Several fisher families depended on this seasonal fishery. Presently Mollusc
fishery in the region has declined by 70% and only 2 families are involved in it.

Eighteen fisher families living along the coast of the lake have been displaced as their lands
have been claimed for shrimp pond construction. Forty two percent of the mangrove cover
has been destroyed and 56% of the seasonal mud flats have been converted to shrimp
ponds. This has caused a 40% decline in the water birds that used this habitat and 60%
decline in the migratory water birds that visited the area. Agriculture in the area has declined
by 28%. The major agricultural activity in the area was coconut cultivation and 22% of
coconut lands have been converted in to shrimp ponds. The lake area itself has been
reduced by 3% while its water capacity has been reduced by 9% according to available
bathymetric data. :

Other resources in the lagoon affected by shrimp culture include the sea grass cover which
has depleted due to the high sediment load from effluent disposal into the system. The
fagoon is connected to the Dutch canal and through it to the Puttalam.and Chilaw estuaries
but has no direct opening to the sea as the entrance is permanently blocked by a sand bar.
Therefore recruitment of commercially important species is limited and as shrimp culture is
affecting the breeding and nursery areas in the lagoon, it may seriously impact the lagoon
environment and its biodiversity as well as the socio-economic status in the area in future.

111




7™ ASIAN FISHERIES FORUM 2004

INTENSIVE SHRIMP CULTURE IN ZERO AND LIMITED WATER EXCHANGE PONDS

Pohan Panjaitan, Ram Mohan, Jim Luong-Van
School of Science and Primary Industries, Charles Darwin University,
Darwin, NT 0909, Australia.

The production of nitrogenous waste from intensive shrimp culture is a major problem
impacting the aquatic environment. As a result, environmental regulation in many countries
prohibits the release of nutrient rich water into the aguatic environment. One approach to the
problem is to limit water exchange in ponds and rely on heterotrophic bacteria to uptake
inorganic nitrogen to produce a bacterial biomass that may contribute to shrimp nutrition.
This approach needs an elemental balance of carbon-nitrogen ratio in cultivation ponds. This
study investigated water quality and production variables in zero water exchange (ZWE) and
limited water exchange (LWE) shrimp ponds. Results of field studies conducted at ZWE
shrimp ponds in Darwin, Australia and LWE shrimp ponds in Lampung, Indonesia were
compared. In both farms, organic carbon in the form molasses was used to manipulate C/N
ratios. The results indicated that addition of molasses to control feed C/N ratio had a
significant effect on growth and water quality, particularly for ammonia, nitrite, dissolved
oxygen, total suspended solids, chlorophyll a and abundance of heterotrophic bacteria. Even
though there was a higher concentration of ammonia and nitrite in the ZWE than LWE
shrimp ponds, there was no significant difference in shrimp production variables. The water
consumption rates estimated for both ZWE and LWE were compared with the water use in
conventional shrimp farming. The level of water use in ZWE shrimp farming was found to be
8.04litre/gram compared with 8.51 litre/gram in LWE and 34-199 litres/gram in conventional
shrimp farming. The new knowledge obtained in this study will assist in the future
development of more efficient shrimp farming systems.
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WHO GAINS, WHO LOSES WHAT FROM SHRIMP CULTIVATION AROUND
SUNDARBANS: A CASE STUDY OF SELECTED VILLAGES OF RAMPAL UPAZILA,
BANGLADESH

Md. Rezaul Karim
Urban and Rural Planning Discipline
Khulna University
Khulna 8208, Bangladesh,
rk@bttb.net.bd

Shrimp cultivation around Sundarbans in Bangladesh plays a vital role in the national
economy due to its large contribution in foreign exchange earning, However, this contribution
of shrimp farming has been undermined because of its adverse impact on income,
employment, social crime and nutritional status of majority of the local people in the area.
Systematic unaligned sampling was applied for selecting 44 villages and collecting
information from 373 randomized respondents belonging to five landowner. categories of
these villages. Changes of socio-economic condition of the people based on perception of
the local people and recorded documents of different studies of three time periods viz., 1975,
1985 and 1999 were consulted. This study suggests that while most of the local people in
the study area were interested in shrimp than paddy cultivation in the last two decades as it
were more profitable. Net income from shrimp cultivation was much higher than agriculture
and recorded at Tk. 49,967 per hectare against Tk. 2704 per hectare for agriculture. The
poor and marginal farmers could not cultivate shrimp in their land due to lack of capital. They
were generally forced to lease out their small parcels of land to richer shrimp growers in their
neighbourhood and become loser in the production process. While no men were
unemployed before shrimp cultivation, 20 per cent of men and 55 per cent of women had
lost their jobs after shrimp cultivation, as it is less labour intensive than traditional agro crops.
Present management practices of shrimp were also found to be significantly dependent on
labour from outside the Upazila. As such, the local people are again being deprived of
indigenous employment opportunities. Social environment in the study area has remarkably
been deteriorated mainly due to forceful occupation of land, unequal distribution of income
from fand and unemployment of agricuitural labour forces. Average nutritional states of the
majority people have decreased significantly after shrimp cultivation. Production of paddy,
vegetable and fruits in the locality started falling immediately after initiation of shrimp
cultivation. On the other hand productions of wheat & sugarcane have been withdrawn
altogether. Moreover, production and sources of self-employment income and nutrition
though cultivation of livestock had been reduced due lack of grazing land. As a result, small
and marginal farmers have not only suffered economically but alse lost cheap conventional
source of nutrition. '
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FEEDING ENHANCES ANTI- Vibrio harveyi ACTIVITY OF Tilapia hornorum IN A
SIMULATED SHRIMP CULTURE SYSTEM

Eleonor A. Tendencia
Southeast Asian Fisheries Development Center, Aquaculture Deapartment, Tigbauan 5021
licilo, Philippines.
gigi@aqd.seafdec.org.ph

The efficiency of Tilapia hornorum to control luminous bacteria in a simulated environment
" has been reported. However, the effect of different inputs in a shrimp culture system such as
feed was not taken into consideration. This study investigated the effect of feeding on the
efficiency of tilapia to inhibit the growth of luminous bacteria. Luminous bacterial count in
tanks with tilapia and shrimp in both fed and unfed group were significantly iower than those
in tanks with shrimp only. Counts in tanks with feeding were significantly lower than those
without feeding, in both with tilapia and shrimp, and with shrimp only. Results showed that
feeding enhances the antibacterial activity or improves the efficiency of tilapias to inhibit the
growth of luminous bacteria V. harveyi.
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USING ENVIRONMENTAL CAPACITY IN TROPICAL AQUACULTURE - THE TROPECA
APPROACH

Rod Cappell*, John Hambrey
TROPECA Project Manager
Nautilus Consultants Ltd,, Edinburgh, UK.
URL: http://iwww.nautilus-consultants.co.uk
rod@nautilus-consultants.co.uk

Sustainable aguaculture development can bring real and lasting benefits to rural and coastal
communities. But the envircnmental consequences of Inappropriate or excessive
development will adversely impact on the wider communities and the farmers themselves
through poor farm performance or failure. There is therefore an increasing need for planning
and management of aquaculture in developing countries. Environmental capacity is being
used in some developed countries to inform the management of aquaculture as it provides a
mare objective basis on which to plan and regulate aguaculture operations, recognising the
cumulative impacts of resource users and the assimilative capacity of the environment. The
TROPECA Project, a 3-year research project (2001-2004) funded by UK Department for
International Development (DFID), is investigating the potential to apply the Environmental
Capacity concept te aquaculture in developing countries.

TROPECA adopted a collaborative, iterative and adaptive approach to ensure that the focus
of the research is steadily refined in line with local needs. Two case studies are underway in
Bangladesh (tilapia and shrimp) and three in Vietnam (shrimp x 2 and lobster). In-country
researchers undertook simple mapping and sampling regimes throughout a local system for
the entire culture cycles. At the same time they worked with volunteer farmers to record
farmer practices and farm performance. Simple mass balance models were estimated to
establish primary nutrient sources and the potential limiting factors in systems. These were
then compared with farm practice and performance information before being discussed with
the farmers involved. The project also sought to identify simple and locally meaningful
environmental indicators to validate/test and monitor assessments and predictions made
using simple environmental capacity models.

Preliminary results suggest that very simple nutrient budgets and mass balance calculations
can be used to raise understanding and awareness of wider management and
environmental issues, and can be used as a stimulus to more integrated and coordinated
management — both within the sector and between sectors. Nutrient budgets can be
undertaken at different scales, from farm pend or cage, to groups of farms, and to major
aquatic systems. Consideration at these different scales helps identify critical peints in the
system where nutrient inputs and outputs may be seriously cut of balance, and where local
enrichment problems are likely to oceur.

Results to date suggest that some cage culture operations have already exceeded
environmental capacity, and have highlighted the need for urgent group management
initiatives. In the case of more extensive shrimp systems the work has highlighted the
dominance of rice agriculture in the iocal nutrient budget, and potential for exploiting these
nutrients in aquaculture — rather than suffering adverse consequences through lack of
awareness and understanding.

The final phase of the project explores the use of these results in strengthening aguaculture
management frameworks, and the scale at which the assessment and associated
management initiatives can most effectively be implemented.
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EFFECTIVENESS OF DIFFERENT PERIPHYTON SPECIES IN IMPROVING WATER
QUALITY

H. Khatoon', F.M. Yusoff, M. Shariff, H.M. Peralta
Department of Biology, Faculty of Science and Environmental Studies, Universiti Putra
Malaysia, 43400 Serdang, Selangor D.E., Malaysia.
khatoonve@hotmail.com

In intensive aguaculture systems, nutrient concentrations, especially ammonia, nitrate, nitrite
and soluble reactive phosphorous accumulates from excessive food addition and excretion
of organisms reared at high density. Some of these nutrients, such as ammonia and nitrite
are toxic to aquatic organisms. In consequence, organisms suffer from poor growth and
reduced survival rates. Stresses the cultured organisms making them more susceptible to
diseases.

A study to determine the effectiveness of different periphyton species in improving water
quality was carried out in Aguatic Research laboratory, Universiti Putra Malaysia, over a 14-
day period. Experiments were conducted in rectangular glass aquaria (dimension=26cm x
26cm x 41cm) containing 20 L of seawater. Locally available polyvinyl chloride (PVC) pipes
were used as substrates for the experiment. Twenty pieces of PVC substrate (70 cm®) were
tied to a plastic rope and hanged in to the experimental glass tank. Five treatments, each
replicated three times, designating four different periphyton species (Oscillatoria sp.,
Navicula sp., Cymbella sp, and Amphora sp) and a control (without periphyton) were used. A
known concentrations of total ammonia nitrogen (TAN) and soluble reactive phosphorous
(SRP) were added into the tank water to determine the accumulation of these nutrients by
different periphyton species. Variations in the physical parameters such as temperature, pH
and salinity were monitored daily whereas, nutrient contents of the water (TAN and SRP)
were monitored once every two days until the ammonia concentrations reached acceptable
levels for aquaculture purposes.

Periphyton biomasses on the PVC substrates were analyzed twice during the whole
experiment period (the first day and last day). Results indicate that there were no significant
differences amongst the treatments with respect to physical parameters of the water.
However, treatments with periphyton species showed significantly lower TAN concentration
(p<0.05) compared to the control throughout the experimental period. By day 14, the levels
of ammonia in all treatments except the control were reduced to >50%. Total ammonium
nitrogen reached significantly lower levels (0.80 mg/l) from an initial value of 10.00 mg/l in
tanks inoculated with Osciffatoria sp. compared to others periphytic species within 14 days.
Among the treatments it was found that Osciffaforia sp. significantly (p<0.05) reduced TAN
down to 90% and SRP down to 48% for a period of 14 days. However, Osciffatoria sp.
yielded the lowest (p<0.05) biomass compared to other periphytic species. On the other
hand, the SRP levels in all the tanks with diatom species increased more than 30% within
the 14 day culture period. Results of this study suggest that both TAN and SRP were
reduced to Oscilfatoria sp. whereas for diatom species only TAN was reduced.
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INCREASED SHRIMP BIOMASS AFFECTS EFFICIENCY, AGAINST Vibrio harveyi, OF
FISH CUM SHRIMP INTEGRATED CULTURE SYSTEM

Eleonor A. Tendencia
Southeast Asian Fisheries Development Center, Aguaculiure Deapartment, Tighauan 5021
lioilo, Philippines.
gigi@agd.seafdec.org.ph

Two experiments to determine the effect of increased shrimp biomass on the growth of
luminous bacteria were done. Three-ton concrete tanks covered with plywood painted black
filled with micro-filtered seawater (24ppt) were used in the experiment. Tanks were stocked
with Penaeus monodon at two different biomasses, 80 and 110g/m®, and either Epinephelus
coloides, Chanos chanos and Tilapia nilotica (biomass=500g/tank). Tanks were inoculated
with Vibrio harveyi to an initial concentration of 10° cfu/ml. In tanks stocked with shrimp
biomass of 110g/tank, luminous bacteria were not detected in tanks stocked with T. nilotica
from day 22 until termination on day 28. E. coioides and C. chanos did not inhibit the growth
of luminous bacteria In a shrimp culture system with shrimp biomass of 110g/m®. In tanks
stocked with shrimp biomass of 80g/m®, luminous bacterial count was significantly reduced
at days 5-15 in tanks with tilapia and at days 10-15 in tanks with grouper. Luminous bacteria
was not observed in tanks with milkfish on day 14 but was ohserved on day 15.Results
showed that an increase in shrimp biomass reduces the efficiency of the presence of tilapia
in controlling the growth of luminous bacteria.
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PRESENCE OF SNAPPER, SEABASS, AND SIGANID INHIBITS GROWTH OF
LUMINOUS BACTERIA IN A SIMULATED SHRIMP CULTURE SYSTEM

Eleonor A. Tendencia
Southeast Asian Fisheries Development Center, Aquaculture Deapartment, Tigbauan 5021
lloilo, Philippines
gigi@aqd.seafdec.org.ph

This study investigated if the presence of commercially valued marine fishes such as
seabass, shapper and siganid could affect the growth of luminous bacteria in shrimp culture
water. Results showed that luminous bacterial count of water stocked with seabass, siganid
and snapper are significantty lower than those without the fish. This showed that seabass,
snapper and siganid are suitable alternative species for culture with shrimp to control or
inhibit the growth of luminous bacteria.
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THE EFFECTS OF LIGHT INTENSITY ON THE GROWTH OF DIFFERENT MARINE
ALGAL SPECIES

7. Mohd-Rozhan', F.M. Yusoff, H. Khatoon, Ken Furuya
Depariment of Biology
Faculty of Science and Environmental Studies
University Putra Malaysia
43400, UPM, Serdang, Malaysia.
m_rozhan@putra.upm.edu.my

A study was conducted to examine the effects of light intensity on three different species of
marine microalgae, Chaetoceros calcifrans ) a diatom), Nannochforopsis oculata (a green
algae) and Oscillatoria sp. ( a cyanobacterium). The mlcroalgae were exposed to eight
dlfferent light intensities categonzed |nto low (<100 umole m™sec ", medium (100-200 umole
m2sec™) and high (>200 umcle m?sec™) in Environmental Test Chamber supplied with cool
white fluorecent lights. The temperature of the growth chambers were maintained at
28.0+0.2°C. The Growth of the algae was measured in terms of fluorecent units using Turner
Design Fluorometer (TD-700) at intervals of 12 hours. Nannochforopsis oculata showed the
highest growth rate (umax = 0.09), followed by C. calcitrans (umax = 0.08). However, the
differences were not significantly different (P>0.05). The cyanobacterium attained a
significantly lower (p<0.05) specific growth rate (umax = 0.05) compared with other algal
species. This study illustrated that the growth of diatom and green algae increased with the
increased light intensity, whilst the cyanobacterium did not respond well to the increased of
light intensity, indicating that the cyanobacterium may need different light source with
different light spectrum.

Table 1 Specific growth rate (1) + standard error of the different microalgae; Chaetoceros
calcitrans, Nannochloropsis ocufata and Oscilfatoria sp. grown in different light intensities.
Mean with different superscript represent p<0.05

Light Intensity

C. calcitrans

N. oculata

Oscillatoria sp.

Low

(<100pmolm'zsec'1)

mean +stderr

mean +stderr

mean +stderr

0.01 +0.00
a

0.01  +0.00
a

0.03 +0.00

(100_2gngf:nuon-zsec. 006 +001 005 +0.00 004 +0.00

1) b a a

High 0.06 +0.01 0.07 +0.01 0.03 +0.01
(>200pmolm?sec™) b b a
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PLANT-DERIVED IMMUNOSTIMULANTS — AN ATTRACTIVE ALTERNATIVE TO
VACCINES IN FINFISH AQUACULTURE?

R. Dinakaran Michael

Centre for Fish Immunaclogy, Lady Doak Callege,
Madurai - 625002, India.
rdmichael@eth.net

With intensification of aguaculture operations in India and other Asian countries, there has
been significant increase in the incidence of piscine micrabial diseases. The industry faces
substantial annual loss of aguaculture production as result of microbial diseases and
disease- outbreaks. Thus, there is an urgent need to tackle the situation by developing
methods to prevent the disease occurrence. Vaccination of fishes is an attractive and
effective method for prevention of diseases. However, since many microbial pathogens like
Aeromonas hydrophila are known to exhibit extreme antigenic heterogeneity, development
of bacterial whole crganism vaccines far global or even national application seems not
possible in immediate future, DNA and other genetic engineering- based vaccines, if and
when developed may possibly be expensive.ln the context of difficulty in developing and
administering effective fish vaccines and the negative aspects of using antibiotics and other
chemicals, the use of immunostimulants is viewed as an attractive alternate prophylactic
measure to prevent fish diseases in culture situations,

Immunostimulants are substances which enhance the nonspecific defense mechanisms as
well as specific immune responses if the treatment is followed by infection or vaccination.
Fish for their disease resistance, depend more on nonspecific immunity than mammals do.
Being primarily a stimulator of nonspecific immunity, immunostimulants work against wide
variety of infections unlike vaccines which are highly specific. Various types of
tmmunostimulants for fish have been investigated and reported. They include bacterial and
fungal derivatives, animal extracts, synthetic chemicals, metals and vitamins, Herbs have
long been used in certain regions of the world for prevention and treatment of human
diseases. Traditional indian system of medicine {Ayurveda) has identifies many plants a
‘Rasayanas’ which are claimed to enhance body's resistance. Recently products extracted
from these medicinal plants have been reported by Indian and international laboratories to
modulate immune responses in mammalian species. Also, there were reports on the nature
of immunostimulatory compounds isclated from these plant sources. Both high molecular
weight compounds (HMW) and low molecular weight compounds (LMW) in plants have been
identified and reported to have immunostimulatory properties.

There were not many reporis on plant extracts as immunostimulants in fish. This
presentation aims at presenting some of the major findings of the investigations made in this
laboratory on selected medicinal plants for the Immunostimulatory properties of their leaf
extracts to highlight the potential of these plant- based immunostimulants in the health
management of finfishes,

Plant products as immunostimulants have many advantages over other types of
immunostimulants. Being plant products, the extracts are eco-friendly as they are easily
biodegradable (hence even irrelevant or over use of plant extracts by farmers as they do
with pesticides, will not poliute the environment). If the raw materiais are available, these
immunostimulants can be relatively inexpensive and so will be cost effective. Results to be
discussed will indicate immunostimulatory properties of the extracts of some of these
medicinal plants and the scope of using extracts of leaves and possibly other parts of these
(and perhaps other) medicinal plants as immunostimulants in intensive finfish aguaculture.

120



PROMOTING ENVIRONMENT-FRIENDLY AGUACULTURE

IMMUNOMODULATORY AND ANTIBACTERIAL ACTIVITY OF Eclipta alba LEAF
EXTRACTS IN QOreochromis mossambicus

D. Christy Bapita*, M. Divya Gnaneswari, R. Dinakaran Michael
Centre for Fish Immunotogy,
Lady Doak College,
Madurai 625002, India.
christybapita@yahoo.com.

The effect of crude, water soluble and hexane fractions of Eclipta alba on (i) the specific
immunity (antibody response) and non-specific immunity (serum lysozyme activity) and (ii)
disease resistance against Aeromonas hydrophila was investigated in Oreochromis
mossambicus. The minimum Inhibitory concentrations of the leaf extract of E. alba against A.
hydrophifa, and Edwardsiella tarda were determined to evaluate their antibacterial activity.
The extracts and antigens were administered through intraperitoneal route. Bacterial
agglutination assay and lysozyme assay were used to determine the specific and non-
specific immune responses. Disease resistance was measured in terms of relative percent
survival (RPS).

The 0.8mg crude leaf extract, 0.4mg water soluble fraction and most of the doses of hexane
fraction advanced peak primary antibody titre. The enhancement of serum lysozyme activity
was scattered on different days without a pattern. Fish injected with crude leaf extract at a
dose of 1% were protected against experimental infection with virulent A. hydrophila. The
water soluble fraction of £. alba effectively inhibited the growth of A, hydrophila and E. farda
than the crude extract. Hence the study indicates the potential of E. alba extracts to be used
as an immunoprophylactic and a therapeutic to prevent diseases in finfish aquaculture.

Table 1 Effect of E. alba leaf extracts on the antibody response (Log: titre) in
O.mossambicus. :

Values marked by * represents significance difference at P<0.05.

Dose (mgKg') Crude extract Water soluble fraction Hexane fraction
Mean £ S.E. Mean £ S.E, Mean = S.E.
0 4.7%0.3 4.7£0.3 4.8+0.3
32 5.5+0.2* 4.7:0.2 45£0.3
16 3.840.2 5.8£0.2% 6.810.4%
80 4.5+04 4,00 6.8+0.6*
400 4.3+0.4 4,7+0.2 7.3+1.0*

Tahle 2 Effect of E. alba leaf extracts on the serum Lysozyme activity (Units/ml) in O,
mossambicus. Values marked by * represents significance difference at P<0.05.

Dose {mg Kg"') Crude extract (day 6) Water soluble fraction (day 8) Hexane fraction

Mean = S.E. Mean £ S.E. (day 4)
' Mean + S.E.
0 716.7487.7 683.3+106.3 537.5£101.6
4 756.3184.4 864.6+187.7 568.8+72.0
40 910.4+£92.2 1879.2+227.9* 816.7+92.2*

400 1100.0£117.3" 920.8+211.3 864.6+£101.8"
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EFFECT OF Sofanum trilobatum LEAF EXTRACTS ON THE BACTERIAL PATHOGENS
AND IMMUNE RESPONSE OF Orecchromis mossambicus

M. Divya Gnaneswari*, D. Christy Bapita, R. Dinakaran Michael
Centre for Fish Immunology,
Lady Doak College,
Madurai 625002, India.
Sankari_divya@rediffmail.com

Aguaculture is an important industry in Asia, which has the major responsibility of providing
food and protein to the teeming millions of people. The disease outbreak is the limiting factor
in fish culture, So aguaculturists are interested in the use of immunostimulants which has
several advantages than vaccines and other chemotherapeutic agents. Experiments were
carried out to study the effect of crude, water soluble and hexane fractions of Sofanum
trifobatum leaves administered intraperitoneally on the immune response of Oreochromis
mossambicus.

The modulation of antibody response to Aeromonas hydrophifa was evaluated in O,
mossambicus by bacterial agglutination assay. The nonspecific immune response was
assessed in terms of serum lysozyme activity. The integrated host response in terms of
relative percent survival (RPS) was also assessed in the jeaf extract administered fish
challenged with live virulent A. hydrophila. The maximum RPS value of 71.42 was observed
in the fish administered with 10% leaf extract of S. trilobatum. The minimum inhibitory
concentrations of crude and water soluble fractions of S.trifobatum were evaluated to study
the effect of antibacterial activity. The water soluble fraction was found to be in inhibiting the
growth of microorganisms than the crude extracts. From this preliminary study, it is clear that
S. ftrilobatum could be used to promote the health status of the fish in intensive finfish
aguaculture.

Table: Effect of different concentrations of S. frifobatum leaf extracts on the immune
response of O. mossambicus. Significant difference (P,0.05) between treatments Is indicated
by an asterisk (*)

S.No Doses Fractions
Immune response {mg Kg'1) Crude extract Water Hexane
scluble fraction
fraction
1 Antibody response 0 52+0.3 52103 6.2+0.3
(Logs titre) 6.4 6.3+0.2* 7.5+0.5* 7.3:0.5
(On day 14) 32 5.810.4* 6.83+0.4* 7.69+0.3*
160 6.01£0* 6.83x0.3" 8.0+0.4*
800 6.710.3* - 9.0£0.3*
2 Lysozyme activity 0 622.9+44 3 622.9+44.3 537.5£101.6
{Units/ml) 4 1083.3£101.5* 1118.8436.5*  922.91+96.4*
(On day 4) 40 1268.8484.9*  1062.5£94.8% 854,202 4*
400 1175.0£106.6*  847.91+60.7F 1222.9+£129.6*
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EFFICACY OF SANOSIL AS AN ANTIBACTERIAL IN FRESHWATER PRAWN FARMING

K. Pani Prasad®, Nitin Rathad, S.C. Mukherjee
Division of Aguatic Animal Health Laboratory
Central Institute of Fisheries Education
Versova, Mumbai — 400 061, India.
pprasad35@rediffmail.com

This study investigates the efficacy of ‘Sanosil’, a mixture of hydrogen peroxide and silver,
as an antibacterial agent in freshwater prawn Macrobrachium rosenbergii culture system.
Sanosil is already being used as a disinfectant in drinking water, dairies, animal farms,
hospital/clinics, food and beverage industry, swimming pools, pharma and chemical industry.

The minimum inhibitory concentration of Sanosil on different bacteria isolated from prawns
was performed and the value was 0.003 pl/ml (Table 1). The LDsg of Sanosil on Piao of M.
rosenbergif was also conducted and was found to be 0.24 pl/ml within 24 hours. Moreover,
‘Sanosil was very effective even at low doses and inhibited bacteria activity upto 43 hours
(Table 2). Histopathology of the hepatopancreas and muscle of the M. rosenbergil treated
with Sanosil was performed to assess the toxic effects at cellular level, if any.

Sanosil was found to be effective on different bacteria at low doses and can be used in
treating water in aquafarms at the rate of 3 ppm and is good alternative to antibiotics.

Table 1: Minimum Inhibitory Concentration (MIC) of Sanosil on Different Bacteria
MIC of Sanesil (1l / mi)
[n unchlorinated

Bacterial species

In broth In distilled water
water
P. fluorescens 0.04 0.01 0.003
E. farda 0.04 0.01 0.003
S. aureus 0.04 0.01 0.003
A. salmonicida 0.04 0.01 0.003
Table 2: Period of Activity of Sanosil on Bacteria
Time in hours ‘ Growth in
Broth Unchlorinated water Distilled water
[nitial - - -
Initial with bacteria + + +
Immediately after + + +
adding Sanosil (0
hours)
1to 24 - - -
25 + - -
28 + - -
32 + - -
36 + - -
40 + - -
42 + - -
43 + + +
+ Growth of bacteria - No growth of bacteria
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ETHNOBOTANICALS AGAINST VIBRIOSIS

Florenda P. Espaficla®, [da G, Pahila
Division of Physical sciences and Mathematics
College of Arts and Sciences, UP Visayas
5000 Hoilo City, Philippines.

Luminescent vibriosis is one of the major diseases of Penaeus monodon and responsible for significant
losses to the aquaculture industry in the Philippines and in other countries (Lavilia-Pitogo, 1990,
Lightner ef al.,, 1992, Lavilla-Pitogo, 1995; Torrento, 1926; Olympia ef al,,2001),

Antibiotics {Baticados ef al, 1990) and chemotherapeutants (Baticados, and Paclibare, 1992) are
traditionally used to combat these diseases but the number of antibiotic-resistant pathogenic bacteria
increased and caused morphological deformities in the shrimp (Baticados and Paclibare, 1992) and
adverse effects on the consumers and the =nvironment (Jeanthon et a/,1988; Le Pennec and
Prieur,1997). Continued use of chemicals causes harmful residues to accumulate not only in the flesh of
fish and shrimp posing a risk to cohsumers’ health but also in the environment. On the other hand,
ethno-botanicals are plant-based drugs that are natural and biodegradable (Seraspe et al., 2004).

Phytochemicai screening of the plants was done in the field. The Culvenor-Fitzgerald method was
used fo test for the presence of alkaloids and the Froth test was used io test for the presence of
saponins.

The bioactivity of the ethno-botanical extracts against Vibrio harveyi was conducted to identify and
develop biodegradable and safe ethno-botanicals for fish and shrimp disease control. Crude
methanolic extracts obtained from 16 short-listed endemic plants were subjected to vibriosis assay
using the paper disc diffusion method, Three concentrations were used, namely, 100, 300 and
500mg/mL. Three repiicates were run for each concentration. Chloramphenicol was used as the
positive control and methanol as negative control. The anti-microbial index was calculated by
subtracting the diameter of the disc from the measured diameter of the clear zone of inhibition divided
by the diameter of the disc.

All of the 16 plants studied exhibited anti-vibriotic activity based on the anti-microbial indices obtained
with Vibrio harveyi as the test organism. This is shown in the foliowing table,

Mean of ANTI-VIERIOTIC INDICES

PLANT Extract at concentrations of
100mg/mL 300mg/mL 500mg/mb

1. Biab (Sfephania sp.) 3.1 3.67 3.44
2. Tabong (Macaranga tanarius Linn.) 2.00 2.33 2,33
3. Botolan (Securinega virosa Linn,) 1.72 2.05 2.00
4. Talisay (Terminalia catappa) 127 1.83 1.39
5. Buyo {Piper betle, Linn,) 0.27 1.11 1.44
6. Kasla (Jatropha curcas Linn,) 0.94 0.55 0.66
7. Bulubitu-on (Barringtonia asiatica Linn.) 0.61 0.83 1.00
8. Acacia {Samanea saman} 0.44 0.61 0.78
9. HKayos (Dioscorea hispida Dennst.) 0.44 0.43 0.33
10. Yellowbell {Stenolobium stans) 0.28 0.61 0.44
11. Pasaw (Graptophyllum pictum) 0.33 0.33 0.81
12. Alibutbut (Tabernaemontana pandacaqui

Poir) 0.22 0.33 0.28
13. Neni (Morinda sp.) .14 0.28 0.28
14. Langkadangka (Ficus septica) 0.08 0.11 0.08
15. Sampaguita {Jasminium sambac) 0.08 0.08 0.08
16. Kamunsil (Phitecoliobium duice) 0.08 0.08 0.08

Table 1 Anti-vibriotic indices of the 16 plants
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THE HISTOLOGY, MORPHOGENESIS AND ULTRASTRUCTURE OF INCLUSIONS
CONTAINING RICKETTSIA- LIKE ORGANISMS FROM THE OYSTER Crassostrea
ariakensis GOULD

Jingfeng Sun, Xinzhong Wu'
College of Animal Sciences, Zhejiang University, 268 Kaixuan Road, Hangzhou
310029, The People’s Republic of China.

This report investigates RLQO infection in the tissues of the oyster Crassostrea ariakensis and
describes the  histology, ultrastructure, developmental stage and morphological
characteristics of RLOs and RLC inclusions and for the first time proposes the
morpheogenetic process of the RLO inclusicns. In a recent systematic pathogen survey with
moribund oysters aged 2-3 years collected from Hailing Bay in Yangxi County of Guangdong
province during February to May and November to December in the year 2001, 2002 and
2003, a mass infection of an obligate intraceliular prokaryotic, a pathogen referred to
previously as a ricketfisia-like organism (RLO) was found. Light microscope observation

revealed that RLO prevalence occurred in about 87%(26/30) of the oysters. Highest infection
intensities were recorded in two oysters, which had, respectively, =80 and > 120 inclusions

per gill section, =40 and > 110 inclusions per digestive gland section. Most inclusions were

observed in epithelial cells and connective tissues of the animals and most of the oysters
have both tissue types infected. Inclusions were usually spherical (diameters ranging from 7
to 20 pm) in the epithelial and connective tissue cells of gills and mantle. In contrast,
inclusions in digestive epithelial cells appeared oval {ranging from 31x23 to 55x36pm) or
irregular. Inclusions in gill tissue appeared slightly amaranth or purplish red and those in
other tissues appeared red, typically acidophilic. The organisms were often round, dumb bell
(undergoing binary fission), or occasionally rod shaped and ranged from approximately 0.32-
0.6 ym in size. The organisms exhibited clearly recognizable ultrastructural characteristics of
prokaryotic bacteria-like cells, including a trilaminar cell wall, electron-dense periplasmic
ribosome zone and DNA nucleoidal structure. Two propagative modes, transverse binary
fission and budding, were observed by TEM. The observations on RLC inclusion
ultrastructure suggest that the morphogenetic process of RLC inclusions involves different
developmental stages of RLOs and the changes of chemical constitutes of the particles
within RLO inclusion, and the chemical components of the particles may be different in
different tissues. It explains possibly why RLC inclusions here appeared of different color
and size in different tissues.
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FINANCE BOUND REHABILITATION PROGRAM TO REDUCE THE RISK OF WHITE
SPOT VIRUS INFECTIONS IN MEDIUM SCALE SHRIMP FARMS OF SRI LANKA

J.M.P.K. Jayasinghe*, N. Orlina
Department of Fisheries & Aquaculture
Wayamba University Sri Lanka.

Freguent outbreaks of white spot disease (WSD) have been identified as the main threat to
the shrimp farming industry in Sri Lanka since 1986. Rapid uncontrolled expansion, self
poliution, an increased pathogen population in the environment, sand bar formation at sea
putfalls and siltation of water bodies have reduced the capacity to sustain shrimp farming in
Sri Lanka. The total accumulated loans and interest of this sector is over SL Rs 8 billion and
financing institutions have lost confidence, resulting in withdrawal of facilities given to the
sector. A finance bound rehabilitation program incorporating best management practice
(BMP) was introduced to farmers with the assistance of the Seylan Bank, a leading
commercial Bank in Sri Lanka. The financial package amounted to Sl Rs 669,000 per ¥ ha
pond to cover operational costs. Funds were released in several installments to ensure the
implementation of BMP. |dentified BMP included, improved pond preparation procedure,
introduction of biosecurity, maintenance of a reservoir, better feed management practices,
water conditioning, improved aeration, regular water quality monitoring and regular health
checks. Sixty seven percent of the assisted ponds successfully completed the culture cycle
with an average production of 15682 kg/ 0.5 ha. The survival rate was 79% while FCR
recorded was 1.37. Good follow up and timely implementation of recommended BMP and
availability of adequate infrastructure facilities at farm sites were found to be the main
contributory factors for success. Nineteen percent of the ponds were infected within 45 days
of stocking, while 13% of the ponds were harvested prematurely due to WSD outbreaks.
Major disease out-breaks in the immediate vicinity of the ponds, delays in implementing the
BMP and difficulties in changing farmer attitudes towards implementing certain BMP were
found to be the reasons for disease outbreaks.
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IRIDOVIRUS ISOLATED FROM DISEASED SEA BASS Lates calcarifer AND RED DRUM
Sciaenops ocellatus CAUSING MASS MORTALITY IN MALAYSIA

Norihisa Oseko*, Chuah Toh Thye, V. Palanisamy, Yukio Maeno, Jun Kurita
Aquatic Animal Health Division
National Research Institute of Aquaculture, Fisheries Research Agency
422-1 Nakatsuhamaura, Nansei, Watarai, Mie, 516-0913 Japan.
ohseko@fra.affrc.go jp

Mass mortalities of the cuitured sea bass (Lates calcarifer) and red drum (Sciaenops
ocelfatus), occurred in Malaysian sea cages during July 2000, Both diseased fish species
showed darker bodies, pale gills, and enlarged spleens. In addition, ulcers on the skin and
fins were often observed without other clinical signs. From imprinted samples and
histopathological observations of the spleen, basophilic enlarged cells were found in gills
and spleen. These cells were characteristics of red sea bream iridovirus (RSIV) Infection.
Virus isolation from diseased fish using EPC, BB, FHM, SSN-1, BF-2 and a GF cell showed
CPE of round and enlarged cells in the BF-2 and GF cells inoculated with kidney and spleen
mixture. Furthermore, these degenerated cells were stained with FITC labeled monoclonal
antibody against RSIV using indirect fluorescent antibody method. PCR products were
amplified using primer sets in 959 bp Pst / fragment area except for the cases in which 2-F
primer was used. The estimated PCR products were also observed by using primer set of
ATPase gene ORF area, but amplified products was not seen by primer set of DNA
polymerase gene ORF area.

The Amplified PCR product as 959 bp of Pst / fragment area was analyzed to compare the
genome sequence of isolated iridovirus with RSIV and infectious spleen and kidney necrosis
virus (ISKNV). Identical DNA sequence was shown among sea bass isolate, red drum
isolate, and ISKNV. However, primer sequences of both isolations from sea bass and red
drum in Malaysia and ISKNV have two and one nucleotide mismatch in 2-F and 1-R primer
respectively as compared with RSIV alignment. These results suggested that the causative
virus is not RSIV but similar to ISKNV, aithough the clinical signs of iridoviral disease
causing mass mortality in Malaysia was similar to those of red sea bream iridovirus disease.
It will be possible to detect these isolated viruses by using monoclonal antibedy and PCR
primer against RSIV, but caution should be taken in selecting the primer sets for PCR test.
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ENVIRONMENT FRIENDLY MANAGEMENT OF ARGULOSIS IN BROOD CARP PONDS

Abu Tweb Abu Ahmed’, Mohammad Mamun Chowdhury
Department of Zoology, University of Dhaka
'Dhaka-1000, Bangladesh.
abu_tweb@yahoo.com

To prevent Argulosis in brood carp ponds pesticides like Sumithion, Cymbush, Marshal and
imithion etc. are being used indiscriminately by farmers in Bangladesh. Due to prolonged
use of these pesticides, pond environment is deteriorating, zooplankton productivity is
declining and Argulus sp. is developing resistance to those chemicals. In this background,
our study in the brood carp ponds at Rajendrapur near Dhaka and Arabpur at Jessore
reveals that use of bamboo splits in the pond indicate the presence or absence of Argulus
sp. Regular drying or fire treatment of bamboo splits used in the ponds for collecting egg
clusters of Argulus sp. considerably reduced the incidence of Argufus sp. Bamboo splits also
increased periphyton production in the pond as feed for the fish. Some scale feeder like
freshwater Chanda (Elongate glass-perchlet), Chanda nama also removes Argulus sp. from
the carp pond though it also creates some problems by eating scales of silver carp
(Hypophthalmichthys molitrix). Bamboo splits treatment and monitoring with periodical liming
of pond has been recommended for environment friendly Argulosis prevention in brood carp
pond. :
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PRE-DISPOSING FACTORS ASSOCIATED WITH OUTBREAK OF STREPTOCOCCAL
INFECTION IN FLOATING CAGE-CULTURE RED TILAPIA IN RESERVOIRS

A. Siti-Zahrah, S. Misri, B. Padilah, R. Zulkafli, B.C. Kua, A. Azila, R. Rimatulhana
National Fish Heaith Research Centre, 11960 Batu Maung, P. Pinang.
szahrah@fri.gov.my

Incidences of high mortalities in caged-culture red tilapia were reported annually from 2000
until 2002 especially in Tasik Kenyir, Terengganu. High mortality of more than 60% was
reported from late March until June. Clinical signs observed were mainly spinning or erratic
swimming behaviour together with eye abnormalities that include corneal opacity or
cloudiness, exophthalmus and sometimes unilateral or bilateral sunken eyes, A 15 month
study from September 2002 until December 2003, where a total number of 1095 tilapia were
sampled from Tasik Kenyir and Tasik Pergau revealed high incidence (55%) of Gram
positive bacteria. Twenty five percent were Streptococcus spp. isolated from moribund or
fish showing clinical signs. Strepfococcus agalfactiae was the most common species
isolated. Periodic outbreaks of Streptococcal infection with sudden high mortality of tilapia,
particularly during the dry months were believed to be associated with periodical changes
and fluctuations in water quality parameters namely temperature (30.5 to 32°C), dissolved
oxygen (3.2 to 10.2ppm), pH (6.3 to 8.7), nitrite (0 to 0.02ppm), iron (0.0 to 1.13ppm) and
ammonia levels (0.0 to 0.55ppm) as recorded in Tasik Kenyir. The water temperature was
above 30°C throughout the affected months in Tasik Kenyir. Trichodina spp. and
Cichlidogyrus sp. were the most common protozoans and monogeneans identified from the
smears examined. Pathological examinations revealed meningo-encephalitis and cerebral
congestion indicating infection of the brain which explains the erratic swimming behavior
observed in tilapia. Other pathological change noted was hepatic necrosis in the liver. In
addition to the changes in water quality parameters, husbandry management practiced by
the cage-culture operators could also be assoctated with outbreak of Streptococcal infection.
High stocking density of 80-100fish/m? and delayed removal of dead tilapia are believed to
have aggravated fish mortalities. Losses due fo mortalities at one of the three farms that
suffered outbreak of streptococcal infection were estimated at US$0.5 million.
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MONOCLONAL ANTIBODIES SPECIFIC TO Vibrio harveyi 639

Wannipa Phianphak, Paisarn Sithigorngul, Sirirat Rengpipat®
Department of Microbiology
Faculty of Science
Chulalongkorn University
Bangkok 10330, Thailand.
sirirat@sc.chula.ac.th

Monoclonal antibodies (MAbs) against Vibrio harveyi were produced from mice immunized
with killed and SDS treated highly virulent strain of V. harveyi 639. Fifteen MAbs were
selected and can be divided into six groups according fo their specificity to various proteins
ranging from 8-49 kDa (Table). Some antibodies can be used for detection of V. harveyi
with high sensitivity up to 10* CFU ml ™" by dot blotting. Most of the selected MAbs did not
show cross reactivity to other Vibrio spp. and various Gram negative bacteria tested. Only
one MAb, VH39-4E shows slightly cross reactivity to the antigen of Aeromonas hydrophifa.
Another MAb, VH24-8H binds lightly to V. harveyi 1526 and can be used to differentiate V.
harveyi 1526 from V. harveyi 639. Two groups of MAbs can be used to localize V. harveyi
infection in the tissue of black tiger shrimp Penaeus monodon by means of
immunohistochemistry. This study demonstrated the versatility of high specific
immunoilogical tool for diagnosis of V. harveyi in aguaculture and can be further developed
to a convenient test kit

Specificiies of monoclonal antibodies tested by dot blot, Western blot and
immunohistochemistry. The underlined clones are the representative MAbs used in various
tests.

Group MAbs(type) Dot blot Western blot  Immunohisto- Remarks

SCFU mi -~ (kDa) chemistry

1 VH13-4D (1gGy), ~5x10° 49 -
VH14-10G, VH25-
8B (IgM)

2 VH27-3G (IgGy), ~5x10° 37,32 + Bound to
VH3-3H, VH28-3B, unprocessed
VH38-2D (IgGza) antigens

3 VH16-2A (IgGaa) ~fx108 37,32 + Bound to

processed
antigens

4  VH39-4E (IgG;b) ~1x10° 22 - Slightly cross

reactivity to
Aeromonas .
hydrophila

5  VH24-8H (IgG1) ~5x10° 8 - Bound lightly to

Vibric harveyi
1526

6  VH2-3B, VH2-BA, ~1x10* ~8 - Different band
VH21-10G (IgG1), from VH24-8H
VH28-8D,VHZ29- antibody
6D (I1gGs) ‘

+! strong immunoreactivity; -: no immunoreactivity
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ECTOPARASITES AND BACTERIAL INFECTION IN CULTURED GOLDEN SNAPPER
Lutjanus johni IN NORTHWEST MALAYSIA

Leong Tak Seng*, Cedric Komar, Annick Bolland, Luc Grisez, Zilong Tan
LTS Consultancy
mhpg@streamyx.com

Hatchery-produced and imported golden snapper (Lutjanus Johni) cultured in an open deep
sea-cage system at Langkawi, Malaysia and wild-caught golden snapper juveniles cultured
in a floating cage system in Penang, Malaysia were examined during a disease outbreak in
2003. At the Langkawi farm, the observed clinical symptoms on the 5- to 6-month
post-stocking snapper were whirling and erratic swimming behaviour, loss of equilibrium,
exophthalmia and opacity of the eyes, multi-focal haemorrhages on the body surface and
lesions like baldness (devoid of scales) on the head region above the eyes. In the present
investigation, two different cages were affected, giving a cumulative mortality over a 2-
month-period of 19% and 57%, respectively. Streptococcus iniae was isolated from 12 out of
14 fish examined. identification of the bacteria was confirmed based on biochemical and
biophysical reaction profiles. Histological examination showed severe systemic bacteremia
in the brain and eyes. Granuloma formation was observed in the heart, indicating chronic
infection. A systemic inflammatory cell mobilization of macrophages was also observed in
spleen, liver, kidney and fat tissue, indicating the active status of this infection.

Clinical symptoms on the 4-week post-stocking snapper at the Penang fish farm were similar
to that observed at Langkawi except that the affected snapper did not exhibit the atypical
swimming behaviour. From the two fish sampled, S. injae was not found. Histological
examination showed that one fish had a severe bacterial infection with thin rod-shaped or
filamentous bacteria in the lateral muscle. More samples are needed to determine if bacteria
are the etiological agent involved in the disease outbreak. In this outbreak at Penang, 20-
40% mortality was observed in two cages.

All fish examined at both culture sites were also infected with a large number of Benedenia
jutjani (under the scales) and Haliotrema johni (on gills). At Langkawi, the infestation of B.
lutjani in the diseased snapper was 60 times greater than that of clinically-healthy (without
external symptoms) snapper, while the intensity of H. johAni was similar between the two
groups. The diseased snapper at Penang had few B. futjani but had a high infestation af H.
johni; this decreased over time. The reduced number of B. luffani found at the second
sampling time (1 week after the first sampling) at Penang was likely due to the repeated
freshwater treatment given to the fish between both examinations.

This is the first reported case of S. iniae infection in golden snapper in Malaysia. The
abnormal swimming behaviour observed in the fish is likely to be caused by the bacterial
infection. On the other hand, the observed ‘baldness’ symptom is believed to be associated
with a very high infestation with H. johni, as was reported earlier by Leong and Wong (1987,
Asian Fisheries Science 1:83-90). The affected snapper probably rub against the sides of
the net due to the irritation caused by the high number of monogeneans on the gills.

In some other batches of snapper with similar symptoms to those in the present Langkawi
investigation, possibly also affected by S. iniae and monogenean infections, up to 80%
mortality was observed, resulting in heavy economic losses. Better control measures are
needed to prevent these bacterial and parasitic diseases in mariculture.
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PATHOGENICITY OF ALPHA-HAEMOLYTIC GROUP B Streptococcus agalactiae IN
Oreochromis niloticus

Naraid Suanyuk®, Kidchakan Supamattaya

Aguatic Animal Health Research Center
Department of Aquatic Science, Faculty of Natural Resources
Prince of Songkla University, Hat Yai, Songkhla 90112 Thailand.
snaraid@hotmail.com

Pathogenicity of Streptococcus agalactiae in tilapia (Oreochromis nifoticus) was studies in
both culture environment and experimentally infected condition. Streptococcus agalactiae
isolated from cultured tilapia in Southern Thailand was Gram-positive cocci, catalase
negative, alpha-haemolytic and serogroup B. Streptococcal-infected fish from both culture
environment and experimental infection showed an swimming abnormalities such as,
swimming on its side, erratic surface or hottom swimming including serpentine movement.
The other main signs were exophthalmia and cataract. internally, splenomegaly, ascites as
well as pale liver were observed. Fish experimentally infected by peritoneal injection using
1.30x10* CFU caused 70% mortality within 16 days and the LDs, was 2.60x10° CFU.
Haematocrit, haemoglobin, plasma protein and blood cells values of infected and moribund
fish were significantly decreased (Table 1). Histopathological findings of tilapia infected with
S. agalactiae produced a chronic disease with systemic involvement characterized by
multiple necrotic foci in various tissues. The necrosis and vacuolization in the liver,
granuloma in brain tissue, shrinkage of kidney glomerulus and hyperplasia of gill lamellae
were observed. The exopthalmic eyes showed degenerated lens with large number of white
blood cell infiltrated into vitreous humor. The similar histopathological changes were also
observed in the fish from culture environment.

Table 1. Blood parameters of healthy and experimentally S. agalactiae infected tilapia.

Condition Haematocrit  Haemogiobin Plasma protein  Red blood cell ~ White blood cell
of fish (%) (g/dl) {mg/ml) (x10° celllmm®y  (x10% cell/mm®)
Normal 21.91+4.02° 5.80+1.40° 31.30+4.73° 17.80+2.70° 7.18+2.00°

(16.35-33.53)  (3.90-10.36)  (23.78-42.28)  (13.20-22.95) (3.70-11.57)
Infected  10.90+5.17°  3.22+1.37° 14.61+6.8° 8.51+3.80° 1.85+1.02°
(3.74-20.29)  (1.13-572) _ (5.78-26.02) (3.20-14.85) (0.55-3.77)

Means within columns not sharing the same superscript are significantly different (p<0.01)
n = 20, ranges is figure in parenthesis
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OUTBREAKS OF KHV INFECTION IN COMMON CARP IN SUMATRA, INDONESIA

Kei Yuasa*, Novita Panigoro , Meliya Bahnan , Edy Barkat Kholidin , Isti Koesharyani,
Kishio Hatai
National Research Institute of Aquaculture, Fisheries Research Agency, 224-1 Hiruta,
Tamaki, Mie 519-0423, Japan.
yuasa@fra.affrc.go.jp

In January 2003, initial mass mortality of cultured common carp due to KHV (koi herpes
virus) with more than 90% mortality was observed at a private farm in South Sumatra
province. The seed in the farm were presumptively transferred from West Java where KHV
is know to occur. Affected fish showed gill rot, excess mucus production on the gills and
skin, erosion/ulcer andfor sunken eyes. Following the initial mortality, KHV affected
neighbouring farms causing mass mortality of common carp (Cyprinus carpio), but not tilapia
which cohabitated with affected common carp. From February to September 2003, KHV
spread to six localities in two provinces except in Lubuk Linggau. All common carp were
introduced from Lubuk Linggau for culture (Table). Fortunately, several areas in Sumatra,
including West Sumatra province, which is the top producer of common carp, are still free
from KHYV infection.

Experimental studies showed that koi herpes viris causes 100% mortality in healthy common
carp cohabitated with affected fish; however, tilapia (Oreochromis nifoticus) and striped
catfish (Pangasius hypophthalimus) were not affected by KHV in both natural and
experimental conditions.

Table Outbreaks of KHV infection in Sumatra, Indonesia

Status of mortality in 2003

Provinces First Ceased or Presumptive Counter measures
affected by KHV  reported continuous transmission
route

South-Sumatra

Prov.
Lubuk Linggau January continuous Transfer of seed Change of culture
from West Java species to tilapia
Bengkulu Prov.
Curup February September Transfer of seed Seed production
from Lubuk from survivors/
Linggau OTC administration
Argamakmur Juty August ? -
Padangiaya August September ? -
Jambi Prov.
Kerinci Lake dune July Transfer of seed Stop fish transfer
from Lubuk from Lubuk Linggau
Linggau
Lamo Lake June August Ditto Change of culture
species to catfish
Sigombak lake February April Ditto Change of culture
July September Ditto species to tilapia
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EFFECT OF AN INTESTINAL BACTERIUM BACILLUS CIRCULENS (PB7)
SUPPLEMENTED IN THE FORMULATED DIETS ON GROWTH, NUTRITIONAL QUALITY
AND IMMUNITY OF CATLA CATLA (HAM.)

Partha Bandyopadhyay *, Shampa Patra, Bidhan C. Patra
Aquaculture Research Unit, Department of Zoology, Vidyasagar University,
Midnapore-721 102, West Bengal, India.
parban_gurhoo@rediffmail com

Bacillus circulens (PB7), isolated from the intestine of Catfa catfa, was evaluated for use as a
probiotic supplement in the diets for the fingerlings of C. catla. The effect of this probiotic
supplement on the growth performance, feed utilization efficiency and immune response was
evaluated. Catla fingerlings (avg. wt. 6,48 + 0.43 g) were fed diet supplemented with 2 x 10*
(diet C1), 2 x 10° (diet C2) or 2 x 10° (diet C3) B. circulens cells per 100g feed for 60 days
@ 5 % of the body weight per day in two equal installments in triplicate treatments. The
control diet (diet CC} was not supplemented with the B, circufens. All the diets are isocaloric
and isonitrogenous. Diet C2 fed fishes showed significantly better growth, highest RNA /
DNA ratio, a lower feed conversion ratio (FCR) and a higher protein efficiency ratio (PER)
than fish fed the other experimental diets. Highest carcass protein and lipid was also
observed in the diet C2 fed fishes. Intestinal protease activity increased significantly (P <
0.05) with increasing concentration of the bacteria where as o - amylase activity did not differ
~ significantly beyond the lowest inclusion level,

At the end of the feeding trial, non-specific immunity levels and disease resistance of fish
were also studied. Phagocytic ratio, phagocytic index and leucrocrit value were highest in
diet C2 fed fishes, After the feeding trial, the fishes were challenged for 10 days by bath
exposure to Aeromonas hydrophifa (AH1) [10° CFU mlI™, 1 h and after 7 days 10" CFU mil”,
1 h]. Highest survival percentage was observed in the diet C2 fed fishes where as only
6.66% in control, which indicated the effectiveness of B., circulens at reducing disease
caused by A. hydrophifa.

Table 1 FCR, SGR, PER values of Catfa catla fingerlings fed experimental diets. Means in
the same column foliow by a different superscript letter are significantly different (P < 0.05)

Diets FCR SGR PER
cc 278+0.18° 1.75 £ 0.14° 1.06£0.12"°
C1 2.81+0.27° 1.70+0.16" 1.01 +0.07"°
c2 2.66+0.21° 1,88+ 0.11° 1.22 £0.10°
C3 3.30+£0.42° 1,554 0.14° 0.88+0.13°
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IMPORTANT FISH DISEASES IN TROPICAL FRESHWATER AQUACULTURE

Kei Yuasa*, Meliya Bahnan, Novita Panigoro, Edy Barkat Kholidin, Kishio Hatai

During 2002 to 2003, field surveys on fish disease occurrences in freshwater aquaculture
farms in Sumatra and identification of causative a

National Research Institute of Aquacuiture,
Fisheries Research Agency, 224-1 Hiruta,

Tamaki, Mie 519-0423, Japan.
yuasa@fra.affrc.go jp

gents from affected fish were conducted.

As a result, total 22 pathogens including a virus, 5 genera of bacteria, 13 genera of parasites

and 3 genera of fungi were detected from four ag
calpio, tilapia Oreochromi.
Oxyeleotris marmorata.

catfish, respectively (Table}.

Table Pathogens detected from tropical aguaculture fish, their hosts, pathogenicity and
detection frequency.

s niloticus, striped catfis

tilapia and striped

uaculture fishes, common carp Cyprinus
h Pangasius hypophthaimus and sandgoby
Among the pathogens, koi herpes virus, Streptococcus sp. and
Edwardsiella ictaluri caused severe mass mortalities in common carp,

Pathogens Fish species Target size of fish Pathogeni- Frequen-
city* cy*™*

Virus

Koi herpes virus common carp fingerling to brooder e+t +++

Bacteria

Sireplococcus tilapia harvest size ++ +++
Mycobacterium tilapia fingerling ++ ++
Edwardsiella striped catfish fingerling to immature +++ +++
Fiabobacterium common carp, tilapia fingerling ++ ekt
Aeromonas commen carp fingerling to brooder ++ ++

Parasites
Tricodina striped catfish fingerling + 4
Amyloodinium striped catfish larvae to juvenile + ++
ichthyophthinus striped catfish juvenile to fingerling ++ ++
Myxobolus common carp fingerling + ++
Henneguya sandgoby fingerling ? +
Epistylis striped catfish larvae to juvenile + +
Dactyfogyrus common carp juvenile to fingerling ++ +++
Gyrodactylus tilapia fingerling + ++
Lernasa striped catfish immature to brooder ++ ++
Argulus common carp fingerling to brooder + +++
Centrocestus common carp fingerling ? ++
Bothriocephalus common carp fingerling + ++
Glochidium common carp larvae ++ 4

Fungi

Branchiomyces tilapia juvenile +++ +
Achlya sandgoby fingeriing o brooder ++ ++
Aphanomyces striped catfish fingerling + +

* +++ causing mass mortality, ++ causing moderate mortality, + not causing mortality
** 4+ frequently observed, ++ often observed, + sometimes observed

135



7" ASIAN FISHERIES FORUM 2004

DIGENETIC BLOOD TREMATODES IN MALAYSIAN FISHES

Faizah Shaharom-Harrison
Institute of Oceanography
Kolej Universiti Sains & Teknologi Malaysia
21030 Mengabang Telipot
Kuala Terengganu, Malaysia.

This paper is a review of work that has been carried out on the digenean parasites found
inhabiting the bulbous arteriosus, and blood vessels of some Malaysian fishes. The
ecological aspects of infection, morphology and life cycles of the parasites are highighted
and discussed in relation to studies on sanguinicolid infections in other parts of the world.
Possible methods of rapid diagnosis, control and treatment are briefly described.
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FIRST REPORT ON THE OCCURRENCE OF VIRAL NERVOUS NECROSIS IN Lutjanus
erythropterus IN MALAYSIA

Chuah Toh-Thye*, Kua Beng-Chu
Nationai Prawn Fry Proeduction & Research Centre
Kg. Pulau Sayak, 08500 Kota Kuala Muda
Kedah, Malaysia.
Chuahtt@rocketmail.com

The frequent disease outbreaks affecting marine cage culture systems have prompted fish
farmers to try new species hoping to evade the problem. However, the introduced fish soon
become susceptible to various existing pathogens. This paper reports the first findings of
viral nervous necrosis infecting red snapper Lutfanus erythropterus, a popuiar new species
introduced into Malaysia from Taiwan. '

Some moribund red snappers were investigated for parasitic, bacterial and virat infection
following reported mortality. The fish examined generally had a darkened body with
exopthalmos. No other lesion or dlinical signs were observed. Body and gill smears indicated
the presence of Trichodina sp. Bacterial cuiture on TCBS showed yellow colonies of Vibrio
spp. infecting the visceral organs such as the liver, spleen, kidney, eyes and brain. Viral
nervous hecrosis was detected with RT-PCR technique both in the single-step at 430 bp and
the nested-step at 280 bp. Histopathological study of the brain and eyes confirmed the case
as encephalopathy and retinopathy.

As the red snapper are currently imported from Taiwan, VNN screening of some imported fry
prior to stocking is done. Preliminary examination of 10 fish showed negative results for
VNN. There is strong possibility that the VNN infection in red snapper could have been
acquired through horizontal transmission from local seabass (Lates calcarifer) and groupers
(Epinephelus spp.} which tested positive for the virus in the same cage culture system. The
RT-PCR technique can serve as a useful tool in the health management of cultured fish.
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ELECTROLYSIS: A STRATEGY TO CONTROL NON- BENEFICIAL ALGAL SPECIES IN
SHRIMP GROW OUT SYSTEMS

R.G. Saman Wijesekara*, Nakac Nomura, Masatoshi Matsurura
Graduate School of Life and Environmental Sciences
University of Tsukuba,

Tsukuba 305-8572
Japan.
samanwijesekara@hotmail.com

Phytoplankton over blooming is a common phenomenon in intensive shrimp aquaculture.
Algal die-off not only deteriorates water quality but also causes the proliferation of
pathogenic bacteria, which remain as one of the serious problems in intensive shrimp
cultivation. Domination of certain algal species occur unexpectedly in shrimp grow out
ponds. It is believed that beneficial algal bloom is a key factor for successful shrimp
production. However, there is no an effective method to control non-beneficial algal species
selectively in order to increase the beneficial algal bloom in shrimp grow out ponds.
Electrolysis is one of the most powerful oxidizers known; it has been applied for the
disinfection of drinking water, for waste water management and for removal of ammonia
from brine waters. Electrolysis technology also can be applied to control marine aigal
species. This paper attempts to describe the effect of electrolysis on different marine algal
species, giving emphasis on algal survival and mortality.

Batch culture and continuous electrolysis experiments were conducted in the laboratory.
Four different marine algal species were used for this experiment. Titanium anode (sintered
with Pt ) and stainless steel cathode were used as the electrodes. Constant DC power
supply unit was used to supply 0.1 A current and 2.5 V voltage. Dead and live algal cells
were identified by FDA and PI staining.

The results obtained in this work revealed that sensitivity of marine algae is different. The
chiorella sp is the most sensitive and the /sochrysis sp is the most resistant species among
four species (Fig. 1). It is believed that Chloreffa sp is non beneficial and Isochrysis sp as
beneficial species in shrimp farming. Based on these results electrolysis technology can be
developed to control algal over blooming to maintain beneficial algal bloom in shrimp ponds.
FDA and Pl staining can be successfully used to differentiate dead and live algal cells.
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Fig. 1 Effect of electrolysis on different marine algal species
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PROTECTION OF SEABASS Lates calcarifer AGAINST CRYPTOCARYONIASIS BY
IMMUNIZATION WITH VARIOUS DOSES OF INFECTIOQOUS STAGES OF Cryptocaryon
irritans

Kua Beng Chu
National Fish Health Research Centre,
Fisheries Research Institute,
11960 Batu Maung, Penang, Malaysia.
kuabeng@fri.gov.my

Fish bodies or gills exposed to Cryptocaryon irritans wilt result in Cryptocaryoniasis where
infection of this ciliated protozoan parasite is a common problem in marine aquacuiture and
ornamental fish rearing in Malaysia. Despite the widespread infection occurring in hatchery,
aquarium tanks and ponds, the numbers of theront C. irritans that lead to mortality was
unknown. On the other hand, small numbers of theronts might cause the fish to survive and
become a carrier which could cause disease under stressed conditions. Fingerlings of
seabass, Lates calcarifer were immunized with varying doses of antigen of C. irritans and
later challenged with infectious stage of C. irritans. Results showed that 200-400 theronts
would cause 30% fish mortality within 10 days whereas 5000-10,000 theronts resulted in
100% moriality. Total mortality was also observed within 5 days in fish exposed to the
highest numbers of theronts (20,000-40,000). An increase of 30% to 95% mortality within 10
days was also observed in fish exposed to 1000-2000 theronts. The results from these
experiments showed that the severity dose is 20,000-40,000 theronts which caused 100%
mortality within 5 days.
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THE USE OF CLEANER WRASSE FOR CONTROL OF ECTOPARASITES IN
MARICULTURE

Tecoh Hong Peng, Faizah Shaharom-Harrison
Institute Oceanography
Kolej Universiti Sains & Teknologi Malaysia
21030 Mengabang Telipot
Kuala Terengganu, Malaysia.

The cleaner wrasse Labroides dimidiatus has been shown to form a cleaning symbiosis in
the marine environment with many species of marine fishes by eating their ectoparasites.
This study reports on the cleaning frequency of Labroides dimidiafus on pompano
(Trichinous blochi, Red Drum (Scienops ocellafus), Sea bass (Lafes calcarifer), Grouper
(Epinephelus sp) and mangrove red snapper Luffanus argentimaculatus). Results on
reduction of sea lice infection in the cleaned fish are also presented. The potential use of
cleaner fish for control of ectoparasite infections in marine cultured fish is elaborated.
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STUDY ON FISH DISEASE IN HATCHERY POND AND FISH CULTURE WITH
LIVESTOCK IN OUDOMXAY PROVINCED

Somphouthone Phimmachak, Saleumphone Chanthavong, Somboun

As the result from the survey in the previous year, fish disease mainly occurred in the
hatchery and fishpond under integrated fish farming. therefore focusing in the hatchery and
-pond under integrated fish farming continued the study in 2004,

The objectives of the studies were to (1) identify fish disease species common in hatchery

and integrated farming with livestock. (2) Search the suitabie technigues to prevention fish
disease.

The survey was held in 4 Districts:(Hun, Pakbeng, Xay and Namor), total 14 families in
hatchery 6 families and fish culture with livestock 8 families, fish disease(parasite) were
found outin 12 families ( 86%).

Occurring fish diseases cause and spread disease from seed, source of water and non
ponds preparation before culture. Mostly occurrence of disease with fish fry and fingering in
nursing cause from parasite particularly Lanaeasis disease were made high mortality.

Specimen preservation was collected for diagnostic examination in local laboratory by fish
be alive look for parasite and sampling technigues are used fix fish parasites by 10%
formalin. Fish sample for diagnostic were found some parasite (Lernaeasis., Trichodiniasis,
Gyrodactyfus sp. Isopodiasis)
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DIAGNOSIS, PATHOLOGY AND TAXONOMY OF Perkinsus sp. ISOLATED FROM THE
MANILA CLAM Ruditapes philippinarum IN KOREA

Kwang-Sik Choi’, Kyung-Il Park , Moonjae Cho, Philippe Soudant
School of Applied Marine Science, College of Ocean Science,
Cheju National University, 1 Ara 1-Dong, Jeju 690-758,
Republic of Korea.

We report on the diagnosis, pathology, and taxonomy of Perkinsus sp. infection in Manila
clams (Ruditapes philippinarum} from Korean waters. Amplimers were designed from
internal portions of the non-transcribed spacer (NTS) of P. atlanticus for molecular diagnosis
of Perkinsus infection. PCR-based identification methods and an in situ hybridization assay
were developed for detection of Perkinsus sp. in live tissues as well as in histological
preparations. Hybridization signals were observed around the nucleus of trophozoites.
Positive results from PCR and in sifu hybridization indicated that Korean Perkinsus sp. is
genetically identical with P. affanticus reported in Europe, which is currently synonymous
with F. ofseni reported from Australia. Microscopic morphological features of different life
stages of Perkinsus sp. appeared very similar to those of P. atlanticus. We conclude that
the Perkinsus sp. in Korean waters is P. olseni (atfanticus). Severely infected clams often
exhibited white nodules on their mantles and gills as a conseguence of inflammation. In
lightly to moderately infected clams, Perkinsus sp. was mainly found in gill tissues, whereas
the protozoan parasites were found in digestive tracts, gonadal tissues, and foot tissues of
heavily infected clams. It is likely that the gills are the portal of the infection and that P.
ofseni (atlanticus) spreads to other tissues as the infection advances. Field surveys
revealed that most clam populations of Korea's western and southern coasts (21 of 27
sampling locations} were infected to varying degrees with P. ofseni (atlanticus). This
indicates that 7. o/seni (at/anticus) is a major pathogen of clams in Korean waters
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GROWTH AND MORTALITY RATES CF TWO FRESHWATER FISH SPECIES IN DYALA
RIVER, NEAR BAGHDAD

Abdulmotalib Jassim Al-Rudainy
Fish Res. Dept., Agric. and Food Tech. Inst. P.O. BOX 765
Baghdad, Iraq.
alrudainy612003@yahoo.com

A total of 164 specimens were collected including common carp ,Cyprinus carpio L.
{78specimens) and shilik ,Aspits vorax (86 specimens) at the section of poliuted Dyala
River, Baghdad. Growth and mortality rates were described using some biological
parameters during the period from February/2000 to January /2001. The regression
coefficient {b) values of length —weight relationship indicated that the growths of these two
species are allometric. So C. carpic grew less rapidly than it is length. Whereas A. vorax
increased more than it is length. Mean condition factor (k) of Cyprinus carpio was 1.02 and
for Aspius vorax was 1.08. Age group of three years for both fish species was dominated
contributed 38.5% and 27.9% respectively, whereas the lowest representative groups are 4
and 5 years with 8.9% and 12.0% respectively. The uitimate growths of length (L) were 33.9
cm and 45.7cm respectively, and for weight (W.) were 217 gm and 827 gm respectively.
Cohort analysis, using Jones plot, and total mortality rate {Z) were 2.8 and 2.96 of both
species respectively.

Table 1 Mean fotal length calculated (cm) of C. carpio at end of each year in Dyala river.

Age group Mean calculated total length at each Mean Mean
annulus(n) ‘ capture capture
n1 n2 n3 n4 n5 length{cm) weight{(gm
)
1 7.9 11.3 23.0
2 6.1 12.5 15.5 56.1
3 58 10.8 15.8 ’ 18.2 148.9
4 5.3 10.2 15.7 20.6 22.7 150.7
5 4.1 8.5 13.8 17.9 22.8 25.0 186.6
Mean calculated 58 10.5 15.1 19.2 22.8 - -
length
Annual increment 4.7 4.6 4.1 3.6 - -
(cm)

Table 2 Mean total length calculated (cm) of A.vorax at end of each year in Dyala river.

Age group Mean calculated total length at each Mean Mean
annulus(n) capture capture
nt n2 n3 n4 ns length{cm) weight{gm)
1 15.3 214 65.4
2 12.2 18.1 26.2 137.4
3 1.4 17.5 250 315 252.8
4 109 172  20.1 28.4 355 3741
5 10.3 16.9 22.0 254 31.0 40.0 750
Mean calculated 12.0 174 220 269 31.0 - -
length
Annualincrement 5.4 4.6 49 4.1 - -
(em)
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COMPARISON BETWEEN MS222 AND EUGENQL AS SEDATIVE AND ANESTHET!C
AGENTS IN SHRIMP Penaeus indicus

S. Akbari, A. Khajavi
Faculty of Vet. Med., Shiraz University, P.O. Box 71345 Shiraz, IR. Iran.
akbari@hafez.shirazu.ac.ir

To decrease the stress-related effects of transportation and handling of shrimp, Penaeus
indicus, application of useful anesthesia and /or sedation of animals is helpful. Two
anesthetic agents, i. e. MS222 (tricaine methane sulphonate) and eugenol (4-allyl-2-
methoxy-phenol), were studied using shrimp (5 £ 1g) at 34 £ 1.7 °C. The safety range of the
two anesthetic agents was established by determining the median lethal concentration
(LC50). Induction of anesthesia for MS222 and eugenol was calculated as 3700 mg/l and
495 mg/l respectively. The study showed that eugenol was preferable because it showed no
side effects and was cheaper (Table 1). The 48h LC50 results of eugenol was 22.5 mg/i
with minimum confidence limit of 18.4 mg/l and maximum confidence limit of 27.5 mgl/l
(Table 2). Proper dosage of eugenol to induce sedation during 3Ch was estimated between 9
mg/l and 12 mg/l. Due to the narrow range between the minimum confidence limit at 48h
L.C50 (18.4 mg/l) and the maximum effective dosage of eugenol for induction of sedation in
the experimental animal (12 mg/l}, it is suggested that eugenol be used at the minimum
dosage of 9 mg/l for induction of sedation, to prevent it's toxic effects.

Table 1 The induction and recovery times of anesthetic properiies of eugenol in P. indicus.

Con. of  Eugenol Mean induction time (min.) Mean recovery time {min.)
{ppm)

80 - -

160 11.3 3.1

320 6.9 4.2

640 4.2 7.2

Table 2 The LC50, Min. and Max. confidence limit of eugenol at various exposure times for
P. indicus.

Time (h) Mean of LC50 {ppm) Mean of Min. Mean of Max.
confidence limit confidence limit

(ppm) (ppm)

6 52.6 46.3 60.2

12 25.2 21.5 29.3

18 235 19.4 285

24 22.5 18.4 275

30 22.5 18.4 27.5

36 22.5 18.4 27.5

42 225 18.4 275

48 225 18.4 27.5
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INCREASE IN DENSITY WITH TIME OF TWO PARASITES Trichodina sp. AND
Cichlidogyrus sp. INFECTING Oreochromis nifoticus FINGERLINGS IN PACKING
BAGS FOR TRANSPORT

Apolinario V. Yambot¥, Jesusa 5. Quimson
Callege of Fisheries
Central Luzon State University
Nueva Ecija, Philippines.
polyambot@yahoo.com

Low-volume high-density culture of fish favors parasite multiplication and infection of other
fish. From hatcheries, fingerlings for fransport to farms are usually packed densely in a
transport bags. The study aimed to determine the density, in relation to time, of a protozoan
parasite Trichodina sp. and a monogene Cichlidogyrus sp. infecting the fingerlings of Nile
tilapia {Oreochromis nifoticus) while in packing bags for transport to fish farms. Parasite load
was also determined when the transport water medium was treated with table salt or
formalin. The parasites were enumerated from O hr and every six hours thereafter up to 24
hr for the salt-treated and every three hours up to 12 hr for the formalin-treated while the
fingerlings were in the transport plastic bags.

Results of the investigation showed that the density of the parasites, expressed as total
count, prevalence and intensity, increased with time in the untreated fingerlings while the
density decreased with time and with increasing concentration of salt (O ppt, 3 ppt, 6 ppt and
10 ppt) or formalin {0 ppm, 50 ppm, 100 ppm and 150 ppm) in the water medium without
apparent adverse effect on the fingerlings. The result shows that the common parasites,
Trichodina sp and Cichfidogyrus sp., have the capability to multiply and infect other fish in
the transport bag within the duration of transport time. It also indicates that the treatment of
transport water medium with salt or formalin effectively reduces the parasite density in O.
nifoticus fingerlings. It is therefore recommended that the water medium in the transport
bags should be treated with either salt or formalin to reduce the parasite load and reduce the
risk of spreading the parasites.

145



7™ ASIAN FISHERIES FORUM 2004

EPIZOOTIOLOGICAL STUDY ON MASS MORTALITIES OF THE CULTURED
SCALLOPS Chlamys farreri AND Argopecten irradians

Weizhu Zhang, Xinzhong Wu?*, Jingfeng Sun, Dengfeng Li, Yang Zhang, Xia Yang
College of Animal Sciences, Zhejiang University, 268 Kaixuan Road, Hangzhou 310029,
The People’s Republic of China.

A systematic epizooticlogical study on mass mortalities of the cultured scallops Chlamys
farreri and Argopecten irradians was carried out during 2000-2002. The results showed that
the mortality rate of the cultivated scallop Chlamys farreri was very high, more than 91%
from April to September, and the dead peak occurred in the second or last ten days of July;
and about 60% for sea scallop A. irradians with the dead peak occurred in the first ten days
of June. The results of investigation of environmental factors revealed that the higher water
temperature and lower water temperature were the serious stress factors to C. farreri and A.

“jrradians, respectively. In this study, several pathogens infecting the scallops were found
such as Ricketisia-like organisms (RLOs}, Mycoplasma-like organisms (MLOs) and virus-like
particles (VLPs). It is inferred that Rickettsia-like organisms may be the main pathogen
responsible for mass mortality of the cultured scallops C. farreri and A. irradians on the basis
of the observation of intensity of infection and pathology.
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IDENTIFICATION OF WHITE SPOT SYNDROME VIRUS (WSSV) IN Penaeus indicus BY
POLYMERASE CHAIN REACTION (PCR) IN IRAN

Tokhmatshan, Mohammad®, Laloel, Framarz, Rezvani, Sorab
|.F.R.Q., P.0.Box:14155-6116 Theran, Iran.
mtokhmafshan@yahoo.com

In the summer of 2002 high mortality occurred in shrimp Penaeus indicus in Abadan area in
the south of Iran. One of the typical external signs of infected shrimp were white spot in the
carapace with size 0/5-2mm. The cuticle of shrimp easily separated from the epidermis, the
hepatopancreas was swollen and yellow, the intestine and abdomen was empty and the
body color of infected shrimp become reddish. With high mortality and clinical signs, the
shrimp suspected to White spot syndrome disease. We used polymerase chain reaction for
confirming the WSSD in the shrimp. Nintey sample collected from the Abadan farm that
showed the mortality and one hundred and twenty samples collected from Bousher and
Mormozgan provinces and Gomishan area. The samples fixed in absolute alcohol and
transport to the lab. For detection the WSSD, the sample was homogenise and DNA
extraction was carried out by using phenol and chloroform methods. The WSSD kit named
“Single. Tube Nested DNA amplification Kit for Detection WSSD" was used for PCR. After
PCR the samples from Abadan area showed 356 bp 403bp on gel agarose and the samples
from other area showed 232bp. According to the Kit the samples examined in this study from
Abadan area showed WSSD and the mortality occurred in the Abadan farm in Kuozestan
province was due to this disease. The samples from other area were negative.
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INVESTIGATICN OF THE INNATE RESPONSES CF THE PRE- BROODS
OF Cncorhynchus mykiss TO STRESS REPEATABILITY

Akbari, S. Ameri, A., Y. Mehrabi
Faculty of Vet. Med., Shiraz University, P.O. Box 71345 Shiraz, IR. Iran.
akbari@hafez.shirazu.ac.ir

In fish ponds, stresses Iincrease fish susceptibility to diseases, reduce growth and
reproduction. It is believed that stress resistance can be transferred from bloodstocks to their
offsprings. To find the innate responses of Oncorhynchus mykiss with 364 £ 60g weigh were bled
from caudal vein in two stages, i. e. after inducing stress by one hour confirmation of the experimental
fish and 36 hours resting after the post stress period. After labeling, the fish were kept in unstressed
condition for 21 days, They were bled again in the same stages after repeating the same stress
induction. The blood samples were analyzed for plasma glucose, cholesteroi and total protein and
compared statistically at p<0.05. Based on the results of the experiment, fish were categorized into
three caiegories according to the changes of piasma glucose (Tables 1 and 2) that was seen to be
reliable compare to the other two parameters. The three groups were categorized as 1) unable to set
homeostasis in setting glucose (UH) (14.7 % of the test fish}, 2) able to set homeostasis in setting
glucose(AH) (53.6 % of the test fish) and 3) adapted to set homeostasis in setting glucose (DH) (31.7
% of the test fish). Based on the similarity of the experimental conditions for the fish in running various
stages of the test, it was sugested that a genetic factor which causes non-insulin dependent diabetes,
likewise in advanced vertebrates, influences setting the fish in three categories,

Table 1: Comparison between the changes of plasma glucose (G) in the control and experimental fish
after the initial (S1) and repeated phases of stress {S2) induction.
ST= Significant change NST= Not significant change

Results based on P<0,05 Mean 3D of experimental fish Mean +SD of control fish

ST UHGS1 SHG
92.333£23.278 72.846 + 13.303
ST UHGS2 SHG
117.5 £28.835 72.846+13.303
ST AHGS1 SHG
127.0911£33.115 72,846+13.303
8T AHGSZ SHG
130,273+22.953 72.846+13.303
8T DHGS1 SHG
96.384+16.0911 72.846+£13.303
ST DHGS2 SHG
127.615420.246 72.846+13.303

Table 2: Comparison between the changes of plasma glucose (G) in the unstressed and stressed fish
during the initial (U1 and $1) and repeated (U2 and S2) phases of the experiment.
ST= Significant change NST= Not significant change

Results based on P<0.05 Mean 3D of plasma glucose of ~ Mean 8D of plasma glucose of

unstressed fish in various stages  stressed fish in various siages

NST UHGU1 UHGS1
105.167+20.989 02.333 + 23.278
NST UHGUZ UHGS2
149.667 £42,179 117.5428.853
ST AHGU1 AHGS1
94.272+18.411 127.081433.115
ST AHGU2 AHGS2
98.545+14.637 130.273+£22,953
ST DHGUA DHGS1
130.615£23.860 96.384+16.091
ST DHGU2 DHGS2

96.076:14.453

127.615+20.246
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AN ASSESSMENT OF TEXTURAL VARIATIONS OF MUSCLE TISSUES OF Labeo rohita
AND Scoliodon sorrokawah WITH EMPHASIS ON COLLAGEN

Maya Raman*, Saleena Mathew
School of Industrial Fisheries, Cochin University of Science and Technology,
Fine Arts Avenue, Cochin- 682 0186, India.
maya_raman@hotmail.com

Structural proteins, specificalty myofibrillar proteins and collagen, play a very significant role
in determining the texture of the product. Scoliodon sorrokawah is a cartilaginous fish having
high collagen content and its crude protein content (22.01 %) is comparatively higher than
Labeo rohita (11.78 %). During freezing, an increase in the toughness was observed which
was possibly due to the aggregation undergone by the myofibrillar proteins and collagen.
Histographs achieved and Texture Profile Analysis data obtained using a Texture Analyzer
(Lloyd Instruments, UK, model LRX PLUS) indicated a two-phase toughening process in
both the species. In both fresh and frozen samples, a two to three-fold increase in
toughening occurred during cooking. Though the first phase of hardening on cooking (50°C)
was similar in both the species, the second phase of hardening varied in frozen samples as
70°C and 75°C for fresh and frozen-thawed shark and 70°C and 80°C for fresh and frozen-
thawed rohu, respectively. These slight variations in the two species might be due to the
difference in their connective tissue protein content, distribution and properties. In raw
muscle tissue, the toughness is very much a preduct of hardening of the connective tissue
proteins. During the second phase of tissue hardening, the weight loss and cooking
shrinkage was observed which might be due to the loss of water holding capacity and
conformational changes in the protein configuration.

Table 1 Texture Profile Analysis of Labeo rohita and Scoliodon sorrokawah.

LABEO ROHITA Scoliodon sorrokawah
Instrumental Sensory Instrumental Sensory
S Overall H? S Overall

TemperatureH' (mm) H*(mm) C  (kgf/mm)score H'(mm) (mm) C (kgf/mm) score
Fresh 4.71 3.77 0.21 6.28 NA 5.13 387 013 6.60 NA
45 2.51 2.04 0.19 1.57 4 0.89 072 010 276 4

50 4,99 4.16 0.26 4.46 5 4.33 319 014 5.09 5

55 3.82 3.02 0.22 3.82 o) 0.97 077 010 3.28 5

60 4,33 3.20 0.16 3.94 6 0.87 072 011 3.04 6

65 1.20 1.02 0.24 1.83 6 0.95 0.80 0.15 4.18 5}

70 217 1.87 0.26 2.46 5 1.93 1.69 028 8.57 5

75 1.26 0.96 0.13 b.b2 5 1.10 092 018 3.85 5

80 1.22 0.99 0.14 2.06 o) 1.04 0.8 019 3.36 5

g0 2.16 1.92 0.20 2.47 5 2.04 1.76 029 2.94 5
Frozen 512 3.88 0.14 6.34 NA 4,33 3.63 0.20 545 NA
F-45 4,61 3.49 0.12 4.89 4 5.42 440 022 564 4
F-50 586 4.54 019 6.05 4 6.41 5.08 0.23 6.81 4
F-55 3.27 2.65 0.17 3.04 4 2.42 1.97 018 3.55 4
F-60 2.02 1.53 0.13 3.82 4 1.56 1.22 014 1.68 4
F-65 214 1.68 0.12 3.69 5 1.51 1.18 015 1.29 5
F-70 1.61 1.27 0.14 2.37 5 1.65 1.31 0.16 1.93 5
F-75 1.37 1.09 0.12 2.74 5 1.75 135 018 3.95 5
F-80 1.26 0.95 012 5.87 5 1.37 “1.08 014 1.26 5
F-90 1.45 1.18 0.18 2.38 5 1.53 1.24 016 1.80 5
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IMPROVEMENT OF QUALITIES OF TRADITIONAL MARINE DRIED PRODUCTS USING
A LOW COST SOLAR DRIER

Md. Kamal*, Md. Reza, Akhteruzzman, Chris Morrice
Bangladesh Agricultural University, Mymensingh, Bangladesh.

A comparative study was conducted on the nufritional and food gualities of some
commercially important traditional dried marine fish products available in the market and the
dried products produced in a low cost solar tunnel drier by determining organoieptic,
biochemical and bacteriological aspects. Detailed survey of various marketing chains
revealed that considerable post-harvest losses occur both qualitative and quantitatively
through spoilage and insect infestation which account for 10-35% of the total dry fish
production. Organoleptically the products obtained from the retail markets were in poor
quality of rancid and objectionable odour compared to those obtained from wholesale and
praducer level. On the other hand, the products produced in the solar drier were excellent
quality in terms of colour, odour and texture. The results on the chemical composition and
food qualities of raw material traditionally dried and solar dried products of five marine fish
species are given in the table 1 below. The study revealed that moisture content, peroxide
value, total volatile base and aerbic plate counts in traditional dried products available in the
markets were much higher than those produced in the solar drier. Besides, there was
widespread use of Insecticides such as nogos and basudin in the traditional dried products in
all marketing chains. The shelflife study of the raw materials indicated that all the five fish
species immediately after harvest were found in acceptable condition for 10-12 days in ice
storage. The study also revealed that all the fish species after 10-12 days of ice storage can
effectively be utilized as raw material for the production of high quality dried products in a
low cost solar drier and these dried products were in acceptable qualities for 8-10 months in
various packaging conditions.

Table 1 Nutritional and food qualities of traditional and solar dried marine fish products of
Bangladesh

Quality characteristics

Raw material

Traditional

Solar dried

Chemical composition

Moisture
Crude Protein

Crude Lipid
Ash

Food quality
‘Organoiept'lc

characteristics

Reconstitution behavior
Peroxide value

TVB~N

Use of insecticide

Agrobic plate count

77.10 - 88.51%
10,02 -19.11%
(64.60 — 87.2 %)
1.04 - 3.02 %
(5.03 — 14.81)
107 = 5.17%

- (8.90 - 25.03)

Characteristics of fresh
fish

3.10-9.51
22.84 - 32.05mg/M00 g

2.41 x 10° =3.92x10*
CFU/g

17. 80 — 31, 42%
42.51 - 58.93%
(60.60 — 73.04%)
1.97 — 9.80%
(2.80 ~ 11.34%)
16.95 — 26, 84%
(21.17 - 26.84%)

Poor quality due to
spoilage, broken and
insect infestation

at 80°C 65% max,
12.56 — 64.84
15.24 - 39,13 mg/100g
Nogos, basudin

1.72 x 10* -1.60x10°
CFU/g

14.48 — 16.68%
58,13 ~ 68.49%.
(70.34 - 78.72)
5.63 — 10.08%

(6.92 — 11.58%)
11.95 — 16.58%
(13.73 - 20,39)

Characteristics of high
quality, no insect
infestation

at B0°C 85% max
12,43 -26.44
19.85 — 27.88 mg/100g
insecticide free

1.88 x 10°-3.60x10*
CFU/g

Parentheses indicates the dry weight basis

151



7" ASIAN FISHERIES FORUM 2004

A PRELIMINARY STUDY ON THE AMINO ACID AND NUCLEOTIDE PROFILE IN
TILAPIA Orecchromis niloticus WASTE

Nizaha Juhaida Mchamad*, Noryati Ismail, Ismail Ishak
Division of Food Technology
School of Industrial Technology
Universiti Sains Malaysia,
11800 Penang, Malaysia.
niezaju@yahoo.com

The total aquaculture production of tilapia in Malaysia was about 18,277 metric tons valued
at RM 85.30 million as compared to only 8,798 metric tons in 1895, The production is
expected to increase up to 40,000 metric tons valued at RM 200 million by year 2010,
Processing of fish usually leads to enormous generation of waste. More than 20,000 metric
tons of waste is therefore expected to be generated in the next § years. in fish, more than
90% of the extracted nitrogen compounds can be accounted for by free and combined amino
acids, nucleotides and related substances. The objective of this study was to evaluate the
amino acids and nucteotides in tilapia waste to explore the possibilities of their utilization.

Tilapia waste (head, bone, skin & viscera) and tilapia muscle were freeze dried before
analyzing with HPLC to determine the amino acids and nuclectides content. Glutamic acid,
aspartic acid, glycine and alanine were amino acids that were found to be predominant in
tilapia. These amino acids were important in contributing to flavour especially glutamic and
aspartic acids. Glutamic acid and aspartic acid were observed to be higher in tilapia muscle
compared to tilapla waste. However, glycine and alanine were found to be higher in tilapia
waste compared to tilapia muscle. Further exploration in evaluating the potential of tilapia
waste is important in order to reduce the waste problem in the future.

Inosine 5-monophosphate (IMP} and adenosine 5'-monophosphate {AMP) are important in
flavor ingredients. The high content of IMP in tilapia muscle indicated that ATP-catabolism
occur rapidly in fish muscle. AMP-deamination does not occur rapidly in tilapia waste
therefore AMP was found to be higher in waste than in muscle.

Table 1 Main amino acids and nucleotides in tilapia waste that contribute to flavor (expected
waste per 100 g dry sample is 70 g)

Muscle {9/ 30 g Waste (g/ 70 g dry sample)
dry sample) Head Bone Skin Viscera Total waste
Amino acid

Gilutamic acid 529 4.91 513 6.80 3.45 5.07
Aspartic acid 3.1 2,97 3.08 3.89 223 3.04
Glycine 1.76 4.21 4.71 9.28 1.40 4.90
Alanine 2.38 3.02 3.14 512 1.79 3.27
Nucleotide
IMP 54.31 5.36 3.65 521 12.33 6.64
AME 3.74 35.58 45,08 42.65 11.46 33.69
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FACTORS AFFECTING THE NUTRITIONAL COMPOSITION OF SNAKEHEAD Channa
punctatus

Sk. Mustafizur Rahman*; Md. Abdul Bari; Md. Moshiur Rahman; Md. Noman Siddiqui and
' Md. Nazmul Ahsan -
Fisheries & Marine Resource Technology Discipline, Khulna University, Khulna — 9208,
Bangladesh.
mustafizku@hotmail.com

Proximate composition of snakehead, Channa punctatus, was determined from fish of
various sizes (small, medium and large) and sexes (male and female), from different body
parts (head, middle, tails and eggs), and from fish processed differently (raw flesh, sun
drying, oven drying, boiling, and freezing). The values for protein and lipid were gradually
increased from small to large size fish while ash and moisture contents gradually decreased
from small to large fish (Table 1). For different body parts, maximum protein, lipid, and
moisture contents were observed in middle parts of the body and maximum ash was
observed in head region (Table 2). Though the eggs contained almost the same level of
protein as for other body parts, lipid excelled considerably than any other parts of the body.
The protein and lipid contents were high in male where as ash and moisture contents were
high in female fish (Table 2).

Proximate composition varied widely depending on the various processing methods (Table
3). The protein contents of fish receiving different processing treatments — raw flesh, sun
drying, oven drying, boiling, frying and freezing were 19.71 = 0.02%, 59.34 £ 0.69%, 66.52 £
4.87%, 19.59 + 0.67%, 22.97 + 0.38%, and 21.11 £ 0.32%, respectively. Percentage of lipid
content ranged from 0.65 + 0.43% to 3.23 + 0.23% with the highest in sun drying and the
lowest in boiling fish. On the other hand, ash contents varied from 1.21 + 0.15% to 34.18 £
1.29%. Maximum ash was found In oven drying and minimum in boiled fish. The present
study is comprehensive in nature and can be used as reference in the formulation of feeds,
and fo determine the health and nutritional status of commercially reared snakehead.

Tabie 1 Nutritional composition of different size classes of G punctatus,

Size class Size range Protein (%) Lipid (%} Ash (%) Moisture (%)
Smali size 7-9cm 17.77 £ 014 0.73+0.14 2.45+0.39 82,73 +1.03
Medium size 9-11 cm 18.64 £ 0.18 1.06+£0.18 216 +£0.17 80.84 £ 0.04
Large size 211 cm 19.37 £ ¢.21 1.10%£0.03 175£0.02 79.64 £ 0.10

Tabie 2 Nutritionai composition of different body parts of G. punctatus.
Sex Parts Protein (%) Lipid (%) Ash (%) Moisture (%)
Head 19.86 + 0.02 1.41 £ 0,07 2,55+ 0.01 76.31 £ 0.09
Maie Middie 20,690 £0.89 230+0.23 1.61+0.72 77.43+0.89
Tail 19.37 £0.07 217 + 0.01 1.25+0.01 76.95+0.12
Head 18.81 £ 0.56 1,32+ 0.02 3.54+1.21 78.02 £ 0.01
Female Middie 20.35 £ 0.04 1.78£0.19 147 £0.75 78.08 £ 0.19
Tail 17.35+ 094 1.34 £0.15 1.80%0.19 77.67+0.71
Fish egg 18.63 £1.29 30,03 £ 1.40 1604 0,08 Mot determined
Table 3 Nutriional composition of C. punctatus with varying conditions.
Conditions Protein (%) Lipid (%) Ash (%)
Raw flesh 19.71 £ 0.02 1.10 £ G.007 1.75 £ 0.009
Sun drying (3 d) 59,34 £ 0.69 3.22+0.23 4,74 £ 0.61
Oven drying {24 h) 66,52 £ 4.87 1.231£0.19 34,18+ 1.29
Boiling 19.59 £ 0.67 0.65 £ 0.43 1.21+£0.15
Frying 22,97 +0.38 1,55 + 0.31 1.52+£0.02
Freezing 21.11£032 1.26 £ 0.40 1.46 £0.08
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MONTHLY VARIATION IN THE BODY COMPOSITION OF SNAKEHEAD Channa
punctatus (BLOCH, 1974)

Quazi Zahangir Hossain®, Sk. Mustafizur Rahman, Md. Abdul Bari, Ayaz Hasan Chisty, Md.
Nazmul Ahsan
Life Science School, Khulna University, Khulna — 8208, Bangladesh.
zahangirku@yahoo.com

Annual changes in nutrient content like protein, lipid, ash, and moisture were assessed in
snakehead, Channa punctatus, in both sexes during May 2002 to April 2003. In case of
male, percentage of protein content varied from 16.78 + 1.27 to 22.34 £ 0.31% with
maximum content in November and minimum in July. The highest lipid content was
observed in February (2.49 £ 0.18%) and minimum in July (0.76 * 0.33%). The average
value of ash content ranged from 1.33 £ 0.02 to 2.13 * 0.58% with maximum values in
September and minimum in August. The percentage of moisture content in the present study
ranged from 76.57 + 0.18 to 81.34 + 1.36% having maximum values in August and minimum
in November. On the other hand, in case of female fish, the highest value of protein (22.58 +
2.02%), lipid (2.26 £ 0.32%), ash (2.29 £ 0.18%), and moisture (80.01 + 0.15%) was found in
the month of September, February, April, and August, respectively, while the lowest value of
protein (17.85 = 2.70%), lipid (0.91 £ 0.08%), ash (1.16 + 0.12%), and moisture (77.04 *
1.23%) was found in the month of June, November, December, and February, respectively.
The present findings suggest that the variation of body constitutes could be due to the
influences of season, age, hydrological parameters, diet, as well as the maturation, gravid
and spent stage of fish. From the nutritional point of view it is evident that the biochemical
composition of C. punctatus is aimost similar to that of other small valued species and even
in large fishes.

Table 1. Monthly variation of body composition {male and female) of C. punctatus.

Sex Months Protein (%) Lipid (%) Ash (%) Moisture (%)
May 19.9710.54 1.9710.40 1.4710.15 76.90£0.45
June 18.6110.41 1.1910.05 1.7620.16 79.94+0.32
July 16.78x+1.27 0.76x0.33 1.45£0.29 80.08+0.68
August 19.02+0.06 1.55x0.03 1.3320,02 81.34+1.36
September 19.4710.61 1.09+0.02 2.13+0.58 78.52+2.50
October 20.8410.20 1.33+£0.15 1.57%0.03 72.43+0.10
2 November 22.3440.31 2.08+0.28 1.72+0.01 76.57+0.18
FEU December 21.4620.94 1.67+£0.45 1.33:0.15 77.670.94
January 19.6910.20 1.0740.03 1.51£0.24 80.80+0.47
February 22.1840.15 2.49+0.18 1.4920.07 76.7110.03
March 18.79+0.02 1.08+0.14 1.49£0.02 78.47+0.28
April 17.89+1.73 1.35x0.08 1.7820,05 79.60£0.51
Sex Months Protein (%) Lipid {%) Ash (%) Moisture (%)
May 18.84+1.22 1.48+0.21 2.27+0.90 77.92x0.18
June 17.85£2.70 0.92+0.14 1.8310.01 79.78£0.12
July 21.01£2.38 1.1310.18 1.48+0.03 79.51+0.40
August 18.45¢1.24 1.10+0.28 1.5510.39 80.0120.15
September 22.58+2.02 1.0820.05 1.67+£0.07 79.1710,92
o October 20,32+1.33 1.61+0.29 1.61£0.20 79.96x1.22
© November 20.360.19 0.91+0.08 1.731£0.04 79.311£0.25
£ December ~ 20.48£1.55  2.0110.05  1.16£0.12  78.25%0.91
T January 18.78+1.69 1.05x0.26 1.58+0.13 79.03+0.47
February 22.2110.67 2.260.32 2.28+1.04 77.041£1.23
March 20.55+0.81 1.65£0.47 1.51£0.20 79.1321.50
April 18.008x1.27 1.47+0.01 2.29+0.18 77.9210.15
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BIOCHEMICAL EVALUATION OF Pangasius hypothalamus STORED iN ICE AND AT
AMBIENT TEMPERATURE

Khairul Azaml*, Abul Farah Md. Hasanuzzaman
Fisheries and Marine Resource Technology Discipline
Khulna University, Khulna-9208, Bangladesh.
azamku@bttb.net.bd

An investigation was carried out to evaluate the biochemical quality of Pangus (Pangasius
hypothalamus) stored in ice and at ambient temperature (23-25°C). Pangus is one of the
increasingly important species, along with market demand, for aquaculture in Bangladesh.
During storage in ice and at ambient temperature, fish underwent degradation. The use of
TVB-N, TMA-N and pH as a criterion for fish freshness with respect to Pangasius
hypothalamus were evaluated. The nature of biochemical changes was studied during iced
storage over a period of 17 days and at ambient temperature for 24 hours. Live fish were
collected from local ponds. Fish were kept in insulated boxes with crushed ice at a ratio of
1:1 and in bamboo basket covered with polythene paper at ambient temperature. In iced
storage study, the value of TVB-N, TMA-N and pH ranged between 23.29 + 0.18 to 33.15 &
1,63, 547 £ 0.24 t0 8.69 + 1.88 and 6.95 £ 0.13 to 7.0 + 0.03, respectively, when fish were
in acceptable limit during 11-14 days. At ambient temperature, the muscle TVB-N , TMA-N
and pH values were 44,03 + 1,38, 5.65 £ 0.13 and 6.69 x 0.02, respectively, at rejection time
(23h). The results obtained showed that all values increased progressively as spoilage
advanced. The TVB-N and TMA-N values were found to have lower values on 3™ day of iced
storage. All values determined were co-related with storage time under both storage
conditions. Significant statistical differences (P= 0.05) between storage time and values were
found under both storage environments, The comparative study indicated that fish spoiled
much faster at ambient temperature. TVB-N value and pH could be used as spoilage
indicator. However, TMA-N values were not found to be a suitable indicator for the species
studied under both iced storage and ambient condition.
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EFFECT OF DIFFERENT HANDLING PRACTICES ON THE QUALITY OF ICE- STORED
TILAPIA Oreochromis mossambicus USING QUALITY INDEX METHOD (QIM)

P.S. Jayasinghe*, C. Galappaththi
Post Harvest Technology Division,
National Aquatic Resource Research and Development Agency
Crow [sland, Mattakkuliya
Colombo 15, Sri Lanka.
pradeepa_j@hotmail,com

Tilapia production in Sri Lanka has increased during the recent past. The international trade
in tilapia is growing steadily. It is important to develop suitable technigues for killiing and
handling and also the improved storage facilities to retain freshness. Quality Index Method
(QIM) has provided the industry with a practical and powerful tool for measuring the
freshness of fish. QIM is based on significant sensory parameters and score system from 0-
4 demerit points. The theoretical demerit curve is fixed at the point (0, 0) and its maximum
has to be fixed where the fish stored in ice is rejected by sensory evaluation. The focus of
this study has been on development of QIM for tilapia (Oreochromis mossambicus) by
utilizing different killing methods. The outcome of this study will be of immense use for fish
auction centres and also for quality management in tilapia processing plants.

The specimens of tilapia (O. mossambicus) were collected from Thabbowa reservoir using
cast nets and were brought to the landing centre without killing the fish. Tilapia were divided
into four equal groups and two groups were killed instantly. Of the instantly killed fish , one
group was kept without gutting (IK) while the remaining fish group was gutted (IKG). Two
remaining groups were allowed to die normally and folliowed the similar procedure as the
instantly killed fish i.e. gutted (NG) and ungutted (N). Each group was kept in polythene bags
and stored in ice during transportation to the laboratory.

The tilapia stored in ice at 0°C scored maximum demerit points of 20 for 25, 30, 35 and 40
days of storage for different killing and handling practices N, IK, NG and IKG, respectively.
The different groups of fish N, IK, NG and IKG stored in ice scored 10 demerit points after
storage of 12, 15, 18 and 25 days, respectively.

The study revealed that the storage time of sealed tilapia in ice could be increased by 60%,
if the IKG method is used when compared to the normal death procedure {N}. The estimated
protein and oil content of tilapia when it scores 10 demerit points during IKG method were
18.13 (90%) and 1.36 {93%) respectively from initial values. The IKG and NG method of
killing fish were found to be very much appropriate for tilapia for long term storage in ice.
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PROCESS ACCOUNTING APPLICATION TO SHRIMP PROCESSING

Jose P. Peralta
Institute of Fish Processing Technology, College of Fisheries and Ocean Sciences,
U. P. in the Visayas, 5023 Miag-ao, lloilo, Philippines.
peralta2k2 @yahoo.com

Process Accounting is a method that defines the appropriate process streams in the
conversion of raw materials to products, with the end result of.

« Increasing utility of the raw materials;

+ Minimizihg losses as wastes; and

» |Implicitly mitigating and protecting the environment.

Black tiger shrimp (Penaus monodon) is a major cultured specie in the Philipines. Its normal
markets are fresh/chilled, and at times minimally processed. When minimally processed,
product forms vary from frozen whole, to frozen headless, and to value added products:
peeled and de-veined, pt - stretch, tempura, and shrimp balls, to name a few. The shrimp
heads and exoskeleton are often generated as wastes.. These shrimp solid wastes could
serve as raw materials for bioactive compounds; the carotenoids, and chitosan. Carotenoids
are fat soluble pigments, and chitosan is a polysaccharide with a lot of functional attributes.

The paper discusses the applications of process accounting to the processing of shrimps.
Process accounting, as a management tool, is being advocated as a protocol in the design
of seafood processing operations.

Figure 1 Process accounting applications to shrimp processing
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LACTIC ACID TREATMENT OF REFRIGERATED TILAPIA FILLETS

Jamilah Bakar*, Lau Kheng Hock
Department of Food Technology
Faculty of Food Science and Biotechnology
Universiti Putra Malaysia
43400 Serdang, Selangor, Malaysia,
jamilah@putra.upm.edu.my

Tilapia is a popular fish among the Chinese cuisine. It is marketed as whole fish in majority
of the cold chain stores. However, due to the present life style, the availability of the fish in
its fillet form is an added advantage to the customer as well as the retailer, The shelf life and
the pattern of spoilage of fillets vary. Lactic acid dipping at four different contact times was
evaluated in this study for the purpose of determining its effectiveness in enhancing the shelf
life of these fillets. Live tilapia was brought to the laboratory, filleted, washed under running
tap water prior to the acid dipping. They were then individually packed in polystyrene trays
with an overwrap and stored at 4 °C. It was noted that the 3 % lactic acid dipwas able to
reduce the production of total volatile base nitrogen (TVBN). The treatment was also able to
reduce the rancidity development (TBARS analysis) in the fillets. Although there were
differences in absolute values between treatment and control, the trend of change of these
two indicators were similar. The sensory evaluation carried out indicated that the treatment
had caused a detectable change in the fillets. Treated and stored fillets were evaluated for
overall appearance and odor development by untrained panelists. Initially, the treated tilapia
was scored lower for overall appearance, which could be due to the surface changes of the
filets. It was concluded that the surface change is one of the detrimental effects of acid
treatment on the quality characteristics of the fillets (Table 1). Similar scores were also
obtained for odor evaluation. It was commented that the freated fillets had detectable acidic
odour, Based on the scores given, the control fillets had an acceptable odour of up to 3
days and those of treated fillets up to 6 days. However, the chemical scores for treated
samples are acceptable even up to day 15, i.e. the last day of the storage study period. The
low sensory scores for all samples both control and treated could be due to the presence of
the drip in the packages. If was also concluded that the contact time suitable for an effective
treatment should be in the range of 60 to 120 sec.

Table 1 Mean appearance and odour scores of control (15 sec) of tilapia fillets during
storage at 4°C

Storage time (days)

Treatment 0 ) 3 <] 9 12 15

'Control 8.6 +0.44% 66+042" 52+040" 31+056™ 274033 20+
043"
(15 sec)

“Control 85+0.66 6.5+026™ 3.1+041% 21+038% 14+098" 10+
0.31"
(15 sec)

1-appearance, 2- odour
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APPLICATION OF QUALITY INDEX METHOD IN DETERMINING THE SHELF LIFE OF
SKIPJACK TUNA Katsuwonus pelamis

B.M.K. Waduressa, B.H.M.N. De Silva, KW.S. Arivawansa*
National Aquatic Resources Research & Development Agency
Crow Island, Colombo 15.

Sri Lanka.
sujeewa@nara.ac.lk

The freshness of fish is the most concerned quality attribute by the consumer and the
freshness of fish deteriorates with time, until the product is no longer acceptable for human
consumption. The main aim of this study was to develop and evaluate a Quality Index
Method (QIM) scheme, one of freshness quality grading systems, for skipjack tuna
(Katsuwonus pefamis). The QIM provides weighted evaluation of the key parameters in
deterioration of individual species, assigning demerit points according to the importance of
each parameter. For the development and evaluation of QIM scheme, skipjack tuna were
stored in ice and assessed raw and cooked. The QIM developed for raw skipjack tuna
consists of 11 parameters (appearance of skin, stiffness; cornea, form and color of pupil of
eye; color, smell and mucus of gills; condition of viscera; color of blood; and color of fillets)
covering attributes, which gave a total 25 demerit points. Sensory analysis of cooked
skipjack tuna using the Torry scheme were carried out in parallel to determine the shelf life.
In order to gain further information about the quality of skipjack tuna, Total Viable Counts
(TVC), hydrogen sulphide producing bacteria (spoilage bacteria), Trymethylamine {TMA),
Total Volatile Nitrogen (TVN) content, and Histamin content were determined.

The sensory evaluation was carried out by a panel of 7 members and the rejection level was
found to be 20 days. The QIM scheme developed for skipjack tuna showed a linear
relationship between QIM scores and storage time in ice, (*=0.9827) with slope of 0.9279.
The results from sensory analysis of cooked skipjack tuna indicated that 20 days was the
maximum storage time in ice.

The microbial counts increased exponentially with storage time and total bacterial counts
varied from 107 cfu/ g to 10° cfu/g within 2 to 20 days and spoilage bacteria varied from 10%
cfulg to 10* cfu/g within 6 to 20 days of storage in ice. The TMA and TVN amount is
increased with time and the amount were 1.14 mg/100g to 5.26 mg/ 100g and 7.53 mg/ 100g
to 34,20 mg/100g within 2 days to 20 days in ice. Histamin content ranged from 9.5 mg/100g
to 148.6 mg/100g within storage. The variation of pH was from 5.53 to 5.76 with the time of
storage in ice,

The QIM calibration curve developed for skipjack tuna indicates its applicability to determine
the storage life of fish in ice. Further, it will facilitate the requirements of buyers and sellers
while fulfilling the demands of inspection authorities and the consumers.
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HACCP & AQUACULTURE
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lranian fisheries company P.O.Box 15875-4538- No 181- Tehran-Iran.
rshfar@yahoo.com

The current definition of aguaculture is the farming of aquatic organism inciuding fish, crustaceans
and aquatic plants that most of them are used by human directly or indirectly. Hazard analysis critical
control point or HACCP is a food safety management system which concentrates prevention
strategies on known hazards and the risks of the occurring at specific points in the food chain from
farm to fork. Combination aguaculture activities and HACCP system and application of them together
in aguaculiure is a best way to perform suitable processes and making sure the clients and
consumers about your products safety,

In this paper | have fried to introduce monitoring system about residues surveiliance plan have carried
out according to my country requirements that were approved and issued (the requirements of council
directive 96/23/EC) by veterinary organizatiocn as a competent authority in my country, This
programime only covers shrimp and contains selection of samples, substances groups which should
be monitored in aquaculture and their products, sampling procedures and responsibilites and
coordination.

iran's inland intensive and semi-intensive shrimp aguacuiture industry extends over 3635 hectares in
2002. The main system of shrimp culture is in earth ponds. in the case of shrimp production, the
principal source of water is seawater while in some of them freshwater is used to balance the salinity.
The most commonly cultivated shrimp species is Indian white shrimp (Penaeus indicus) although
some others such as penaeus semisulcalus and penaeus merguiensis are also cultured, The mean
annual aguacuiture production for 2003 in Iran was approximately 6800 tons,

To comply with the annex IV of 96/23 directive requiremeant of one sample per 100 tones of annual
production it was necessary to take at least 68 samples for analysis. A second criterion was that
samples should be collected from a minimum of 10% of registered sites of preduction. The total
number of registered farms at that time was 244, therefore at least 47.samples were required. Since it
was third year of implementation of this programmed and in 2003 total number of samples were
collected 47. These samples were divided to tow groups as follows:

— 15 samples (31.9% of samples} were checked for group A substances included substances
having anabolic effects and unauthorized substances such as Stilbenes and their derivatives,
and their salts and esters, steroids. Also compounds included in Annex iV to Council
Regulation {(EEC) No 2377/90 of 26 June 1990,

— 32 sampies {68.1% of the samples) were checked for group B included veterinary drugs and
contaminants as antibacterial substances, other veterinary drugs and Anthelmintics, Other
substances and environmental contaminants, organochiorine compoundsinciuding PcBs,
Chemica lelements, Mycotoxins, Dyes.

AFSSA Fougeres, the French national reference laboratory, were designated as the Reference
Laboratory (RL) for the analysis and testing of Chloromphincol and other compounds, antibacterial
substances and Dyes and Malachite green, AFSSA Paris the French national reference laboratory
was designated as the Reference Laboratory (RL) for the analysis and testing of organochlorine
compounds including PcBs- B3a and heavy metals,

According to the tests results the residues of organochlorine compounds (PcBs and Anti -biotical
residues, Mycotoxins and etc) were negative and the mean of lead was 43.1 pg/kg and mercury was
15,8 pg/kg. That means the result of all tests were acceptable and in confirmatory leveis which were
verified by competent authority.
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PIGMENT EXTRACTION FROM Acipenser guldenstadti AND Acipencer persicus
CAVIAR BY HPLC METHOD

Shahrooz Ghasemi*, Yazdan Moradi
Production and utilization General office
Tehran, Iran.
Sharooz49@yahco.com

Due to importance of the color for caviar quality and its export, in this project it has been
attempted to identify elements which yield caviar color.

In this respect, some samples of caviar grade 1A and 1B were taken from A. guldenstadti
and A. persicus species and a complementary sample of A, Steflatus Species grade 2, the
caviar pigment amounts were measured through HPLC method.

To do this, the required materials were collected simultaneously; Some Samples were taken
from southern coast of the Caspian Sea in Golestan Province were taken to food Industry
institute Laboratory in Tehran Subjected to Axote gas and under darkness. Only a little
amount of A. Guldenstadti Caviar grade 1A sample was gained from cold Storage of Shilat
Trading Corp. '

The tests are done with standards of the pigments with high purity —Such as B- Carotene
Lutein, Astazantin, etc. The chemical Substances and solvenis used were obtained from
merk and Fluka Companies.

Therefore it was Stated that color variety among avarious caviear grads has a meaningful
relationship with the quantities of these pigments in various types of caviar.The guantity of B-
caroten, Astaxantin and Lutein Pigments were found to be more in A, Guldenstadti caviar
than in A. persicus Caviar, and similarly they are more in caviar 1 A than in 1B in A, persicus
and A. Guldenstadti species.

As a result, it could be said that there is a significant relation ship between the amount of the
pigments and the light yellowish color of the distinct caviar samples analyzed.
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MICROBIOLOGICAL QUALITY OF SHRIMP Penaeus monodon IN RELATION TO
PHYSICO-CHEMICAL FACTORS IN WATER SOURCES

K.W.S. Ariyawansa*, U. Samarajeewa, S.P. Jayasoorlya
National Aquatic Resources Research & Development Agency
Crow Island, Colombo 15.

Sri Lanka.

Culturing of shrimp, Penaeus monodon in natural waters make them more prone to
contamination by pathogenic microorganisms. The prevalence of the pathogenic bacteria,
Salmonefla, Vibrio cholerae, Vibrio parahaemolyticus, total coliforms, faecal coliforms and
Escherichia coli in water samples from water sources (Dutch canal and Mundal lake) for
shrimp farming were determined. Salinity, pH and suspended solids in water were estimated.
The impact of pH and salinity on the growth of pure isclates of V.parahaemolyticus, E. coli
and Salmonella were examined. The combined effect of salinity and pH on the survival of
Salmonella spp., E.coli and V. parahaemolytficus was determined.

Water samples were collected from six sampling points. The total colifomn count of water
varied between 11 to 1800 MPN/100ml. The faecal coliforms and E.coli were between 2 -
175 MPN/100ml and 0-25 MPN/100ml respectively. Salmonella arizonae was observed in
one occasion while V.parahaemolyticus observed in two occasions at the population of 10’
cfu/g. The physicochemical parameters varied among sampling points monitored. Total
coliforms, faecal coliforms and E. coff were isolated from waters at salinities ranging from 8
to 37 ppt with the majority of samples from 14 to 28 ppt range. Total coliforms, faecal
coliforms and £. coli were observed mostly in water samples with pH values and suspended
solid levels ranging from 7.9 to 10.0 and 50 to 98 mg/l respectively. The highest population
of total coliforms was recorded in water with low salinity (8 ppt) and pH (8.2).

Growth of V. parahaemolyticus, Salmoneffa and E. coli was observed at 5-100 ppt, 5-40 ppt
and 2-65 ppt salinity levels and pH range of 3.0-10.5, 3.5-8.8 and 3.5-10.3 respectively
under experimental conditions.

There was no growth of E. cofi when the salinities were 35 and 40 ppt and pH values were
8.0 and 9.5. The least growth of Salmonella spp. was observed when the combination of
salinity level was 40 ppt and pH values were 9.0 and 9.5 Higher growth of
V. parahaermolyticus has been observed at all combinations of salinities ranging from 15 to
40 ppt and pH 7.5-8.5. The growth was optimum at salinity level of 40 ppt and pH 7.5-8.5.

Physico-chemical parameters of water used for shrimp farming in Dutch canal and Mundal
lake provide favourable conditions for the growth of Sa/monelfa spp., V. parahaemolyticus,
Coliforms, Faecal coliforms and E. coli,
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IMPLEMENTING TQM IN SEAFOOD INDUSTRY IN KERALA, INDIA

A. Ramachandran®, Smitha Nair, K.G. Sunil
Professor, School Of Industrial Fisheries, Cochin University Of Science & Technology,
Fine Arts Avenue, Lakeside Campus,
Cochin ~682018, Kerala, India.
ram-alappat@eth. net

lt has nearly been a decade now since the implementation of HACCF by the seafood
industry in India. This paper aims at perceiving the gap between the present scenario of
quality management in the seafood industry in Kerala, India, and the future prospect of
developing Total Quality Management (TQM). TQM is an integrative philosophy of
management for continuously improving product and process quality to achieve customer
satisfaction. The gap analysis is done on the basis of ten constructs of TQM implementation,
namely, top management commitment, customer focus, supplier quality management, design
quality management, benchmarking, Statistical Process Control (SPC) usage, internal quality
information usage, employee involvement, employee training and employee empowerment,
An aftempt is also made to study the costs involved and the benefits accrued in the process.

Sampling survey technigue with survey instruments of questionnaires and interviews was
used to obtain data. Random sampling technique was used to select the plants under study.
As cochin is the centre of genesis of seafood export from India, the focus of attention was
devoted to it, Five plants were taken for in-depth study, while almost 80% of the eu plants in
cochin were sampled generally.

The findings suggested the importance of development of a suitable two-pronged strategy,
including both HACCP and TQM for successful implementation in the seafood industry,
designed to meet its specific requirements. The analysis indicated that TQM implementation
leads to better product quality. It was seen that the implementation of HACCP by all firms in
the industry, helped to a great extent in refining constructs like top management
commitment, customer focus, design quality management and employee training, vis-a-vis its
suitability for TQM implementation. The perceived gap was found to be greater with regard to
the constructs like supplier quality management, benchmarking and SPC usage, than for the
others. The findings also revealed that size of the firm was not a deterrent to the usage of
TGQM system.

An assessment of the above will be useful in future studies for analyzing the degree of
resource commitment needed in order to successfully implement TQM.
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FACTORIAL STUDY OF VARIOUS CHEMICALS AND NaCl EFFECTS ON THE GROWTH
AND TOXIGENESIS OF C. botulinum AND E coli IN A BHI BROTH MODEL EXPECTED
FOR CAVIAR FORMULATION

Vadood Razavilar
Department of Food Hygiene, Faculty of Veterinary Medicine,
Tehran University, Tehran/Iran.
vrazavi@ut.ac.ir

To evaluate a new formulation of preservatives in caviar, a total of 16 formulations of NaCl
and chemicals were used as a preliminary study in a broth model. These formulations
contained 3 concenfrations of salt (4.5, 5 and 5.5%) and 4 combinations of preservatives
including (1) a mixture of 0.3% boric acid with 0.4% of borax, (2) a mixture of 2.6% K-sorbate
with 80 ppm of Na-nitrate, (3) .1% of methyl paraben and {4) 0.2% of methyl paraben. All of
these formula were made in Brain Hearth Infusion {BHI} broth and inoculated with 2 bacteria
(C. botulinum type E spores and E. coli O444 cells) using >10° spores or cells per ml of broth
and stored up to 7 days at 30° C. Clostridium botulinum was examined for both growth and
toxicity testing using bioassay technigue. The results indicated that the lowest antimicrobial
activity belonged to the combination of boric acid and borax plus NaCl concentration of 4.5
to 5.5% with only bacteriostatic activity. The highest antimicrobial activity belonged to the
combination of 0.1 to 0.2% methyl paraben plus concentration of 4.5 to 5.5% with a strong
bacteriocidic activity. Increasing salt from 4.5 to 5.5% concentration slightly increased the
anticrobial activity of the additive combination. Therefore methyl paraben, which is a GRAS
(Generally Recognized As Safe) preservative, and has a strong antimicrobial activity at high
pH values, was selected for use in caviar.
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EVALUATION OF POLYMERASE CHAIN REACTION (PCR) FOR DETECTION OF KOI
HERPES VIRUS (KHV) FROM COMMON CARP AND KOI IN INDONESIA

Yul Kurniatun, A.Sony Adi Susanto, Antonius Suwanto*
Research and Development Center
PT. Charoen Pokphand Indonesia, Jakarta, Indenesia.
asuwanto@indo.net.id

Koi herpes virus (KHV) is recognized as the cause of mass mortality in population of
common carp Cyprinus carpio carpio and fancy carp or koi Cyprinus carpio koi in Israel and
the USA in 1998. Cases with similar symptoms also have been occurring in Indonesia
throughout Java Island since March 2002, High mortality (80-90%) in both commen carp and
koi carp was observed. Indonesia has not experienced a disease of this nature in the past. A
polymerase chain reaction (PCR) assay was developed to detect the presence of the viral
agent in gill, liver, spleen, kidney and muscle of infected fish. The specific primers were
developed to amplify a 400 base pair (bp) DNA sequence from KHV, (GeneBank Accesion
no. AF411803 and AB127966) and a 205 bp DNA sequence for i-actin gene as internal
control (GeneBank Accesion no. M24113). Assay sensitivity was determined using as little
as 1 1g of KHV DNA plasmid in the presence of 200 ng of uninfected fish genomic DNA. The
results suggested that this method could be used for rapid and sensitive detection of KMV to
support histological examination. We are currently applying this system for quantitative
(real-time) (using SYBR Green) PCR.
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FRESH WATER ORNAMENTAL FISHES OF KERALA, INDIA, THEIR POTENTIAL AND
CAPTIVE SURVIVAL IN AQUARIA

A. Ramachandran ', N. Mini Sekharan, P.K. Pramod
School of Industrial Fisheries, ‘
Cochin University of Science and Technoiogy
Kochi-16, Kerala, India.
ram-alappat@eth.net / rahul_rama@hotmail.com

The diverse inland water bodies of Kerala are blessed with a variety of untapped potential
ornamental fish resources. The fresh water ornamental fish fauna of Kerala is represented
by 125 species, majority of them suitable for keeping in home aguaria due to their gorgeous
colouration and hardy nature. The indigenous fresh water ornamental fish resources in
Kerala include - Puntius denisonii, P. sophore, P. jerdoni, Tor khudree, Chela fasciata,
Barilius bakeri, B. gatensis, B. canarensis, Danio malabaricus, Gara muffya, Nemacheilus
guenthari, N. semiarmatus, Lepidocephalus thermalis, Mystus montanus, M. armatus, M.
gulio, Ompok malabaricus, O. bimaculfatus, Hyporhampus fimbatus, Xenefodon canciffa,
Aplocheilus fineatus, A. dayi, Monopterus fossorius ,Ambassis commersoni, Parambassis
thomassi, Channa striata, C. marulius, Mastacembelus armatus and Tetraodon
travancoricus.

This paper presents the findings of the Marine Products Export Development Authority
sponsored project to identify the potential ornamental fishes in the fresh water bodies in
Kerala suitable for trading in international market. The paper gives a detailed account of the
various fish species collected during survey, their colour plates, local name, trade name,
method of fishing and survivai rate in captive condition.

The survival rate of fishes collected during survey from the selected rivers was found by
maintaining them In aquaria for a one-year period. Fishes with a survival of 70-80 % was
categorized as high rate of survival. High rate of survival is shown by P. fasciatus, B. baker,
D. malabaricus, G. mullya and L. thermalis. P. denisonii, P. jerdoni, C. fasciata, N. guenthari,
N. semiamatus and T, travancoricus showed medium rate of survival {survival rate of 50-
70%). H. limbatus, X. cancifa, A. commersoni, and P. thomassi showed the least survival
rate(less than 50%). Fishes exhibiting high and medium rate of survival are recommended
for aquarium trade as they showed survival rate for a period of 6 months to 1 year in captivity
and hardy nature. The most indigenous species of Kerala in demand in the aquarium trade
of national and intermnational market are P. denisonii, T. travancoricus, P. filamentosus and P.
fasciatus.
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BLACK DISEASE IN LARVAL AND ADULT Artemia urmiana IN IRAN

Maria Betty B. Ras*, Ali Asghar Tehrani, Rahim Hobbenaghi, Naser Agh, Gilda Lio-Po
Artemia and Aguatic Animals Research Center,
Urmia University P.0O.Box 165, Urmia iran,
mbaidoras@yahoo.com

Biack disease (BD) development was studied among Arfemia urmiana larvae and adults
given various feeds inciuding aigae, soybean meal, rice bran, wheat bran or yeast. The
morphological distribution in size and shape and the prevalence of BD lesions was
determined among infected A. urmiana. Detailed clinical examination of the head, thorax,
genital segments, abdomen, extremities, thoracopods, antennae, claspers, telopods and tail
of each affected A. urmiana were recorded using a compound microscope. The mean
circumference of black spots in the head, uterus and extremities was calculated at two
places in each A urmiana examined.  Moreover, BD incidence by gender was aiso
compared. Results showed that BD was characterized by the presence of black spots in the
head, uterus, extremities, thoracopods, antennae, claspers telopods and tail. The number of
biack spots observed per individual A urmiana ranged from 1 to 10. The black spots varied
from minute to many microns in diameter and varied in shape: circular, elliptical, ovate,
narrowly ovate, broadly ovate, narrowly ovate, and depressed ovate and cbieng. The black
spots in the head and uterus were mostly irreguiar in shape while those in the extremities
were long 158.861+10.165 microns and slender 85.723+4.564 microns. The prevalence of
BD was higher among A. urmiana males (52.8%) than females (47.2%). There were
significant differences in occurrence of BD in A. urmiana fed with the different agricultural-by
products, yeasts and algae. Arfemia urmiana fed with algae, rice bran and soybean meal
showed a higher prevalence of BD than those fed with yeasts and wheat bran,
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RECENT ADVANCES IN THE DEVELOPMENT OF CAPTIVE BREEDING TECHNOLOGY
FOR THE INDIGENIOUS ORNAMENTAL FISHES OF THE WESTERN GHATS OF INDIA

T.V. Anna Mercy*, Eapen Jacob
College of Fisheries
Kerala Agricuitural University
Panangad, Cochin 682506
Kerala, India.
annamercy2002 @yahoo.co.in

The Western Ghats of India is well known for rich biodiversity and endemism with regard to
freshwater fishes. Many of the endemic freshwater fishes have great potential as ornamental
fish, But recent surveys reported depletion of stocks at alarming rate due to over
exploitation and clandestine export. In this context development of captive breeding
technology has great importance,

In this paper, recent developments in captive breeding technology for five species of fishes:
Puntius melanampyx, Puntius mefanostigma, Puntius filamentosus, Chefa fasciata and
Nemacheilus semiarmatus is discussed. Details of courtship behaviour, sexual dimorphism,
fecundity, and reproductive strategies are presented in the paper. The breeding technology
developed for these species can be utilized for the commercial production, which will
definitely enhance production, conserve endemic and endangered germplasm and increase
employment opportunities.
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EFFECT OF DIFFERENT PROTEIN AND LIPID LEVELS IN BROODSTOCK DIET ON THE
GROWTH AND REPRODUCTIVE PERFORMANCE OF FEMALE Xiphophorus helleri
(POECILIIDAE)

Shirley Ling*, Roshada Hashim, Sagiv Kolkovski, Alexander Chong

Laboratory of Fish Biclogy,
Aguaculture Research Group,
School of Biological Sciences,

University Sains Malaysia,

11800 Minden,
Penang, Malaysia.
shirleylhl@hotmail.com

A study to investigate the effect of different levels of dietary protein and lipid on swordtail
{Xiphophorus helferi), a popular ornamental fish was carried out Eight isocaloric semi
purified diets containing two protein levels (20% and 30%) with 4 lipid levels (8%, 12%, 16%,
20%) within each protein levels were fed to female broodstock for 26 weeks, Results
showed that SGR (Specific Growth Rate) was significantly higher in broodstock fed with 30%
dietary protein diets as compared to 20% protein. Highest SGR was obtained from diet
containing 30% protein with 8% and 16% lipid respectively. Diet with 30% protein 8% lipid
also showed highest feed intake. GSI (Gonadosomatic index) was highest in diet containing
30% protein 20% lipid while lowest value was obtained from the 20% protein, 8% lipid diet,
Proximate analysis showed significant higher muscle protein deposition in diets containing
30% protein. Fry production was also significantly higher in 30% protein diets as compared
to the 20% diets. There was no significant difference between fry preduction among different
levels of lipid in the 30% protein diets. Diet with 20% protein 8% lipid gave the lowest
relative fecundity value. Fry production was found to correlate significantly with the final
weight and length of female broodstock. Fry production per feed intake was found
significantly higher in diets containing 30% protein with 12%, 16% and 20% lipid. Fry
production per g of protein intake also showed a similar trend as above. Meanwhile, fry
production per g of lipid intake was found significantly higher in diets with 30% protein.
Based on this study, we suggest 30% protein with 8% to 16% of lipid be included in to fulfill
requirements for both growth and reproduction in female swordtails.

170



ENHANCING THE ORNAMENTAL FISH INDUSTRY

ORIENTATION OF PIGMENT MOLECULES IN ORNAMENTAL FISHES OF
FRESHWATER AQUATIC SYSTEM AND THE!R ASSOCIATED HEALTH PROBLEMS
AND IDENTIFICATION OF SOME FEED ADDITIVE IN RESTORATION

Umesh C. Goswami
Department of Zoology
Centre for Aquaculture & Aquatic Resources Monitoring Centre,
Gauhati University, Guwahati — 781014, Assam, India.
ucgoswami@rediffmail.com

Orientation of pigment molecules or carotenoids in freshwater ornamental fishes of different
habitat and the effects of different environmental factors, including the presence of different
xenobiotics, have revealed several health issues of the pigment molecules with reference to
their restoration and biosynthesis. Ornamental fish bear carotenoid molecules that impart
various colours such as red, yellow, green, pink, purple etc. Colouration occurs in their body
viz. scales, skins, fins and tissues such as muscle, liver, gonads etc. Several carotenoids
. have been identified such as astaxanthin, B-carotene, $-apocarotenals, lutein, cryptoxanthin,
canthaxanthin, tunaxanthin etc. It has been known that several factors such as enzyme
{especially the deoxygenase system), hormones, gonodial maturity etc. play significant roles
in the accumulation, deposition and conversion into retinol (marine and freshwater fish) or
dehydroretinol {freshwater fish).

In the present communication, attempts were made to show that pigments or carotenoids
molecules are affected during fasting, stress and strain conditions and in different
environmental conditions (such as high turbidity, change of pH, depletion of oxygen) and in
the presence xenobiotics (such as organochlorine, organophosphorus compounds and
others like oils and grease). Several experiments were designed to elucidate the effects of
the above-mentioned factors on the accumulation, biogenesis and metabolic role of the
deoxygenase system in the entire orientation of the pigments molecules, which pose serious
health problems to the ornamental fishes of freshwater aquatic system. A few feed
components or precursors as feed additives, which could be added as feed additives in
restoration were also identified.
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ORNAMENTAL FISHERIES PROSPECT AND SCOPE: A CASE STUDY FROM
ARUNACHAL PRADESH

P. Nath*, D.N. Das
Department of Fisheries, Government of Arunachal Pradesh
ltanagar-721 111, India.
- dndas321@rediffmail.com

Aguaculture is growing as an industry world wide, as source of protein food, income and
employment. Apart from this the colorful fishes add aesthetic value in house aguaria. The hill
fisheries, particularly in the state of Arunachal Pradesh in eastern Himalayan region of India
with fast flowing habitats harbors 50-60 species of fish that are of value as ornamental fish
(Table-1). Of these, two representatives of genus Amblyceps Blyth namely A.
arunachalensis and A. apangi are new to the science and hitherto never been reported from
any part of the globe. Besides, there are three fish species i.e. Labeo devdevi, Osfeocheilus
neifii and Colisa fabiosus which are endemic to this region and can play a pivotal role in the
ornamental fish trade. Interestingly, the indigenous hill fishes have a great market demand in
Eurcpe, America and South East Asian countries. The rescurces have been randomly being
exploited from most of the areas t0 such a situation that some species are under threat of
extinction. The inner line entry restriction in this part of the country has conserved to some
extent the fish fauna. Yet large-scale fishing for domestic consumption is going on
unabatedly for want of holistic Legislation. However, the sustainability of the aquatic
resources and its management depends on agua ranching and exsitu rearing and breeding
of the economically commercial ones,

Tabie 1 Habitats and major genera of wild fish fauna in Arunachal Pradesh, India

Serial Type of Habitats Genera of available ornamental
No piscine resources in wild
1, True hill stream forms ~ Garra,Psiforhynchus

Glyptothorax,Euchiloglanis
Exostorna, Pseudecheneis
Schizothorax, Schizopyge

2. Semi torrential forms  Noemacheilus,Acanfhocobifis,
Bofia,Somelepftes,
Lepidocephalus,Amblyceps,
Siturus,Aborichthys,
Olyra, Piflaia

3. Migratory forms Anguilla, Labeo,
Acrossocheilus, Tor,
Channa, Mystus,
Badis,Anabas,
Mastacembalus

4, Plain water forms Colisa,Chanda,
Danio,Chela,
Rasbora,Amblyopharyngodon,
Barifius, Semiplotus,
Puntius , Nofopterus
Macrognathus, Xenonthodon,
Ompok, Mystus,Hara,
Clarius, Heteropneustes,efc.,
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BIOTECHNOLOGY IN SHRIMP AQUACULTURE RESEARCH: APPLICATIONS AND
EXPERIENCES AT THE OCEANIC INSTITUTE

Shaun M. Moss
The Oceanic Institute, Waimanalo, Hawaii USA.
smoss@oceanicinstitute.org

Biotechnology is a term with a myriad of definitions. In a broad sense, it refers to the use of
biological processes to produce useful organisms or products and it includes traditional
biotechnologies, gene technologies and reproductive technologies. The application of
biotechnology in shrimp aquaculture already has had a significant impact on the global
shrimp farming industry, and there is an expectation that it will play an even greater role in
the future. Researchers at the Qceanic Institute {Ol, Waimanalo, HI, USA) have collaborated
with “biotechnologists” in the U.S. to address fundamental challenges in the areas of shrimp
stock improvement, disease diagnostics, and microbial ecology. With regard to stock
improvement, there is a continuing trend among farmers to use shrimp that have been bred
in captivity. A major advantage in using captive-bred shrimp is the opportunity to benefit from
genetic improvement, and the use of biotechnology in genetic improvement programs can
have a significant impact on genetic gain. For example, breeding programs that rely on
family selection commonly use internal elastomer tags for stock identification. However, the
use of these physical tags requires a large investment in labor and represents a significant
bottleneck in the development of genetically superior shrimp. In collaboration with QOl,
researchers from Tufts University (Boston, MA, USA) have developed polymorphic
microsatellites to identify families of shrimp in OI's breeding program, and this tool will
enable us to increase selection intensity by evaluating thousands of shrimp per family rather
than several hundred, which is the current practice. In addition to using biotechnology for
selective breeding, Ol is collaborating with researchers from the University of Connecticut
(Storrs, CT, USA) to produce fransgenic shrimp. To date, we have successfully transfected
shrimp with a gene construct that code for a synthetic analog of cecropin, a broad
antimicrobial peptide. Although disease-challenge tests have not yet been conducted, we
hope to produce shrimp that exhibit resistance to a suite of pathogens, including those
viruses which cause OIE notifiable diseases. The ability to insert foreign gene constructs into
shrimp has the potential to leapfrog traditional breeding and revolutionize the global shrimp
farming industry. The use of biotechnology in disease diagnostics is well established. Over
the past decade, Ol has collaborated with researchers from the University of Arizona
(Tucson, AZ, USA) to produce and maintain specific pathogen free' (SPF) shrimp using PCR
techniques to screen for known viruses. This application  has contributed significantly to the
establishment of biosecurity protocols and procedures that are now used throughout the
global shrimp farming industry. Although the use biotechnology to study the microbial
ecology of natural aquatic systems is well established, it is not commonly used to study
shrimp aquaculture systems, Ol is collaborating with researchers from the Scripps Institution
of Oceanography (La Jolia, CA, USA) to begin to understand microbial community structure
and function in recirculating raceways used for intensive shrimp culture, using non-culture
techniques such as denaturing gradient gel electrophoresis (DGGE) and fluorescence in situ
hybridization (FISH). By characterizing these microbial communities, we hope to be able to
manipulate carbon and nitrogen flux pathways to improve shrimp performance.
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THE APPLICATION OF BIOTECHNOLOGY TO UNDERSTANDING THE EVOLUTION OF
VIRULENCE IN EMERGING SHRIMP PATHOGENS

Jeffrey M. Lotz*, Shiao Y. Wang

Over the past fifteen years several highly virulent pathogens have emerged in shrimp
aquaculture worldwide. Often, it is assumed that the highly virulent nature of these
pathogens results from the recent association of the pathogen with the shrimp and that over
time the virulence will diminish and perhaps even vanish. However, recent theories of
pathogen evolution conclude that a host-pathogen association does not necessarily evolve
steadily toward a more benign state but will evolve to an intermediate level that is the
outcome of a balance between two opposing factors. Those factors are an assumed positive
relationship between viral load and transmission and a second positive relationship between
viral load and pathogenicity. The intermediate pathogenicity hypothesis results from an
evolutionary balance between pressure to increase loads and thereby increase transmission
but to not increase levels so high as to kill the host through those same increased loads. To
determine viral loads associated with pathogenicity and with transmission in particular, a
sensitive quantitative method to detect the virus is required. Although traditional assays
“using cultured cells have not been possible with shrimp, recent developments in
biotechnology using molecular methods have led to advancements in quantitative research
on viral pathogens of penaeid shrimp. For example, we used a technique termed differential
display to isolate a segment of the Taura syndrome virus (TSV) genome in order to develop
a molecutar probe for the virus. The technique is based on the isolation of differentially
expressed genes between infected and non-infected individuals. Differential display may be
useful in the future for studying emerging pathogens because sequence isolation can be
carried out without the need to physically isolate the pathogen and only a small amount of
infected tissue is needed. Based on the TSV genomic sequence isolated using differential
display, we developed a real-time RT-PCR procedure using molecular beacon technology fo
quantify TSV in shrimp. A study examining TSV loads during the course of infection showed
a rapid increase in TSV fiter in shrimp hemolymph that peaked four days after virus
exposure and remained high for at least eight days, coinciding with the period of maximum
mortality. Mortality declined rapidly but TSV loads remained high for 21 days with lower but
persisting levels of TSV for at least 60 days. In a second study we tested the assumption
that increasing the viral load in a host increases the transmission from an infected host. We
identified 16 Lifopenaeus vannamei individuals with TSV densities from 10 to 10° virions per
0.25 pL of hemolymph by real-time RT-PCR, To estimate transmission rates, those 16
shrimp were placed into a 1 m? bottom surface area tank with 12 uninfected susceptible L.
vannamei. The result showed an increase in transmission rate with increasing viral density.
Quantitative RT-PCR data support the assumption of a positive relationship between viral
load and pathogenicity and between viral load and transmission. The results suggest that the
pathogenicity of the recently emerged viral pathogens may not evolve to a completely benign
state.
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A PRIMARY SHRIMP CELL CULTURE SYSTEM HIGHLY PERMISSIVE FOR WHITE
SPOT SYNDROME VIRUS INFECTION

Minoru Maeda®, Toshiaki Itami, Eiichi Mizuki, Michio Ohba
Kurume Research Laboratory
Kyusyu Medical Co., Ltd.
1-1 Hyakunen-Koen, Kurume, Fukuaka, Japan.
maeda-bio@ceres.ocn.ne.jp

Cell growth in avarian primary culture of the kuruma shrimp, Marsupenaeus japonicus, was
examined under various culture conditions. Amaong several enzymes tested, collagenase
type V exhibited the lowest toxicity for the growth and maintenance of ovarian cultured cells.
Among the media and supplements tested, the best cell viability was observed in: double
strength of Leibovitz-15 medium supplemented with 10% fetal bavine serum, glucose (1 g/l},
proline (0.1 g/}, TC-Yeastolate (1 g/l} and lactalbumin hydrolysate (1 g/l}. The cells survived
in this medium for 45 d at 25°C. Epithelial-like cells predominated in 10-d-old cultures,
covering > 80% of the surface area on flask bottoms. When cell proliferation was assessed
by DNA synthesis, 5-bromo-2'-deoxyuridine (BrdU)-assaciated cells accounted for 11.5%
and 35.0% of cell populations at 2 h and 24 h, respectively. Replication of white spot
syndrome virus (WSSV) was investigated in primary avarian cultures. The virus used was a
strain isolated by a limiting dilution technique in the crayfish, Procambarus cfarkii, Sucrose-
gradient purified virus was inoculated into 10-d-old ovarian primary cultures. W33V infection
praduced marked cytopathy in cultured cells. Initially, virus-infected cells began to shrink 72
h p. i, followed by rounding of most cells that finally detached from the flask surface.
Electron microscopy clearly demonstrated that the replication of WSSV occurred in nuclei of
ovarian cells. Immuncblat analysis with antibodies against the WSSV envelope protein VP28
showed that levels of WSSV antigen in culture supernatant gradually increased between 24
and 120 h after virus inoculation. Overall results encourage us to use primary ovarian cell
cultures of the kuruma shrimp for a beiter understanding of biochemical and molecular
aspects involved in WSSV infection.
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DEVELOPMENT OF GENE TRANSFER TECHNOLOGY FOR SHRIMP

lkuo Hirono*, Ryosuke Yazawa, Takashi Koyama, Anchalee Tassanakajon, Takashi Aoki
Graduate School of Marine Science and Technology, Tokyo University of Marine Science
and Technology, Konan 4-5-7, Minato, Tokyo 108-8477, Japan.

Transgenic technology is a powerful tool to study gene regulation, expression and molecular
functions in vivo and it is possible to produce new organisms having special traits such as
disease resistance. However, there are only a few reports about crustacean transgenic
research. For shrimp transgenesis, it is necessary to develop a gene transfer method and
methods to regulate foreign gene expression. We developed gene transfer techniques and
assessed promoter activity derived from kuruma shrimp, Penaesus Jjaponicus using black
tiger shrimp, Penaeus monodon as a model crustacean species. For the regulation of
exogenous gene expression, the kuruma shrimp EF-1agene promoter region was identified.
. The promoter region containing about 1,592 bp, was linked with green fluorescence protein
(GFP) and chroramphenicol acetyl transferase (CAT) gene and named pJEF-GFP and
pJEF-CAT, respectively. pJEF-GFP was introduced into black tiger shrimp fertilized eggs by
microinjection and particle gun bombardment. By microinjection methods, the survival rate
was 17.6 %, and GFP positive embryos comprised 1.0 % of the treated embryos. However,
the GFP positive embryos were damaged and embryogenesis did not progress. By particle
gun bombardment, the survival rate was 60.6 %, and GFP positive embryos comprised 0.42
% of the treated embryos. Ubiquitous GFP expression was observed from 8 hours post
fertilization and these embryos developed and hatched normally. pJEF-CAT was introduced
into black tiger shrimp fertilized eggs optimized conditions for particle gun bombardment.
CAT activity was observed from 1 day to 7 days post fertilization. The highest activities were
observed at 5 and 7 days post hatching. In this study, we established the activity of a
ubiquitous promoter derived from kuruma shrimp and developed a gene transfer technique
for black tiger shrimp.
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USE OF EDIBLE ANTIBODIES FOR SHRIMP HEALTH MANAGEMENT

K. Pani Prasad
Scientist, Central Institute of Fisheries Education,
Mumbai — 400 061, India.
pprasad35@hotmail.com

Aquaculture has developed significantly, earning a considerable amount of foreign exchange
but success with disease diagnosis and control lags behind industry needs. The success of
any farm operation depends on its health management system to carry. To implement
appropriate prophylactic and control measures, diseases affecting fish require rapid, specific
and sensitive diagnostic technigues for the early diagnosis. These tests should not require
sophisticated laboratory facilties and should be performed on-site. Immunodiagnostic kits
are ideal for this purpose and specific antibodies are needed for their production. Egg yolk
antibodies {IgY) can help to meet this need. They also have great scope for use in passive
immunization (.e. IgY immunotherapy), one of the latest concepts in health management.
Exampie applications of this technology include I1gY ELISA kits for early diagnosis of
"polytrauma, sepsis and shock in clinical-surgical diagnosis and passive immunotherapy
against HIV-infection (AIDS) in humans. IgY produced in chickens offers several important
advantages over antibodies produced in other animals and it presents an appealing
alternative to polycional antibodies produced by conventional methods. in addition, eggs
from immunized chickens provide a continual, daily source of polyclonal antibody, and this
convenient approach offers greater compatibility with animal protection regulations. Their
use would reduce the use of chemicals and antibiotics in the aquatic environment. Easy
availability of diagnostics would lead to faster confirmation of disease and more efficient
control. Successful, passive, IgY-egg powder oral immunotherapy against bacterial and viral
diarrhea in piglet, calves, rabbits and poultry, and Salmonelfa, rotavirus, coronavirus,
parvovirus, adenovirus and reovirus infections in waterfowl have been reported but there is
no information with respect to fisheries and aguaculture. Integration of passive IgY-
immunotherapy into fisheries and aquacufture health management could help in the control
of epidemics and stabilization of output. The following are the advantages of using edible
antibodies:

1. Chickens are more apt than mammals to make high-avidity antibodies.

2. Humane production: no bleeding, simply collection of eggs.A single chicken can produce
an enormous 3 grams of IgY per month (10-20 times the amount of a rabbit); quantities
equal to 10 rabbits in 1 year.

3. Chickens produce high-titre antibody much quicker (25 days) and on less antigen than
rabbits. »

4. Doesn't activate complement systems or bind to mammalian Fc receptors.

5. Storing of eggs (antibodies} is very easy.

6. Itis cheaper to feed and house chickens than rabbits.

7. 1gY is stable and like mammalian IgG is divalent, degraded by papain to yield divalent Fab
fragments and can be enzyme-labeled, biotinylated and gold-labeled by standard
procedures.

8. Effective against drug-resistant bacteria.

9. Application will lead to reduced use of antibiotics.

10. Gut peptides control feed intake and gastrointestinal functions. The immune system
stimulates the release of gut peptides that decrease feed intake. Fish producers often feed
antibiotics, which reduce the immune stimulus,

11. Since the core body temperature of chickens is about 41°C, the IgY half-life is months at
room temperature.
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MONOCLONAL ANTIBODY BASED TESTS FOR DIAGNOSIS OF VIRAL AND
BACTERIAL INFECTIONS IN SHRIMP AQUACULTURE

Paisamn Sithigorngul®, Parin Chaivisuthangkura, Siwaporn Longyant, Sombat
Rukpratanporn, Sirirat Rengpipat, Wasana Sukhumsirichart, Weerawan Sithigorngul
Department of Biology, Srinakharinwirot University, BKK 10110, Thailand.

Monoclonal antibodies against various pathogenic viruses and bacteria were successfully
produced for diagnosis of infections in penaeid shrimp. These include antibodies specific for
gp116, gpb4, and p20 proteins of Yellow head virus (YHV), VP28 of white spot syndrome
virus (WSSV), a 54 kD protein of hepatopancreatic parvovirus (HPV) and 49, 37-32, and 8
kD proteins of Vibrio harveyi. Various immunological techniques have been applied for
diagnosis of infections by these pathogens. All of these antibodies can be used for detection
of infection in shrimp tissues by means of immunohistochemistry with high accuracy and
sensitivity. Dot blot is also a convenient and quick method for pathogen detection in
haemolymph and tissue homogenates although in most cases sensitivity is insufficient to
detect cryptic infections and high background from nonspecific binding of antibodies to high
concentrations of shrimp proteins is sometimes encountered. Western blot analysis is a
more specific technique with sensitivity comparable to that of dot blot. However, major
drawbacks for this technique are that it is a time consuming and faborious processes. An
indirect sandwich ELISA was developed successfully for YHV and WSSV due to the
availability of the antigens for production of polyclonal antibodies. The sensitivity of this
method is close to one step RT-PCR or PCR, and as many as several hundreds samples
can be tested simultaneously at low cost. However, special equipment and skilled
technicians are major requirements. Recently, a convenient test “strip test” kit was
developed successfully for detection of virulent YHV infection. The sensitivity of this kit is
higher than that of dot blot and no special equipment or skilled personnel are needed. As the
result can be obtained within a few minutes, this type of test kit is useful for pond-side
diagnosis. However, the cost per test is still high due to the small volume of production.
Convenient test-strips for WSSV, gill associated virus (GAV) and V. harveyi are under
development with targets for production before the end of 2004. Work on monoclonal
antibodies against Taura syndrome virus, VP26/VP19 of WSSV, infectious hypodermal and
hemopoietic necrosis virus (IHHNV) and monodon baculovirus (MBV) is ongoing together
with work on other Vibrio species.
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THE RELATIONSHIP OF A PUTATIVE POLYMERASE GENE AND TAXONOMY OF A
DNA BACTERIOPHAGE OF Vibrio harveyi

T. Pasharawipas*, S. Thaikua, T.W. Flegel
Department of Microbiology, Faculty of Science, Rangsit University
Pathumthani, 12000, Thailand.

VHS1 (Vibrio harveyi siphoviridae like) phage was isolated together with Vibrio harvei (VH)
isolate VH1114 from a black tiger shrimp-rearing pond in the Southern part of Thailand.
Classification and nomenclature of phages has traditionally depended mainly on their
morphology. However, there are many examples among emergent viruses where
morphological characteristics do not correspond with genomic properties. This might be due,
in part, to the dynamic exchange of genetic material amongst them. As an example, an
open reading frame of VHS1 phage cailed PH102-786 displays highly significant homology
to DNA polymerase sequences at GenBank and contains conserved domains of 3'-5'
exonuclease and DNA polymerase A. When used as a tool to examine the phylogenetic
relationship among DNA tailed phages, it produced trees that were not compatible with those
based on phage morphology. The results suggest that comparisons based on major genes
such as polymerases can constitute additional criteria for evaluation of DNA phage
relationships and that genome comparisons may result in more reliable taxonomy than
taxonomy based mainly on phage morphology.
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DEVELOPMENT OF AFLP GENETIC MARKERS FOR FAST GROWTH AND SEX TRAITS
OF THE BLACK TIGER SHRIMP Penaeus monodon

Kanokporn Triwitayakorn’, Supajit Sraphet, Benchamart Moolmung,
Duncan R. Smith, Sakol Panyim
Institute of Molecular Biology and Genetics, Mahidol University,
Salaya, Nakhornpathom, 73170, Thailand.
mbktw@mahidol.ac.th

The amplified fragment length polymorphism (AFLLP) technique was used to develop genetic
markers that were specific for sex and fast growth traits of Penaeus monodon. A total of 64
primer combinations of EcoRI-TNN and Msel-CNN were used to screen 151-day-old shrimp
that were classified into 4 different groups according to their weight and sex. A total of 18
polymorphic loci were identified from 13 primer pairs. Of these, 14 markers were specific to
the growth trait while another 4 were specific for sex (1 marker specific for male sex and 3
markers specific for female sex). All identified AFLP bands were re-amplified and 12 PCR
product bands were subsequently cloned and sequenced in order to design primers for
sequence characterized amplified region markers (SCARs). The primers were tested against
pooled and individual genomic DNAs and one SCAR marker designated SF-Eg My was
identified with a polymorphism specific to fast growth with about 75% accuracy of phenotype
prediction. The polymorphic bands of the SCAR SF-E;M,s were the result of an
insertion/deletion of nucleotides within the amplified region. PCR products from the
remaining primer pairs showed no polymorphism even after further analysis using the single
strand conformational polymorphism (SSCP) technique. However, the AFLP markers that
were not converted to SCARs will be useful in the construction of a genetic linkage map and
the SF-EsiMge marker will be useful in a marker assisted selection program for fast growing
P. monodon.
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SEX-RELATED AFLP MARKERS AND GENE EXPRESSION IN ANDROGENIC GLANDS
OF THE GIANT FRESHWATER PRAWN Macrobrachium rosenbergii

Rachanimuk Preechaphoi®, Sirawut Klinbunga, Padermsak Jarayabhand,
Piamsak Menasveta
Program of Bictechnology, Faculty of Science,
Chulalongkorn University, Bangkok 10330, Thailand.
sirawut@biotec.or.th

Sex-specific DNA markers of the giant freshwater prawn (Macrobrachium rosenbergii) were
identified by AFLP analysis. Sixty-four primer combinations were used in a primary screen
against bulk genomic DNA of the first sample set that comprised small orange claw (SOC1,
N = 10) and blue claw (BC1, N = 5) males and females (F1, N = 10). Ninety candidate sex-
specific markers from 40 informative primers were used in secondary tests with the first
sample set and a second sample set (SOC2, N=5; OC1, N=15,BC2, N=10and F2, N =
20). A total of 5 male-specific and 4 female-specific AFLP markers were found. After
characterization by cloning and sequencing, these were found to comprise unknown DNA
segments (E > 10). SCAR markers were developed from candidate sex-specific AFLP
markers. Amang 13 primer pairs tested, 9 generated expected amplification products from
both male and female M. rosenbergii. Further analysis of the amplified products by SSCP
analysis revealed polymorphism for all except FE.38M.3270.2 but polymorphic patterns did
not show sex-specificity. Additional primers designed from AFLP fragments of this study and
from sex-related transcripts of the black tiger shrimp (Penaeus monodon) and the tropical
abalone (Haliotis asinina) were applied for identification of sex-specific/differential
expression markers in M. rosenbergii. As a result, a homologue of sarco/endoplasmic
reticulum Ca*" ATPase C (SERCA) was obtained using ME.38M.31310.1 primers (E = 1 x
107%)., An amplified SERCA (279 bp) revealed differential expression patterns between
androgenic glands (AG) of males and oviducts of female M. rosenbergii. RAP-PCR analysis
(150 primer combinations) was also carried out to isolate various types of expression
markers in different male morphotypes and between males and females of M. rosenbergii. In
a total, 43 male-specific and 24 female-specific expression markers and 29 differential
expression markers were found. Additionally, 10, 12 and 13 morphotype-specific expression
markers were identified in the AG of BC, SOC and OC males, respectively. Interestingly,
SOC- (340 bp) and female-specific (315 bp) RAP-PCR markers were successfully identified
from combinations of a first primer (UBC428 for SOC males and UBC122 for females) and
all investigated second primers (30 primer combinations). Two markers (M122/159RAP.2
and SOC268/273RAP) derived from RAP-PCR fragments gave interesting results at the
transcriptional level. For example, the expression levels of M122/159RAP.2 (a homologue of
|—connection of crayfish) clearly showed differential expression patterns in AG of males and
oviducts of females but no differences amongst different male morphotypes. RT-PCR
(cDNA)} and SSCP (genomic DNA) pattems of SOC288/273RAP implied length
polymorphism through alternative splicing for this unknown gene.
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GENETIC VARIATION OF Penaeus merguiensis IN THAILAND

Amornrat Phongdara*, Waraporn Wanna, Jean-Luc Rolland, Frangois Bonhomme
Department of Biochemistry, Faculty of Science, Prince of Songkla University
Hat-Yai, Songkhla 90112, Thailand.
pamornra@yahoo.psu.ac.th

Three nuclear loci were used to assess genetic variation and differentiation among
populations of P. merguiensis collected from the Gulf of Thailand and Andaman Sea. The
multilocus Fsr revealed great and highly significant differentiation between the two seas (Fsr
= (0.203, P< 0.001), mostly due to the polymorphism of locus PvAmy. Analysis of locus
PvAmy within samples from the Gulf of Thailand revealed strong isolation by distance,
indicating restricted gene flow. It also suggested the possibility that PvAmy locus could be
undergoing strong environmental selection. '

184



ADVANCES IN SHRIMP BIOTEGANOLOGY ff

DIFFERENTIALLY EXPRESSED ¢cDNA MARKERS IN OVARIES AND TESTES OF THE
GIANT TIGER SHRIMP Penaeus monodon

Rungnapa Leelatanawit*, Sirawut Klinbunga, Narongsak Puanglarp,
Anchalee Tassanakajon, Padermsak Jarayabhand, Ikuo Hirono, Takashi Aoki,
Piamsak Menasveta
Program of Biotechnology, Faculty of Science, Chulalongkorn University,
Bangkok 10330, Thailand.

Farming of the giant tiger shrimp (Penaeus monodon) has relied enfirely on wild broodstock,
resuliing in heavy exploitation of wild stocks. Moreover, breeding of pond-reared P,
monodon has not yet produced enough larvae of the quality required by the industry.
Maturation of pond-reared broodstock of P. monodon is extremely low. Therefore, the basic
knowledge about genes-expressed at different developmental stages of ovaries and testes

and differentially expressed franscripts between these organs would provide a better
~ understanding about maturation of high quality pond-reared shrimp. Subtractive cDNA
libraries of ovaries and testes of P. monodon were constructed. A total of 216 clones (155
- clones from ovaries and 61 clones from testes) were unidirectionally sequenced. Most of the .
expressed genes in ovaries encoded thrombospondin (TSP, 45 clones accounting for 28.7%
of total expressed sequence tags, ESTs), followed by peritrophin (17 clones, 10.8%) and
unknown transcripts (76 clones, 49.7%). Conversely, almost all of the ESTs in P. monodon
testes were ‘unknown transcripts (59 clones, 96.7%). Gender-specific expression of
candidate sex-linked gene homologues and transcripts related with ovarian maturation (TSP,
peritrophin, AGESTX, Usp9X and XNP-1) were examined by RT-PCR. While XNP-1 and
peritrophin were expressed in both ovaries and testes, TSP, AGESTX and Usp8X
homologues revealed sex-specific expression in female P monodon,
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GENETIC DIVERSITY AND POPULATION STRUCTURE CF THE GIANT TiGER SHRIMP
Penaeus monodon IN THAILLAND

Sirawut Klinbunga*, Siriparn Pongsomboon, Premruethai Supungul,
Bavornlak Khamnamtong, Supaporn Thamrungtanakit,
Anchalee Tassanakajon, Piamsak Menasveta
Marine Biotechnology Research Unit, Faculty of Science,
Chulalongkorn University Bangkek 10330, Thailand.

The giant tiger shrimp (Penaeus monodon) is one of the most economically important
cultured crustaceans. Farming of P. monodon relies entirely on ocean-caught females for
seed supply. This open cycle and reliance on natural stocks results in heavy exploitation of
wild female broodstock. Integrated knowledge on population genetics (for estimation of
genetic variation), molecular genetics (for identifying genetic markers in different
applications) and quantitative genetics (for domestication and selection of hatchery-
propagated stocks) are required for construction of appropriate broodstock management,
restocking and selective breeding programmes of P. monodon. Several molecular genetic
approaches were used to analyze P. monodon genetic diversity and population
differentiation in Thai waters. Mitochondrial DNA polymorphism (16S rDNA and COI-COIl)
revealed large genetic heterogeneity between Guilf of Thailand (east) and Andaman Sea
(west) samples (P < 0.0001) but not within each coastal region (P < 0.05). This revealed a
genetic population structure for P. monodon in Thailand. Contradictory results for P
monocdon within the Gulf of Thailand were revealed by analysis of nuclear DNA
polymorphism using microsatellites and by RAPD analyses that consistently showed a
significant difference between P. monedon from Chumphon and Trat (P < 0.0001). Under a
presumption of selective neutrality for genetic markers, biased female-mediated gene flow
may exist betwaen P. monodon in the Gulf of Thailand. In addition, molecular markers used
for detection of shrimp originating from the Andaman Sea and Trat (950 bp from UBC428
and 260 bp from UBCZ268, respectively) and for family identification of the hatchery stocks
(CUPmo18, Di25, Di27, CSCUPmoT and CSCUPmoZ2) were developed and can be applied
for selective breeding of P. monodon. Highly polymorphic microsatellites can also be applied
for individuality and parentage analysis, eliminating problems from traditional selective
breeding programs where offspring of different family lines need to be cultured separately.
Amplified fragment length pelymorphism (AFLP)} analysis is also carried out to isolate
additional population and/or region-specific markers of P. monodon. Identified markers will
be converted from AFLP to SCAR markers and used to assess population origins of natural
and restocking stocks of P. monodon. Single-stranded conformation polymorphism (SSCP)
analysis of cDNA-derived markers is being carried out for identification of single nucleotide
polymorphisms (SNP) of functionally important genes in natural populations of P. monodon
in Thai waters.
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DEVELOPMENT OF MOLECULAR MARKERS FOR DIFFERENTIATION OF
MORPHOLOGICALLY SIMILAR Penaeus SPECIES

Bavornlak Khamnamtong®, Sirawut Klinbung, Piamsak Menasveta
Marine Biotechnology Research Unit and National Center for Genetic Engineering and
Biotechnology (BIOTEC}, National Science and Technology Development Agency (NSTDA),
113 Paholyothin Rd., Klong 1, Klongluang, Pathumthani 12120, Thailand.

The giant tiger shrimp (Penaeus monodon) was formerly the most commercially important
cultured spedcies in Thailand. Due to problems with disease outbreaks, the white shrimp (P.
vannamel) was introduced for commercial culture. Since post-larvae (PL) of P. merguiensis
are morphologically similar and difficult to differentiate from those of P. vannamei, they were
sometimes sold to unsuspecting farmers as the latter species. Likewise, PL of P.
semisuicatus is morphologically similar to PL of P. monodon and is sometimes sold as the
latter. This is disadvantageous for farmers since the growth rate of P. semisulcatus is much
slower than that of P. monodon. To assist farmers in screening PL, molecular markers for
identifying penaeid species were developed. The 16S rDNA fragments of P. monodon (N =
20), P. semisulcatus (N = 24), P. vannamei (N = 14), P. merguiensis (N = 14) and P.
japonicus (N = 7) were amplified using the polymerase chain reaction (PCR) technigue with
primers 16S-F (5-CGC CTG TTT AAC AAA AAC AT-3") and 165-R (5'-CCG GTC TGA ACT
CAG ATC ATG T-3). The amplified fragments (approximately 560 bp in length) were
subjected to restriction fragment length polymorphism (RFLP) and single-stranded
comformation polymorphism (SSCP) analyses. Morphologically similar shrimp (i.e., P.
monodon vs P. semisufcatus and P. merguiensis vs P. vannamef) could be unambiguously
differentiated. Nevertheless, results with P. merguiensis and P. vannamei were not
consistent when larger numbers of specimens were analysed. Therefore, a 165 rDNA
fragment representative of each shrimp was cloned and sequenced and a new pair of
primers giving an expected 312 bp product was designed. These were used to examine the
species-origins of 86 P. monodon specimens, 15 P. semisufcatus specimens and 24 P.
merguiensis specimens originating from various locations in Thailand, 30 P. vannamei
specimens originating from Mexico and Thailand and 16 P. japonicus originating from
Japan. Restriction analysis of the 165 rDNA fragments from these shrimp with restriction
enzymes Alu |, Ssp | and Vsp | revealed 3 (AAA, ABA and ABB), 1 (BBB), 2 (CBC and
BBC), 1 (BAB) and 1 (BBB) mitotypes in the respective species. The amplified 163 rDNA
fragment of all individuals was further genotyped by SSCP analysis. All shrimp species could
be clearly differentiated. In addition, P. semisufcatus and P. japonicus that shared a BBB
mitotype (PCR-RFLP) could also be differentiated unambiguously. Molecular markers
developed in this study can be directly applied for quality control of traded shrimp larvae to
prevent intentional supply of incorrect species.
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RECENT ADVANCES IN CRUSTACEAN IMMUNITY

Kenneth Soderhall*, Irene Séderhall
Department of Comparative Physiclogy, Evolutionary Biology Center, Uppsala University
Norbyvagen 18 A, 752 36 Uppsala, Sweden.
kenneth.Soderhall@ebc.uu.se

Invertebrate animals do not have a true adaptive immune system and therefore have to rely
on innate immune responses. During evolution, the innate immune system appeared before
the adaptive immune system, and some form of innate immune reactions are likely to exist in
all multicellular organisms. In contrast to adaptive immunity, innate immune recognition is
mediated by germ-line encoded receptors. This means that each receptor is genetically
predetermined and evolved by natural selection to have defined specificities for microbial
pathogens. These microbial pattern receptors will trigger activation of innate immune
responses such as the prophenoloxidase activating {(proPO) system present in the blood
cells of invertebrates, once they have identified and bound to pathogen-associated
molecules such as lipopolysaccharides and peptidoglycans from bacteria or beta-1,3-
glucans from fungi. Activation of the proPO-system is both very rapid and efficient and a
concentration as low as 10 pg per litre of microbial polysaccharides is enough to trigger
activation. Following activation of this enzyme cascade, several biological functions are
induced that aid in the elimination of foreign intruders. Antibacterial peptides are ubiquitous
and are probably of great importance for the well-being of many invertebrates. These
peptides and their induction have been studied in great detail, primarily in insects and in
particular in Drosophila, but to a lesser extent in crustaceans. The blood cells are vital for the
innate immune responses since they contain the proPO-system, express antibacterial
peptides, are involved in the clotting system and are the cells that remove foreign particles
and pathogens by phagocytosis or encapsulation reactions. Recently we have studied how
blood cells are synthesized in crayfish and we have isolated and characterised some of the
genes involved. We can also block haematopoiesis by RNAI both in vivo and Jn vifro using a
stemn cell culture, Thus, we can use this stem cell culture system to study in detail how these
cells mature to blood cells and how crustaceans interact with viral pathogens.
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SPECIFICITY IN THE SHRIMP IMMUNE RESPONSE REVEALED BY DIFFERENTIAL
DISPLAY

Karla Montafio-Pérez*, Alba |. Gémez-Gamez, Francisco Vargas-Albores
CIAD. PO Box 1735, Hermosillo Son.; 83000, Mexico.

in penaeid shrimp, several proteins have been described as being involved in defense
against pathogens. Although shrimp hemocytes are a very dynamic tissue that makes
possible recognition, phagocytosis, degranuiation and nodule formation during an immune
response, little is still known about their gene expression. In this work, we found that
hemocytes from Litopenaeus vannamei were not only capable of recognizing foreign
material but also distinguishing between different types. By means of differential display, it
was shown that hemocyte gene expression differed upon challenge with abiotic particles or
potentially pathogenic bacteria (Vibrio alginofyticus) and that some of the newly expressed
genes were exclusive for a specific challenge.
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MOLECULAR BIODEFENSE MECHANISM IN KURUMA SHRIMP AND BLACK TIGER
SHRIMP

Takashi Aoki*, lkuo Hirono
Laboratory of Genome Science,
Tokyo University of Marine Science and Technology.

A basic knowledge of biodefence genes and their mechanisms of action in shrimp is still
limited, despite of their extreme importance in combating microbial infections of cultured
shrimp. Shrimp have an innate immune system that includes cellular and humoral defense
mechanisms. An expressed sequence tag (EST} analysis was conducted for the discovery of
biodefence-related genes of kuruma shrimp haemocytes. We cloned and fully sequenced
several biodefence-related and immune-related cDNAs including a2-macroglobulin {a2M}, B-
1, 3 glucan binding protein (BGBP), crustin, kazal inhibitor, kKunitz-type inhibitor, lysozyme,
prophenoloxidase (proPO), serine protease homologue, transglutaminase (TGase), and a
translationally-controlled tumor protein homologue. The results of real-time PCR analysis
indicated that the expression levels of several biodefence genes dramatically increased after
oral administration of the immune-stimulant peptidoglycan (PG) derived from
Biofidobacterium thermophilum. We constructed a ¢cDNA microarray comprised of 718 and
308 different cDNAs from black tiger shrimp, Penaeus monodon and kuruma shrimp,
Marsupenaeus japonicus, respectively. Changes in the gene expression profile in kuruma
shrimp or black tiger shrimp hemocytes after oral administration of PG, oxytetracycline
(OTC) or oxolinic acid (OA} were analyzed using this cDNA microarray. Gene expression
levels of many genes changed at 1, 3 and 7 days after administration of PG, OTC or OA.
Interestingly, expression of several defense-related genes was up-regulated by the immune
stimulant PG. In contrast, expression of several defence-related genes was down-regulated
upon antibiotic administration. We will discuss the details of the results of microarray study
for gene expression profiling of biodefence-related genes in kuruma shrimp and black tiger
shrimp in this seminar. All our studies indicate that microarray analysis is a powerful method
to characterize varying gene expression for a better understanding of the shrimp biodefence
network system.
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EXPRESSED SEQUENCE TAG ANALYSIS FOR IDENTIFICATION OF HEAT RELATED
GENES IN THE GIANT TIGER SHRIMP Penaeus monodon

Atchariya Buethong®, Narongsak Puanglarp, Anchalee Tassanakajon, Piamsak Menasveta
Marine Biotechnology Research Unit, National Center for Genetic Engineering and
Biotechnology, 113 Thailand Science Park, Phaholyothin Road, Klong 1, Klong Luang,
Pathumthani 12120 Thailand.

To cope with deleterious effects of stress, living organisms have developed molecular
responses for repair and protection against damage by the synthesis a number of stress
proteins. These proteins assist the folding of nascent polypeptide chains, act as molecular
chaperones and mediate repair and degradation of altered or denatured proteins. Because
of the obvious importance of stress responses, attention has recently focused on the role of
heat stress proteins in the control of disease and in improving resistance against virulent
pathogens. The connection between stress responses and disease resistance has been
reported in various domesticated animals, and knowledge about heat stress protein
functions in vertebrates is much further advanced than in invertebrates. To identify heat
response genes and their involvement in disease resistance, expressed sequence tag (EST)
analysis of a complementary DNA library from haemocytes of heat stressed shrimp (P.
monodon) was performed. From this library, 1090 ¢cDNA clones were single-pass sequenced
from the 5' end and a BLAST analysis was performed against the GenBank database.
Sequence comparison revealed about 63% significant match to known genes, many of
which were involved in basic metabolism and cellular organization. Some of the matched
ESTs showed expected tissue specificity. A fotal of 134 (12.3%) expressed sequence tags
(ESTs) corresponded to heat related genes. A number of these cDNA clones and EST
sequences were subjected to full-length sequence and functional analyses. The data
generated will be a valuable resource in further studies on the biology of P. monodon and on
the identification of genes that can serve as potential targets for disease control.
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STRESS RESPONSES IN GIANT TIGER SHRIMP Penaeus monodon

Narongsak Puanglarp®, Atchariya Buethong, Kanchana Doungpunta,
Padermsak Jarayabhand, Piamsak Menasveta
Marine Biotechnology Research Unit, Faculty of Science, Chulalongkorn University Bangkok
10330, Thailand and National Center for Genetic Engineering and Bioctechnology, 113
Paholyothin Rd.,Klong 1, Klong Luang, Phtthumthani 12120, Thailand.

The connection between stress responses and disease resistance has been reported for
various domesiicated animals. Acute stressors can have both immunostimulating and
immunosuppressive effects depending on species and physiological status. Heat shock
proteins {(HSP), one of the stress-protein families, have been known to play an essential role
in cell protection. HSP involved with both innate and adaptive immunity have been reported
from varlous organisms. Induction of HSP has also been observed after infection of ceils
with a variety of bacteria or viruses. The aim of this study was to investigate HSP and a
number of thermal-induced genes in immunotolerance of P.monodon. The experiment was
conducted by applying sub-lethal cold and heat shock conditions (15, 30, 33 and 35 °C for 6
h) to shrimp pre-acclimated at ambient temperature (28°C). Then the shrimp were brought
back and maintained at ambient temperature. Tissues and haemocytes were collected from
each shrimp at 0, 3, 6, 12, 24 and 72 h after thermal induction. Profiles of protein extracts
from each tissue were analysed using SDS-PAGE, followed by Western blot analysis using
antibodies against human HSP60, bovine HSP70 and water mold HSP90. No differences in
bands were seen on Coomassie stained gels, but Western blot analysis revealed higher
levels of HSP70 from heat-treated shrimp, indicating inducability of HSP70 in P.monodon.
However, no binding was seen with HSP60 and HSP90 antibodies in Western biots,
indicating their absence or insufficient cross-reactivity with shrimp tissue extracts. When
heat-induced shrimp were chalienged with Vibrio harveyi, their survival was significantly
higher than that of uninduced control shrimp indicating that heat induction is related to
immunotolerance in P. monodon. Using RAP-PCR, a number of DNA bands were
differentially dispiayed between heat-induced and control shrimp. Each band was cloned,
sequenced, and subjected to further characterization. A number of genes coding for HSP60,
HSP70, and HSP90 in P.monodon were partially cloned and sequenced. Ongoing work
includes full-length seguence determination and semi-quantitative analysis of HSP60,
HSP70 and HSP90 expression in heat-induced shrimp. The results will provide some
knowledge on the role of HSP in the immune system of P.monodon.
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IMMUNE RELATED WAP DOMAIN-CONTAINING PROTEINS FROM Litopenaeus
vannamei HEMOCYTES

Florinda Jiménez-Vega, Francisco Vargas-Albores*
Centro de Investigacion en Alimentacion y Desarrailo (CIAD). PO Box 1735; Hermosillo,
Son; 83000, Mexico.

The WAP domain is found in proteins related to the shrimp immune system and mainly to
those with antibacterial or proteinase inhibitory activity. A ¢cDNA clone coding for a single
WAP domain (SWD) protein was isolated from a hemocyte ¢cONA library of L. vannamei. The
fuil-length cDNA sequence was 0.4 Kb long and encoded a 93-amino acid protein. SWD
protein mRNA levels were modified after injection of Vibrio alginolyticus, indicating the
probable role of SWD in the immune response. Although the amino acid seguence was
similar to WAP domain-containing proteinase inhibitors, shrimp SWD protein did not have
any other functicnal domain. Furthermore, single WAP motif (SWAM) proteins from mice
have been reported to have antibacterial activity. Phylogenic analysis showed that SWD was
more related to other WAP proteins than to mouse SWAM. On the other hand, penaeid
crustins in Litopenaeus vannamei and L. setiferus have been described by structural
similarity to belonging to an antibacteriai WAP domain-containing protein family. Six
crustin-coding clones were isolated from a cDNA fiibrary from L. vannamel/ hemocytes,
seqguenced and compared. Two different isoforms (named i and P} were found, based on
two nucleotide differences that produce one change in aminc acid sequence (lie/Pro). The
mRNA steady state levei of crustin i, but not crustin P was down regulated by Vibrio
afginolyticus inoculation. Thus, a difference of one amino acid substitution among penaeid
crustins seems to be associated with differential expression upon bacterial challenge.
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GENE EXPRESSION IN HEMATOPOIETIC TISSUE OF BLACK TIGER SHRIMP Penaeus
monodon BY THE EST APPROACH

Kallaya Sritunyalucksana*, Wanwarang Hiriote
Centex Shrimp, Chalermprakiat Building, Faculty of Science, Mahidol University,
Rama 6 Road, Bangkok 10400, Thailand.
tekst@mahidol.ac.th

Circulating haemocytes of invertebrates play an important role in immunity and their number
can vary and decrease dramatically during infection. Production of haemocytes in
crustaceans occurs in organs comprised of hematopoietic tissue {HT). In shrimp, HT
proliferates vigorously as evidenced histologically and is distributed in the head area. There
are very few reports on HT in shrimp. In this study, we used the EST approach to gain an
improved understanding of the function of HT in shrimp hoping that it would benefit the
development of raticnal strategies to improve health management in shrimp aquaculture.
Broodstock used for this study were checked to be free of white spot syndrome virus
(WSSV) by nested PCR and yellow head virus (YHV) types 1 and 2 by nested RT-PCR. A
cDNA library was constructed at the efficiency of 4.7x10° pfu/ml. A total of 831 clones were
sequenced. Of these total ESTs, 469 (53%) did not match sequences in GenBank. The
remaining 438 ESTs (47%) showed significant homology to deposited sequences. The
matched ESTs represented 147 different deduced protein types in 11 categories according
to their major functions. Of these, 24% were of mitochondrial origin, indicating contamination
from mitochondria during the process of library construction. Constructing a normalized
cDNA library is one possible way to improve the quality of the library and obtain a higher
number of genes to study. Several of the immune genes found in HT have been reported
from circulating shrimp hemocytes. These include proteinase inhibitors, transglutaminase
enzyme and clotting protein. The results suggest that these immune proteins are produced
and stored in young hemocytes in HT before the cells are released into circulation. Several
genes involved in developmental processes in other animals (e.g. Mago-nashi and NAS
proteins) were found for the first time in crustaceans. Apoptosis inhibiter involved in
apoptosis (a key process in the shrimp response to viral infection) was also found. The
occurrence of a high number of unmatched ESTs (53%) probably resulted from the fact that
a comparatively small number of genes have been described from invertebrate tissues.
Further study is aimed at elucidating shrimp genes involved in hematopoiesis and its
regulation,
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SERINE PROTEINASE AND KAZAL INHIBITOR FROM Litopenaeus vannamei
HEMOCYTES

Florinda Jiménez-Vega, Francisco Vargas-Albores’
Centro de Investigacion en Alimentacion y Desarrollo (CIAD).
PO Box 1735; Hermosillo, Son; 83000, Mexico.,

Shrimp are able to successfully destroy pathogens using their defense system. Although
specificity of the immune system seems to be limited, it can distinguish self and non-self
material and establish a response through cellular and humoral mechanisms. Two examples
of multimeric response systems are the pro-phencloxidase {proP0) activation system and
the coagulation system. In both systems, proteinases play a decisive role in the activation.
However, their activities can be regulated to control tissue damage by means of specific
serine proteinases that act as inhibitors. A serine proteinase clone and a Kazal inhibitor
clone were isolated from a hemocyte cDNA library of Litopenaeus vannamei and their
expression profiles were examined upon Vibrio challenge. Structural characterization
showed that the serine proteinase had, besides a catalytic domain, a clip domain that is
characteristic of proteinases from arthropod hemocytes. Although, the L. vannamei clip
domain had only 4 of the 6 typical cysteines, a similar structure was also found in Penaeus
monodon indicating its probable common distribution in penaeid shrimp. The Kazal inhibitor
contained four typical domains, two of them with probable Inhibitory activity. Its mMRNA
expression profile was modified by Vibrio challenge. Structural comparison with Kazal
proteins from crayfish revealed significant differences but a distant common ancestor.
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MOLECULAR CHARACTERIZATION OF SHRIMP WHITE SPOT SYNDROME VIRUS
(WSSV) BY GENOMIC AND PROTEOMIC APPROACHES

Chu-Fang Lo*, Guang-Hsiung Kou
Institute of Zoology, National Taiwan University, Taipei, Taiwan.

White spot syndrome virus (WSSV), one of the most devastating viral pathogens of cultured
shrimp worldwide, is an enveloped, ellipsoid, large double-stranded DNA virus. Recently, the
International Committee on Taxonamy of Viruses approved a proposal to erect WSSV as the
type species of the genus Whispovirus, family Nimaviridae. The complete genome sequence
of white spot syndrome virus (WSSV) for three isolates has been determined. For the
Taiwan isolate, the size of the genome is 307,287 bp, and sequence analysis identified a
total of 532 putative ORFs that comprise 60 codons or more. Microarray analyses have
shown that at least 89.5% (476/532) of the W88V ORFs are expressed in WSSV-infected
gill tissue and this provided a foundation for studying virus gene expression and regulation.
A time course analysis using the microarray identified -4 genes (wssv794, wssv313,
wssv369and wssv425) associated with the carrier stage of WSSV infection (also known as
latent or persistent infection). However, since WSSV targets many other cell types in
addition to gill tissue and since gene expression is often different in different tissues, we are
gaining a more complete understanding of the replication strategy of WSSV using other cell
types as microarray analysis targets. Although the virion protein profile of a virus is
important, the large size and complexity of the WSSV virlon makes such a profile difficult to
obtain. The unigueness of proteins encoded by WSSV ORFs has meant that until recently,
only ~5% of the 532 WSSV ORFs with >60 amino acids have been identified as genes with
known function, In a study designed to identify as many structural proteins as possible, by
emphasizing completeness at the expense of absolute purity, we were able to use gradient
SDS-PAGE separation of intact WSSV virions to produce the most comprehensive profile
published to date. Furthermore, intactness of the WSSV virions ensured that this profile was
both consistent (in terms of the molar ratios of the bands) and repeatable. After separation
and in-gel trypsin digestion, LC-nanoESI-MS/MS technigues identified 33 WSSV structural
proteins from 34 bands. In addition to nineteen WSSV structural proteins previously reported
(six of these not detected in our study), twenty additional proteins were identified, bringing
the total number of reported WSSV structural proteins to 39. One of these, structural protein
VP864, is the largest viral structural protein ever found. This proteomic analysis has not only
placed the structural proteins of WSSV on a genetic basis and opened the way for further
studies, but by combining this technique with immunoelectron microscopy, we also
demonstrated that, contrary to earlier reports, VP664 is the only major nucleocapsid protein.
Meanwhile, to better elucidate the interactions between the virus and its host{s], we
conducted a comparative analysis of differentially expressed genes in non-infected and
WSSV-infected Penaeus monodon postlarvae. Two ¢DNA libraries, namely PmTwN (non-
infected) and PmTwl| (WSSV-infected), were constructed. No normalization was applied to
these two libraries. A total of 7,200 and 8,064 clones were randomly selected from PmTwN
and PmTwl libraries, respectively, and sequenced to generate an EST database. When
ESTs from both libraries were compared with the WSSV whole genome sequence, 439
PmTwl| ESTs were identified as WSSV genes, but there were no PmTwN ESTs in homolog
to the WSSV genome sequence. No homologs to other shrimp viruses (YHV, IHHNV, TSV)
were identified in either library. These results are consistent with our initial PCR screening
results, and confirmed that the shrimp used were free of WSSV as well as YHV, IHHNV and
TSV. Out of several hundred ESTs that were found to be homologs to known genes, 55
were identified as candidates for being transcriptionally up-regulated after WSSV infection,
while 76 unique genes were identified as potentially down-regulated transcripts. These
candidate genes were responsible for housekeeping, defense, growth and other biologicai
functions. In addition fo these genes, many other Known and novel unigue sequences were
also differentially expressed.
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WHITE SPOT SYNDROME VIRUS AND CRAYFISH: REPLICATION IN A CELL
CULTURE AND HOST INTERACTION

Pikul Jiravanichpaisal, Hai Peng Liu, Lage Cerenius, Kenneth Séderhéll, Irene Sdderhall®
Department ofComparative Physiology, Uppsala University,
Norbyvigen 18 A, 752 36 Uppsala, Sweden.
irene.Soderhall@ebc.uu.se

Crustaceans lack immune memory and therefore have to rely on innate immune reactions.
One important innate immune defence process is the so-called proPO-system that
generates several factors to aid in the elimination of foreign particles or parasites. It is a non-
self recognition system that is activated by microbial products. This system has been studied
in greatest detail in freshwater crayfish and most of the proPO-components have been
purified and cloned. Recently, we have also been able to clone several proPO-components
from shrimp species, and particularly Peneaus monodon. Gellular immune reactions and
hence blood cells are important in defence and we have therefore isolated stem cells from
haematopoietic tissue and made proliferating cell cultures from them. This allows us to study
how the blood cells differentiate from stem cells to mature blood cells. We can also use
these cell cultures to replicate white spot syndrome virus (WSSV) and study how the virus
interacts with crustacean cells. The interaction between WSSV and crayfish has been
studied both in vivo and in vitro using the proliferating stem cell cultures. By subtractive
hybridisation, several genes have been isolated that are upregulated in response to the
virus. A few of these have been studied in more detail to investigate their role during virus
replication in cell cultures.
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GENOMIC AND PROTEOMIC ANALYSIS OF 39 STRUCTURAL PROTEINS OF SHRIMP
' WHITE SPOT SYNDROME VIRUS

Jyh-Ming Tsai*, Han-Ching Wang, Jiann-Horng Leu, He-Hsuan Hsiao, Andrew H.-J. Wang,
Guang-Hsiung Kou, Chu-Fang Lo
Institute of Zoology, National Taiwan University, Taipei, Taiwan.
d90225001@ntu.edu.tw

WSSV virions were purified from the hemolymph of experimentally infected crayfish
Procambarus clarkii and their proteins were separated by 8-18% gradient SDS-PAGE
(sodium dodecyl sulfate—polyacrylamide gel electrophoresis} to give a protein profile. The
visible bands were then excised from the gel, and following trypsin digestion of the reduced
and alkylated WSSV proteins in the bands, the peptide sequence of each fragment was
determined by liquid chromatography (LC) nano-electrospray ionization (ESI) tandem mass
spectrometry (LC-nanoESI-MS/MS) using a quadrupole/time-of-flight (Q-TOF) mass
spectrometer. Comparison of the resulting pepfide sequence data against the NCBInr
database identified 33 WSSV structural genes, twenty of which are reported here for the first
time. Since there were six other known WSSV structural proteins that could not be identified
from the SDS-PAGE bands, there must therefore be a total of at least 39 (33 + 6) WSSV
structural protein genes. Only 61.5% of the WSSV structural genes have a polyadenylation
signal, and preliminary analysis with 3' RACE suggested that some structural protein genes
produced mRNA without a poly (A) tail. Micro array analysis showed that gene expression
started at 2, 6, 8, 12, 18, 24 and 36 hpifor 7, 1, 4, 12, 9, 5 and 1 of the genes, respectively.
Based on similarities in their time course expression patterns, a clustering algorithm was
used to group the WSSV structural genes into four clusters. Genes that putatively -had
common/similar roles in the viral infection cycle tended to appear in the same cluster,
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VP664, THE LARGEST VIRUS STRUCTURAL PROTEIN EVER FOUND, IS THE MAJOR
NUCLEQCAPSID PROTEIN OF WSSV

Jiann-Horng Leu*, Jyh-Ming Tsai, Han-Ching Wang, Andrew H.-J. Wang, Chung-Hsiung
Wang, Guang-Hsiung Kou, Chu-Fang Lo
: Institute of Zoology
National Taiwan University
Taipei 106, Taiwan, ROC.
d92b41003@ntu.edu.tw

White spot syndrome has caused serious damage to worldwide shrimp culture. The
causative agent, white spot syndrome virus (WSSV), contains a rod-shaped enveloped
nucleocapsid enclosing a large circular double-stranded DNA genome of about 300 kbp.
Analysis of the complete WSSV genome sequence suggested the presence of a giant ORF
of 18,234 nucleotides that encaded a long polypeptide of 6077 amina acids. SDS-PAGE of
purified WSSV virions and an LC-MS3/MS database search revealed that this giant
polypeptide, designated VP664, was a WSSV structural protein. Sequencing analysis of RT-
PCR products confirmed the existence of the fong, corresponding 18 kb transcript and also
revealed that the giant ORF was intron-less. Time course analysis showed that this
transcript was actively transcribed at the late stage of viral development, suggesting that it
was involved primarily in the virion assembly and morphogenesis. Several polyclonal
antibodies against this giant protein were prepared and one was used for IEM analysis to
localize it in the virion. Immunoelectron microscopy with gold-labeled secondary antibody
revealed gold particles randomly distributed at the periphery of the nucleccapsid, suggesting
that the giant ORF encoded a major viral nucleocapsid protein with a periodicity that
matched the characteristic stacked ring subunits that appear as striations by negative
staining transmission electron microscopy. From this and other evidence, we argue that this
giant ORF encodes the major WSSV nucleocapsid protein.
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USE OF THE YEAST-2-HYBRID SYSTEM TO ISOLATE OF SHRIMP PROTEINS THAT
INTERACT WITH TAURA SYNDROME VIRAL CAPSID PROTEIN

Saengchan Senapin®, Jongrak Kittiworakarn, Timothy W. Flegel
Centex Shrimp, Chalermprakiat Building,
Faculty of Science, Mahidol University,
Rama 6 Road, Bangkok 10400, Thailand.

Taura syndrome virus (TSV) is known to infect a number of penaeid shrimp species.
However, it has caused serious economic losses only for the Penaeus vannamei farming
industry. Thus, it would be interesting to know how each shrimp species responds to TSV
and other viruses at the molecular level, The yeast-two-hybrid assay system can be used to
study protein-protein interactions. The aim of this study was to examine the possibility of
using it to study the shrimp interaction with viral proteins. The TSV capsid protein was used
as a to test this system. Host-viral interaction in yeast cells was investigated by constructing
a system containing VP17 that coded for TSV capsid as the bait and a P. monodon cDNA
library as the prey. Two immune-related genes were identified in the initial screening and
their protein-protein interaction with VP71 is being confirmed using a GST-pull down
technigue. Isolation of the corresponding genes from P. vannamei and testing of their
possible interaction with VP1 is also under investigation. This is the first report of the
successful use of the yeast-two-hybrid system to study protein-protein interactions in shrimp.
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HIGHLY EXPRESSED GENES IN LYMPHOID ORGAN OF HEALTHY AND Vibrio harveyi
CHALLENGED SHRIMP Penaeus monodon

Siriporn Pongsomboon®, Ratree Wongpanya, Sureerat Tang, Chidchanck Lursinsap,
Kasemsant Kuphanumat, Anchalee Tassanakajon
Shrimp Molecular Biology and Genomics Laboratory, Depariment of Biochemistry,
Faculty of Science, Chulalongkorn University, Bangkok, 10330 Thailand.
siriporn.pen@biotec.or.th

The lymphoid organ (LO) in penaeid shrimp is responsible for the removal of foreign material
from the haemolymph before it goes from the arterial system into the open circulatory
system. In this study, expressed sequence tag (EST) analysis was used to investigate gene
expression in this tissue. Two standard cDNA libraries were constructed, one from LO of
healthy shrimp and one from LO of V. harveyi-challenged shrimp (Penaeus monodon). To
identify rare transcripts, a normalized lymphoid cDNA library was also established. A total of
448, 645 and 595 EST clones were generated from the respective librarles. Comparison of
EST clones with sequences at GenBank revealed approximately 40-50% matched EST. Of
these, 23 different immune-related genes were found. Interestingly, cathepsin clones were
prevalent in the LO libraries and peritrophin clones were present exclusively in the
challenged library where they were the most prevalent. Cathepsin clones were abundant in
LO of healthy shrimp (6.3%) and also in the V. harveyi-challenged library (1.7%). Based on
EST clustering, there were 8 and 6 different groups of the cathepsins and peritrophins,
respectively. The LO peritrophins were similar to ovarian peritropins. The level of cathepsin
and peritrophin expression was studied by RT-PCR in eyestalks, gills, the heart, the
hepatopancreas, hemocytes, LO and intestine of healthy shrimp. Highest expression
occurred in the LO and intestine, whereas peritrophin expression was highest in the
intestine. A low level of expression of both genes was found in the remaining tissues.
Peritrophin expression increased in response to V. harveyi challenge, whereas cathepsin
expression decreased. The differential expression of cathepsins and peritrophins during
bacterial challenge suggests that they play some role in the response to bacterial invasion.
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CLONING AND EXPRESSION OF YHV GLYCOPROTEIN GENE GP116 USING THE
BACULOVIRUS EXPRESSION APPROACH

Nusra Sittidilokratna*, Vichai Boonsaeng, Peter J. Walker
Centex Shrimp, Chalermprakiat Building,
Faculty of Science, Mahidol University,
Rama 6 Road, Bangkok 10400, Thailand.

Yellow head disease was first reported in farmed P. monodon in Thailand in early 1990,
When it first emerged, this disease was the most virulent viral infection ever reported for the
black tiger shrimp in that farmers could experience taotal crop loss within 3 to 5 days of the
first appearance of visible signs of infection. The causative agent, Yellow-head virus {YHV),
is (+) sense, single-stranded RNA virus that has been classified in a new family Roniviridae
and genus Okavirus within the order Nidovirafes. Virions are rod-shaped, enveloped
particles (approx. 70 x 180 nm) with prominent surface spikes and a helical nucleocapsid.
The complete YHV genome of 26,662 nt (excluding polyA tail) comprises 5 long open
reading frames (ORF1a, ORF1b, ORF2, ORF3, and ORF4). ORF1a and ORF1b encode a
non-structural replicase polyprotein. ORFZ2 represents nucleocapsid protein and ORF3 has
been reported to encode two structural glycoproteins, gp116 and gp64. Glycoprotein gp116
contains two transmembrane domains at the C-terminus whereas glycoprotein gpb4
contains one transmembrane damain. Here, we describe a cloning and expression strategy
for the larger glycoprotein gp116 without its C-terminal transmembrane domains (i.e.,
truncated gp116) by using the Bac-to-Bac® (Invitrogen) baculovirus expression system.
PCR products representing the truncated gp116 glycoprotein sequence and plasmid
pEXPORTHIS (kindly provided by Dr Rosanne Casu, CSIRO Plant Industry, Australia) were
digested with Sall and Nofl, gel purified and ligated to insert the gp116 seguence
downstream of the polyhedrin promoter. The recombinant transfer vector was transformed
into E. coliDH5a competent cells. A construct with the correct sequence was subseqguently
transformed into DH10Bac™ E. cofi {Invitrogen) for transposition into a bacmid. White
colonies were selected and recombinant bacmids were extracted and used to transfect
Spodoptera frugiperda (Sf9) insect cells. At 4 days post-infection, supernatant was collected,
centrifuged to remove cell debris, and analyzed by 10% SDS-PAGE in parallel with negative
(no infection) controls. Gels were stained with Coocmassie blue or transferred to
nitracellulose membranes. Immunoblot detection using YHV polyclonal rabbit antiserum
revealed a prominent band at a size relatively smaller than 116 kDa, corresponding to the
required truncated form of the glycoprotein.
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DEVELOPMENT OF LOW COST-DETECTION METHODS FOR ON-FARM SCREENING
OF GILL-ASSOCIATED VIRUS (GAV) LOAD

James Munro®, Leigh Owens
Microbiology and Immunology, School of Biomedical Sciences, James Cook University,
Townsville, Qld, Australia.
james.munro@jcu.edu.au

Gill associated virus {GAV) is a single-stranded, positive sense RNA virus that has been
associated with massive mortalities in the Australian prawn farming industry. GAV Is closely
related to vellow-head virus (YHV) that was originally isclated in Thailand. The two viruses
share 85.1% nucleotide identity while isolates of GAV share 98.5%, indicating that YHV and
GAV represent distinct genetic lineages and geographical topotypes. The current method
used for detecting these viruses is reverse transcriptase-polymerase chain reaction (RT-
PCR) assay with specific or multiplex primers. Although the method is both specific and
sensitive to the target genome, there are practical limitations to wide spread application.
These limitations include the need for specialised equipment (PCR lab setup cost approx.
$15,000 AUS), well-trained personnel and high cost of processing individual samples.
Consequently, most farmers decide not to monitor on-farm disease status with respect to
GAV/YHV. The objective of this project was to develop low-cost detection methods for GAV
{and by inference for YHV) for small-scale prawn farmers in Australia and developing
countries, We have developed two alternative, non-molecular detection methods for the
detection of GAV and YHV. A semi-quantitative, low cost test based on haemagglutination of
chicken erythrocytes was developed to indicate the presence and viral load within Penaeus
monodon. The study tested haemolymph, gills, the lymphoid organ, the heart, subcutaneous
tissue, eye stalks, pleopods, uropods and the central nerve cord for agglutination activity in
100 prawns. Haemolymph and gill tissue gave the highest end-point titres of 1:1370 and
1.361 respectively. The sensitivity of the test was demonstrated by testing two different
populations of P. monodon that showed a highly significant difference (P<0.001) in
haemagglutination activity, indicating a difference in viral load. By testing three other penaeid
prawn species (Penaeus esculentus, Penaeus merguiensis and Penaeus fongistylis) and the
crayfish Cherax quadricarinatus (n = 20), it was demonstrated that natural agglutinins did not
cause high agglutination in the populations of . monodon tested. Monoclonal antibodies
(MAbs) and polyclonal antibodies {PAbs) have been developed towards GAV for the use in
an enzyme linked immunosorbent assay (ELISA). The specificity of the MAbs was -
demonstrated by immunohistochemistry showing a positive immunoperoxidase reaction in
the lymphoid organ of P. monodon that were alsc RT-PCR positive for GAV while showing a
negative immunoperoxidase reaction in the lymphoid organ of Penaeus merguiensis that
were RT-PCR negative for GAV. Specificity was also demonstrated by applying
immunoprecipitation to purified virus from P monodon using the developed MADSs.
Immunoprecipitation was positive for GAV and negative for Mourilyan virus (MoV), for
infectious hypodermal and haematopoietic necrosis virus (IHHNV) and for crustacean DNA
that was used with specific RT-PCR or PCR tests. We then used the optimised ELISA to test
for GAV with gill samples of P. monodon (n = 100) and compared individual resulis to RT-
PCR for sensitivity and cost analysis.
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DETECTION OF WHITE SPOT SYNDROME VIRUS AND YELLOW HEAD VIRUS IN
SHRIMP BY LOOP-MEDIATED {SOTHERMAL AMPLIFICATION

Tohru Mekata*, Tomoya Kono, Ram Savan, Terutoyo Yoshida, Masahiro Sakai, Jii‘aporn
Kasornchandra, Toshiaki [tami
Department of Biological Production and Environmental Sciences
Faculty of Agriculture, University of Miyazaki, Miyazaki, 888-2192, Japan.
itamit@cc.mivazaki-u.ac.jp

Loop-mediated isothermal amplification (LAMPY) is a novel, sensitive and rapid technigue that
can be applied for disease diagnosis in aquaculture. Using LAMP and RT-LAMP methods,
highly specific and sensitive diagnosis systems for white spot syndrome virus {WSSV) and
yellow head virus (YHV) detection were designed. A set of four primers, two outer and two
inner primers, were designed from WSSV genomic DNA. Reaction time and temperatures
were optimized for 60 min at 65°C, respectively. The detection limit using the LAMP method
was up to 1 fg, when compared to 10 fg by nested polymerase chain reaction {FCR). Thus,
the standardized LAMP procedure was used to detect the presence of WSSV in the heart,
stormach and lymphoid organ from infected shrimp. A set of four primers for the detection of
YHV were selected from the YHV gencmic sequence. Optimum temperature and reaction
time for the RT-LAMP were 65°C and 60 min. The virus RNA was extracted from heavily
infected shrimp gills with either and RNA extraction kit or 0.5 M NaCH and diluted 100-fold
for use as an RT-LAMP template. This study developed a diagnostic procedure that is rapid,
simple and highly sensitive for WSSV and YHV detection in shrimp. The work was supported
in part by a grant from “Program for Strategic Regional Science & Technology
Advancement”, Mivazaki Prefecture, Japan,

Ma AMP rod

Figure 1 Typical agarose gel electrophoresis
pattern of LAMP reaction products from
WSSV. RT-LAMP products show a similar
pattern.
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PERSISTENT VIRAL INFECTION (VIRAL ACCOMMODATION) REDUCES THE
SEVERITY OF DISEASE IN CRUSTACEANS AND OTHER ARTHROPODS

T.W. Flegel
Center of Excellence for Shrimp Molecular Biology and Biotechnology (Centex Shrimp)
Faculty of Science, Mahidol University, Rama 6 Road, Bangkok 10400, Thailand.
sctwf@mahidol.ac.th

Comparatively little published information is available on the mechanistic response of
arthropods to viral pathogens. Much of the literature has been focused on the use of viruses
for biological control of insect pests and disease vectors or on the use of baculoviruses as a
means of heterologous protein expression in insect cell lines. The situation has changed
dramatically with the rapid global increase in cultivation of penaeid shrimp and the massive
farm losses that have occurred due to viral pathogens. Urgency to sclve these problems has
led to a closer examination of the shrimp response to viral pathogens in the hope of finding
new methods of disease control. Field observations and results of laboratory experiments in
the past decade indicate that shrimp are capable of a specific, adaptive response to viral
pathogens that cannot be explained by current knowledge and understanding of their cellular
and humoral defenses. Hallmarks of this response are specific tolerance to single and
multiple viral infections without gross or histological signs of disease. These phenomena are
commen to crustaceans and insects and the concept of viral accommodation was introduced
in 1998 as a simple testable hypothesis to explain them. Key elements of the hypothesis
were an unknown mechanism for specific memory of pathogens and a role for this memory
in dampening viral-triggered apoptosis. Recent field and research results have supported
predictions of the viral accommodation hypothesis and suggest that memory is provided by
the viral pathogens themselves in persistent infections that reduce the severity of disease.
The well-known phenomenon of defective interfering viral particles probably plays an
important role in this process, but it cannot explain cross protection that has recently been
described for heferologous viral infections. Homologous and heterologous reduction in
disease severity as a result of persistent viral infections may be a key process that has
evolved from host viral interaction in the arthropod line.
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THE INTERACTION OF AN OSMOLYTE, BETAINE AND SHOCK PROTEINS IN VIRUS
INFECTED Penaeus monodon

Leigh Owens®, Laurence Liessmann
Microbiology and Immunology, School of Biomedical Sciences,
James Cook University, Australia, 4811.
Leigh.Owens@jcu.edu.au

It has been hypothesized that shock precipitates mortalities in virus infected Penaeus
monodon via uncontrolled apoptosis. In the case of osmotic shock, osmolytes including
betaine should be able to protect against these mortalities. To test the protective effect of
betaine against hypa-osmotic shock, Penaeus mornodon were divided into 2 groups, one fed
normal commercial diet and one group fed the same diet with a partially water-stabilised
betaine based supplement at 1%. Both treatments were hypo-osmotically challenged and
the levels of their shock proteins (SP) were measured as an indicator of stress, The salinity
of the water was decreased from 35 ppt to 15 ppt over 45 min by the addition of distilled
water, and maintained at this salinity for 2 h, It was then increased to 35 ppt over 30 min by
the addition of seawater, The prawns were held at this salinity for 6 h before the pleopads
were removed for sampling. The stress of transport from the farm to the experimental
facilities enhanced mortalities. Betaine had a significant positive effect on survival in both a
population of prawns in giass tanks (x° = 10.67; df = 1; P<0.005), and a population housed in
1 tonne tanks (X° = 3.84; df = 1, P < 0.05). The survival attributable (inverse AR1) to being
fed betaine was 13.5%. The levels of SP in the 2 groups were tested by the conservative,
nonparametric Mann-Whitney U test. There was a significantly higher level of SP in the
betaine-fed prawns than the controls (U = 585.5, N = 80, P = 0.024). However, a group of
very low responders to osmotic shock failed to produce shock proteins. Excluding this group
of non-respanders from the analysis removed 3 prawns from the betaine group and 13 from
the control group. Analysis with a t-test produced no significant differences (t = 0.383; df =
g2; P = 0.703) between the betaine-fed versus the control groups. This unequivocally
showed the control group had its mean SP levels lowered due to the non-responders to
osmotic shock. The relative risk for failing to respond to osmotic shock when fed betaine was
0.23. This was less than 1, indicating that feeding betaine was heneficial or sparing as a risk
factor. The odds ratio of failing to respond to osmotic shock when not fed betaine was 5.94
to 1 compared with being fed betaine. The lessening of risk of not responding to osmotic
shock attributed to being fed betaine in absclute numbers was 25 animals out of every 100.
Betaine and other osmolytes lessen the stress from environmental challenges because they
protect protein from denaturation. Therefore, SP induction to refold and protect damaged
proteins is lessened when osmolytes are abundant. When an animal has low betaine or
other osmolytes, the production of SP becomes a critical response for protection. However,
viruses slow down the production of SP because of competing mRNAs. The higher the viral
load, the greater the inhibition. Therefore, prawns infected with viruses become sensitive to
environmental shock and without adequate levels of protective osmolytes, they would be
expected to succumb to uncontrolied apoptosis when shocked.
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ISOLATION AND CHARACTERIZATION OF GENES INVOLVED IN APOPTOSIS FROM
WSSV-INFECTED SHRIMP Penaeus monodon

Pukkakul Sungsuriya®, Jiraporn Rojtinnakorn, Saengchan Senapin, Kallaya
Sritunyalucksana, Timothy W. Flegel
Centex Shrimp, Chalermprakiat Building, Faculty of Science, Mahidol University,
Rama 6 Road, Bangkok 10400, Thailand.

Apoptosis or programmed cell death (PCD) is considered to be a universal, essential
mechanism for the elimination of unwanted or potentially harmful cells. Previous studies
revealed that moribund shrimp infected with white spot syndrome virus (WSSV) and yellow
head virus (YHV) have high numbers of apoptotic cells in vital tissues such as hemocytes,
gills, the heart and lymphoid organ. Thus, PDC may be involved in causing shrimp death.
The aim of this study was to isclate and characterize some apoptosis-related genes from
Penaeus monodon infected with WSSV so that their expression and interaction with other
proteins could be followed during the course of viral infections. First, total RNA frem
hemocytes of WSSV infected shrimp was isolated and used for cDNA synthesis. In addition,
specific primers were designed from censerved regions of potential PCD genes of interest
and used for RT-PCR. The amplified RT-PCR products were cloned and nucleotide
sequences were determined followed by homology comparisons at GenBank. The full-length
of selected genes was obtained by the RACE technigue. Genes for 3 proteins involved in
PCD were identified. These were transiational controlled tumor protein (TCTP), ALGZ -
interacting protein X (Alix) and inhibitor of apoptosis protein (IAP). These genes are being
used as bait in a yeast two-hybrid system with a shrimp cDNA library as prey in order to
screen for other PCD related proteins.
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CHALLENGING SUCCESSIVE MOSQUITO GENERATIONS WITH A DENSONUCLEOSIS
VIRUS YIELDS PERSISTENT, INNOCUQUS INFECTIONS AND PROGRESSIVE
IMPROVEMENTS IN SURVIVAL

Songsak Roekring*, Pattamaporn Kittayapong, Siriporn Sriurairatana, T.W. Flegel
CENTEX SHRIMP, Faculty of Science, Mahidol University,
272 Rama VI Road, Phayathai Rajdhevee Bangkok 10400, Thailand.

Research on cultivated shrimp suggests that they have the capability to tolerate viral
pathogens in a highly specific manner by mechanisms currently unknown. The phenomenon
is difficult to study in detail because they have a generation time of 1-2 years and lack
continuous cell lines, Thus, we developed a mosquito-densovirus model 1o examine whether
similar phenomena occur in insects. Serial challenge of 5 generations with a stock
densovirus (AThDNV) resulted in progressive survival increases from 15% to 58%,
Prevalence of ATADNV infection in surviving mosquito larvae {confirmed by PCR, histology,
in sifu hybridization and transmission electron microscopy) was relatively high (e.g., 43% in
F2) but they grew normally to establish each succeeding generation. At the end of 5
generations, comparison of putative amino acid sequences from genome fragments
revealed a significantly higher (p = 0.02) estimated prevalence of defective targets in the
survivor virus population (22.7% + 10.0 SD) than in the stored viral population (3.3% + 5.8
SD). The results paralleled those reported for serially passaged C6/36 mosquito cell
cultures infected with densoviruses. There, reduced infection rates are ascribed to the
production of defective interfering particles (DIP). Thus, it is possible that the presence of
prior AThDNV infections with a high level of DIP contributed to improved survival in our
challenged F4 mosquito population. i so, it suggests that persistent viral infections in
arthropods may serve in a specific, adaptive manner to reduce the incidence and severity of
disease.
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MOLECULAR GENETICS AND EPIDEMIOLOGY OF WHITE SPOT SYNDROME VIRUS
OF SHRIMP

Just M. Viak
Laboratory of Virology, Wageningen University,
Binnenhaven 11, 6709 PD Wageningen, The Netherlands.
just.vlak@wur.nl

White spot syndrome virus (WSSV, Nimaviridae) is one of the most important pathogens of
cultured shrimp, more specifically in Southeast Asia. The virus emerged in the early 1990s
near China and spread quickly through tide and trade in Southeast Asia to become a world-
wide epizootic,. WSSV is not only a notorious scourge for shrimp, but also attacks other
crustaceans such as crabs and crayfish and forms a threat to aquatic crustaceans that are
part of the food chain. Intervention strategies are being sought to control virus diseases in
shrimp, in particular against WSSV, through sanitation, monitoring, eradication and maybe in
the future vaccination. WSSV is a sole member of the virus family Nimaviridae and contains
(depending on the isolate) a large, circular, double-stranded DNA molecule with about 180
computational open reading frames (ORF). The function of about 30 Orbs is known. Most of
these either encode structural proteins or enzymes involved in nucleotide metabolism and
DNA replication. The genome is further characterized by the presence of multiple
homologous repeat regions (firs) with hitherto unknown function. In this review, an update
will be given on the functionality of WSSV genes in terms of expression. WSSV isolates
originating from Taiwan (WSSV-TW), China (WSSV-CN) and Thailand (WSSV-TH) show
genotypic differences allowing the identification of each isolate. The variable loci were
mapped by alignment of the genome sequence of these three WSSV isolates. These loci
can be divided into deletions, differences in number of repeat units and single nucleotide
polymorphic sites. The variation within these loci suggests a recent geographical spread
from a common ancestor and we hypothesize that a genetic gradient exists through the
natural spread of WSSV over time from Taiwan to Thailand and onwards via China, Vietnam
and Cambodia. Analysis of WSSV isolates obtained along the coast of Vietnam (WSSV-VN})
showed that all genotypes contained the same but unigue deletion in “variable region
ORF23/24” and that they are genetic intermediates between WSSV-TW and WSSV-CN on
the one hand and WSSV-TH on the other. “Variable region ORF23/24 can be used as a
diagnostic marker for WSSV isolates. Analysis of the non-Ar unidirectional tandem repeats
dispersed along the viral genome suggests that they are suitable as markers to study the
spread of WSSV at the regional or local level or even forensics. The potential of molecular
genetics to understand WSSV epidemiology and ecology is discussed.

209



7 ASIAN FISHERIES FORUM 2004

PHYLOGENETIC ANALYSIS AND EVIDENCE OF GENETIC RECOMBINATION AMONG
SIX GENOTYPES OF YELLOW HEAD COMPLEX VIRUSES FROM Penaeus monodon

Priyanjalie Wijegoonawardane, Jeff A. Cowley, Wansika Kiatpathomchai,
Linda Nielsen, Peter J. Walker*
CSIRO Livestock Industries, Queensland Bioscience Precinct
St Lucia Q 4068, Australia,

Yellow head virus (YHV) is an important pathogen of farmed black tiger shrimp (Penaeus
monodon), causing rapidly accumulating mortalities in diseased ponds during the middle to
late stage of grow-out. Several other related viruses have also been reported, including gill-
associated virus (GAV) that was originally detected in healthy farmed P. monodon in
Australia. In this paper, we describe phylogenetic analysis of sequences amplified from the
ORF1b (replicase) and ORF3 (glycoprotein) genes of 54 YHV-complex viruses collected
from healthy and diseased P. moncdon from Australia, Mozambique, India, Thailand,
Vietnam, Malaysia, Taiwan, Philippines and Indonesia. The phylogenies generated from
each region indicated that the isolates clustered into six genotypes. Genotype 1
corresponded to the lineage of the original YHV isolate from Thailand and was only detected
in shrimp from Thailand with yellow head disease. Genotype 2 corresponded to the lineage
of the original GAV isolate and was detected in both healthy and diseased shrimp from
Australia and healthy broodstock and post-larvae from Indonesia, Thailand and Malaysia.
Other genotypes were detected in healthy shrimp. Genotype 3 was detected in shrimp from
Vietnam, Indonesia and Thailand, genotype 4 was detected in shrimp from India, genotype 5
was detected in Malaysia, Thailand and Philippines, and genotype 6 was detected in shrimp
from Mozambigue. Two isolates from Indonesia clustered as genotype 3 in ORF1b and
genotype 2 in ORF3, and two isolates from Vietnam clustered as genotype 3 in ORF1b and
genotype 5 in ORF3, suggesting genetic recombination may occur between these
genotypes.  Sequence analysis of one Indonesian isolate indicated that the likely
recombination cross-over locus was in the 3’ region of the ORF2 gene.
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PREVALENCE OF TAURA SYNDROME VIRUS (TSV) AND INFECTIOUS HYPODERMAL
AND HAEMATOPOIETIC NECROSIS VIRUS (IHHNV} IN Penaeus vannamei AND
OTHER AQUATIC SPECIES NATIVE TO THAILAND

Jareeporn Ruangsri*, Suphada Kiriratnikom, Nopadol Sukrakanchana, Supatra Arunrat,
Nirut Sukkasame, Tanawut Klowkliang, Jiraporn Kasornchandra,
Kidchakan Supamattaya
Aquatic Animal Health Research Center, Department of Aquatic Science,
Faculty of Natural Resources, Prince of Songkia University,
Hat Yai, Songkhla 80112 Thailand.
jareepornr@hotmail.com

This study surveyed the prevalence of Taura syndrome virus (TSV) and infectious
hypodermal and haematopoietic necrosis virus {IHHNY) in non-native, white shrimp
(Penaeus vannamei) cultured in Thailand. The impact of these infectious agents on
indigenous aquatic animals in Thailand was also assessed. Samples of larval, juvenile and
adult white shrimp were collected from 3 regions of the country and screened for TSV and
IHHNV using the polymerase chain reaction (PCR) technigue. Viruses isolated from infected
shrimp were used for determine the susceptibility to infection of some native Thai aquatic
species. From 163 hatcheries larval samples screened, TSV and IHHNY infection was 3.7
and 44.2%, respectively. TSV infection was detected as high as 7.3% in shrimp samples
collected from the southeastern region, followed by 5.6% for the eastern region and 4.5% for
the central region. The highast rate of IHHNV infection was 55.6% for the eastern region.
From 132 samples of juvenile shrimp from grow-out ponds, TSV and IHHNVY percentages
were 6.7% and 67.9%, respectively. The highest prevalence of IHHNV (up to 90%) was in
samples collected from the lower Southern region. The highest prevalence of TSV infection
(11.3%) was in shrimp from the Central region. Many aquatic species native to Thailand,
e.g., black tiger shrimp (Penaeus monodon), speckled shrimp (Metapenaeus monoceros),
dwarf prawn (Macrobrachium equideus), krill {(Acetes sp.), mantis shrimp (Chloridopsis
immacufatus), freshwater prawn (Macrobrachium fanchesteri and M. rosenbergii), mangrove
crab (Sesarma sp.) and mud crab (Scyfla serrata) were susceptible to viral extracts and died.
Mortality associated with the causative agent was confirmed in most species, except the
mud crab and freshwater prawn (Marcrobrachium rosenbergii). However, viral particles were
still detected in surviving animals 10 days after challenge. The results of this study will be a
helpful in establishing measures for disease control and for reducing of risk of pathogen
introduction with imported white shrimp broodstock.
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VARIATION IN INFECTIOUS HYPODERMAL AND HEMATOPOIETIC NECROSIS VIRUS
ISOLATES FROM DIFFERENT AREAS IN THAILAND

Kanokporn Chayaburakul*, Siriporn Sriurairatana, Timothy W. Flegel, Kathy F.J. Tang,
Bonnie T Poulos, Donald V., Lightner, Boonsirm Withyachumnarnkul
Department of Anafomy, Faculty of Science, Rangsit University, Muang-Ake, Pahonyotin
Road, Pratumtani, 12000, Thailand.

Nucleotide and putative amino acid seguences were determined for 6 infectious hypodermal
and hematopoietic necrosis virus {IHHNV) isolates from different locations in Thailand
(Bangkachai, Chantaburi, Padriew, Phuket, Nakhon Si Thammaraj, and Samut Sakhon).
DNA exfracts from all isolates were subjected to polymerase chain reaction (PCR)
amplification and cloning using 10 pairs of primers that produced overlapping amplicons
covering 94.2% of the IHHNV genome. Three primers (ck8, ck8a, and ck7) covered the
ORF3 region that comprised 1,386 nucleotides from position 2606 to 4,001 of GenBank
reference AF218266 and encoded nonstructural protein 1 (NS1 at 2,758 to 3,747 bp). ORF3
of isolates from Chantaburi, Bangkachai, and Padriew showed 92.9%, 99.5% and 99.6%
nucleic acid identity to the Hawaiian isclate, respectively. A Mahachai isclate showed 95%
identity to the Hawaiian isolate {lowest among all isolates) but 96.2% to a Thai isolate
(AY102034) reported in 2002. The ORF3 seguence (1.4 kb) was selected for franslation into
NS1 putative amino acids before doing multiple alighment comparisons using IHHNV from
Hawaii (GenBank AF218266) as the reference putative sequence. Using these putative
amino acid seguences, IHHNV isolates from Chantaburi, Bangkachai and Padriew were
identical fo the Hawaiian isolate while the Mahachai isolate showed only 98.5% identity. By
contrast, it showed 100% identity fo the previcusly reporied Thai isolate (AY102034). A
phylogenetic tree based on nucleotide comparisons placed all the Thai isolates in the same
clade as the Hawaiian isolate, except for the Mahachai isolate and the previously reported
Thai isclate. A phylogenetic tree based on putative amino acid seguences resulted in a
similar pattern. Multiple alignments and phylogenetic trees based on nucleotides 161 to 4001
gave similar results, Although putative amino acid differences in ORF 1 were distributed
throughout, a high percentage of substitutions were found in the range of amino acids 155-
195, These results support the previously reported hypothesis that IHHNV was transferred to
the Americas via imporied experimental stocks of Asian Penaeus monodon in the early
1980's. Reference to recent literature indicates that IHHNV is highly uniform in Asia and has
undergone liftle genetic change in the 20 year interval since its infroduction to the Americas.
However, it is genetically more distant from IHHNV reporied from Australia and Madagascar.
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EPIDEMIOLOGIC ANALYSIS OF RISK FACTORS FOR WHITE SPOT DISEASE (WSD) IN
BLACK TIGER SHRIMP Penaeus monodon CULTURE IN THAILAND

Visanu Boonyawiwat*, Chalermpal Lekcharoensuk, Worawidh Wajjwalku, Jeffrey Davidson,
Pornlerd Chanratchakool, T.W. Flegel
Dept Medicine, Faculty of Veterinary Medicine, Kasetsart University,
Kamphangsaen Campus, Nakornpathom 73140, Thailand.

White spot disease (WSD) is serious pandemic viral disease that is acutely fatal and causes
massive losses with almost all species of commercially cultivated marine shrimp. A
retrospective study on risk factors of WSD outbreaks was performed using management
practices, water quality and environmental factors as parameters throughout several
production cycles. The 314 production cycle records of a 70-pond farm covering the period
January1998 to April 2002 were analyzed using a logistic regression model. Over the whole
study period, 42.7% of the ponds recorded WSD outbreaks and the outbreak pattern was
similar each year, with a low prevalence in the first crop (February to August) and a higher
prevalence in the second crop (September to January). Cloudy days were the strongest
factor affecting disease occurrence. Ponds that had larger proeduction areas, stocked older
post-larvae and had a high density at harvest date trended to experience more disease. By
contrast, ponds with longer preparation periods before stocking had a lower risk for WsD
outbreaks.
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