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FOREWORD

Traditional aquaculture has been practised by fish farmers of
Southeast Asia for centuries. In the last 15 years or so, however, the
introduction and development of modern and innovative aquaculture
technologies have transformed this age-old occupation into a major in-
dustry that has increased the national fish production, produced much-
needed export earnings, and generated employment and business oppor-

tunities.

Acknowledged worldwide is the role of the Southeast Asian Fish-
eries Development Center (SEAFDEC) in promoting the growth of
aquaculture in the region. SEAFDEC performs this role through its
Aquaculture Department (AQD) which it established in 1973 in the
Philippines with the mandate to undertake research and provide train-
ing for aquaculture manpower.

A great deal of aquaculture progress and success has been ac-
complished since the birth of SEAFDEC and AQD 20 and 15 years ago,
respectively. But these must be assessed in the light of present and
future needs and challenges. This was the rationale for the regional
Seminar on Aquaculture Development in Southeast Asia (ADSEA '87)
held in Iloilo City, Philippines, on 8-12 September 1987. Also con-
vened to commemorate the 20th foundation anniversary of SEAFDEC,
the conference was attended by senior aquaculturists from Japan,
Thailand, Singapore, Malaysia, and the Philippines, together with re-
presentatives of various international organizations, Philippine govern-
ment agencies, academic institutions, and the private sector, including
fishfarmers' associations.

The seminar reexamined the existing aquaculture technologies in
Southeast Asia, evaluated the contribution of AQD to these technolo-
gies, and identified future directions for aquaculture in the region
which include areas in research and training where closer collaboration
between AQD and SEAFDEC Member Countries should be strength-
ened.

This Proceedings is a comprehensive account of the seminar. It
contains the papers read and discussed at the sessions, and the recom-
mendations reached and formulated.
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It is our hope that through this publication AQD is again able to
effectively disseminate valuable information for the benefit of aquacul-
turists, researchers, planners and decision-makers, resource managers,
and the general public as envisioned by the founders of SEAFDEC.

F. J. Lacanilao
Chief
Aquaculture Department

Southeast Asian  Fishertes Development  Center



DEVELOPMENT OF AQUACULTURE INDUSTRY
IN SOUTHEAST ASIA: AN OVERVIEW

Herminio R. Rabanal
8 Basilan Road, Philamlife Homes
Quezon City, Metro Manila
Philippines

ABSTRACT

Southeast Asia, a Subregion of the Asia-Pacific Region, is com-
posed of countries of diverse socio-economic circumstances. Fisheries
production, particularly that of the aquaculture sector, is relatively
developed and is important to the economy ofthis area. Some 80 eco-
nomic aquatic species are the subject ofculture. Many of'these species,
which include fin fish, crustaceans, molluscs, and seaweeds, are pro-
duced in consequential quantities.

Total production from the Subregion in 1983 amounted to about
880 000 mt which represented nine percent oftotal world aquaculture
production in said year, and a 100% increase in the area within the de-
cade (1975-1983). Unit production is comparatively low as it is usually
done with the use of the extensive level of management developed after
long years of experience by fish farmers. Higher rate of production in
recent years is a trend especially for high value and exportable species
like the penaeid shrimps. Aquaculture production tends to have acce-
lerated growth while capture fisheries production tends to increase very
gradually or levels off.

Technical and non-technical constraints occur which hinder rapid
progress of aquaculture in Southeast Asia. This will require the atten-
tion of research institutions and governments. However, bright pros-
pects for future increase in production in this industry are developing
in the area. Specific instances to support this forecast are discussed.

INTRODUCTION

Available statistics show that fisheries production is important to
the economy and food supply of most countries of the world. Aqua-
culture production is an important aspect of this production sector.
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The Asia-Pacific Region is the center of development of world aquacul-
ture and its Southeast Asian Subregion can be considered the gem for
this type of production development (Fig. 1).
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Fig. 1. Definition of the Southeast Asian Subregion as employed in this paper

The nine countries included in the Southeast Asian Subregion vary
greatly in their socio-economic conditions (Table 1). These circumstan-
ces have an impact on the general economic and fisheries/aquaculture
development of the countries. In area, the countries vary from as small
as 618 km? (Singapore) to 1.9 million km? (Indonesia). The total land
area of the countries in the region is 3.8 million km” or close to 2% of
total world land area. However, the population of 360.9 million is
equivalent to about 7% of total world population. In population den-
sity, the countries vary from as sparse as 19 persons/km® (Laos) to as
dense as 4 000/km? (Singapore). The population growth rate also
varies considerably with Singapore registering the lowest at 1.5% and
Brunei the highest with 3.3%. The economic condition of the countries
as indicated by per capita GNP also varies considerably. Based on equi-
valent US dollars, this ranges from US$85.00 (Laos) to US$22 150.00



5

OVERVIEW

J]qe[TeAR 10U BIR(T4

(S861) BRIV ©OS BUIYD) (NOS 103 UBA[Ng [eonsnels A1austd €861 (OAAAVAS) 303U 1uawdoaAd(] SSHIYSL] UBISY JSeYNOS,

SOUSIES [EUOTEU WO} UOYE} dsed e OV WOl AJUre|

(sesodmd dAneredwos 10§ UadE) d1oMm €86 10§ SIMBL) /861 09 “[OA ‘SASHEIS AISYSL JO JO0qILIX $86T OV,
9861 LI JOA ‘GAV JO SN0y JQUISIA 3uidojoAd( Jo s10jedIpu] A5 Sueq JUAWAO[eAS( UBISY,
(uaAI3 st “IND j0u “Swodur eyides 1ad L) /6] “OBUBWIY PHIOM |

€8 ocL S81 PHOM U0
VAS Tu201d
00S 9ST LL 000 000S  €¥T S6¥ LOT [€10) PHOM
199 190 T SyevL T ¢ €€v 9 106 09¢ 6£¢ V8 € SILHUNOD
V4dS 10 [el0L
* * (4] 000 S0S 1681 * 081 A 65 9SS 6C¢ WeN JRIA
* L6S T8 I'ec LLS Y01 T S8 &< 6 00€ 1S ELE TS puefiey],
* Icel 194 660 61 29T L &1 wlv 29S¢ 319 arodedurg
6£0 01T 099 LIS 182 L9 61€ 1 099 8T I L9 ¥§ 2000 00€ souddijiyq
L96 91 €LT LOT oy 868 STL 20060 1 3¢ 8y 2089 ST VL 6T¢ eske[ejy
* * € 000 0 nS8 * 6l v v 208 9¢¢C SOe]
* * a4 0SL €9 4001 * 8% AL 50 I81 eoyonduiey
SS9 8 ST eIL 1 811 SCETUI T VS =< 98 DST 91 v 616 1 BISSnopU]
690 T oy 6v6 C 40ST TC A€€ 8¢ A1TT aSOL S founrg
(SIOULEf  UQULISYSIY (1e0£/3)) (yu) €861 ($s) (%) avex (LU oN) (0001) (Zuo)
-ysy Jo 'oN yuondumsuoo cuonanpord dND moId Aysusp uonemdog BIIY Anuno)
Jo "oN ysy ended 104 souoysy  epdeorog uonendog — uonemndog

SOLUNOD UBISY ISEAYINOS JO SONSHE)S OIUOUOI-O0I00S [EIA ‘T S[QBL



6 AQUACULTURE DEVELOPMENT IN SOUTHEAST ASIA

(Brunei) with the others registering very wide-ranging intermediate
values. Fisheries is important in the region varying from 2 949 mt (Bru-
nei) to 2 104 577 mt (Thailand) in 1983. This situation also has some
bearing on the per capita consumption of fish in each country which
varies from 3 kg/yr (Laos) to 43 kg/yr (Malaysia and Singapore). In-
donesia has the largest number of fishermen (1.7 million) and fish
farmers (800 000) followed by the Philippines with 800 000 fishermen
and 210 000 fish farmers.

World fisheries production from 1938 to the present has gradually
increased from 21 million mt (1938) to 84.9 million mt in 1985 or an
increase of over 300% in 46 years equivalent to about 7% increase per
year. Of'this, 6 to 10 million mt or about 10% come from aquaculture.
The world aquaculture production by kind ofresource in 1983 consists
of the following:

Kind of resource Production  (mt)
Finfish 4 447 946
Crustaceans 123 445
Molluscs 3 245 530
Seaweeds, etc. 2 393 782

Total 10 210 703

The distribution of world aquaculture production by region in
1983 is as follows:

Region Production  (mt) Percent of total
Asia-Pacific (A-P) 8 412 131 82.4
Europe and Near East

(E-NE) 1 221 511 12.0
North America (NA) 312 691 3.0
Latin America and the

Caribbean (LA-C) 220 505 2.2
Africa (AF) 43 865 0.4

Total 10 210 703 100.0
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Of the Asia-Pacific aquaculture production, the Southeast Asian
Subregion produces over 800 000 mt or 10% of the production from
this region.

In the Southeast Asian countries, the total fisheries production has
been growing gradually. From 1981 to 1985, this increased from 7.1
million mt in 1981 to 7.9 million mt in 1983 but declined slightly to
7.6 million mt in 1985 (Table 2). This subregional production com-
poses 9-10% of the total world production. In aquaculture, the coun-
tries produced from 150 mt (Brunei) to 440 000 mt (Philippines) in
1983, with the Southeast Asian countries producing a total of about
885 000 mt or equivalent to about 9% of the total world aquaculture
production (Table 3).

PROFILE OF SPECIES BEING CULTURED IN SOUTHEAST ASIA

It is extremely difficult to prepare a comprehensive checklist of
species that are the subject of aquaculture in Southeast Asia. There are
species that are mainly used for human food (finfish, molluscs, and
crustaceans), species that are used mainly in industry (industrial sea-
weed, pearl, and window pane oyster), species that are used as food or-
ganisms for the culture of other species (phytoplankton, zooplankton,
brine shrimp, etc.), and species used as cash crop for export (orna-
mental fish). For purposes of this paper, species used for human food
and for industry, either consumed locally or exported are discussed.
These consist of finfishes, crustaceans, molluscs, seaweeds, and others.
In the region, it is estimated that over 80 species are cultivated con-
sisting of 48 species of finfish, 13 species of crustaceans, 13 species of
molluscs, 5 species of seaweeds, and 5 species of other vertebrates
(Tables 4, 5).

Finfishes

It is estimated that there are close to 50 species of finfish culti-
vated in Southeast Asia. This includes freshwater, brackish and marine
species. The major marine and brackishwater species include milkfish,
sea bass, grouper, snapper, sea bream, rabbitfish, mullet, jack, eel, and
gobies. The freshwater species include carps and related cyprinids,
tilapias, clarias catfishes, gouramies, snakehead, certain eels, and certain
gobies. In 1983 about 595 000 mt of finfish were produced through
aquaculture in the region. Highest production by species include milk-
fish, with over 300 000 mt; carps and related cyprinids with over
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100 000 mt; the tilapias with 51 000 mt; gouramies with 18 000 mt
and catfishes with over 10 000 mt (Table 5).

Crustaceans

World fisheries production of crustaceans is relatively low in ton-
nage but very high in value. The total crustacean production through
aquaculture in Southeast Asia in 1983 is about 60 000 mt. This is equi-
valent to almost 50% oftotal world crustacean production through cul-
ture. Most of these species are high value species that are exported to
major importing developed countries. There is a continuing demand
and persistent relatively high price for this commodity. It is estimated
that there are about 13 crustacean species cultured in Southeast Asia.
The major species belong to the penaeid shrimp which include the
Penaeus and Metapenacus shrimps followed by the non-penaeid
shrimps. The giant freshwater prawn has also been cultured and is
produced commercially in the Subregion. There is one species of crab,
the Scylla serrata being cultivated with small amount of production
from the Subregion (Table 5).

Molluscs

Most of the molluscs being cultured are for human food but the
pearl oysters are cultured to produce precious pearls and shells. Some
98 000 mt of molluscs were produced through culture in Southeast
Asia in 1983. There are about 13 species cultured of which the major
ones are: the blood cockle (Anadara granosa) followed by the green
mussel (Perna viridis) and the food oysters (Crassostrea spp. and Ostrea
spp.) (Table 5).

Seaweeds and Others

Of the seaweeds, the brown, green, and red seaweeds or macro
algae are cultured in certain countries of the Subregion. Red algae be-
longing to the genus Eucheuma is a major source of an industrial pro-
duct, the carrageenan. Crop of this algae which is cultured is exported
from the region. This species can also be used secondarily for human
food but the main food species which have been cultured belong to the
green seaweed Caulerpa. Five species are cultured in the region and the
production in 1983 mainly from the Philippines is about 130 000 mt
(Tables 4, 5). Other species which are cultured both for food and
industry and for the export trade include frogs and other amphibians,
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Rana spp.; and turtles and other reptiles (Trionyx sp. and Crocodilus
sp., etc.) About five species of this economic aquatic vertebrates are
cultured in the region but the production is still negligible amounting
only to about 6 mt in 1983.

PRODUCTION TRENDS IN THE LAST DECADE

Generally for the Subregion, aquaculture productivity has
gradually increased with time. This is true with the production for
the different systems as well as the different species within the finfish,
molluscan, crustacean, and seaweed groups. Of course, there are certain
systems and areas, and/or species where setbacks have occurred due to
specific reasons or causes.

The interesting thing about aquaculture production is its relation
with capture fisheries. While capture fisheries tended to fluctuate or
level off in most countries of the region, aquaculture production
gradually increased to attain a relatively higher percentage contribution
to the total fisheries production in the different countries as well as the
region in general (Table 9).

National Production by Species

The total aquaculture production from all countries of the South-
east Asian Subregion is over 880 000 mt in 1983 which is equivalent
to 9% of the total world aquaculture production and about 1% of the
total world fisheries production. The leading aquaculture producers in
the Subregion are the Philippines with over 440 000 mt, Indonesia with
267 000 mt, Thailand with 92 000 mt, Malaysia with 53 000 mt, Viet-
nam with about 25 000 mt, Singapore with 2 000 mt and small amounts
produced by Kampuchea, Laos and Brunei (Table 3).

By resources or species, the major groups produced in Southeast
Asia as of 1983 are: milkfish (36%), seaweeds (15%), carps and other
cyprinids (12%), penaeid shrimps (6%), tilapia and other cichlids (6%),
blood cockle (5%), sea mussel (4%), gouramies (2%), food oysters (2%),
catfishes (1%), snakehead (0.5%), mullet (0.5%), and freshwater prawn
(0.1%). There are other species belonging to the finfishes, crustacean,
molluscan and seaweed groups which are produced to complete the
large array of culture species in the Subregion (Table 5), however, the
magnitude of production from these minor species is still negligible.
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By species, for finfishes, the Philippines produced the most with
about 270 000 mt/yr. mainly from milkfish; Indonesia follows with
about 239 000 mt/yr. mainly from milkfish and carps and related cypri-
nids. This is followed by Thailand with about 49 000 mt distributed in
a number of species but mainly the tilapias, gouramies, carps and
related cyprinids, snakehead, and others (Tables 4, 5). The total pro-
duction of finfish through culture in the Subregion amounted to about
595 000 mt or 67% of the production in the area and 13% of world
production of this crop.

In the production of crustaceans, mainly the penaeid shrimps in
brackishwater, Indonesia leads with about 28 000 mt, followed by the
Philippines and Thailand with about 13 000 mt each in 1983. There is
small production from Malaysia and Singapore. Only Thailand has a
consequential amount of production of over 1 000 mt for the giant
freshwater prawn. The total production of crustaceans from Southeast
Asian countries in 1983 is about 60 000 mt which is 7% of the total
aquaculture production but 49% oftotal world production for this crop
(Tables 4, 5).

In the production of molluscs, Malaysia leads solely from the pro-
duction of blood cockle with over 38 000 mt/yr in 1983 while both
the Philippines and Thailand have a production of 30 000 mt in the
same period. The production of the Philippines consists of oysters and
mussels while that of Thailand consists of mussels, oysters, and blood
cockles. Almost 100 000 mt of molluscs are produced from the Sub-
region in 1983 (Tables 4, 5). This is 11% ofthe total aquaculture pro-
duction from this area and 3% of world production ofthis crop (Table

The culture of seaweeds is still not widespread in the Subregion as
natural stocks are still available and are being gathered (e.g., Indonesia,
Malaysia, Philippines, Thailand). However, consequential production
through culture especially of the Eucheuma spp. is produced in the
Philippines. The production of Eucheuma seaweed in the Philippines in
1983 was about 130 000 mt (Table 4). Frogs and other amphibians,
turtles and other reptiles are produced in some countries of the region
through culture such as in Thailand but these are still of very small
quantities (Table 5).

Production per Unit Area

Data on the average production by species of cultured organisms
in Southeast Asia are not readily available. If available, they may be
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incomplete or if obtained by different agencies or institutions, varia-
tions in methodology can be a cause of varying interpretations. How-
ever, out of the scanty data in hand, the aquaculture production
averages for different culture systems and for some species in the Sub-
region may be assessed (Table 6). In the Table, Southeast Asian aqua-
culture may be divided into three major systems, namely: mariculture,
brackishwater culture, and freshwater culture. For the countries prac-
ticing mariculture for the year 1983, some idea of the average unit pro-
duction (kg/ha/yr.) can be gleaned for blood cockle in Malaysia and sea
mussels/blood cockle/oysters in Thailand. The average production kg/

Table 6. Aquaculture production averages for different systems and species in
Southeast Asia (1983)

System/Country Species Total Total Unit
area used production production
(ha) (mt) (kg/ha/yr)

I. MARICULTURE

Malaysia Blood cockle 4 699 38 530 8 200
Thailand Sea mussels,

blood cockles

and oysters 3 033 29 841 9 800

II. BRACKISHWATER CULTURE

Indonesia Milkfish,
penaeids, mullet,
seabass, etc. 193 724 134 073 690

Philippines Milkfish,
penaeids, etc. 196 269 183 770 940

Thailand Penacids, seabass,
mullets, etc. 5 235 14 920 2 850

III. FRESHWATER CULTURE

Indonesia Carps, gouramies,

tilapias,

catfishes, etc. 165 003 132 828 800
Malaysia Carps, tilapias,

catfishes, etc. 5 810 13 850 2 380
Philippines Milkfish (fishpens),

Tilapia (cages/ponds),
carps, gouramies, etc.

(ponds) 13 770 99 280 7 200
Singapore Freshwater species 309 541 1 750
Thailand Tilapias, gouramies,

catfishes, carps,
snakehead, giant
prawn, etc. 41 082 46 966 1 100

Source: Fisheries Statistical Bulletin for South China Sea Area, 1983 Southeast
Asian Fisheries Development Center (SEAFDEC), Bangkok, Thailand, (1985)

Note: There are no available data in hand for other systems and species
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ha/yr for blood cockle in Malaysia is about 8 mt/ha/yr while that for
various cultured molluscs in Thailand is about 10 mt/ha/yr (Table 6).
There are no complete records to assess the productivity of cage culture
of marine finfish and of seaweeds in the Subregion nor of molluscs in
the other countries in the area.

In the brackishwater culture, extensive culture system for milkfish
cultured with penaeid shrimp and other finfishes and shrimps is exten-
sively practiced in Indonesia and the Philippines. Here the average an-
nual production per hectare in 1984 for Indonesia is about 700 kg/ha/
yr, in 1985 for the Philippines, 950 kg/ha/yr (Table 6). The brackish-
water pond production in Indonesia which was about 300 kg/ha/yr in
1960 gradually increased to attain a production of over 600 kg/ha/yr in
1984 while in the Philippines, from about 350 kg/ha/yr in 1940, this in-
creased to almost 1 mt/ha/yr in 1985 (Table 7). In Thailand where semi-
intensive culture in brackishwater ponds is practiced mainly for penaeid
shrimp and sometimes for seca bass, mullets and other finfishes, and
shrimps, the average production is between 2 to 3 mt/ha/yr (Table 6).
The slow and gradual increase of production for this industry in Indo-
nesia and the Philippines is an indication that they are the results of
experience especially by small-scale fish farmers. In the Philippines, for
instance, while the national average is about 970 kg/ha/yr in 1985, it is
not uncommon that progressive, large-holding farms harvest from 1 to
3 mt/ha/yr. It is well known that the national average in Taiwan is 2
mt/ha/yr.

In freshwater pond culture as exemplified by Indonesia where this
system is of long existence, the area used and production showed fluc-
tuations.  Within a 25-year period (1960-1984, Table 8) the area
used was in the 30 000-ha level during the 60's and 70's but attained
40 000-ha level in the 80's (Table 8). The total annual production fluc-
tuated from about 40 000 mt in 1960 to about 80 000 mt in 1983.
Unit annual production varied from about 1 300 kg/ha (1960, 1970) to
1 900 kg/ha (1983). The average unit annual production for a 25-year
period (1960-1984) was about 1 500 kg/ha. Gradual increase in total
production and unit production with time during the period is indicat-
ed although not conclusive (Table 8).

Relationship of Capture Fisheries and Aquaculture Production

World aquaculture production was assessed by FAO in three dif-
ferent years (1975, 1980, 1983). In the area during these three assess-
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Table 8. Data on freshwater fishponds in Indonesia (1960-1984)

Total Unit

Area production production

Year (ha) (mt) (kg/ha/yr)
1960 30 179 39 801 1 319
1965 36 102 63 302 1 753
1970 40 023 51 345 1 283
1975 38 914 55 403 1 424
1976 34 235 52 631 1 537
1977 34 033 56 000 1 645
1978 35 555 57 680 1 622
1979 39 785 59 359 1 492
1980 38 501 66 379 1 724
1981 47 085 78 224 1 661
1982 38 909 69 245 1 780
1983 41 783 79 681 1 907
1984 40 942 76 528 1 869

Source: National fisheries statistics by the Directorate General of Fisheries,
Indonesia (various years)

ment periods, total fisheries production increased from 6.7 million mt
in 1975 to 7.9 million mt in 1983 or a 19% increase in an 8-year
period. During the same period, the aquaculture production from the
Southeast Asian Subregion increased from 440 000 mt to 885 000 mt
or a 100% increase during the same period (Table 9).

In 1975, the aquaculture production from the different countries
in the Subregion had from 3 to 9% of their total fish production or an
average of 7% while that of capture fisheries constituted 91 to 97% or
an average of 93%. The countries that lead in high aquaculture produc-
tion compared to capture production in 1975 were the Philippines with
a ratio of 9:91; Malaysia and Thailand, 7:93; and Indonesia, 6:94.
In 1980, the aquaculture production in the Southeast Asian countries
ranged from 3 to 18% ofthe total fish production in the different coun-
tries while capture fisheries composed from 82 to 97%. The relative
proportion of aquaculture and capture fisheries production was 18:82
in the Philippines, 11:89 in Indonesia, 9:91 in Thailand, and 3:93 in



AQUACULTURE DEVELOPMENT IN SOUTHEAST ASIA

20

J[qe[ieAr 10U BlR(

arqeordde jou 10 o1dz opmyuSep —

Joyne oY) AQ A2AINS WOL SINBWINSI SNOIAAID PUB SIOUAIRJAI J[QR[IBAR UO PAseq SAIBWIIST

(s861) DdAAVHES ,,
oseq eled OVd ¢

aseq B1e@ OV 'we (1861) Aellid 1YV
ased BIe@ OV Pue (9L61) Ae[lld RYY

L8 701 €8 49 TL ot TVLOL NO ViS %
898 el €0L 01T 01 00§ 9ST LL 6°L8 'zl €9¢ LOL 009 680 TL 8°06 76 68C T0I 9 001 000 99 TVLOL dTIOM
6'88 11 98% S88 €98 666 L 168 601 8€0 0TL I€L S69 9 S'e6 9 6y ovy Y0€ 1€L 9 Vds ¥0d TVLIOL
$'96 se 15000 ST 000 OIL M 000 €19 996 143 000 0¢€ 000 TL8 WeN JIA
656 't STL 16 ¥20 09T T 016 06 796 091 096 L6L T €6 89 00€ 901 9¢8 TS 1 puerey],
9'68 v'01 6£0 T 6vSs 61 L'96 33 9¢s ¥¥0 91 399 194 S8L 09$ L1 aiodesurg
S'LL [Syad €L0 St¥ 08S LL6 1 L'18 €81 T0S S8T 09 9sS 1 €16 L8 800 sTI 186 Tvy 1 sourddiriyg
8'C6 TL ove €S 680 I¥L 0°06 0°0I1 vl €L 98y 9¢€L L'T6 €L 65S ¥¢€ 8L €LY eiske[ejy
7’86 8T s09¢ 000 0T B 000 0T « 000 0T soe
936 vl <006 0SL €9 . 009 1S . 00L +8 rogondmey
6°L8 el 668 99T 918 ¥0T T 768 801 L6T 661 Y18 1¥8 1 L'€6 €9 or8 €vl SL8 §9T T BIsouopuj
1's6 6y 1608 T §S0 € - - stc ¢ - - B 0LS 1 founrg
(%)
[©101 UO
() () [e101 uon (ur) (yur)
(%) 110} o) uononpoid (©%) 18101 (yu) uononpoxd uo uon -onpouxd uononpoid uononpoxd
(%) 18101 :aImyno uononpord SILIdYSL) (%) 18101 Imyno uononpod saLoysIy -onpoxd  dmmno ajnoenbe SOLIYSL)
:armyde) -enby aimnoenby [el0], :aimde) -enby aimynoenby [el0], amyde) -enby 1e0L 1el0],

€861

L0861

LSL61

(€861/0861/SL61) BISY Iseayinog ur

uononpoid souoysy ornydes pue uononpoid aimjnoenby ‘g o[qeL



OVERVIEW 21

Singapore. The average proportion of culture to capture fisheries pro-
duction for the Subregion is 11:89.

In 1983, the aquaculture production in the different countries in
the Subregion ranged from 1 to 23%, while that of capture fisheries
from 77 to 99%. The leading aquaculture producers have the ratio of
aquaculture to capture fisheries production as follows: Philippines,
23:77; Indonesia, 12:88; Singapore, 10:90; Malaysia, 7:93; and the rest
with 5% or less in their aquaculture production. The average ratio of
aquaculture to capture fisheries production during this period is 11:89.
Aquaculture production from the Subregion constituted about 9% of
the total world aquaculture production in that year increasing by 2%
from that of 1975 which was 7% (Table 9).

Contribution of Different Species to Total Production

The milkfish is the single most important species produced
through aquaculture in Southeast Asia with over 300 000 mt in 1983.
Of course, it is realized that this species is produced mainly in Indonesia
and the Philippines where it is an important food fish. The total pro-
duction of milkfish constituted 36% of the total aquaculture produc-
tion in the Subregion (Table 10).

Following milkfish but quite far behind is the cultured industrial
seaweed, the Eucheuma species which contributed over 130 000 mt
(15%) in 1983 exclusively from the Philippines (Tables 5, 6). Third in
magnitude are the cultured carps and other cyprinids with over 100 000
mt or about 12% of the total aquaculture production from the Sub-
region (Table 10). This group of species also constitutes the highest
among the freshwater forms cultured in this area. Saltwater shrimp and
tilapia follow next with over 51 000 mt each (6%). The saltwater
shrimps are valued export crops and their culture is rapidly growing and
spreading in this area while the tilapias are important local food fish
in most countries of the region (Table 10).

Of the molluscs, the blood cockle, almost exclusively produced in
Malaysia with a little amount in Thailand and perhaps Indonesia, regis-
tered the highest tonnage in this group with over 45 000 mt or 5% of
the total subregional production. This is followed by sea mussel with
about 38 000 mt (4%); gouramies, 18 000 mt (2%); oysters, 15 000 mt
(2%); catfishes, 11 000 mt (1%); snakehead, 5 000 mt (0.5%); mullet,
4 000 mt (0.5%); and freshwater prawn, 1 000 mt (0.1%) (Table 10).
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Table 10. Production of different species through aquaculture in Southeast Asia,
arranged by production size, 1983

Species/species group Production (mt) Percent of total
Milkfish 322 116 36
Seaweed 132 204 15
Carps and other cyprinids 102 238 12
Penaeid shrimps 51 387 6
Tilapias 51 238 6
Blood cockle 45 625 5
Sea mussel 37 941 4
Gouramies 17 801 2
Oysters 14 771 2
Catfishes 10 519 1
Snakehead 4 787 0.5
Mullet 4 352 0.5
Freshwater prawn 1 154 0.1

Source:  Southeast Asian Fisheries Development Center (SEAFDEC), Fishery
Statistical Bulletin for South China Sea Area, 1983. SEAFDEC,
Bangkok, Thailand (1985)

It is anticipated that these major species being cultured will
continue to increase in production in the coming years but more parti-
cularly those that have high market demand and especially those for ex-
port. The saltwater shrimps and some marine finfish as well as the
freshwater prawn belong to this category. Local food fish species like
milkfish, the tilapias, carp, and other cyprinids will increase only slight-
ly or level off. The cultivated molluscs like the sea mussel, blood
cockle, and oysters will rise depending on market demand and mainte-
nance of good consumption qualities. Likewise, miscellaneous fresh-
water and marine finfishes will undergo increased use for culture in
specific areas. The culture of novelty items like crabs, frogs and other
amphibians, and turtles and other reptiles will tend to increase because
of their market demand.

CULTURE SYSTEMS AND LEVEL OF INTENSITY FOR MAJOR
SPECIES

The level of production in the aquaculture industry depends on
the species and their cultural characteristics, the system used for the
culture, and the intensity applied in the culture system. Different spe-
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cies are adapted to specific types of culture system (e.g., blood cockle
in open sea water, penaeid shrimp in ponds, etc.). Sometimes certain
species can adapt to more than one type of culture system (e.g., finfish
in ponds, pens, or cages).

Culture Systems

There are different types of culture systems that have developed in
Southeast Asia and in many other areas ofthe world. This can be enu-
merated as follows:

. Culture in ponds or impoundments
. Culture in pens or enclosures

. Culture in cages

. Culture in open water, and

. Ranching

wn AW =

Culture in ponds or impoundments is widely practised and can be
applied to most aquaculture species. Two types of culture are used
under this system, namely: 1) the stagnant or semi-stagnant pond or
impoundment and 2) running water system. Stagnant and semi-stag-
nant ponds are used for freshwater finfishes as well as for the giant
freshwater prawns, brackishwater and marine finfish, and penacid
shrimps. Running water pond culture has been developed mainly for
the common carp especially in Indonesia.

Fishpens or enclosures were initially tried in the early 70's in a
shallow eutrophic freshwater lake in the Philippines using milkfish for
stock. This has proven to be very successful and the practice rapidly at-
tained commercial scale and consequential production in a period of
five years. Similar attempts to introduce the system in other bodies of
water in the region have not been very successful but tests in more
water bodies continue to be conducted.

The use of cages consisting of nets or bamboo and wood is prac-
tised in certain areas in the region. These are mainly for finfish such as
tilapia and carp in freshwater; and seabass, grouper, bream, snapper and
crabs, and shrimps in sea water.

Open water culture system is practised for certain species especial-
ly those that require wide areas for culture. These include sea mussels,
oysters, blood cockles, and various species of scaweeds. The species
used in this culture require constant change ofthe water medium from
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which they derive their main source of nutrition.

Ranching is a recent development in aquaculture where the estab-
lished reproductive habits of the cultured species is taken advantage of.
Typically, species used in this system are those that reproduce in spe-
cific sites that are known but the juveniles migrate and return to the
same site to repeat their life cycle. By augmenting through human
management the reproduction of such species the amount of the re-
turning marketable-sized forms can be increased to commercial levels.
In other words, the species put under culture are harvested only during
the stage when they return to the sites which can be managed by aqua-
culturists. Actual active stocking of such sites by suitable species may
also serve this purpose. Although this system is not yet practiced in
Southeast Asia, it is mentioned here because of its potential.

Intensity of Culture

The level of intensity of culture under the different culture sys-
tems in the Southeast Asian region may be classified under the follow-
ing, categories:

1. Traditional management

2. Extensive management

3. Semi-intensive management
4. Intensive management

To describe the characteristics of these levels of culture intensities,
the following criteria are considered:

. Species used and stocking rates

. Engineering design and layout

. Use of fertilizers

Use of pesticides and elimination of metabolites
. Food and feeding regime

. Rearing duration and cropping frequency

. Quantity and quality of production

. Post harvest technology and marketing.

Traditional ~management. The traditional management is the
lowest level of intensity of culture. It is the simplest to undertake and
the one with no inputs or the least inputs during operations; also, the
one with the lowest production. With this management, the stock is
very variable with many extraneous species and no specific stocking
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rate is observed. If the operation uses ponds, usually very big ponds,
which may be uncleared and with makeshift dikes, are used. The depth
of the pond water can be variable with some portions sometimes un-
watered. Equipment such as pumps and aerators are not used and there
is no feeding nor use of pesticides with the crop depending mainly on
the natural fertility of the area. The production is usually of good
quality but is generally variable and there is no special requirement for
post-harvest technology and marketing. Traditional brackishwater fish
farms in the Philippines which existed but are fast disappearing may
produce from 100 to 400 kg/ha/yr.

Extensive management. The extensive management may origin-
ate from traditional operations that are improved in their engineering
design and management practices. Instead of multi-species culture,
monoculture stocking of a definite species or polyculture with planned
combination is usually adopted. These ponds are fully cleared and
levelled and properly laid out to provide means for water entrance, cir-
culation, and drainage for water management. Pumps or aerators can
be useful but are not usually necessary as the level of stocking is usually
moderate. Fertilizers are used to enhance farm fertility but feeds are
only used as needed to supplement natural food production or when-
ever required by the cultured stock. The level of harvest is higher than
the traditional system with the stocked species dominant while some of
the extraneous species may still be found in the harvest. For instance,
in extensive brackishwater ponds where milkfish and tiger shrimp are
reared in polyculture, the milkfish and the tiger shrimp predominate in
the harvest, but other species like tilapia, other species of shrimps, fin-
fishes, and crabs may also exist. The production is usually of good
quality and is usually more uniform so that post-harvest technology and
harvesting can be planned and implemented. Typical production from
extensively managed brackishwater ponds in Indonesia and the Philip-
pines may have a production of 500 to 2 000 kg/ha/yr.

Semi-intensive management. =~ As the areas for expansion for the
practice of aquaculture become more limited, increase in production
can only be attained through intensification. In Southeast Asia where
sites are abundantly available, this increase in production during the ini-
tial period of the industry was achieved through area expansion. Within
recent years, however, especially during the last decade, sites started to
be limited so that production increase can be better achieved through
intensification. The semi-intensive level of management can utilize
areas formerly used for the extensive system or entirely new areas can
be developed. In either case, the appropriate engineering design which



26 AQUACULTURE DEVELOPMENT IN SOUTHEAST ASIA

consists of reducing large-sized culture units to smaller manageable
sizes, providing facilities for effective water control and circulation, and
perhaps excavation and levelling of the ponds to attain appropriate
depths required in the culture are implemented. The stocking rate is re-
latively higher compared to that of the extensive management. Appli-
cation of fertilizers, lime, and pesticides are regularly practised under
this system. Feeding using good quality formulated feed to supplement
natural food is a regular feature of this management. Pumps and
aerators should be available for use when necessary. The harvest is of
good quality usually confined to the species under culture which are
produced in uniform sizes. Very little or no extraneous species should
occur and a pre-planned post-harvest procedure and marketing are gen-
erally arranged. An example of semi-intensive brackishwater pond
system such as that devoted for the raising of tiger shrimp in the region
would require from 50 000 to 100 000 shrimp post-larvae (PL) per
hectare per crop. For a culture period of 100 to 150 days, a harvest
ranging from 1 to 2.5 mt/ha/crop may be derived. Of course, feeding in
this case, as mentioned, is a must in the operation where 2 to 3 t of
feed is generally used to produce 1 mt of the crop. The annual crop
can be 2.5 to 6 mt/yr.

Intensive management. The intensive management is the result of
further intensification in the level of management from the semi-inten-
sive operation. This management requires size units which can provide
complete control of water management in terms of quantity and essen-
tial qualities. The maximum stocking rates are utilized for the species
under culture, aeration using artificial aerators, pumping and strict fil-
tration of the water supply are practised especially if open water
sources are used. High-quality feeds appropriate for the species under
culture and applied in adequate quantities are used to maintain growth
and produce quality crop. Provision for water replenishment whenever
needed and facility for the elimination of metabolites are necessary.
Facility for easy harvesting and pre-planned post-harvest technology
and marketing should be provided. In between harvests, prophylactic
treatment of the aquaculture system using lime and organic pesticides
as well as bottom cultivation or tilling are practised. As practised in
tiger shrimp intensive brackishwater ponds, stocking rates consisting
of 100 000 to 300 000 PL/ha/crop for 100 - 150-day culture period
is practised. Yields of 3 to 9 mt/ha/crop and with the possible 2.5
crops per year or an annual yield of 7 to 20 mt/ha/yr may be achieved
(Table 11).
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Comparative Costs

Something must be mentioned about the relative costs for deve-
lopment and operations under the different intensity levels of manage-
ment. It is well agreed that development costs including essential
equipment and annual operational cost in the traditional management
would be minimal and can be estimated at P20 000 to P50 000/ha and
about P5 000 to P10 000/ha, respectively. (Current exchange rate is
about US$1=P20, Philippine pesos). The cost for extensive system for
development/equipment and for annual operation will be higher though
not too much higher. These can be as much as P50 000 to P100 000/
ha and P10 000 to P75 000/ha, respectively. As the management level
shifts to the semi-intensive and the intensive levels, considerable in-
crease in cost will be required. For semi-intensive the development/
equipment cost can be as much as P200 000 to P500 000/ha and for
annual operations about P75 000 to P250 000/ha. In the intensive
system these values can be P500 000 to P1 000 000/ha and P250 000
to P500 000/ha, respectively (Table 11). Estimates are based on cur-
rent costs during 1985-1986 under Philippine conditions.

The above figures are estimates based mainly on the different in-
tensity levels for penaeid shrimp culture as practiced in the Philippines.
Based on the above, the cost of production for a kg ofthe crop under
the semi-intensive and intensive management levels is estimated to be
about P70 to P90/kg which are in turn being sold at P120 to P200/kg.

CURRENT PRODUCTION CONSTRAINTS AND THE ROLE OF
RESEARCH INSTITUTIONS AND GOVERNMENTS

The production constraints for the accelerated development of
aquaculture in Southeast Asia may be classified into two types:

1. Technical constraints
2. Non-technical constraints

Technical Constraints

A number of technical constraints have slowed down the develop-
ment of the industry in the Southeast Asian Subregion. These are the
following:

1. Inadequate knowledge ofthe biology of the cultivated species
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2. Inadequacy or lack of seeds

3. Lack or poor understanding of the technology of suitable cul-
ture system to be used

4. Inadequacy or lack of the required inputs for management
operations

5. Inadequacy or lack of properly trained managers, technicians,
and skilled labor

6. Diseases and other causes of mortality.

Lack of knowledge of biology of cultivated species. =~ Most aquacul-
ture practices in Southeast Asia have developed through the experience
of the fish farmer. Very little, if any, specific culture has evolved
through research by concerned development or research institutions.
Under these circumstances, technical knowledge on the biology of the
cultured species is very inadequate with the result that the improve-
ment in the culture of said species has become very slow as this is only
gained through long and painful experiences. For instance, it was only
after the reproductive cycle of the jumbo tiger shrimp (Penaeus mono-
don) was studied that hatcheries to produce post-larvae for culture were
implemented. Many other species now used for culture still depend on
wild fry (e.g., milkfish). Also, very little ifany is presently being done
on genetic studies and breeding for improvement of cultured species.

Inadequacy of seeds. The critical lack of seeds for stocking pur-
poses in aquaculture is a very serious constraint to most ofthe species
utilized in this production sector. Until this is adequately solved
through the production ofseeds under controlled conditions, this prob-
lem will continue to limit production through aquaculture. Reducing
mortalities of available fry and mass production of fry from hatcheries
will be needed.

Technology of appropriate culture system. The technology of the
efficient culture system that should be used for a particular cultured
species is still inadequate and, in fact, is lacking for some species. Also,
unless more efficient culture system is adopted, especially for export
species, the quantity produced and the cost of production cannot be
competitive in the international market. The use of less efficient cul-
ture system would naturally increase the cost of production resulting
in less competitiveness of the crop.

Inadequacy of manpower. Aquaculture manpower from the
managerial or supervisory, the technician as well as the skilled labor
levels are generally inadequate in the region and, in most cases, entirely
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lacking. This is true even where there are suitable resources and sites
for the practice of aquaculture and there is need for production from
this sector. Support for regional and international training will be re-
quired while local national training especially of applied or practical
nature will be necessary.

Lack of operational inputs. Application of essential inputs and
facilities required for the proper management of aquaculture projects
especially those used to enhance production is being practised. Fer-
tilizers, both organic and inorganic, are not only lacking but are being
utilized preferably for other uses (e.g., agriculture). Feeds to support
aquaculture intensification may be inadequate, and if available, may
not be ofthe proper quality. Pesticides and other chemical products to
control pests, predators, and diseases are generally produced outside the
region and therefore have to be imported using valuable foreign
exchange.  Essential facilities such as water pumps, blowers, and
aerators are still not locally fabricated in the aquaculture-practicing
countries thus providing a constraint in this aspect. Also, as aquacul-
ture intensification progresses the need for environmental monitoring
devices increases. Again, as these are fabricated outside the region, they
have to be imported at relatively high cost.

Diseases and other causes of mortality. The aquaculture environ-
ment should be kept in good quality as environmental deterioration can
be a cause for the appearance of diseases. Reduction in the habitat cha-
racteristics to levels below the tolerance limits of the cultured organ-
isms can result in mass mortalities. Likewise, with intensification there
is more likelihood that parasite and disease-causing micro-organisms will
occur. The harmful effects of these unwanted organisms can further be
aggravated by crowding of the stock which can result in stress or
weakening of the cultured species. Wholesale mortalities can occur due
to bacterial or viral infection in crowded aquaculture environment. If
not properly remedied, critical oxygen deficiency, extremely low pH,
or excessive turbidity can also be causes of mass mortalities. In the
cases of the occurrence of parasites in the culture habitats, mass mor-
talities may not occur but depredation by parasites can result in inferior
quality crop. All the above causes can result in a continuing constraint
in the attainment of maximum productivity in the aquaculture in-
dustry.

Non-technical Constraints

The non-technical constraints include the following:
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1. Lack of demand or market for the cultured product

2. Lack or inadequate source of financing for development and
operation

3. Limitation of space in terms of water and land for the estab-
lishment or expansion of aquaculture

4. Conflict in the utility of land and water or other natural re-
sources needed in aquaculture

5. Legal and institutional constraints

6. Socio-economic and political constraints

Demand and market constraint. A serious constraint in some de-
veloped cultures of specific species is the lack of demand or market for
the crop with the result that their culture would be uneconomic.
Sometimes, this can be remedied through proper processing and utiliza-
tion but in case of over-production, the culture of species with poor
market demand will be a losing proposition.

Competition in land and water use. The use of land and water for
aquaculture production competes with other land and water uses. In
the case of land, it was generally conceived that poor and waste lands
may be appropriated for aquaculture. However, this is a mistaken no-
tion as aquaculture land should be fertile, clayish, and with good source
of water. These are the same characteristics needed for good agricul-
tural land resulting in conflict ofinterest. Likewise, inferior water areas
with rocky, sandy, and boggy soils are readily released for aquaculture.
These areas, however, are least suitable for this purpose. There is also a
conflict of interest in the use of coastal as well as inland waters for wild
cropping or fishing with that for aquaculture.

Financing constraints.  The establishment of aquaculture projects
requires high overhead expenses. Prospective fish farmers with low or
moderate income cannot afford to venture into this industry unless
financial assistance through easy-term, low-interest credit is provided.
It is generally agreed, however, that aquaculture ventures once estab-
lished are quite stable and sometimes can be very profitable. In many
cases, these are not clearly understood by financing institutions and
even by the fish farmers resulting in the slow pace of development in
this sector.

Limitation in area available. Land and water areas in most coun-
tries of the Subregion are generally still available for use in aquaculture.
However, there are a number of places where land and coastal water
areas are almost fully utilized (e.g., Singapore) or used for a priority in-
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dustry like oil extraction (e.g., Brunei) so that aquaculture sites can also
be limited.

Legal and institutional constraint. =~ There are certain legal and in-
stitutional aspects that have also hampered aquaculture development.
For instance, since aquaculture is a relatively young industry, there are
no statutes nor laws nor are there specifically designated government
agencies that will cater to the needs of aquaculture. In many instances,
the sites being used for aquaculture cannot be delimited, titled, leased
or awarded to practitioners for lack of the statutes and agency for this
purpose. Institutionally also, the specific agency that would have the
manpower to extend extension services or to issue licenses and permits
may be inadequate if not lacking.

Socio-economic and political constraint. On the socio-economic
and political aspects, aquaculture has been hamstrung because of many
factors. For example, areas which are prospective sites for aquaculture
are generally very depressed communities. As aquaculture is a capital-
intensive venture especially initially, the population in these areas may
not be suitable for undertaking the desired aquaculture development.
Another serious socio-economic and political problem in existing as
well as prospective aquaculture areas is peace and order condition or
security problems in such areas (e.g., Philippines). Although this condi-
tion may be temporary, its deterioration or prolonged existence can
greatly hamper development or completely erase some projects.

Technical institutions involved in aquaculture research and train-
ing are usually available which may be functioning as regional or na-
tional projects. In order to maximize the utility of these institutions
their short as well as long-range programs should be frequently reviewed
and modified so that they can cater to the most relevant problems of
the industry. Ifthe resources of these institutions are limited, priori-
ties in their work should be properly set and cooperative work with re-
lated institutions should be sought. Frequent dialogues with the in-
dustry that these institutions serve should be conducted to update the
most pressing needs that require solution. Research personnel need to
be properly compensated and rewarded for good achievements and the
institutions should be afforded wide level of autonomy and assisted to
free them from strife.

Governments need to support the industry by avoiding bureau-
cratic obstacles in their administrative requirements. Additional sup-
port can be rendered by concerned government agencies in looking for
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sources of financing, locating markets and facilitating the marketing of
aquaculture crops and in removing other institutional and legal
constraints that may beset the industry. Law and order and security
for the industry at the aquaculture sites is another major responsibility
of government which should be looked into with dispatch.

PROSPECTS FOR GROWTH AND EXPANSION OF THE
AQUACULTURE INDUSTRY IN SOUTHEAST ASIA

The potentials for further growth and expansion of the aquacul-
ture industry in this Subregion can be predicated on the following con-
ditions existing in the area:

1. There are still available areas for the expansion of the industry.

2. Recently developed systems can be applied in existing as well
as new areas.

3. More utilization of the potential increase of production through
intensification.

4. Concentration of development for the most economic or profit-
able species.

5. Promotion of the growth of mariculture where expansion is
almost unlimited.

6. Presence of dynamic private sector producers.

7. Closing the gap between capture and culture fisheries such as
through ranching.

Expansion in Area

Aquaculture development in different areas in the region varies
considerably. There are countries where aquaculture is fairly developed
and areas for certain production systems have become crowded (e.g.,
brackishwater ponds in Philippine mangrove swamps, brackishwater
areas for shrimp farms in Thailand). On the other hand, there are cer-
tain areas for possible development (e.g., Laos, Brunei, Kampuchea).
Still large areas can be developed for various culture systems in Indo-
nesia, Malaysia, Vietnam, and Kampuchea.

Application of New Culture Systems

Patterns of recently developed culture systems exist in some coun-
tries in the Subregion. These can serve as models for development in
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other countries where such systems are not yet used. Examples of this
system include such methods like the running water culture system for
common carp in Indonesia; the culture of finfish in freshwater lake
fishpens as practised in the Philippines; the integrated aquaculture,
plant crop and animal husbandry as practised in Thailand; cage culture
of marine finfish in Singapore; and blood cockle culture in open tidal
flats in Malaysia. All the above systems besides others are especially de-
veloped in the mentioned countries which could be exchanged with the
other countries of the region.

Production intensification

Even, without expanding in area, production from existing aqua-
culture projects can be increased through intensification. A good
example of this system is the development of semi-intensive and inten-
sive culture management for brackishwater shrimp farms. These types
of management have now been developed and can be disseminated in
different areas ofthe region.

Special development for the most economic and profitable species

Rapid growth of penaeid shrimp culture in the region as well as
other areas in the world is dictated by the availability of export market
and the high price paid for this product. This is a definite trend and
will continue as long as the profitability ofthe product and availability
of market continue. Other crops that have shown good profitability
include high-priced marine species raised in cages such as the sea bass,
grouper, snapper, and bream. Market potentials for mangrove crabs
fattened in cages or ponds and the raising of novelty crops like the soft-
shelled turtle, frog, and crocodile also show good promise.

Mariculture

Mariculture or sea farming is a relatively more recent initiative in
aquaculture. However, its prospects is particularly bright in Southeast
Asia where extensive available and suitable sites for the culture of
several cultivable resources exist. The system that can be adapted to
carry out the practices of mariculture can range all the way from the
use of ponds or impoundments, pens or enclosures, net cages, and open
water system. The resources that can be used vary greatly including
various species of finfish, molluscs, crustaceans, and seaweeds.
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Dynamic Private Sector Producers

A major factor in the accelerated expansion of aquaculture pro-
duction in most of the countries in Southeast Asia is the presence of a
very dynamic group of private sector producers. Aquaculture people
in the private sector in this Subregion have been great initiators.
Instead, of depending on government technical and financial assistance,
they have ventured to make full use of their past experiences to expand
or intensify their own projects. They often get together and organize
among themselves in order to gain knowledge from each other. Ifnew
technologies are noted outside, the country, they have been ready to
make study tour to these centers of development. It is not uncommon
to see people in the industry from Indonesia, Philippines, and Thailand
attending international or regional aquaculture meetings, seminars, or
symposia or they themselves organizing specific local workshops. If
the new technology is not readily available, some of the local private
aquaculture concerns have gone into joint ventures or actually imported
technology and technicians in order to pursue the desired development.
Problems of adaptations and modifications to local conditions have oc-
curred, but the transplantation of such technology has generally, so far,
yielded positive results.

Ranching

Although this system is not yet used in this Subregion, it has all
the potentials for utilization especially for the various diadromous spe-
cies like milkfish and mullets. In Japan, where penaeid shrimp PL's are
now produced in quantities beyond the needs ofthe controlled culture
farms, the excess shrimp seeds are stocked in natural waters and later
harvested through capture fisheries. In this sense, the stocking of
hatchery produced stock in natural waters practically becomes a means
of closing the gap between culture and capture fisheries. Ranching can
be the means to achieve this aim and enhance overall fisheries produc-
tion.
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ABSTRACT

Along with the growth of the national economy, aquaculture in
Japan has steadily developed in recent years. From 1976 to 1985, pro-
duction of cultured fish and shellfish increased by 28% from 927
thousand mt to 1184 thousand mt. The contribution ofaquaculture to
total domestic production constituted 22% in value and 9.7% in weight
for 1985. Increase in aquaculture production may be attributed to
stronger domestic consumer demand for high grade fish products.

The principal species for culture include sea bream (Pagrus
major), black sea bream (Acanthopagrus schelegi), yellowtail (Seriola
guinqueradiata), Japanese flounder (Paralichthys olivaceus), pufferfish
(Takifugu rubrives), Kuruma ebi (Penaeus japonicus), abalone (Nordi-
cus discus), blood ark shell (Scapharca broughtonii) and edible sea-
weeds (Porphyra, Undaria, Laminaria). Rapid strides in improved cul-
ture techniques have been attained in seed production, grow-out, harvest
and disease control in these various species.

Present trend show increasing reliance on cultured rather than
fishery products to meet market demand. In some species, e.g., coho
salmon, rainbow trout, oyster and laver, production depends entirely
on culture. In other species, production by aquaculture contribute a
significant portion to total production. However, to maintain the
balance between supply and demand for certain principal aquaculture
products, controlled production is now being practised for certain
species. In addition to these trends, technical improvements in aquacul-
ture has led to a decrease in the number of management units and area
of facilities devoted to production.



40 AQUACULTURE DEVELOPMENT IN SOUTHEAST ASIA

In the future, greater efforts will be directed to diversify the spe-
cies cultured to suit consumer preference. Emphasis will also be placed
on improving taste and texture of cultured products. New types of
feed that will not pollute areas around the culture facilities will be de-
veloped.  Remarkable achievements in biotechnology will also be
applied in aquaculture to improve seed quality.

Parallel with developments in aquaculture, Japan is exerting
greater efforts to propagate fishery resources in coastal waters through
stock enhancement activities. This is aimed at establishing a multiple
fish and shellfish propagation system in the seas surrounding Japan to
maintain or increase production from fishery resources.

PRODUCTION AND DEMAND FOR FISH AND FISH PRODUCTS

The total supply of fish and shellfish was 13.7 million mt in 1985.
Of this total, the domestic production accounted for 11.4 million
mt (excluding seaweeds) and the balance of 2.3 million mt was im-
ported. The domestic consumption was 13.5 million mt with human
consumption accounting for 8.4 million mt. Non-human consumption,
mainly material for fish meal and food for aquaculture, totalled 3.8
million mt. A total of 1.3 million mt was exported, and there was an
increase in stock amounting to 0.2 million mt. As a result, the per
capita annual net food supply increased by 0.3 kg from the previous
year to 35.8 kg.

The production of fisheries and aquaculture in recent years is
shown in Table 1.

PRESENT STATUS OF MARINE AND FRESHWATER
AQUACULTURE

Aquatic animals and plants have long been regarded as common
properties in Japan. However, with the development of stock en-
hancement, the aquatic organisms which are protected in a restricted
area or released artificially into the water area are now being recognized
as intermediate between common property and private property.
Consider fisheries from this viewpoint, and aquaculture can be defined
as the activities of growing edible aquatic organisms whose ownership
is clearly established. Therefore, feeding them or controlling their life
histories to some extent are of no concern in the definition of aqua-
culture. Growing inedible animals such as pearl oyster and gold fishes
is usually considered as aquaculture in Japan.
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Production Trend

Marine and freshwater aquaculture in Japan has steadily developed
to meet strong demands for high grade fish as a consequence to im-
proved food habit with the growth of national economy. Production
increased from 0.9 million mt in 1976 to 1.2 million mt: in 1985
representing 28% increase in 10 years. In terms of value the produc-
tion increased by 1.7 times from 374 billion yen in 1976 to 638 billion
yen in 1985.

However, stagnating production is being observed in some species
in recent years, mainly due to keeping the balance between demand
and supply in principal aquaculture products such as yellowtail, red
sea bream, eel, oyster, scallop, and laver. Moreover, full use of waters
suitable for aquaculture prevents further expansion of production
facilities. It is, therefore, anticipated that aquaculture production in
Japan will be stable in the coming few years.

Aquaculture production by species together with that fished
from the wild is shown in Tables 2 and 3. Ifviewed by species, produc-
tion of coho salmon, rainbow trout, tilapia, oyster, and laver depend
entirely upon culture, and production from culture are 26.0, 12.2,
4.5,2.4, and 1.9 times as much as production from fisheries for res-
pective species of eel, Undaria, yellowtail, carp and red sea bream in
1985. While production from culture of scallop, sweetfish, Kuruma
prawn, and Laminaria are between 29% and 48% of the total produc-
tion of these species, and those of plaice and crucian carp are about
15% of the total production, that of horse mackerel, however, is only
0.3% of the total production. Aquaculture always competes with
fisheries in the supply of products, especially that of high-priced ones.
Since aquaculture can supply products with equal size and quality
regardless of season, it has developed greatly with the decrease in
the supply of high-priced fishes by capture fisheries.

The changes in the number of aquaculture management units
and the area of facilities are shown in Tables 4-10. Trends of their
changes are not always consistent with those of production. For
example, in spite of the steady increase of production as observed
in eel and scallop cultures, the management units and their areas of
facilities have decreased year by year in recent years.

In the beginning, marine aquaculture developed mainly in calm
areas less than 20 m deep. However, these waters have been polluted
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Table 2. Production trend (in metric tons) by species, cultured and wild

Horse mackerel Yellowtail Plaice Red sea bream
Year Culture Wild Culture Wild Culture Wild Culture Wild
1976 721 127 704 101 619 42 763 7158 6 453 16 995
1977 772 87 457 114 866 26 915 - 6446 8 120 17 020
1978 815 57 992 121 728 37 414 - 7202 10 844 16 160
1979 1460 82 515 154 872 44 970 - 6818 12 253 15378
1980 2283 53 664 149 311 42 009 - 7113 14 757 15 170
1981 3229 61 815 150 754 37 774 - 6332 17 953 13 709
1982 3629 105 125 146 304 38 445 - 6387 20 246 14 954
1983 4305 130 230 155 879 41 822 648 6661 25 000 14 699
1984 3710 135 763 152 498 41 212 838 7095 26 156 15 956
1985 5008 152 929 150 961 33422 1572 8184 28 430 14 723
Eel Sweetfish Carp Crucian carp
Year Culture Wild Culture Wild Culture Wild Culture Wwild
1976 26 251 2040 5726 13 272 26 289 6960 954 10 113
1977 27 630 2106 5875 13 451 29 295 6760 1007 10 316
1978 32 106 2068 7185 13 363 29 160 7376 1292 10 751
1979 36 781 1923 8455 14 822 27 452 7856 1263 10 948
1980 36 618 1963 7989 14 723 25 045 8479 1151 10 066
1981 33 984 1920 9492 15 405 23 784 8108 1289 9138
1982 36 642 1927 10 222 14 872 24 093 8202 1215 8441
1983 34 489 1818 10 318 15 579 22 397 7545 1592 8005
1984 38 030 1573 11 705 14 919 21071 7594 1492 8034
1985 39 568 1526 10 967 14 492 19 105 7830 1455 7987
Kuruma prawn Scallop Luminaria Undaria
Year Culture Wwild Culture wild Culture wild Culture Wwild
1976 1042 2579 64 909 30 270 22 089 159 162 126 723 19 337
1977 1124 2440 83 180 43 502 27 249 132 989 125 833 20 180
1978 1184 2673 67 723 59 664 21 890 108 911 102 682 12 213
1979 1480 2468 43 614 79 734 25 291 131 546 103 791 12 131
1980 1546 2307 40 399 83 134 38 562 124 816 143 352 15 759
1981 1666 2864 59 095 91 139 44 221 112 178 91 272 13 993
1982 2000 3068 76 866 99 505 42 980 145 952 118 340 12 155
1983 1949 3578 83 111 128 136 44 345 129 043 112 835 9 565
1984 2037 3356 73 948 135 239 62 756 114 221 114 586 9423
1985 2151 3741 108 509 118 277 53 593 132 903 112 375 7238

or the area may no longer be used due to increased reclamation projects
and the expansion of harbor facilities. In view ofthese developments,
culture arcas have gradually expanded from bay areas to the outer sea.
Newly developed culture techniques such as flowing-current style for
laver, middle and bottom layer cage culture for fish, long-line facilities
for Undaria, Laminaria, scallop, and pearl oyster together with the
installation of wave breaker facilities make the expansion of culture
areas possible. Accordingly, the area utilized for marine aquaculture
has been maintained at around 100 000 ha for the last ten years or so.
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On the other hand, the water area for major freshwater aquacul-
ture in leading production area decreased from 7997 ha in 1976 to
4948 ha in 1985. In association with the development of intensive
culture methods, a sharp decrease in culture area for carp and eel
culture has taken place.

Stock Enhancement in Coastal Waters

Until quite recently fisheries meant mainly capturing fish; how-
ever, efforts are now being made to develop a new type of fisheries
which does not merely catch fish but also increases them naturally.
This is similar to the transition from hunting to farming and cattle-
raising age.

Within the 200-mile area, it is all the more imperative to develop
the seas surrounding Japan to meet the increasing demand for fish
and shellfish, especially high-quality ones. However, the production
of these high-quality fish and shellfish* has decreased for many reasons.
These fisheries resources must not only be maintained, but should
also be increased significantly more and more in the future. Along
this line, the country is making a very strong effort to promote fish
propagation and fishery conservation in all its waters.

Numerous types of stock enhancement technology are being
practised, some having been established already as an industry for
a long time, and some still being developed at present. For instance,
stock enhancement of chum salmon, red sea bream, scallop, and also
abalone, prawns, and crabs has been successful. The stock enhance-
ment is conducted mainly by producing large numbers of seedlings
of fish and shellfish, releasing them into the sea suitable for their
further growth, protecting them until they attain commercial size and
harvesting them by the ordinary fisheries methods.

The concept of stock enhancement is to use the wide ocean itself
as a pasture for propagating fisheries resources in large amounts, mainly
the medium and high-quality species which are widely in demand
among the population. The aim of stock enhancement is to create
a multiple fish and shellfish propagation system in which different
species can be possibly increased when stocked together. To accom-
plish this, the technology applied to stock enhancement is based on
ecological aspects while the technological development of aquaculture
has been made through physiological considerations.
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Table 9. Aquaculture Management Units and Area of Facilities for Laver (number in
1000 units, standard size of net 18.2 X 1.5 m, size in ha)

Sticks held Net Floating Net
Year No Size No Size
1976 1830 11 084 1302 5229
1977 1854 11 120 1165 5054
1978 1876 11 268 1273 5483
1979 1952 10 189 1378 5689
1980 1966 10 108 1421 5505
1981 1854 10 057 1356 5299
1982 1763 9486 1277 4971
1983 1615 8896 1221 4839
1984 1683 8951 1322 4752
1985 1609 8654 1263 3852

Contribution of Aquaculture to
Fish Production

The proportion of aquaculture products to the total fisheries
production in Japan is considerably high in terms of value although
it is still low in volume. In 1985, the production of aquaculture
constitutes 22.0% in value and 9.7% in volume of the total fisheries
production.  When these figures are compared with those of com-
bined coastal and inland fisheries production, they become as high as
41.0% in value and 32.4% in volume in coastal fisheries. As the produc-
tion of aquaculture for principal species exceeds that of fisheries,
aquaculture is taking an important role in the supply of these species.
With the expansion of market for restaurants, aquaculture becomes
extremely important in providing materials for them. As a result,
aquaculture is asked to further increase its link with the restaurant
industry by supplying the latter with such products to meet its needs.

FUTURE STATUS OF AQUACULTURE

Judging from the general trend of consumers' preference for
food, aquaculture can produce many varieties of species of desired
quality. Therefore, the culture of puffer, striped jack, tuna, black sea
bream, sea bass, parrot fish, octopus, cuttle fish, and abalone will deve-
lop in the near future. At the same time, improvement in taste and
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texture of aquaculture products is being taken into account to meet
the consumers' demand. In this connection, successive efforts will be
made to develop assorted feeds like the pellet, and culture facilities
for deeper and outer waters. The development ofa new type of
feed is also expected to prevent water pollution around the aquaculture
site.

With the remarkable development of high technologies in such
fields as biotechnology, electronics, and new material technology,
expectations are placed on the development and application of these
high technologies to aquaculture for its further expansion. Since most
of the species cultured are wild, great hardships are encountered in
keeping them under control. Efforts to improve the seeds suitable
for culture by the application of biotechnology, such as cell fusion
and chromosome technology, are being made.

FINFISH CULTURE

Broodstock Production

Rearing facilities. Parent fishes of marine species are usually
maintained in a concrete tank. The tank capacity depends upon
size and swimming and feeding habits of the species. About 20-100 m’
circular and rectangular tanks are commonly employed as spawner
reservoir. There are no rational bases for the choice of shape and
dimension of tanks. They might be determined by land space, ease
of maintenance, and water supply system. Tanks less than 3 m deep
are preferred relative to pump capacity and maintenance procedures.
The tank is usually roofed or covered with sheets to protect against
sunlight and to avoid unexpected stress.

Rearing method. A sex ratio of one female to one male or one
female to two males is widely adopted for mating and spawning in
most hatcheries because poor fecundity resulting from unbalanced
sex ratio has been proven experimentally. Then parental fish larger
than about 600 g are generally maintained at a density of 1-1.5 fish/ m’
and smaller fish at 0.8-1.5 kg/ m® Sea water is supplied by a pumping
system through filtration. Pelagic eggs spawned in tank are collected
through water overflow by fine mesh net set at the outlet. Heated
sea water is used sometimes to induce early maturation in Sparid fish
and Japanese flounder. Warm effluent from a thermal power station is
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utilized to ensure the early maturation of the commercially valued
broodstock. Photoperiod control, which has been used in Ayu fish
(sweet fish), has recently been applied to effect the natural spawning
of Japanese flounder. The pituitary of grass carp and human chorionic
gonadotropin (HCG) are occasionally used to obtain viable eggs from
sea bass, yellowtail, and Japanese flounder.

Feeds and feeding.  Various low-priced fishes are preferably fed
by hand to spawners. Sardines, anchovies, sand lance, mackerel,
and Euphausia are popular feeds. In addition, formulated feeds are
also used together with these raw materials. The parental fishes are
fed at the rate of 2 to 8% of body weight every morning. Many species
anticipate feeding time at a particular part of the tank. Regular feeding
schedule has effects on the acclimation of spawners in captivity, result-
ing in high fecundity ofthe broodstock.

Capture, handling, and transport. Spawners are captured from
the wild or raised from larval stage in the hatcheries. They are usually
cultured in floating net-cages, except during the spawning season,
and transferred to spawning tanks 4 or 6 weeks before spawning.
This procedure is advantageous for the effective utilization of facilities,
in reducing cost of broodstock culture and in avoiding accidents in the
water supply system during breeding.

No reliable methods are known for monitoring gonad maturation
and sex identification. However, spawning behavior in captivity and the
temperature at which spawning begins are well investigated to predict
the spawning season in various species. Only in few species is sex
distinguishable by body color and swelling of abdomen.

Diseases and Parasites. No serious mortality has been generally
observed in spawning tanks as broodstock for many species is main-
tained at low density under good feeding conditions.

To wutilize the hatchery facilities economically and effectively,
various fish larvae must be reared throughout the year. Therefore,
running and maintenance costs are needed to culture numerous brood-
stocks of different fish species in each hatchery. The utilization of
HCG which often results in unstable hatchability must be worked out
to obtain viable eggs for yellowtail since the techniques for natural
spawning is not yet established.
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Seed Production and Nursery Operation

Rearing facilities.  Rearing tanks of larvae vary widely in size,
shape, and materials. For mass production of fry the smallest tank is
0.5 m® the largest, 400 m® Most tanks are from 20-100 m’ with
depths of 1.0-1.5 m. Recently, plastic material (polycarbonate and
fiber-reinforced plastic) is used to make circular and rectangular tanks
from 0.5-4.0 m Simplified tanks of canvas sheet are also employed
for larval rearing as well as phytoplankton culture because these are
cheaper. All these tanks are commercially available anywhere.

Large tanks with more than 100 m® capacity in Hiroshima Prefec-
tural Fisheries Center equipped with automatic feeder and vacuum
cleaner were used to save on labor and to mechanize the rearing proce-
dure. The use of an automatic pilot is gradually gaining acceptance
in the fisheries centers run by the central and federal government for
large-scale production.

Smaller net-cages are commonly used for nursery breeding in the
sea. The net-cages measure 2-4 m’ with depths of 1.5-3 m. Some faci-
lities are installed for electric lighting to attract zooplankton to caged
fry at night. A cover net is usually set on the raft to avoid bird preda-
tion. The stocking density is controlled relative to fish size and their
growth. Fry 1-1.5 cm are kept at a density of 10 000-30 000 ind/m”’ ;
2-3 c¢m fry at 1000-2000 ind/m’® and over 4 cm fry at 700-1000 ind /
m’.

Rearing method.  Naturally spawned eggs are preferred for mass
production because of its high hatchability. Naturally spawned eggs are
frequently transported from power station or fish centers in warm
districts, where spawning occurs earlier, to fisheries centers and farmers'
hatcheries. Vinyl bags filled with oxygen are practical and cheaper as
means of transporting eggs and larvae.

Newly hatched larvae, before the mouth-opening stage, are trans-
ferred from incubation net enclosures to rearing tanks, after which the
density oflarvae is estimated volumetrically by taking aliquots from the
aquaria. Pelagic eggs are introduced directly to rearing tanks. Egg num-
ber is determined by multiplying its number in fixed volume or weight.
Stocking density of newly hatched larvae and eggs are dependent
largely on tank capacity. About 25 000-40 000 larvae or eggs are
maintained in the smaller 0.5-50 m® tanks. Stocking density de-
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creases with increasing tank capacity. The larvae and eggs are main-
tained at lower density of 5000-10 000/ m’ in tanks larger than about
70 m”.

During the initial phase, larvae are reared in a static system with
aeration, and afterwards in a semi-static system where the water column
is replaced partly. Flow-through system is employed when the fish
swim actively or approach the transitional stage from larvae to juveniles.

Feces and sediments at the bottom are siphoned everyday. Some
fish culturists inoculate Chlorella sp. into the rearing tank at the con-
centration of 30-500 x 10* cells/ml as a "water conditioner", which
reduces the deterioration of rearing water and prevents starvation of
rotifers.

Feeds and feeding.  Rotifers, Brachionus plicatilis, are well known
as useful food for fish larvae. This organism is initially fed to most
marine fish larvae from the time of mouth-opening to about 4 weeks
after hatching. Rotifer density given in tanks varies widely from 3-10
animals/ml due to the swimming and feeding activities of larvae. Arte-
mia nauplii, subsequently, are given with overlapping of feeding period
of the previous foods. Artemia is provided in 2-6 weeks after hatching.
Adult Artemia enriched by fatty acid is often used as a supplemental
food for metamorphosed flatfish and plaice. Cultured copepod, Trig-
riopus japonicus and wild zooplankton are also used as substitutes for
Artemia nauplius to save on production cost because Artemia cyst is
expensive. Formerly, oyster trochophores (Crassostrea gigas) were fed
to larvae of fish such as grouper and whiting. Recently, however,
oyster larvae are no longer used because of the difficulty in mass
producing it. Weaning to dry pellets is done when fish reaches the
juvenile stage or is completely metamorphosed. The formulated
pellet is also provided with minced fish meat (sardine, anchovy, and
sand lance) and Euphausia and fed 2-4 times daily, depending on fish
size and species.

General composition of the pellet is 50-60% crude protein, 5-20%
crude fat, 10-2% crude ash, 3-4% calcium, 2-3% phosphorus, and doses
of vitamins and fatty acids. Recently, weaning experiments with
pellets have been carried out vigorously at the early larval stages of the
red sea bream and Japanese flounder as well as Ayu fish.
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In the nursery, the fish is usually fed with minced fish meat and
Euphausia more frequently than before, 4-6 times, at a ration of 10-
20% body weight per day. Uniform fish size usually ensues from
frequent feeding at early phase of transfer from indoor to outdoor
facilities.

Disease control. Vertebral malformation which is frequently
found in hatchery-reared red sea bream has been overcome through
technical improvement in feeding and aeration methods. The feeding
of rotifers cultured with baker's yeast resulted in high mortality and
malformation. The quality of the yeast has been improved by the
addition of highly unsaturated fatty acids, especially of the ®3 type.
Light aeration of less than 100 ml/min/m’ is commonly used to ease
the initial inflation of the air bladder which prevents the abnormal
development of the vertebrae.

Fish larvae and fry in hatcheries often contract diseases caused
by  Vibrio spp., Flexibacter maritimus, Edwardsiella tarda, and others.
Diagnosis and treatment are generally performed by qualified patholo-
gists allocated to each prefecture. They also recommend drugs for
the optimal cure based on the symptoms in diseased fishes and suggest
the countermeasure to prevent the disease. Generally when the fishes
are transferred or handled, they are immersed in 50 ppm Nitrofuran
to prevent infection.

Harvesting.  Initial rearing conducted indoors usually terminates
in 30-100 days following hatching, about 30-40 days for most fishes
spawned in spring to summer and 100 days for winter species, Ayu
fish and flat fishes. About 30-60% of initial stock is obtained consis-
tently at the termination ofthe indoor rearing for sea breams, Japanese
flounder, Ayu fish, puffer, and plaice. The yield of more than 4000
one cm fish/m® is satisfactory for culturists. Fish fry raised indoors
are transferred to the floating net cages as well as to outdoor tanks.
Size sorting, selection of malformed individuals, and determination
of survivors are conducted at transfer. Hatchery-bred fry are siphoned
directly into the net-cage or scooped. Overall survival of more than
30% from egg stage to fry of 3 m is well achieved. Fish fry after
nursing are utilized for aquaculture projects and for intensive aqua-
culture by fish farmers.

Production constraints.  Main obstacles in seed production might
be attributed to abnormality in morphological characters and in pig-
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mentation. Vertebral deformity has been solved by improvement of
feeding and rearing techniques. Albinism, however, occurred at high
percentage, usually in plaice and Japanese flounder. Supplemental
feeding of wild plankton, mainly copepods, is well known to decrease
incidence of albino fish; however, the cause of albinism and the effect
of diet is still under study. Various diseases occur during the course
of rearing, and fish culturists use drugs for treatment. More studies
are needed to find optimal rearing conditions to prevent the occurrence
of diseases.

Fry raised in the hatchery are used both for cage culture and
restocking program. In the Ilatter case, survival capability and size
should meet the necessary criteria before releasing fish to achieve
success in the restocking activity. No biological information and
criteria for releasing fish are known at present.

Automation of counting the fish fry and mechanization of rearing
procedures are highly required to increase the harvest in the hatchery.

Production of Marketable Fish

Rearing facilities.  Floating raft, consisting of net-cages, bamboo,
anchors, and styrofoam buoy, is a typical facility in the culture of
marine animals for commercial purpose. The size and materials of net-
cages depend on fish species and farming grounds, for instance, depth,
current velocity, and topography. Fish younger than one year are
maintained in square cages ranging from 4-6 m. The surface of the
cages are covered with fish net to prevent bird predation, and they are
generally rafted four or more abreast, anchored to the bottom. Adult
fish are stocked in larger cages from 6-8 m?® with 4-6 m depth. Circular
floating cages 12-14 m in diameter, constructed of steel frame and wire
net are used in the southern part of Japan to cultivate yellowtail weigh-
ing 2-5 kg. These facilities are generally located in bays or inlets. In
the gulf area, where more rough oceanographic conditions occur,
a fish coral measuring about 8 m*> is commonly employed for cage
culture. The fish coral is equipped with a device that sinks it during
typhoons. Adoption ofthis device widens the farming area for culture.

Rearing method.  Tremendous strides in yield of yellowtail in
Japan are due to the ease of obtaining wild seeds. Other species,
however, are cultured from hatchery-reared seeds. Demersal species,
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flatfishes, and rockfish are cultured at a density 4-5 kg/ m®> lower than
the pelagic ones. A stocking density of 5-9 kg/m’ is standard for
culturing sparid fish and yellowtail in net cages. The wire net system
is capable of stocking yellowtail at 10-15 kg/m’ because the surface
of the wire net is smooth enough to prevent the settlement of fouling
animals and is, therefore, effective for water flow. Cage capacity and
mesh of fish net is changed with fish growth and when fouling orga-
nisms settle on the surface of the net. A few omnivorous fish are often
cultured together to help the removal of fouling animals, barnacles,
seaweeds, and ascidian.

Feeds and feeding. Different species and types of material are
utilized for feeding. Sardine, anchovy, sand lance, mackerel, and
Euphausia are popular food given fresh or frozen. The composition
of anchovy and sardine is 3-5% crude fat, 16-20% crude protein, and
70-75% water, and that of sand lance is about 10% crude fat, 20%
crude protein, and 65% water. These contents change with seasons and
storage methods. Minced and chopped meats mixed with the diet
increase nutrient contents of feeds. Feeding of adult fish is less fre-
quent than that of the young. They are fed twice daily, morning and
afternoon when active feeding behaviors are observed. Yellowtail
and red sea bream are fed every 3-4 days in winter. Table 11 shows
a summary of the feeding and growth rates of marine finfish.

Table 11. Daily feed and conversion ratio of major species cultured with raw

material
Daily feeding rate* Conversion ratio**
Species Oyr lyr 2yr Oyr lyr 2yr
Yellowtail 8-20 4-6 3-5 5-7 6-9 10-14
Red seabream 8-12 6-8 4-6 6 9-12 16-20
Japanese flounder 8-20 4-10 2-5 4-6

Each value varies considerably with rearing conditions of food items, temperature,
feeding strategy, etc.

* = percentage to body weight
** = amount of food fed divided by weight gain.

The composition of formulated pellet resembles that of fingerlings:
45-47% crude protein, 15-18% crude ash, 3-5% crude fat, 2-4% calcium,
and 1-2% phosphorus. The pellet is given at 1-3% body weight, one to
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four times a day, depending mainly on water temperature. Recently,
moist pellet, which consists of raw fish, mash pellet, and binder, has
been gradually used to culture yellowtail and sea breams. The moist
pellet is considered beneficial in preventing pollution, nutrient enrich-
ment, feeding strategy, and production cost.

Disease control.  Most cultured finfishes contract diseases from
various bacteria, virus, fungi, parasite, food, and stress. Disease in-
creases markedly with increment of farming facilities and aquaculture
production, suggesting over-stocking and environmental deterioration.
Pasteurella pisciciba and Streptococcus sp. are the most common and
critical pathogens damaging yellow-tail crops. Benedenia seriola and
Axine heterocerca are often observed in cultured yellowtail. Immersing
parasitized fish in increasing or reducing salinity is effective and less
costly than using drugs. Various disease reports include 162 pathogens
for cultured finfish, 98 for freshwater, and 64 for marine fish. Diagno-
sis of diseased fish and identification of disease agents are usually
conducted by qualified technician and optimal use of prophylactic
drugs (Antibiotics, Sulfa drugs, Nitrofuran derivative) and supplemental
nutrient is suggested to the fish farmer. Appropriate stocking density,
feeding, transfer, and other culture techniques are also suggested to
prevent infestation and spread of epizootic.

Harvesting.  Most marine species are cultured from 1-2 years.
Japanese flounder weighing 600-800 g is harvested in less than one

year. Commercial fish farmers harvest periodically or seasonally.
Caged fishes are harvested for hauling by narrowing the fish net or
scooping.  Fish hauling differs somewhat from harvesting for the

market. Quantities of fish are generally hauled on ice to the wholesale
market. Cultured products particularly sea bream, parrot fish, and
Japanese flounder have been transported recently to restaurants and
other markets by placing the fishes in live-hauling tanks in trucks.
Fish hauled alive command a price of 30-60% higher than fish caught
the conventional ways.

Production constraints. The development of intensive aquaculture
has contributed partly to the effective conversion of trash fish to high
protein foods. Feeding of trash fish, in turn, is one of the causes of
pollution and environmental deterioration around the farming ground.
It also causes mortality and retards the growth of caged fish.

Red tide is the most serious danger to fish aquaculture, especially
to yellowtail because of the physiological weakness of this fish to the
bloom of red tide organism, Chattonella spp., Gymnodinium sp., and
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others. Disease control is also a critical problem preventing stable
production. Suitable management method, for instance, optimal
stocking density, number of facilities, and feeding method in finfish
culture must be pointed out before the use of drugs is suggested to
the fish farmer. Recently, various studies on feed material and culture
strategy have been carried out to reduce the fat content of cultured
finfish which is disliked fairly by individual markets.

Table 12 lists the finfish species cultured in Japan.
SHRIMP AND PRAWN CULTURE

Broodstock Production

Rearing facilities. A total of 17 crustacean species are artificially
reared for the restocking program and 9 of these are shrimps. Only the
Kuruma prawn is cultivated commercially. An indoor tank made of
concrete is commonly used to hold the parent prawn. The tank
capacity varies between 60-200 m® with depth of 1.5-3 m, either square
or rectangular. The tank is provided with an aeration system and
heating facilities. The bottom is inclined slightly for complete drainage
at harvest.

Rearing method. Only gravid females are introduced to the
indoor tank. One female weighing 70-130 g per m® is a common
stocking density in the breeding tank. The breeding tank is filled
with filtered sea water at half level, and the sea water is heated to
about 25°C immediately after the spawners are stocked in the tank.
Ablation of eyestalk and spawner breeding in earthen pond have
been experimented in the Japan Farming Fisheries Center. In both
trials, viable nauplii are obtained in small numbers and are still being
studied for mass production.

Feeds and feeding. No feed is given to the spawners in the tank.
The mother shrimps are removed from the tank for a couple of days
after spawning.

Capture, handling, and transport. =~ All females are captured by
fishing gears and their maturation level determined with naked eyes.
Only gravid females are hauled to the shrimp hatchery by sawdust
cartons of fish-hauling tanks. During transfer, 100 kg females are
stocked in 1 m® capacity tank.
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Disease control. No specific treatment can prevent disease among
broodstock. It is important, however, that contamination be avoided
by washing spawners well with filtered sea water before introducing
them into the tank and by immediately removing dead spawners
after spawning. The breeding tanks are used not only for spawning,
but also for the culture of diatom and nauplii in succession.

Production constraints.  The supply of spawners is entirely depen-
dent on the wild stock in southern Japan. The scarcity of gravid fe-
males greatly influences the market price of mother shrimp and the
success of broodstock production. The number of viable eggs spawned
by the mother shrimp is highly variable. Only 10-50% of the initial
stock will spawn resulting in unstable yield of shrimp fry.

Seed Production and Nursery Operation

Rearing facilities.  The same tank used for spawning female is
used to rear the larvae until P,, (about 12-16 mm long) or more
developed stage. A small earthen pond is usually used as nursery.

Rearing method.  Nauplius density varies between 10 000 and
80 000/m’® in the tank, depending on the spawning capacity of the
female.

Nauplii are cultured in standing water with heavy aeration and
slow agitation until the postlarval stage. Exchange of rearing water or
running water are introduced after the postlarval stage when ground
meat of short neck clam or Euphausia and pellet are fed. The rearing
sea water is drained through a strainer. The mesh of the strainer is
changed relative to larval growth.

Feeds and feeding. Diatoms, Chaetoceros spp. and Skeletonema
spp-, are cultured as initial food organisms. The rearing water are
enriched by several fertilizers: 15-30 g KNOj;, 2-4 g Na,HPOy, 1-15 ¢
NaSio , and 7-15 g EDTA per 100 m®  Under these conditions, dia-
toms introduced from the sea are inoculated in the tank. The diatoms
are cultured at a concentration of 3-10 x 10* cells/ml. The diatom
culture is a prerequisite for rearing shrimps from nauplius to early
postlarval stage. Artemia nauplius and meat of marine organisms are
fed after the postlarval stage. The percentage of these stuff given to
the fry varies from 100-180% of the total biomass in the tank.

In many hatcheries cultured rotifers and formulated pellet are
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used as substitute for Artemia to save on feeding cost.

Disease control. Two diseases are reported to occur in mysis to
postlarvae, 6-9 mm in size. Both diseases are caused by Baculovirus
and Vibrio infection, characterized by white intestine and black body
surface. Unfortunately, appropriate treatment and prevention are not
known.

Harvesting. Survival from nauplius to juvenile shrimp varies
between 15% and 40%, yielding 4000-12 000 shrimps/m’. Duration
of indoor rearing usually exceeds 100 days during early spring to late
autumn. In harvesting, tank water is removed through a strainer by
siphoning or by underwater pump. Juvenile shrimps are held with
drained sea water when the water level is reduced to 50-70 cm depth.

Production constraints. Technical development to increase the
spawning rate of mother shrimp is requisite for reliable production.
Other food items such as pellet, rotifer, and microbial flocks are highly
desired as substitute for Arfemia nauplius.

Production of Marketable Prawn

Rearing facilities.  An earthen pond is commonly used for com-
mercial farming. Pond area varies from 500 m®-10 ha with a depth
of about 1-2 m. The pond is usually banked with concrete, and the
upper layer of pond bottom overturned partly or completely every
year and dried to remove fish predators. Air supply is provided
from a blower through a PVC pipe or propeller-driven aerator. A water
gate is installed with a screen in the earthen pond to supply sea water
from the outside.

Rearing method. Shrimp fry are released into earthen ponds.
The stocking density is dependent on shrimp size: 50-90 shrimps/m’
for 20 mg and 15-30 ind/m® for 12 g shrimp. Shrimps are fed with
various marine animals and pellets. Sea water in the earthen pond is
exchanged partly by a pumping system or tidal movement through
the water gate.

Feeds and feeding. Food used are meat of short neck clam, mussel,
Mpysis, Euphausia, and formulated pellet. Shellfishes are given crushed;
Mysis and Euphausia, chopped. Feeding rate varies largely with shrimp
size, temperature, food quality, and other factors. The following



AQUACULTURE DEVELOPMENT IN JAPAN 65

feeding rates are widely used: 100-200% body weight for 20-100 mg,
40% for 1-3 g, 20% for 5-10 g, about 10% for 18-20 g shrimp, respec-
tively.

Formulated pellet is fed from the zoea stage in combination with
live food.

Disease control. A disease due to the fungi, Fusarium sp., is
known to cause losses in shrimp aquaculture, and Baculovirus infection
is also observed occasionally in shrimps cultured in tanks. No tech-
niques to prevent and cure these diseases have been established yet.

Harvesting. The growing procedure lasts from 100-200 days,
depending on fry size when released into the pond. Overall survival
from releasing to harvest varies from 60-80% which yield roughly
350 g/m’.

Various methods are employed to harvest shrimp from the grow-
out pond. A pound net to trap and pump-net were used before and
a pulse net utilizing electric shocks has been often used recently.
Harvested shrimps are packed in cartons with cooled sawdust for
transport. Culture shrimps are marketed between 8-100 g. Shrimp of

higher price weighs between 25-30 g.

Production constraints. Shrimp culture might be using the most
sophisticated techniques in marine aquaculture. Any obstacle along
the various production processes influences directly the yield in tanks
and ponds. The problems in induced spawning are still to be solved.
Production cost must be reduced by modifying present feeding and
breeding techniques. For comparison, yield per m’ per annum is
5-10 kg for finfish, 10 kg for oysters, but only 400 g for shrimp.

MOLLUSC CULTURE
Broodstock Production

Rearing facilities.  The total number of hatchery-reared shellfish
is 19 species but only 12 species of the 19 are propagated artificially
for aquaculture. Culture of edible mollusc is classified as to source
of seeds as follows: wild seeds — short neck clam, oyster, half-crenata
ark, pecten, and scallop; hatchery-bred seeds — blood ark shell, noble
scallop, hard clam, top shell, and abalone. Blood ark shell and noble
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scallop are cultured artificially from egg stage to marketable size.
Hatchery-raised abalones are usually released into the sea and harvested
after grow-out.

Rearing facilities of broodstock are needed only for the latter
species. A tank smaller than 3 m’ is generally used for stocking shell-
fish. Some substrates (sand and/or mud) are occasionally provided in
tanks.

Rearing method. Generally wild spats, except for clams, are
collected in the sea by different kinds of collectors, namely, shells,
plant leaves, and synthetic filaments. For the clam, burrowed seeds
are collected at shallow coastal waters, then transplanted to the grow-
out area.

Spawners caught in the wild are transferred to broodstock tank,
and maintained at a density of 10-50 ind/ m’> Various manipulations
are conducted to induce natural spawning. UV irradiation and tempe-
rature are widely used to induce spawning in abalone and blood ark
shell in hatcheries.

Feeds and feeding. Usually no feeding is carried out in breeding
bivalve broodstock. However, if necessary, cultured phytoplankton
(Paviova  lutherii and Chlorella sp.) are given. The gastropods are fed
with Laminaria, Undaria, Ulva, and other seaweeds.

Capture, handling, and transport. ~ Most spawners are caught by
capture fisheries during the maturing season, then transferred to the
hatcheries. Handling and transport are easier for shellfish than for
finfish and crustaceans. Sex is determined only when spawners are
dissected or to eliminate the gametes.

Disease control. No particular procedures are conducted to
prevent diseases. Physically damaged individuals and moribund ones
are immediately removed to avoid unexpected infestation.

Production constraints. With the development of fishing tech-
niques, larger spawners have become scarce year by year. It has become
increasingly difficult to procure sufficient number of spawners.

The techniques of inducing maturation are desirable for shellfish.
In addition, predicting the settling of spats is a prerequisite for stable
production of each species.
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Seed Production and Nursery Operation

Rearing facilities. Larval culture of the blood ark shell is carried
out in indoor tanks of 0.5-1 m’ capacity. Small and circular tanks
made of polycarbonate are preferred by culturists because these tanks
arc effective in keeping a high density of diatoms and in distributing
larvae evenly in the tank. Light aeration is provided with an air filter.
Light intensity is controlled by covering the tank with sheets. Rec-
tangular rearing tanks used in abalone culture vary between 1 and
6 m’ with 1 m depth. Different kinds of facilities are employed for
nursing. Lantern net is popular for the culture of scallop, pecten,
and single oyster, and wire of vegetable cages, for the blood ark shell.

Rearing method.  Naturally spawned eggs of the blood ark shell
and abalone are collected by fine-meshed net, and washed well with
filtered sea water. Fertilized eggs then are maintained at a density
of 12 eggs/ml. Either no exchange, or 10-30% of rearing water is
changed during breeding. The rearing water is aerated at 100-200 ml/
min.

Larvae are fed with cultured phytoplankton at an optimal con-
centration according to size or age of larvae. Spat collectors are intro-
duced to the rearing tank when larvae of the blood ark shell have
attained about 240 pm. The plastic plate on which the diatoms grow
is placed 5-7 days after hatching in the case of the abalone. Nursery
breeding of the blood ark shell starts when the larvae are about 1-2 mm,
60-70 days after spawning. Small seeds of the blood ark shell are main-
tained in the cage, then hanged from the raft or buoy in the sea. More
than 10 000 seeds of 12 mm are stocked per m® at beginning of
nursing, and stocking density, cage size, and mesh size are changed as
shell length increases. Hardening is always necessary to avoid high
mortalities during summer and autumn in nursing oyster seeds.

Feeds and feeding. Diatoms used for rearing shellfish larvae are
Paviova  lutheri, Chaetoceros gracilis, Chactoceros calcitrans,  Skele-
tonema sp. etc. These phytoplankton are cultured purely in high
density using chemical nutrients. Cultured diatoms are given solely or
mixed. Larvae of blood ark shell are fed in the early stages about
5000 cells/larva and the density is increased with larval growth. No
feed is given to the blood ark shell during the nursing period when they
reach more than 1.0 mm. For the abalone, seaweeds (Ulva and Undaria)
are usually given in the nursery and grow-out in the sea. No food is
given to bivalves after transfer to the sea.
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Disease control. 1In the rearing tank ofthe blood ark shell, conta-
mination by protozoans especially Hypotrichida occurs. The use of
sodium hypochlorite solutions is effective in removing the harmful
organisms . Rearing water is usually changed completely when harmful
organisms are found in the rearing tank.

Harvesting. The survival rate of the cultured blood ark shell is
about 10% from egg stage to 10 mm size, and 30-50% afterwards until
20-30 mm. On the other hand, about 1% survival is obtained from egg
to 10 mm length for the abalone, then 50-80% until 20-30 mm.

Transport and counting of shellfish are easier than with other
cultured animals because they can be moved separately and they
settle individually on the substratum.

Production constraints. Survival among shellfish at early stage
of development is very low especially in abalone. This may be due
to the poor techniques used in induced spawning and poor quality
of spawner and egg. To increase shellfish production in aquaculture,
the common problems of obtaining sufficient quantity of viable eggs
and the mass production of phytoplankton have to be overcome.
In addition, techniques to rear cultured seeds to spawner must be
developed to ensure high production.

Production of Marketable Shellfish

Rearing facilities. The oyster raft is the most sophisticated
facility. It measures 10 x 20 m with 600-800 hanging strings, each
10 m long. The blood ark shells are maintained in large iron-framed
cages (1 x 1.5 x 0.3 m) at the sea bottom. A cone net, 50 cm dia and
2 m height, is widely used at a density of 15-18 shells/level for culturing
10 cm scallop in northern Japan.

Rearing method. Blood ark shells, about 3 cm, weighing 5.0 g,
are caged at 1500-2000 ind/ m® Stocking density is reduced with
shell growth. Bottom culture is also carried out in the natural farming
ground when the blood ark shell attains a length of 40 to 60 mm.
Before releasing, starfish should be removed frequently by bait trap.
The wild spats collected artificially are cultured by hanging methods
(raft and long-line) for the oyster. The transplantation of the short
neck clam is the common method performed in the coastal waters
by fishermen. About 1 cm seeds of short neck clam are sown on
tideland and cultured to marketable size.
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Feeds and feeding. Short-term culture of the abalone for commer-
cial purposes lasts a couple of months or more with Undaria and Lami-
narta as food.

Disease control. Diseases are relatively rare in shellfish aquacul-
ture in the sea. About 15 years ago, mass mortalities of cultured
oyster by adhesion of the annelid, Hydroides elegans, occurred.
Polydora sp. and Asterias spp. are also harmful to various shellfishes
cultured by the hanging and sowing methods. The harmful animals
are usually removed by hand, drying, and bathing alternately in fresh
water and high concentrated salty water. Generally, eradication of
fouling animals, such as barnacle and mussel, is conducted by predicting
the spawning and settling season around the farming ground.

Harvesting.  The blood ark shells are harvestable in about one
year following nursery operation. They grow to about 60 g with
50-60% survival in one year, and more than 150 g weight with 10-20%
survival in two years. Released seeds for sowing culture are harvested
by small dredge net. Yield of oyster meat per raft of 200 m* amounts
to 2.0-2.5 mt. It takes about 1.5-2 years from spat hanging to harvest.
Shellfishes are marketed shucked or with shells.

Production constraints.  The eradication of predators and fouling
animals is of primary importance in the shellfish aquaculture industry.
Bait trap is effective and other practical measures are used to remove
the starfish during the bottom culture of the blood ark shell in the
natural ground. Unexplained phenomena of oxygen deficiency which is
lethal for caged and liberated shellfish occur incidentally not only in
the fisheries ground but also in the farming ground. Recently, high
density cultivation has resulted in decreasing yield per unit of facilities
or area and has retarded the growth of oyster culture in Hiroshima
and of scallop culture in Aomori. How to keep the ecological balance
between the total crop of cultured animals and the natural productivity
is a common problem that should be solved to stabilize production
in mollusc aquaculture.

Table 13 lists the shrimp and shellfishes cultured in Japan.

SEAWEED CULTURE

Rearing facilities. ~ Nori (Porphyra), Wakame (Undaria) and Konbu
(Laminaria) are typical, edible seaweeds in Japan. Indoor facilities
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are used in the culture of these species to obtain buds for further
cultivation. The facilities for Nori and Wakame culture consist of a
concrete tank 2-3 m with 70-80 cm depth, square and rectangular,
a roof curtain for regulating illumination, a temperature control system
and ventilation. A smaller container of about 100 1 is used for Konbu.
Growing operation is carried out in the facilities at sea; floating-net
system and stick method for Nori, and raft and long-line method for
Wakame. Longer rope, more than 100 m, is used for Konbu culture.

Rearing method. Seaweed cultures are initiated by collecting
spores released from the mature plants. The seedling is transplanted
by using synthetic material when the temperature goes below 24°C
for Nori, 20°C for Wakame, and 10-15°C for Konbu. The string and
net with young buds are transferred to set them on the facilities at
sea in autumn. Farming grounds suitable for Nori culture are the
littoral zone and coastal waters of 10-30 m depth with slow current.
Wakame is cultured in farming grounds with waves and fast current.
The Nori, Wakame, and Konbu grow well during winter.

Diseases and parasites. The prevention and treatment of two
diseases caused by Olpidiopsis sp. and Pytium porphyrae are well
known. Nori buds are generally stored at freezing temperature to
make them resistant to diseases. In Wakame culture, damages caused
by bacterial diseases and predation of young buds by isopods and
gastropods are often observed.

Harvesting. The first Nori harvest begins when the buds are 15-20
cm in length and the second crop is harvested 2-3 weeks later. Thus,
harvest is repeated during winter between November to March or April.
Collected Nori plants are processed usually into dry product. As for
Wakame, full-grown weeds more than 1 m are harvested when the
temperature goes below 15°C. The yield of Wakame varies between
5 kg and 10 kg/m rope. The harvested Wakame is processed by drying,
raw pack, and salting. The cultured Konbu is harvested from July to
August and dried as a product.

Production constraints. Seaweed culture is largely influenced
by weather conditions and disease which in turn cause large
fluctuations of annual yield. Technical development and genetic
research are expected to solve these problems. Expansion and conser-
vation of suitable farming grounds are needed to increase production.
Deterioration of farming ground is usually found in areas of high den-
sity culture and where culture activity is maintained for a long time.
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Table 13. Major shrimp and shellfish cultured by hatchery techniques and their
production status

Annual production Seed size
Species (million) (mm)
Kuruma prawn Penaeus japonicus 715 10-60
Abalone Nordotis discus discus 30 10-40
Nordotis discus hannai
Nordotis madaka Habe
Nordotis gigantea
Blood ark shell Scapharca  broughtonii 15 1-20
Pecten Pecten albicans 3 5-40
Scallop Patinopecten  yessoensis 3 5-60
Noble scallop Chlamys nobilis 4.5 10-30
Top shell Turbo (batillus) cornutus 0.6 1-30

REFERENCES

Fukuhara O. 1984. Development of biological characters in early stages of seed production of
commercially important marine fishes. Sindermann CJ, ed. Proceedings ofthe 7th U.S.-
Japan meeting on aquaculture, marine finfish culture; 1978 October 3-4; Tokyo, Japan.
Washington, D.C. D.C.. National Marine Fisheries Service: 3-9. NOAA tech. rep.
NMES 10.

1984. Oyster culture in Hiroshima Prefecture. Sindermann, CJ, ed. Proceedings of
the 9th and 10th U.S.-Japan meetings on Aquaculture. Washington, D.C: National
Marine Fisheries-Service: 76-77. NOAA tech. rep. NMFS 16.

———— 1986. Importance of qualitative evaluation of hatchery-bred fish for aquaculture.
12p. Paper read at the 15th U.S./Japan Aquaculture Panel (UINR), Kyoto.

1987. Recent trends in mariculture and seed production of fish in southern Japan.
NOAA Tech. Rep. NMFS 47:1-2.

. 1987. Seed production of red sea bream Pagrus major (Sparidae) in Japan. NOAA
Tech. Rep. NMFS 47:13-20.

Fukusho K. 1985. Mariculture and coastal aquaculture in Japan. Farming Japan 19(2): 18-
23.

——— 1985, Status of marine larval culture in Japan. Lee. CS, Liao 1C, eds. Reproduc-
tion and culture of milkfish; proceedings for a workshop; 1985 April 22-24; Tungkang
Marine Laboratory, Taiwan. Tungkang: Oceanic Institute; Tungkang Marine Laborato-
ry: 127-129.

Fushimi T. 1972. Study on egg collection from cultured red sea bream — III. Tech. Rep.
Farm. Fish. 1(1):15-20. (In Japanese)

Japan. Ministry of Agriculture, Forestry and Fisheries. 1987. Annual report ofJapan's fish-
eries, 1986. Tokyo. 207p. (In Japanese)

. Research Council. 1981. Marine ranching program. Tokyo. 14p. (In Japanese)

Statistics and Information Department. 1986. Fisheries statistics of Japan for the
year 1985. Tokyo. 288p. (In Japanese)

Japan Fisheries Association. 1975. Fish farming in Japan. 44p.



72  AQUACULTURE DEVELOPMENT IN SOUTHEAST ASIA

Kanazawa A. 1984. Nutritional requirements and artificial diets of Kuruma shrimp, Penaeus
japonicus. Sindermann CJ, ed. Proceedings of the 9th and 10th U.S.-Japan meetings
on aquaculture. Washington, D.C.: National Marine Fisheries Service: 3-7. NOA tech.
rep. NMEFS 16.

Kanno H, Hayashi T. 1974. The present status of shellfish culture in Japan. NOAA Tech.
Rep. NMFS CIRC 388:23-26.

Kitajima T. 1978. Acquisition of fertilized eggs and mass-culture of juveniles of red sea bream,
Pagrus major. Spec. Rep. Nagasaki Pref. Inst. Fish. 5:1-92.

Kurata H, Shigueno K, Yatsuyanagi K. 1984. Kuruma shrimp culture in Japan. Sindermann
CJ, ed. Proceedings of the 9th and 10th U.S.-Japan meetings on aquaculture. Washing-
ton, D.C: National Marine Fisheries Service: 9-15. NOAA tech. rep. NMFS 16.

Kurunoma K, Fukusho K. 1984. Rearing of marine fish larvae in Japan. Ottawa: IDRC.
109p. IDRC-TS47e.

Matusato T. 1984. Present status and future potential of yellowtail culture in Japan. Sinder-
mann CJ, ed Proceedings of the 7th U.S.-Japan meeting on aquaculture, marine finfish;
1978 October 3-4; Tokyo, Japan. Washington, D.C: National Marine Fisheries Service:
11-16. NOAA tech. rep. NMFS 10.

Nagata WD, Hirata H. 1986. Mariculture in Japan: past, present, and future perspectives.
Mini Rev. Data File Fish. Res. 4:1-38.

Nogami K. 1984. Recent developments in shellfish culture in southern Japan. General re-
marks. Sindermann CJ, ed. Proceedings of the 9th and 10th U.S.-Japan meetings on
aquaculture. Washington, D.C: National Marine Fisheries Service: 73-75. NOAA tech.
rep. NMFS 16.

. 1984. Culture and propagation of blood ark shells. Sindermann, CJ, ed. Proceed-
ings of the 9th and 10th U.S.-Japan meetings on aquaculture. Washington, D.C.: Na-
tional Marine Fisheries Service: 77-80. NOAA tech. rep. NMFS 16.

Nose T. 1985. Recent advances in aquaculture in Japan. Geo Journal 10(3):261-276.

1986. Recent developments in aquaculture in Japan. Bilio M, Rosenthal H, Sinder-
mann CJ, eds. Realism in aquaculture: achievements, constraints, perspectives; review
papers World Conference on aquaculture; 1981 September 21-25; Venice, Italy. Bre-
dene: European Aquaculture Society: 39-58.

Shigeno K. 1975. Shrimp culture in Japan, Tokyo: Association for International Technical
Promotion. 153p.

Suto S. 1974. Mariculture of seaweeds and its problems in Japan. NOAA Tech. Rep. NMFS
CIRC 388:7-16.

Taniguchi M. 1984. Practical problems in finfish culture in Kochi Prefecture. Sindermann CJ,
ed. Proceedings of the 7th U.S.-Japan meeting on aquaculture, marine finfish culture;
1978 October 3-4; Tokyo, Japan. Washington, D.C: National Marine Fisheries Service:
21-24. NOAA Tech.-Rep. NMFS 10.

Umezawa S. 1984. The present and future of Pectin culture. Sindermann, CJ, ed. Proceedings
of the 9th and 10th U.S.-Japan meetings on aquaculture. Washington, D.C.: National
Marine Fisheries Service: 70-81. NOAA Tech. Rep. NMFS 16.

Watanabe T, Kitajima C, Fujita S. 1983. Nutritional values of five organisms used in Japan for
mass propagation of fish: a review. Aquaculture 34:115-143.

Yamaguchi M 1978. The basics and practices of red sea bream culture. Tokyo: Kouseihsa
Kouseikaku. 414p. (In Japanese)



AQUACULTURE DEVELOPMENT IN MALAYSIA

Pit Chong Liong

National Prawn Fry Production and Research
Kedah, Malaysia

Hambal Bin Hanafi

Brackishwater Research Station
Johore, Malaysia

Zuridah Osman Merican
Gopinath Nagaraj

Fisheries Headquarters
Kuala Lumpur, Malaysia

ABSTRACT

Malaysia is a fish-consuming country with fish representing 60%
of a total animal protein intake. At an annual per capita consumption
of 32 kg some 560 000 mt of fish is required for the projected of 17.5
million people in year 2000.

Coastal marine capture fisheries, the mainstay of Malaysia's fish
supply, has not shown any increase in landings over the last few years.
In factin 1985 there was a decline of 3.7% compared to 1984 fish land-
ings. This declining contribution of marine fisheries is compensated by
an increase in aquaculture production. In 1985, aquaculture contri-
buted 51 709 mt to the total fish supply. This represents 10% ofthe
total fish landings of 514 570 mt or 13% of total table (edible) fish
landings.

Malaysia does not have a long standing aquaculture tradition un-
like its neighbours in the Indo-Pacific. Even then, the industry has seen
rapid growth in the last few years. Today there are 19 species of fin-
fishes, crustaceans and shellfish cultured in the country. The main
freshwater fish species bred and cultured are bighead carp (Aristichthys
nobilis), grass carp (Ctenopharyngodon idella), common carp (Cyprinus
carpio), Indonesian carp (Punctius gonionotus), catfish (Clarias macro-
cephalus and Pangasius spp), snakefish gourami (Trichogaster pectora-
lis) and tilapia (mainly Oreochromis niloticus). Marine finfishes bred
and cultured are sea bass (Lates calcarifer), grouper (Epinephelus sp.)
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and snapper (Lutjanus johni). — Penaeus monodon is the dominant
marine prawn species bred and cultured but culture of P. merguiensis is
receiving considerable interest. Macrobrachium rosenbergii is the only
freshwater prawn cultured commercially. Molluscs cultured are the
blood clam (Anadara granosa) and the green mussel (Perna viridis).

In 1985, blood clam and mussel culture accounted for 87% of all
aquaculture production of Malaysia, freshwater fish 12%, floating cage
culture of marine fish 0.7% and brackishwater pond culture 0.3%. In
terms of value blood clam and mussels represented 30% (M$15M) of
total value (M$49.5M), freshwater fish 57% (M$28M),cage culture of
marine fin fishes 7% (M$3.4M),and brackishwater pond production 6%
(MS$2.1M).

Aquaculture in Malaysia has considerable growth potential. It is
projected that 22 000 ha ofmangrove will be opened by the year 2000
for shrimp culture. Some 330 000 m* of protected coastal waters have
been identified for cage culture. Some 6500 rafts can considerably ex-
pand the present capacity. In freshwater culture about 8000 ha ofland
and 17 500 ha of mining pools can be developed while 200 000 ha of
artificial lakes and impoundments for freshwater fish cage culture are
available. Yet such development is not without constraints. Fresh-
water finfish culture is hampered by lack of good quality broodstock.
There is also a limited market for freshwater finfishes. Marine finfish
culture is limited by lack of fingerlings and good quality compounded
diet to replace trash fish which is deteriorating in quality and quantity.
Marine prawn culture is heavily dependent on wild spawners, the supply
unpredictable and inadequate. Acid sulfate soil continues to cause
the deterioration of brackishwater ponds. Cockles and mussels can be
sold to export markets only if they meet specific quality standards.

PRODUCTION AND DEMAND FOR FISH AND
FISH PRODUCTS

Malaysia is essentially a fish-consuming country. Fish plays a
major role in the average diet of Malaysia, accounting for 60% of total
animal protein intake.

Two noteworthy attempts have been made to project the demand
for fish. A projection offers a "high" and "low" option. The "high"
demand projection starts with a base per capita consumption of 26.8 kg
for 1973 increasing to 30.9 kg for 1995. The "low" demand project
takes 26.6 kg as constant throughout the period. In 1981 the Fisheries
Development Authority published a similar study indicating the capita
consumption as 43.4 kg in 1980, 49.0 kg in 1985, and 54.1 kg in



AQUACULTURE DEVELOPMENT IN MALAY SIA 75

1990. The methodology employed in both these formulations are
essentially similar. The only difference lies in the value of the para-
meters adopted.

A recent survey conducted by the Research Survey Malaysia
(RSM) for the Federal Agricultural Marketing Authority has produced
empirical data to show that the per capita fish consumption
(unweighted) for Malaysia as a whole is approximately 21 kg. This
suggests a daily intake of 6.2 g/head which represents about 17.6% of
the animal protein intake (of 35.3 g) ofan average person. In the light
of the RSM findings it may be necessary to revise the earlier demand
projections. As a rough approximation, assuming that the per capita
consumption is 32 kg, an annual production of 560 000 mt fish is
required to meet the requirement of the projected population of
17.5 million people in the year 2000.

The coastal marine capture fisheries, hitherto the mainstay of
Malaysia's fish supply, however, has shown no increase in landings
over the last few years. The quantity of marine fish landings in 1985,
for example, actually declined by 3.7% over the preceding year, while
the wholesale and retail value of marine landings decreased by 0.8% and
3.3%, respectively. Exports also declined both in terms of weight
as well as value. On the other hand, value imports increased by 4.4%
although the quantity imported remained somewhat stable. Aqua-
culture production was also on the upswing, contributing 51 709 mt
to total fish supply.

Most aquaculture products find a ready domestic or export
market. Freshwater fish is consumed almost entirely by the domestic
market although some are exported to Singapore. The market base
is small and variable. Different communities consume different species
in different forms and freshwater fish is not staple among any of them.
The urban market is dominated by Chinese carps for the fresh fish
market while tilapia and cat fishes are consigned to the live fish trade.
Outside major urban arcas, demand is for fresh tilapia, Indonesian
carp and catfish. There is no live fish market. The marine finfish
industry also caters largely to the live fish trade. Shellfish, both the
blood clams as well as mussels, are sold at wet markets throughout
the country. Most cultured shrimps are channeled to the export
market. Live shrimp is exported to Singapore but the bulk is frozen
and exported to Japan. Some of the small farms do, however, dispose
of their produce in local markets.
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PRESENT STATUS OF THE AQUACULTURE INDUSTRY

Malaysia does not have a long standing aquaculture tradition
unlike its neighbors in the Indo-Pacific Region. In spite of that, the
industry has seen rapid growth in the last few years.

Aquaculture began only in the early 1900's with the culture
of Chinese carps in mining pools. In the mid-1930's, shrimp trapping
ponds developed as a major industry in the southern state of Johore.
The culture of blood clams began only as recently as 1948.

While semi-intensive culture of freshwater organisms and extensive
culture of blood clams dominated the 1950's and 1960's, things began
to change in the last two decades. Cage culture of marine fish and raft
culture of mussels began in the early 1970's. More significantly, is the
growing corporate involvement in the aquaculture industry, particularly
in shrimp farms. Today there are over 19 species of finfish, crustaceans,
and shellfish cultured in the country.

In 1985, some 51 709 mt of aquaculture products with a total
value of M$49.5 million (US $1 = M$2.50) was landed by the industry.
This amounted to about 10% of total fish landings (514 540 mt).
However, a comparison of this nature is highly misleading, given the
fact that aquaculture deals with table products. Landings from marine
capture fisheries consist substantially of trash fish which has no human
food value. On the basis of edible fishery landings, the role of aqua-
culture is much enhanced, accounting for 13% of total table fish
landings. The growth rate of productive assets of the industry also
indicates how far it has progressed within the last few years. Blood
clam culture areas grew by 25% from 4000 ha to 5000 ha in 1980-1985.
The freshwater fishpond culture, however, recorded a negative growth
of 18% in area (5158 ha to 4226 ha) although there was a positive
growth of 25% in the number of ponds operated (14 459 to 18 087).
Brackishwater ponds grew rapidly from 100 ponds (30 ha) in 1980
to 481 ponds (455 ha) in 1985, representing a 381% increase in the
number of ponds and 1400% increase in area. The growth rate of
floating cage culture was similarly impressive. Starting with only about
100 units with an effective culture area of 1204 m? in 1980, the
industry grew to 6835 units with a net area of 82 339 m” in 1985.
Similarly, mussel culture grew by 1000% over the same period from
20 to 200 rafts.
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In terms of production volume, the culture of blood clams and
mussels is the most significant rearing activity undertaken. In 1985,
these molluscs accounted for 87% of all aquaculture production.
The culture of freshwater fish weighed in next at 6362 mt or 12%
of total production. The cage culture of marine fish was the third
largest, amounting to 408 mt or 0.7%. Brackishwater pond produc-
tion which landed 180 mt or 0.3%, ranked last.

In terms of value, however, the figures change considerably.
Blood clams and mussels, despite their volume, were estimated at
M$15 million or 30% of total value. The freshwater fish production
was estimated at M$28 million or 57% of total value. Cage culture
of marine finfish contributed a creditable M$3.4 million (7%) while
brackishwater pond culture production was valued at M$ 4.1 million
or 6%.

In terms of the number of people gainfully employed in the
industry, again the freshwater aquaculture industry takes the lead.
In 1985, a total of 13 047 culturists were employed in the produc-
tion ofa variety of freshwater fish in ponds or cages. This represented
93% of the total workforce of the aquaculture industry. However,
there were few employed full-time. Most were farmers involved in
agriculture, animal husbandry, or both, who undertook fish culture
part-time. The blood clam culture sector employed only 199 full-time
culturists or 1.4%. Cage culture of marine finfish employed 503
(3.6%) while mussel culture, 60 (0.4%). The brackishwater pond culture
employed only 1.6% of the workforce underscoring its essentially
capital intensive nature.

Malaysia has considerable growth potential for aquaculture.
The government, in fact, has identified aquaculture as a priority indus-
try and efforts are being made to actively promote investment. Among
the major growth sectors, the following stand out:

1. Shrimp culture in ponds. Malaysia has over 570 000 ha of
mangroves that can be developed for shrimp culture. Given
the vital role that mangroves play in coastal ecosystems,
development will be limited to a maximum of 20% of the
existing area. This means that over 110 000 ha can be made
available for shrimp culture purposes. It is anticipated that
by the year 2000, about 22 000 ha of mangroves will have
been developed for shrimp culture.
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2. Cage culture of marine  finfish. A total of 330 000 m?
of protected coastal waters have been identified for cage
culture of marine finfish.

3. Maussel culture. The growth of this sector is limited to areas
of mussel spatfall. Studies indicate that present capacity
may be extended by another 6500 rafts.

4.  Freshwater fish culture in ponds and mining pools. The
resource potential for this sector is good. It has been esti-
mated that there are over 8000 ha of land and 17 200 ha
of mining pools that can be developed for freshwater fish
culture.

5. Freshwater fish culture in floating cages. The prospects
for this sector is even more encouraging. By the year 2000,
it is expected that there will be over 200 000 ha of artificial
lakes and impoundments in which cage culture may be
developed.

In short, the resource base for aquaculture is very large and the
prospects for development are excellent. The government has insti-
tuted numerous fiscal policies ranging from credit with subsidized
interest rates, tax exemption, pioneer status, and other factors to
encourage investment. Steps are being taken to facilitate land and
resource alienation to ensure low-entry costs.

PRESENT STATUS OF PRODUCTION TECHNIQUES
Freshwater Finfish Culture

Broodstock production.  The main species commercially bred are
the Chinese and Indonesian carps followed by the snakeskin gourami,
tilapia, and the catfishes. Fry supply for the culture of these species
is mainly from government hatcheries but a small number of private
hatcheries also carry out the natural breeding of selected species such
as the common carp (Cyprinus carpio) and the tilapia (Oreochromis spp.)

Government hatcheries undertake artificial propagation of some
Chinese carps, specifically the big head carp (Aristichthys nobilis) and
grass carp (Ctenopharyngodon idella). Other species similarly bred in-
clude the Indonesian carp (Puntius gonionotus) and the catfishes (Cla-
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rias macrocephalus and Pangasius spp.). Natural propagation of the
snakeskin gourami (Trichogaster pectoralis) common carp (Cyprinus
carpio) and tilapia (mainly Oreochromis niloticus) is also undertaken by
these hatcheries.

The size of broodstock ponds depend on the species cultured.
For carps, pond size of about 0.2 ha are common and for snakeskin
gourami and tilapia, much smaller ponds of 0.1 ha or less are used.
Broodstock of Clarias spp. are also kept in 100 mt tanks. Depending
on the species of broodstock both monoculture and polyculture are
practised. In polyculture, the common combinations are the common
carp/bighead carp and grass carp/bighead carp. Generally, broodstock
are kept at low densities of 1500 kg-2500 kg/ha.

In most establishments static water conditions with regular water
exchange of 5-10% a day is common management practice. To ensure
optimal conditions, water quality is monitored regularly. The desired
fecundity of broodstock is achieved by using formulated pellet feed
with a protein content of 32-40% containing mainly fish meal, rice
bran, and maize, fed at 3 to 5% of body weight. Freshly prepared
ground nut meal and grass are also used. Wet feeds consisting of trash
fish and boiled rice as well as pelleted feeds, are fed to Clarias spp.
The broodstock are checked weekly for gonadal development. Spawn-
ing is induced by HCG (Human Chorionic Gonadotropin) and Carp
Pituitary Extract.

Spawners are handled carefully to prevent injury and subsequent
bacterial infections. Prior to capture, spawners are pre-stressed. Para-
sitic diseases such as Oodinium sp., Lernaca and Ichthyophthirius sp.
are common. Oodinium is treated with methylene blue, Lernaea
with salt and Abate, and Ichthyophthirius sp. using biological methods
such as flushing.

One of the major constraints delimiting the hatcheries is the lack
of good quality broodstock. Aside from the Chinese carps which are
imported from Taiwan, breeding of other species rely on a limited
broodstock that owes its origins to stock imported during the late
1950's. The Department of Fisheries is currently working to broaden
the genetic pool by importing brood fish from other countries. In
particular, Indonesian carp (Puntius gonionotus) and common carp
(Cyprinus carpio) have been imported from Indonesia and crossed
with local strains. Tilapia (Oreochromis niloticus) stock has also
been imported from Thailand. Efforts are underway to similarly
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import brood fish of different species from diverse sources to prevent
inbreeding from existing stock.

Seed production and nursery operations. In the seed production
of freshwater finfish, simple facilities such as earthen ponds and to a
limited extent concrete, high density polyethylene and fiberglass
tanks are used for spawning and nursery rearing. These facilities are
normally small to accommodate 4-6 breeders. Larval rearing is usually
carried out partly in vitro and partly in well prepared and fertilized
ponds, about 0.1 ha in size. Outside of micro-encapsulated egg, no
formulated larval feeds are used. The pond-rearing phase depends
entirely on natural pond productivity. The average size of fry harvested
is 2.5 cm. Fry are transported in oxygenated plastic bags.

The breeding of grass carp has posed problems particularly in
obtaining gonadal maturation. Nevertheless, attempts to breed this
species is still going on because ofthe demand for fry. Culture of local
cyprinids has a good potential but fry production is hampered by lack
of knowledge of the biology and larval grow-out. Even for currently
cultured species, fry production (nursery stage) is still dependent on
natural food. To intensify production, development of formulated
feeds for larvae is necessary.

Production of table fish. The total production of freshwater
finfish in 1985 was 6362 mt valued at M$28 million. This figure is,
in fact, thought to be somewhat pessimistic, since collection of accu-
rate production data from many semi-commercial farms is somewhat
problematic.  Production of freshwater fish is probably closer to
15 000 mt. Production is mainly from excavated ponds (17 424 ponds;
2962 ha) followed by culture in mining pools (663 pools; 1236 ha),
floating cages (862 units; 14 321 m?). Pond culture is carried out
generally in small ponds, 0.2 ha-1 ha, and managed on extensive and
semi-intensive system, or even on a subsistence level. In pond systems,
polyculture and stocking densities of 1000-5000 fish/ha in various
combinations is a common practice. The stocking density can increase
to 15 750 fish/prawn/ha in the polyculture of the freshwater prawn
(Macrobrachium rosenbergii) and finfish.

Mining pools are irregularly shaped bodies of water, 0.4-10 ha,
a consequence of Malaysia's huge tin-mining industry. Serving as water
resource ponds to active mines, they are, however, left abandoned
after the mine is exhausted. These pools have been, for decades, used
for fish culture. The commodities cultured have been limited to species
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such as grass carp, bighead carp, and tilapia. Demersal species such
as the common carp and freshwater prawn are not generally cultured
given the extremes of depth (20-40 m) mining pools are likely to have.
Stocking densities of cultured fish is about 1500-2000 grass carp in
about 500-600 ha. Both ponds as well as mining pool culture are
undertaken in consonance with complementary agriculture and animal
husbandry activities. Tri-commodity integrated farming consisting of
crops (vegetable, tapioca, bananas, etc.), livestock (pigs, cows, goats,
chickens, ducks) and freshwater fish, is, in fact a major feature of
Malaysian freshwater aquaculture.

Floating cage culture of freshwater fish is also undertaken parti-
cularly in the Cenderoh hydroelectric impoundment and the Durian
Tunggal reservoir. Both water bodies are huge, man-made impound-
ments enough to sustain this system of culture. The culture is intensive
and centers around monoculture of grass carp and catfish (Pangasius
spp.), both about 12 pieces/m* Indonesian carp and tilapia, both
about 36 pieces/m”.

Wet feeds such as chicken intestines and broiler mash combined
with ground nut meal and grass are commonly used in all three systems.
Some commercial culturists use formulated pelleted feeds. The com-
mon parasites encountered include Trichodina spp., Piscinoodinium
sp., Lernaea sp., bacterial infections caused by Aeromonas hydrophila
and Pseudomonas sp. are also prevalent. Among the commonly cul-
tured species, the Indonesian carp is the most susceptible to parasitic
and bacterial infection. Other species such as grass carp and tilapia
are also susceptible but to a lesser degree. For the treatment of
Piscinoodinium sp. in the Indonesian carp, copper sulphate at 1.0 ppm
is effective on adult fish.

Harvesting of marketable fish is commonly carried out by the
fish buyer who supplies nets and manpower for harvest. Harvested
fish are transported live in aerated fiberglass containers.

Finfish production on a commercial basis is being encouraged
by the government to ensure self-sufficiency in fish production. The
strategy involves more comprehensive use of existing water such as
impoundments and reservoirs and the application of intensive produc-
tion technologies. The biggest constraint holding back the industry
is market. At present the market is limited to specific communities
with small volume. Thus, to expand the industry there is a need to
develop new markets through campaign as well as product develop-
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ment to diversify the existing market base.

Marine Finfish Culture

Broodstock production. A substantial amount of fry for marine
finfish farming 1is imported. Of late, however, the government
hatchery at Tanjung Demong, Trengganu has started production of sea
bass, Lates calcarifer seed. Preliminary runs for the production of
grouper (Epinephelus sp., fry have also been started. There are, at
present, no commercial hatcheries producing marine finfish fry.

Broodstock for the Tanjung Demong facility is obtained from
the center's own cages and/or purchased from fishermen. This combi-
nation of cultured and wild broodstock will obviate any inbreeding
in fry produced. Each brood fish weigh about 4-7 kg. They are main-
tained in 100-t circular concrete tanks. Feeding is entirely with trash
fish at 1-2% body weight.

Neither maturation nor spawning is induced artificially. Spawning
occurs naturally during full moon and eggs are collected and hatched.
There is minimal handling of spawners, and fish are treated only if
injury is observed after spawning.

There is a need, however, as in the case of freshwater fish, to
maintain a broad genetic base by constantly supplementing the existing
broodstock pool with individuals from diverse population. While, at
this point in time, no genetic aberration due to inbreeding of existing
stock has been observed, nonetheless, given the fecundity of sea bass,
that kind of scenario is probable in the near future.

Seed production and nursery operation. Eggs collected from
spawning tanks are transferred to the hatchery and stocked in 500-1
fiberglass containers. Hatching occurs within 12-16 hr. The day-old
fry are fed with rotifers grown on Chlorella and Tetraselmis cultures.
Around the 8th-9th day, the fry is fed with Artemia nauplii. This
continues for about 30 days when the fry are about 1.5 cm. Weaning
to trash fish then begins. The fry is reared to 2.5 cm and sold to
farmers.  There are a number of nursery operators who purchase
yolk-sac or 8 days old and rear them to commercial size.

No disease of any consequence has yet been reported. However,
given the rapidly growing demand for sea bass fry, the existing capacity
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of the Tanjung Demong hatchery is stretched to the maximum. The
growth of a viable nursery industry would, in fact, substantially reduce
the load of the hatchery and free its facilities for spawning. However,
the nursery operators are still beginners and have yet to attain the
production level of the station for them to effectively take over its
seed production function.

Production of table fish. Cultured fish include mainly sea bass
(Lates calcarifer), grouper (Epinephelus sp.), and snapper (Lutjanus
Jjohni).

Farming of marine finfish is normally carried out in cages (5973
units, 68 018 m” ) and, to a limited extent, in ponds (30 ponds, 20 ha).
The latter is confined mainly to the East coast of Peninsular Malaysia
where suitable sites for cages are limited by rough seas particularly
during the monsoon seasons.

Cage culture sites are limited to protected coastal waters with
appropriate water quality. Each floating cage system consists of the
net-cage and the frame supporting it. The frame is kept afloat usually
by plastic drums or styrofoam blocks coated with fiberglass. The sys-
tem is held in position by anchors, usually of concrete blocks, or
wooden pegs.

Depending on their use, net-cages can be of different dimensions
and meshes and can usually be classified into 3 classes (Table 1).
Each cage system can be from 1 unit (4 cages) to a maximum of 15
units (60 cages).

Both tidal as well as levee ponds are used for finfish culture.
Pond sizes are small, about 0.4 ha each.

In cage culture, rearing is divided into 3 phases; the hapa stage,
nursery, and the grow-out stages. The technique reduces cannibalism
in culturing fish.

In pond culture, the nursery stage is normally carried out in
smaller ponds; the fish are transferred later to another pond for grow-
out. Size grading is thus carried out only once. Since this method
is ineffective in substantially reducing cannibalism, stocking densities
are relatively low.
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Table 1. Types of nets commonly found in cage system

Net Type Dimensions Mesh Size Uses

Hapa net 2x2x2m 8 mm for nursing fingerlings
of 10 cm or less

Nursery net 2x2x2m 25 mm for nursing fingerlings
up to 15 cm

Grow-out 5x5%x3m 20-50 mm for grow-out to
marketable size

After each culture cycle the net-cages are cleaned of biofoulants
by using strong water jets. Torn nets are replaced and repaired during
this period.

Before the next culture cycle is carried out, ponds are flushed
daily to remove excess sediments and waste from the last culture.
Upon starting the next culture, the pond is drained and teaseed cake
is applied to water left undrained to ensure effective eradication of
potential predators or competitors. After application of lime and
rice bran, the pond is filled with water again to about 50 cm and
fertilized with triple superphosphate and urea to induce plankton
bloom. A day or two before stocking the fry, the water depth in
the pond is increased up to a meter.

Stocking is normally done early in the morning after the fry
have received prophylactic treatment against diseases. Stocking density
varies with the type of culture system practised. The fry, which nor-
mally are transported from quite a distance, are first conditioned to
the local conditions before stocking. The stocking density in nursery
cages is 300-350/m” initially. Stock is gradually thinned out, both
to reduce its density and to size-grade the fry to reduce cannibalism.
The fish, each weighing about 300 g, are transferred to the rearing
or grow-out cages normally in about 3 months. The stocking density
is thus reduced from 300-350/m> to about 100/m>.

In pond culture the fish fry are stocked at a much lower density.
In nursery, the stocking density is normally only about 25 fish/ m* and
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reduced further to 1-3 pieces/m> when they are transferred to the
grow-out pond after about 2 months. Grading is carried out only
during transfer from nursery to grow-out pond.

At present the feed given to cultured species is trash fish. A newly
formulated feed meant for sea bass is still being tested with encouraging
results. Feeding to satiation is done once or twice daily at 3-10%
depending on fish weight.

High mortality normally occurs during early stages, especially
in the first few days after stocking. This is mainly due to stress from
transport and handling.

Diseases encountered in fish culture are bacterial fin rot, vibriosis,
streptococcosis, saprolegniasis, and ichthyosporidosis. Some of the
major parasites found in cultured fish with substantial frequency are
crustaceans and flatworms. Cultured fish reach market size of about
500 g in 6-8 mo. Average survival per stocking is about 50-60% in
cages and 30-70% (at lower stocking) in ponds. The greater range in
survival rate in pond culture is due mainly to cannibalism which occurs
at higher stocking. The expected harvest from cage culture is about
600 kg/cage compared to an average of 500 kg/ha of pond.

The main constraint setting back finfish culture at the moment
is the supply of fingerlings. Even though the hatchery technology for
sea bass has progressed so much so that it can ensure adequate supply
of hatchlings, the nursery technology, for the production ofjuveniles
having the right size for stocking in ponds and cages, still lags behind.
Aside from sea bass seed, the supply for other species such as grouper
and snapper still depends on the natural source. Disease is the other
factor that needs to be looked into to increase production in finfish
culture. The use of trash fish in finfish culture is a problem since
supply is deteriorating both in quantity and quality. There is a need
therefore to formulate a suitable fish feed. The production of finfish
per hectare in pond culture is still very low compared to that of cage
culture. The main problem in finfish pond culture is the inability
to conduct feeding and grading of fish and other activities that require
close supervision and efficient management.

Prawn Culture

Broodstock  production. Among the marine prawns, Penaeus
monodon is extensively cultured with P. merguiensis also receiving
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considerable interest. The giant Malaysian freshwater prawn Macro-
brachium rosenbergii is the only freshwater prawn cultured on a com-
mercial scale. The marine prawn industry is still heavily dependent
on spawners caught from the wild by trawlers. To ensure better survi-
val, the trawling duration is considerably reduced. Spawners are usually
collected from the sea by middlemen who rush the spawners to landing
points by speed boats. They are then sent to hatchery operators in
plastic bags at reduced water temperature by road or air depending
on the distance involved. A significant number of small hatcheries
are still completely dependent on wild gravid females and have no
maturation facilities. The bigger hatcheries generally carry out eyestalk
ablation and are, therefore, willing to accept non-gravid spawners
from the wild. Hence, there is no rearing of broodstock in the real
sense. Wild non-gravid females of adequate size are kept in maturation
tanks with more or less equal number of males. The maturation diet
consists mainly of squid, mussel, chicken liver, oyster, and maturation
pellet. The prawns are fed twice a day; the feed adjusted regularly
depending on the left-over from previous feeding. Eyestalk ablated
females may spawn up to five times, although the average number of
spawning per female is two. The first spawning may occur on the
third day after ablation.

As mentioned earlier the industry is heavily dependent on wild
spawners, the supply of which cannot be assured at all times. While
the pond-grown males mature spontaneously in captivity, the pond-
grown females do not respond even with eyestalk ablation so that
further work is needed to ensure adequate supply of spawners for
the industry.

On the other hand, Macrobrachium rosenbergii  broodstock
supply is not a problem as the pond-grown prawn mates and spawns
readily in tanks or ponds throughout the year. To reduce inbreeding,
however, wild prawns are also used as broodstock whenever available.
Overfishing and water pollution have resulted in the decline of the
natural prawn resource. To overcome the problem, the government
has initiated an open water stocking program and released large num-
bers of fry in the riverine system. As a result, even spawners caught
from the wild may in fact, really come from the stocked prawn. The
intention of using 'wild spawners' to increase the genetic pool and to
reduce inbreeding may not be achieved. Aside from this consideration
there is no major constraint to broodstock production of the freshwater
prawn.
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Seed production and nursery operation. Rearing facilities for
seed production of the marine prawn vary from hatchery to hatchery
depending both on the scale of operation and the culture system
adopted. Generally, either rectangular or cylindrical tanks are used.
The tanks are either of concrete or fiberglass. The size of tanks varies
considerably for extensive system where spawning, hatching, and
larval rearing all take place in the same tank. The tanks are large and
may be in excess of 50 t. For hatcheries adopting the intensive culture
system, where stocking density may be over 100/1, smaller tanks (2 t)
are used. Larval feed consists of live phytoplankton initially followed
by brine shrimp nauplii toward the later stages. Depending on the
system adopted, the phytoplankton may be cultured in pure form
in separate tanks under controlled conditions or in outdoor tanks where
mixed endemic species of diatoms are maintained. The larval rearing
tanks may also be fertilized to maintain a healthy phytoplankton popu-
lation. While Baker's yeast is used to some extent, artificial larval feeds
are still costly and thus not widely accepted. Formulated feeds are
generally introduced only at PLs to supplement brine shrimp nauplii.

Bacterial contamination which result in necrosis of the larvae and
often heavy mortality is common. Chloramphenicol and furazolidone
are used for both prevention and control. Contamination of larvae by
fungi (Lagenidium sp., Sirolpidium sp., and Fusarium sp.) is common
and Treflan is generally used as a preventive measure.

Besides the supply of wild spawners, the major constraint to
hatchery production of marine prawn fry appears to be the heavy
dependence on phytoplankton as the early larval feed. Intensive
culture of phytoplankton under controlled conditions is laborious
and costly and not readily adopted by commercial hatcheries. On the
other hand, extensive culture which utilizes endemic species is weather-
dependent and hence the required phytoplankton may not be available
when needed. There is thus a need to develop reliable formulated larval
feed to overcome such problem and to reduce production cost.

Most Macrobrachium rosenbergii hatcheries are still small. The
tanks used are generally not bigger than 10 tons and may either be
cylindrical or rectangular.  Stocking density is 30-100/1 depending
on the culture system. Water management varies from practically no
change of water in the static green water system to near daily complete
renewal of water in other systems.

There is heavy dependence on brine shrimp nauplii as larval
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food although fish flesh, cockle meat, egg custard, and formulated
feed are also given as supplement. The culture of M. rosenbergii has
not really taken off compared to that of the marine prawn. There
is no great demand for fry; hence, hatchery production is still limited.
However, should there be an increased demand, it is foreseen that such
demand could be met by increased production from both public and
private hatcheries.

Production of table shrimp prawn. Shrimp pond culture in
Malaysia originated from the traditional trapping ponds which were
subsequently phased out and replaced by the present culture pond
system. This was mainly due to the declining supply of natural shrimp
seeds or fry.

As in marine finfish culture, both tidal and levee ponds are em-
ployed. Pond sizes vary from the very small to as big as 5 ha each,
although the majority are 0.25-10 ha and are usually rectangular. In
1985, there were 451 ponds with a total area 0of445 ha.

There are three main types of culture systems: extensive, semi-
intensive, and intensive. The main differences among these systems
are their stocking densities, management techniques, and expected
harvest (Table 2).

Pond preparation is broadly similar to that of finfish except
that minimal water exchange is done within the first month to retain
the natural productivity of the pond and to avoid injury to the still
fragile post-larvae. In the later stages, after about one month culture
period, water is changed practically everyday especially with the
semi-intensive and intensive systems.

In extensive culture, food supply comes from the natural food
enhanced through periodic pond fertilization throughout the culture.
In intensive and semi-intensive operations, feeding is with pellets
made especially for shrimps which are already manufactured locally.
At the moment research is being conducted to substitute as much as
possible the raw ingredients used in these pellets with local feedstuffs.

Usually after one month, the amount of supplementary feed is
increased and further increments in feed is carried out at a 10-day
interval as the body weight increases. Feeding frequency is 3-4 times
daily depending on the stocking density and the amount of feed given
daily.
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Table 2. Systems of shrimp culture

Stocking Expected
Culture Density Harvest
Systems (no/m?) Management Technique (tons/ha/culture)
Extensive 5 Fertilization with minimal 0.3-0.5

water change and no
supplementary feeding

Semi-intensive  10-15 Fertilization only for the 1.0-2.5
1st months, minimal water
change in the 1st month;
30% water change almost
everyday and supplementary
feeding needed; mechanical
aeration required during
later stages.

Intensive 20 Fertilization in the Ist 3.0-6.0
month; water change
minimal in the 1st month;
30% water change everyday
and compulsory pellet
feed even at start of culture.

Some of the common diseases and factors of economic importance
in shrimp culture are bacterial black spot, vibriosis, yellow gills, and
viral diseases. Factors that can also contribute to heavy losses of
cultured shrimp include algal bloom, e.g., Hornellia, Anabaena,
Gonyaulax (Dinoflagellate), and the protozoans Epistylis, Vorticella,
Zoothamnium.

Culture periods vary from one culture system to another. At
lower stocking densities shrimps grow faster and reach marketable size
within 60 days. In semi-intensive and intensive culture, shrimps are
harvested after 3-4 months. Where partial harvest is practised, the first
harvest can be done from the second month onwards. Shrimps har-
vested are normally graded to appropriate market size either manually
or by grading machines.

One of the main challenges shrimp farmers face is the problem
of acid sulfate soils especially in excavated ponds. Correction of
acidity may take several years at which time farmers are likely to face
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acute cash flow problems. Another significant problem is the non-
availability of credit and financing for investors. Being capital intensive,
a large fund base is required for a start in the industry. However,
financiers and venture capitalists are hesitant in committing funds
because of high risks. Even though the technology exists there is still a
lack of skilled and experienced manpower since a number of newly
set up farms still have to train their workers. Disease is one of the
greatest threats in shrimp farming and to date very little information
about this is available. Market outlets are also constraints at this
stage of transition when total production already exceeds the local
market demand but has yet to meet the export market.

Mollusc Culture

The culture of the blood clam Anadara granosa and the green
mussel Perna viridis depend on natural spats for its seed stocks. In
the case of the cockle, the spatfall areas are located in the 4000-5000
ha of mudflats along the West Coast of Peninsular Malaysia. Although
there is a high degree of unpredictability as to where spats will settle,
the spats settle in large quantities and is sufficient to meet the demand
of culturists. Seed collection is done by fishermen who sell them to
buyers who in turn transport them to culture arcas. Cockle spats
are spread over the nursery areas of cockle farms at varying densities
depending on seed size. Farmers regularly cull and harvest the cockle
about 6-7 months after initial stocking.

Culture of the green mussel requires rafts with hanging ropes of
jute or polyethylene as a substrate for spat settlement. Culling is also
carried out to ensure even growth. A raft area of 1 ha can produce
3 150 000 kg of green mussel in one year. In 1985, 44 561 mt of blood
clams and 200 mt of mussel were produced.

Current legislation pertaining to seed collection, production and
marketing can ensure the development of the blood clam industry.
However, a constraint to its further development is the marketability
of fresh cockles in the export market which demand that cockles
and mussels meet specific quality standards through depuration. To
expand the domestic and export market for the green mussel, some
secondary processing of the product is essential as the demand of the
mussel in its fresh form is very limited. Pollution in the Johore Straits
where the culture of the green mussel is dominant and along the West
Coast of Peninsular Malaysia for cockle culture could be a future
constraint.
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ABSTRACT

The aquaculture sector ofthe Philippine fishing industry registered
the highest growth rate of 12.5% in 1977-1986. The contribution of
aquaculture to the total fish production was equivalent to 24% in 1986
compared to only 85 in the early 1970's. In terms of quantity, the mari-
culture subsector registered the highest growth rate of 10.2% in 1982-
1986, whereas in terms of value the brackishwater fishpond subsector
showed the highest growth rate of 33%. Meanwhile, freshwater aqua-
culture production exhibited a negative growth rate due to reduction
of activities in Laguna de Bay and the slow expansion in hectarage of
the commercial freshwater fishponds.

Research by several agencies concentrated heavily on the culture
of milkfish (Chanos chanos), tilapia (Oreochromis niloticus), Chinese
carps (Aristichthys nobilis and Hypophthalmichthys molitrix), tiger
prawn (Penaeus monodon), and sea bass (Lates calcarifer). Innova-
tions in seaweed, oyster, and mussel farming are also discussed.

Research directions are presented to assure an ecologically sus-
tainable growth in aquaculture with emphasis on countryside develop-
ment.

PRODUCTION AND DEMAND FOR FISH

Fish is a major source of protein for the Filipinos. Per capita
availability based on domestic production is 32-36 kg per year for the
last five years (Table 1).
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Table 1. Per capita availability of fish based on Philippine production

Food Fish
Total Fish Production Per Capita
Production Component Availability
(mt) (mt) (kg)

1982 1 896 983 1 591 409 33
1983 2 110 230 1 788 873 36
1984 2 080 268 1 731 587 34
1985 2 052 111 1 701 021 32
1986 2 089 484 1 732 000 32

In 1986 total fish production was 2.1 million mt valued at
US $1.7 billion, and contributed 5% to GNP. Of this total the contri-
bution of commercial and municipal fisheries and aquaculture is 26%,
51%, and 23%, respectively. In the early 70's the contribution of aqua-
culture was only 8%.

Of the three sectors, aquaculture exhibited the highest growth rate
of 12.5% from 1977-1986 (Table 2).

Fish, aside from being a staple food and a principal source of pro-
tein, is a generator of foreign exchange. From 1982-1986 the export of
fish and fishery products registered a growth of 10.3% in quantity
and 44% in value, with aquaculture posting a higher growth of 15.4% in
quantity and 65% in value for the same period. In 1986 alone the share
of aquaculture in the total quantity of exports was 37% while in value
its share was 53%.

STATUS OF AQUACULTURE

Recent developments adversely affecting the country's fishing in-
dustry such as the devaluation of the peso, the escalation of fuel prices,
and the tapering off of catch from traditional marine fishing grounds
challenged the industry to shift to aquaculture in an effort to maintain
fish production at a level which can meet the increasing demand for fish
protein. Aquaculture gained importance because of its fast profit turn
over, the stability ofits output, the higher value and export potential of
its products, and its ability to provide the much needed alternative em-
ployment in farming communities.
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Contribution of Aquaculture to Fish Production

The most widely practised type of aquaculture in the country is
the growing of milkfish in brackishwater fishponds. Within the last 10
years culture for P. monodon alone or in combination with milkfish
became very popular. Mariculture production is dominated by seaweed
production as well as oysters and mussels. The production from fish-
pens and cages in lakes, rivers, and reservoirs is very significant and the
use of freshwater fishponds as a medium of production is gaining
momentum. Quantity-wise from 1982 to 1986, of the subsectors of
aquaculture, mariculture exhibited the highest growth of 10.2%;
brackishwater fishponds, 3.5%; while freshwater production exhibited
a negative growth due to the reduction of activities in Laguna Lake. In
terms of value, the highest growth was exhibited by the produce from
brackishwater fishponds, explained by the fact that fish species
produced in these areas, particularly shrimp/prawns and milkfish, com-
mand higher prices both in the local and foreign markets.

AQUACULTURE DEVELOPMENT PLAN AND
FRAMEWORK

Long Term National Goals

The long-term objective of the government and the Department of
Agriculture is to lay the foundation for an equitable, efficient, and eco-
logically sustainable growth in agriculture. The objective is not only to
achieve production targets on a competitive basis, but also increase the
real income of the poor in rural agricultural households.

Government creates the policy and institutional framework and
provides the necessary incentives for investments, infrastructure, re-
search, and technology. The private sector has been called upon to pro-
pel the economic recovery in the countryside. People's participation
through farmer institutions are recognized as a key factor in bringing
about agricultural development.

The government is trying to achieve these objectives through the
creation of a healthy economic environment for farmers to maximize
their profits. It provides farmers with land, appropriate technology,
adequate infrastructure and irrigation, and an effective market informa-
tion service. It is providing the landless households and other elements
of the rural economy with greater employment opportunities. It is de-
centralizing government decision-making to the grassroots level.
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General Objectives for Fisheries Development

Consistent with the national objective of increased rural incomes,
policies in fishing are directed at increasing fishing incomes and pro-
viding fishermen/fish farmers with more equitable access to resources
and an opportunity to be more productive. However, policies directed
towards increased production will likewise be pursued in view of the
important role fisheries products played in satisfying the country's
nutritional requirements and the need for generating foreign exchange.

Rationale for Aquaculture Development

The potential for expanding aquaculture production in the Philip-
pines is extremely high for the following reasons:

1. There are a significant number of hatchery and grow-out operat-
ors with the experience necessary to take the lead in the deve-
lopment of the industry;

2. The aquaculture support service/companies including input sup-
pliers, processors, buyers, and exporters are already beginning
to organize and expand their operations to meet the future
needs of the industry;

3. Ideal climatic, soil, and water quality conditions exist in many
areas;

4. Many indigenous species have life histories which make them
ideal for culture;

5. Industry is supported by many academic, research, and training
institutions and information services which, if reorganized and
refocused to improve their effectiveness, could serve to promote
and support accelerated development of the sector; and

6. Available fishery resources can be tapped.
Objectives for Aquaculture Development

The government's objectives for aquaculture development in the
next 5-10 years have taken into account the potentials of the sector
for future expansion both in (1) meeting the nutritional requirements
from fish in the event marine production tapers off at present levels and
(2) improving the country's foreign exchange position through the ex-
port of major aquaculture products like shrimps and seaweeds. These
objectives are:
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1. Increased aquaculture contribution to total food fish require-
ment;

2. Improved incomes for rural families;

3. Improved and efficient utilization of culture arcas and accelerat-
ed development of underutilized fishponds;

4. Increased utilization of lakes, rivers, other inland bodies of
water, and coastal arcas appropriate for mariculture; and

5. Increased export of aquaculture produced products.

Strategies and Production Plan

To achieve these objectives, several production, post-harvest, con-
servation-oriented strategies directed by the private sector are to be
adopted:

1. Expansion of culture operations to high value species;

2. Intensification of production in existing brackishwater ponds
through improved culture technology;

3. Implementation of efficient post-harvest technology and mar-
keting arrangements;

4. Increasing the productivity of lakes, rivers, and other bodies of
water; and

5. Expansion of the participation of the private sector in all as-
pects of aquaculture.

Actual production from aquaculture in 1986 totalled 471 000 mt.
By 1900 planned production is 601 000 mt at a 6.3% growth rate. By
1995 target production is 851 000 mt and is expected to increase an-
nually at 7.2% from 1990-1995.

STATUS OF PRODUCTION TECHNIQUES

Milkfish

Breeding and Seed Production. The artificial propagation of milk-
fish was a subject of investigation as early as 1973-1974 beginning with
experiments on hormonal induction of gonadal maturation (Lacanilao
1973), followed by methods of capturing and holding spawners from
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the wild conducted by the research team ofthe USAID-assisted Inland
Fisheries Project (Anon. IFP 1974). Vanstone et al (1977) and Chaud-
huri et al (1977) succeeded in inducing the breeding of wild spawners
and described for the first time the embryonic development of milkfish
beginning with the fertilized egg. Juario et al (1984) in summarizing
the results of induced breeding and larval rearing works at SEAFDEC
AQD between 1978-1981 reported an actual fry production of a little
over 12 000.

Meanwhile, researchers at SEAFDEC AQD monitored the growth
of wild-caught fry obtained in 1975-1977 and hatchery-produced fry
obtained in 1979-1980, using large floating cages in a marine cove at
the final stage of culture. Sexual maturation and spontaneous spawning
occurred among the resulting two distinct broodstocks. Spontanecous
spawning was observed twice in August 1980, 8 times in May-July 1981
and 14 times in May-June 1983 (Marte and Lacanilao 1986) but the re-
covery of eggs was very poor. In May-December 1986, however, the re-
search team reported that 27.3 million eggs were collected from 58
spawnings of 180 six-seven year old milkfish with the use of various egg
collecting devices. The number of eggs collected from 52 spawnings of
the same broodstock in May-June 1987 was 31.3 million by a particular
gear composed of an egg sweeper and a hapa nets (Anon. 1987).
SEAFDEC AQD is currently developing the technology package that
will enable prawn hatchery operators to integrate milkfish fry produc-
tion using the same facilities. Adopting the Taiwanese technology on
spontaneous spawning and fertilization of milkfish in small earthen
ponds (Lin 1985) will strongly complement this effort and will bring us
closer to the goal of replacing wild fry with hatchery-produced milkfish
seeds. Nutrition studies will probably play a greater role in both brood-
stock and hatchery operations before the end of the century.

Nursery and Grow-out Operation.  Milkfish culture in brackish-
water ponds follows the traditional practice of providing for nursery,
transition, and rearing operations. In some cases, formation ponds are
used for additional growth or stunting of fingerlings prior to stocking
in grow-out or rearing ponds. The nursery ponds comprise about 1-4%
of total production area while the transition and formation ponds con-
stitute about 6-9% of the total production area. Figures 1 and 2 show
the lay-out of conventional and modular pond systems adopted by
milkfish farmers. Both systems, however, require a good supply of un-
polluted water and an elevation adequate to maximize the use oflocal
tidal fluctuations (Fig. 3).
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Fig. 3. Relationship between pond elevation and tidal fluctuation

(Rabanal pers. comm.)

Milkfish pond aquaculture is basically at the fertilization level of
management using Jablab, a microbenthic plant-animal complex, as
food base. In places where salinity ranges are much lower than sea
water (less than 10 ppt), lumut, a filamentous green alga, is also grown
with appropriate N-P-K dosages. The fertilization regimen known to
progressive fish farmers is a combination of organic and inorganic fer-
tilizers (Anon. 1976) preceded by lime application particularly in areas
of high soil and water acidity. Application of inorganic fertilizer varies
in many places and use of chicken manure appears not to be universally
accepted by fish farmers (GOPA 1983).
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Predator control is considered essential in both nursery and grow-
out operations. Drying the bottom after each harvest and the use of
fine-mesh nets in sluice gates or pipes are common precautionary meas-
ures although the application of chemical pesticides like gusathion,
brestan and aquatin is widespread. Biological control using predatory
species is recommended but has not been practised on a wider scale.

Milkfish fry stocked at 50/m” in nursery ponds with luxuriant
growth of lablab will reach fingerling stage of 2-5 g average weight in
4-6 weeks. To grow fingerlings to marketable size of 4 fish/kg would
take another 2.5-3.0 months at stocking rates varying from 3 000-5 000
fingerlings/ha. In some of the better-managed fish farms average milk-
fish yield would reach 1.5 mt/crop. With an organized program of
stocking and holding of fry and fingerlings in the modular system it is
possible to have 3-6 crops in a year.

Production technology in milkfish farms has brought about signi-
ficant increases in fish yield and it is believed that further and imme-
diate improvements are attainable with (a) a more systematic arrange-
ments of ponds, (b) renovation or installation of more efficient water
control structures of canals, gates, pipes, pumps, (c) repair and rein-
forcement of dikes, and (d) levelling of pond bottom, excavation of
silted areas and clearing ponds of tree stumps (GOPA 1983).

Milkfish is also raised in fishpens especially in Laguna de Bay
either in monoculture or polyculture with other species, notably tilapia.
At one time fishpens occupied some 34 000 ha of the lake area and
contributed about 130 000 mt to the lake's annual output (Mane
1987). Capital investments are considered sizable and yet one could see
that there is hardly any real management control over the whole opera-
tions. Runoff from the watershed laden with nutrients and agricul-
tural by-products as well as industrial and domestic wastes that are
washed into the lake are, however, considered vital factors that enhance
lake fertility for fishpen culture. The average annual yield of milkfish
from Laguna Lake fishpens was reported to have reached 4 mt/ha/yr at
stocking densities of 3-4/m” of enclosed lake area. The current prob-
lems and issues associated with pen culture are chemical pollution,
massive siltation, allocation of benefits between fishermen and fishpen
operators, and the rationalization of multiple uses such as for domestic
water supply and flood control (Davies et al 1986).
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Tilapia

Breeding and Seed Production. The rapid establishment of small
and medium-scale tilapia hatcheries within this decade is a concrete in-
dicator of the growing importance of this species in the country's food
production efforts. The current annual fingerling production capability
is estimated at 300 x 10° annually (Guerrero 1986) consisting mainly
of Nile tilapia (Oreochromis niloticus). The ease of spawning is charac-
teristic of tilapia species in general so that earlier research works were
concentrated in solving overpopulation (Guerrero 1982).

Nile tilapia fry production methods using net enclosures, concrete
tanks, rice paddies, and earthen ponds have been reported (Table 3)
and practised by private operators although the efficiency of one
system over the other would have to be clarified. Bautista (1987) re-
ported that the use of concrete tanks is the most efficient method ex-
cept that capital costs and operational expenses are higher. No ex-
panded fry production figures were, however, given. Meanwhile, Guer-
rero (1987) stocked Nile tilapia breeders in three earthen ponds with
areas of 324-415 m” at 4/m”> and sex ratio of one male to three
females. Total fry production after 30 days was 80 450 or 6.5 fry/m?/
day, which may not be an economical operation as actual fingerling
production may even be much lower. Earlier studies did not also in-
dicate the spawning potential of each female. Seed production in Lagu-
na de Bay using net enclosures with minimum measurements of
3 x 2 x 2 m appears to be the most accepted scheme considering the
natural fertility of the lake. The only drawback here will be the onset
of the typhoon season which limits the production cycle.

Genetics and selective breeding will be crucial in the further ex-
pansion of tilapia farming. A selection procedure at CLSU Freshwater
Aquaculture Center (FAC) has identified a high growth line which was
subsequently spawned to produce a new Nile tilapia strain that ex-
hibited a superior growth rate compared with the unselected stock
(Abella 1987). The value of interspecific crosses will also be pursued
in the near future.

Nursery and Grow-out Operation.  The fry production facilities
described earlier may also be used to rear the fry to fingerling stage
after segregating the parental stock and transferring them into another
enclosure or pond. A useful guide regarding stocking densities in the
nursery facilities is as follows: 300-500 fry/m® in fine-meshed net
(hapa), 1 000 fry/m* in concrete tanks, and 40-50/m® in earthen
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ponds (Bautista 1987). Fry to fingerling production requires a vitamin
and mineral fortified artificial diet containing 30-45% crude protein
(Anon. 1985).

Tilapia is raised to marketable size in cages, earthen ponds, and
fishpens. Fish cages of the floating or fixed type would vary in size
the smallest unit having a dimension of 1 x 1 X 1 m and the larger ones
25 x 50 x 5 m. The cages used in Laguna de Bay consist of bamboo
frames and nylon nettings with mesh of 0.6-1.3 cm. Stocking rates of
10-15 g fingerlings vary from 20-25/m® with supplemental feeding.
The fish reach marketable size of 100 g each in 4-6 months (Mane
1979). A supplemental feed consisting of 25% fish meal and 75% fine
rice bran is offered in dry mash or pelleted form (Anon. 1985). Tilapia
is also grown in lake fishpens at densities of 20-50/m” .

Commercial culture of Nile tilapia in freshwater ponds is concen-
trated in the Central Luzon area where extensive irrigation canals for
rice-farming provide the bulk of the water supply. The length of the
culture period is 4-6 months with an average yield of 900 kg/ha/yr.
Annual farm inputs per hectare include 1.8 t of chicken manure, 250 kg
of 16-20-0 inorganic fertilizer, and 1.3 t of rice bran and 50 kg of fish
meal as supplemental feeds. Stocking rates are 9 000-20 000 finger-
lings/ha in a single crop (Guerrero 1987). The technology for rice-fish
culture is undergoing some evaluation and refinement considering the
incompatibility with the use of agricultural pesticides in rice farming.

The greatest potential for the expansion of tilapia culture is indi-
cated in recent experiments that showed the feasibility of raising Nile
tilapia in brackishwater fishponds either in monoculture or polyculture
with milkfish (Fortes 1987). Genetic manipulation would someday
firm up the prospects of saltwater tilapia culture.

Carps

Breeding and Seed Production. The technique of induced spawn-
ing of Chinese carps (bighead carp, Aristichthys nobilis and silver carp,
Hypophthalmichthys molitrix) which was successfully demonstrated in
China in 1958 became the subject of further experimentation in a num-
ber of countries in the succeeding decades. These carps were intro-
duced in the Philippines in the late sixties but limited knowledge on
their seed production and the lack of private sector interest in their
commercial culture did not allow the full establishment of a major carp
industry. The propagation of Asiatic carps by hormone injection was
first demonstrated in 1970 by fishery biologists of the Philippine Fish-
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eries Commission (now Bureau of Fisheries and Aquatic Resources) and
the Food and Agriculture Organization of the United Nations under the
Freedom from Hunger Campaign working with two private hatcheries
in Candaba, Pampanga and Dingle, Iloilo (Osborn and Anderson 1971).
In 1983-1984 the Binangonan Freshwater Station (BFS) of SEAFDEC
AQD concentrated its efforts in the artificial propagation of the big-
head and silver carps, using the Chinese technique. During this period
24-year old breeders of bighead carp reared in floating cages and weigh-
ing 2.3-2.5 kg each were induced to spawn through injections of 1 800-
2 000 TU HCG/kg body weight. Common carp pituitary homogenate
was also added at 2-3 pieces of pituitary gland per female. The average
fecundity was 150 000 per female with an average fertilization rate of
84.4% but a low hatching rate of 10-30%. It was also found that
hatching of eggs was more efficient at 300-500 ppm CaCO; hardness.
A total of300 000 fry were produced in the 1984 trials (Anon. 1984).
Meanwhile, 25 bighead carps (average weight 3.8 kg) spawned in
August-December 1985 producing 577 160 fry. Eggs were fertilized
and hatched at the rate of 72% and 25%, respectively (Anon. 1985).

Nursery and Grow-Out Operation. There appears to be no
standard prescription regarding techniques of nursing the fry and in the
case of Laguna de Bay practices the system used for milkfish is adopted
for bighead or silver carps. Raising fry to fingerlings of 1-3 g each in
net enclosures (hapa) will take approximately 2-4 weeks taking ad-
vantage of the natural food sources of the lake. There is also very little
information on nursery management in freshwater ponds, except
that the usual application of inorganic fertilizer in combination with
manures which was proved to be successful in milkfish works just as
well for Chinese carps.

Preliminary data on grow-out operation of pens and cages in
Laguna de Bay are available. In one trial (Lijauco and Paraan unpub-
lished), cages made of bamboo frames and B-net (0.6 cm mesh) materials
and measuring 5 x 5 x 4.5 m were stocked with bighead carp (12), silver
carp (12), common carp (5), and nile tilapia (250). The initial weights
of the fish were: bighead carp (90-197 g), silver carp (0.9 g), common
carp (1.0, 9), and Nile tilapia (5.0 g). After 90 days mean weights were
recorded for bighead carps at 320-2600 g, silver carps at 100-150 g,
common carps at 150-283 g, and tilapia at 48-250 g. The highest
growth of bighead carp was close to 19 g/day or 5 times the best re-
corded growth rate of milkfish.
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Another trial (Castro et al 1981) showed the feasibility of cul-
turing milkfish or silver carps as major species in Laguna de Bay fish-
pens in combination with bighead carp and tilapia. Stocking rates were
3-5/m* for silver carp and milkfish and a constant of 0.1 for bighead
carp, 0.5 for common carp, and 1.0 for tilapia. After a period of 4-5
months, the bighead carp exhibited the highest growth of 7.1-10.0
g/day followed by silver carp (5.3-5.7 g/day), milkfish (1.8-2.1 g/day),
tilapia (1.1-1.7 g/day) and common carp (0.8-1.3 g/day). The poly-
culture system with the ratio of 5 silver carp: 1.0 tilapia: 0.1 bighead
carp and 0.5 common carp gave the highest net production equivalent
to 25.5 mt/ha.

Sea Bass

Breeding and Seed Production.  The artificial propagation of sea
bass (Lates calcarifer), first achieved in Thailand in 1971 by stripping
wild-caught spawners, has provided great impetus for its commercial
culture. Broodstock from the wild, 2-6 years old and weighing 3-5 kg,
are initially transferred and acclimatized under cage or tank conditions
for at least 6 months before actual spawning tests (Kungvankij 1987).

Floating cages of variable sizes, 10-100 m”> and 2 m deep, may be
stocked with broodfish at the rate of 1/m’ of water. Meanwhile, con-
crete tanks with volumes ranging from 100-200 t can be used with the
prescribed stocking rate of 1 fish/2 m® of water. Good water quality in
concrete tanks is usually kept by changing about 30-50% of the water
volume daily (Kungvankij 1987). Broodstocks are fed with live or fresh
fish during captivity. At SEAFDEC AQD, sea bass broodstocks are
maintained in aerated concrete tanks equipped with a special drainage
to simulate tidal fluctuations. Fish whose eggs have a diameter of 0.4-
0.5 mm, are injected with combinations of homogenized pituitary gland
(2-3 mg/kg) and human chorionic gonadotropin (HCG) at 250-1 000
IU/kg. Successful induced spawning was also demonstrated using LH-
RHa in both injection and pellet implantation experiments (Nacario
1986). Further work is being conducted to improve larval rearing tech-
niques, particularly the methods of culture and preservation of natural
feeds such as rotifers (e.g., Brachionus), phytoplankton (e.g., Chlorella,
Tetraselmis), and Artemia.

Nursery and Grow-Out Operation

Nursery and Grow-Out Operation.  In most culture operations the
fingerlings are obtained from the wild, although attempts are being
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made to mass produce fingerlings from fry produced in hatcheries
(Fortes 1987). In one experiment, 7-21 day old sea bass larvae were
fed with different types of natural food in an indoor recirculating
system. Another study is concerned with the response of fry to formu-
lated diets. Results of the experiments will augment current efforts to
culture sea bass fry to the fingerling stage in earthen nursery ponds.

The difficulty of obtaining sea bass fingerlings was met during
preliminary growth trials in brackishwater ponds that had to use at least
3 size-groups with mean weights of 8, 24, and 53 g and fewer replicates.
In this experiment the slow rate of growth was attributed to delayed
response to feeding, i.e., about 49 days from the time the fish were
stocked. Low survival rate (35%), meanwhile, was attributed to varying
individual sizes of fish which might have led to cannibalism (Fortes
1985).

In another experiment (Fortes 1985) post-fingerlings were raised
in cages (2 x 1 x 1.2 m) for 90 days at stocking densities of 15, 30, 45,
60, and 75/cage. All fish attained sizes adequate for the market at
mean harvest weights of 155-240 g.

Prawn

Breeding and Seed Production. In a complete-cycle prawn
(Penaeus monodon) aquaculture the process begins with 4-6 month old
marketable size specimens with 30-35 g average wt, which are further
stocked in broodstock ponds until the prawn is one year old with an
average weight of 9-120 g (Platon 1979). Otherwise, most hatcheries
use wild spawners. The biggest and healthiest in the batch are transfer-
red to maturation tanks approximately 12 m’ and 80 cm deep at the
minimum stocking rate of 20 ablated females. When ready to spawn
as indicated by the condition of the ovary, each female is transferred to
spawning tanks 2 m® and 60-80 cm deep that are shielded from direct
sunlight and provided with moderate aeration. Temperature and salini-
ty regimes are kept within 27-29°C and 32-33 ppt, respectively. Ablat-
ed females in good condition are reported to lay 20 000-500 000 eggs
at a time of which 50% will hatch (Primavera 1979).

Ten to fourteen hours after spawning, eggs are carefully transferred
to 2-20 t larval rearing tanks at stocking densities of 50-100 nauplii/l.
The nauplii undergo several larval molts to reach the post-larval stage
within 2-4 weeks. Given adequate natural feeds (Table 4), the resulting
post-larvae are stocked in nursery ponds or nursery tanks (Anon. 1984).
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Nursery and Grow-Out Operation.  Prawn nursery ponds 1 000
m?-1 500 m? may be stocked with P;s-P,, postlarvae at 50-100/m2,
using the same natural food for milkfish. Platon (1979) stocked nur-
sery ponds at 150 Ps/m” with supplemental feeds.. At water salinity
of 20-25 ppt the expected recovery rate of juveniles, P;s with average
weight of 12 g after 30-40 days, is about 60%. Floating nursery cages,
measuring 2 X 5 x 1.5 m, were stocked with Ps-P;¢ post-larvae at
4 000-16 895/m’ with an average survival rate of 41% (de la Pena et
al 1985).

Shrimp grow-out ponds, representing 10-15% of the existing
brackishwater fishponds, were originally constructed for milkfish cul-
ture. Unique prawn culture requirements, however, would necessitate
some form of renovation such as increasing the height of dikes to allow
a pond water depth of 1 m, conversion of large units into 5-10 ha
sizes, improvement of control gates and the provision of a two-phase
nursery grow-out pond systems (IFC 1984). At present, newly con-
structed shrimp ponds in the Visayan region are small units of 0.5-
1.0 ha which are actually converted rice, sugar, and coconut land
dramatizing the rapid expansion of the hectarage for prawn production.
As shown in Table 5, shrimp farming systems are classified into 3 types,
namely, extensive, semi-intensive, and intensive systems (Camacho and
Corre 1986). The stocking density for each is much higher than that
reported by Apud (1985), indicating that the limits of production tech-
nology cannot be determined accurately at this time. The semi-inten-
sive and intensive systems perhaps should be employed with great
caution under the present economic situation. Relative to this, a recent
study shows that the extensive monoculture of prawn and the extensive
polyculture of prawn with milkfish are the only profitable culture sys-
tems (Israel 1985).

With greater investments in prawn culture at present, it is im-
portant to examine very closely the foreign market situation since
under current costs of production domestic per capita consumption has
steadily decreased (Camacho and Corre 1986).

Farming of Seaweeds

Only a few members of the green (Chlorophyta), red (Rhodophy-
ta), and brown (Phaeophyta) seaweeds are used for commercial food
production or for export. In case of Fucheuma and Gracilaria, there
was intensive harvest of natural stocks especially in the 1960s to fill the
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demand for raw materials in Japan and USA (Trono and Fortes 1985).
Eucheuma culture was accordingly undertaken in the 1970s to prevent
the depletion of resources and to sustain the multi-million industry. The
viability of cultivation in Sulu attracted many entrepreneurs and fisher-
men in the South to engage in the operations such that production of
dried Eucheuma soared from 400 mt in 1970 to 10 000 in 1974 (Ber-
nardino 1985). At the height of Euchema culture in Tawi-tawi in 1974
more than 10 000 people were engaged in seaweed farming in more
than 1 000 family-type farms ranging from % ha to 1 ha in size (Yutuc
and Trono 1977). A family farm covering 0.5 ha ofreefarea and using
nylon monofilament lines to support 7 500 E. cottonii plants had a
total harvest of 22.5 t wet weight equivalent to a dry saleable weight of
2.2 mt. Each plant grew from 200 g average weight to 3 kg in 90 days
(Deveau and Castle 1979).

Seaweed culture represents a very simple system that requires only
slight modification of the environment. The farmer provides no con-
trol over such factors as water flow and nutrient inputs. Most of the
successful farms are located in coral reef areas in Southern Philippines
where environmental conditions are relatively stable throughout the
year. The net farm installed under water consists of basic net units,
usually 2.5 x 5 m, attached to four poles parallel to the bottom. Local
farmers have improved the system by using monofilaments rather than
polyethylene lines (Deveau and Castle 1979).

The possibility of farming seaweeds in ponds has been explored
but the details of commercial application are not well understood
(Trono and Fortes 1985).

One serious problem that has faced the industry is the cyclical
price fluctuations in the market for Eucheuma (FAO 1983). It was re-
ported that buyers, i.e., wholesalers and agents, obtain their annual
needs from farmers only early in the year, thereby pushing up prices
during that period. These buyers often withdraw abruptly from the
market once the annual quota are filled. Other problems confronting
the industry in Southeast Asia are presented by Doty (1977).

Oyster and Mussel Farming

Farming methods for oysters and mussels are well established and
recent developments are concerned with methods of collecting spats
and developing the techniques of growing in areas different from where
natural beds are found. Mussels were almost exclusively farmed with
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the stake method until the rope-web method was introduced which con-
sists oftwo 5 m parallel ropes tied 2 m apart between bamboo poles. A
40-m rope is then tied in a zigzag fashion at intervals of40 cm between
knots along the parallel ropes (Anon. 1983). Meanwhile, four methods
are used in oyster cultivation: stake, hanging, broadcast, and lattice.

Total production of oyster exceeds 10 000 mt a year predomi-
nantly contributed by small farms of less than 1/3 ha thereby indicating
the significant contribution of oyster farming in coastal communities
(Young and Serna 1982). A single oyster farm with an area of 2 460
m” can produce as much as 4.3 mt or the equivalent of almost 18 mt/-
ha/year. On the other hand, an average mussel farm of 1 784 m’
harvested close to 3 mt equivalent to 8.3 mt/ha/yr (Librero and Nicolas
1979). Young and Serna (1982), however, reported that the produc-
tivity in mussel farms, 0.025 — 1 ha, is generally higher than that of
oyster farms of 20-68 mt/ha from stake culture to about 300 mt/ha
from the hanging method.

The shellfish industry as a whole is facing the problem of environ-
mental deterioration and direct displacement of farming areas by
housing and industry. The export potential and to some extent, even
local consumption of oysters and mussels, are constrained by lack of
adequate sanitation standards and methods.

SUMMARY AND RECOMMENDATION

It could be inferred that were it not for the foresight and dedica-
tion of men and women in the academe, government, and the private
sector to undertake development research, the aquaculture industry
would not be where it is today.

In spite of the numerous research activities completed and present-
ly being conducted there is still a need to intensify and expand these
activities. The government's thrust to intensify production of existing
and new aquaculture areas would require additional studies on the fol-
lowing:

1. Formulation of appropriate fertilizers for ponds which are
suitable to climatic changes, types of soils, and desirable food
organisms;

2. Improvement of fishpond design and engineering to pro-
vide efficient water management and stock manipulation;
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3. Economic viability of various designs of fishponds, fishpens,
and fish cages;

4. Research on genetics, genetic engineering, and broodstock de-
velopment for tilapia, carp, and shrimp considering the im-
portance of fry supply to the development of the industry;

5. Research on culture technologies of high value species, i.e.,
sea bass, grouper, crab, and abalone as alternatives to pre-
sently cultured species like milkfish and shrimp;

6. Culture of non-traditional species low in food chain such
as rabbitfishes and mullets;

7. Nutrition, feed formulation, and disease control for larval and
grow-out stages;

8. Fry gathering, handling, storing, and stocking to reduce mor-
tality;

9. Use of locally available materials and recycling of wastes to
reduce production cost;

10. Post-harvest handling, processing, and marketing to maximize
utilization, minimize wastage of fish, and increase returns from
aquaculture operations;

11. Culture of fishes, invertebrates, and seaweeds in coastal areas;

12. Expansion of aquaculture areas in freshwater, brackishwater,
and marine environment taking into consideration proper land
or resource utilization and maintenance of environmental
quality; and

13. Stock assessment of fishery resources in coastal and inland
waters to complement fish dispersal activities.

Aquaculture research, however, should continue its orientation to-
ward the needs of the industry. Research results should be translated
into useful and practical information for the extension workers, in-
dustry users, policy makers, and planners. Government and academic
research institutions should be encouraged to engage in research that
will have a direct impact on the industry's productivity and maximize
the profitability of small fish farmers who are the subjects of govern-
ment's thrusts and programs. The academic, national and international
fisheries research institutions must be able to constitute a coherent and
coordinated network that pursues specific research goals in conjunction
with the commercial, social, and economic development goals of aqua-
culture.
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ABSTRACT

The trend of fish production in Singapore is towards increasing
contribution from marine and brackishwater aquaculture. Aquaculture
production in 1986 represented 6.8% oflocal fish production. It is en-
visaged that this sector will provide about 37.5% of production by
1995. Freshwater aquaculture will focus mainly on production of orna-
mental fish. Production from farming of freshwater food fish is not
likely to increase significantly.

Commonly farmed marine finfishes are groupers (Epinephelus
tauvina), sea bass (Lates calcarifer)) and golden snapper (Lutjanus
Jjohni). Crustaceans include prawns (Penaeus merguiensis), crabs (Scylla
serrata) and mussels (Perna viridis). Of the freshwater finfishes, the
most commonly cultured are the grass, silver and bighead carps, red
tilapia (Oreochromis niloticus hybrid), Lampam jawa (Puntius goniono-
tus), marble goby (Oxyleotrix marmorata) and the snakehead (Channa
sp.).

Aquaculture systems use a combination of floating and shore-
based techniques. Earthen ponds are utilized for the culture of fresh-
water carps, floating netcages for marine finfish, ponds and floating net-
cages for marine crustaceans, and rope culture for mussels. Some re-
search and development studies conducted presently include matura-
tion studies to solve the problem of inconsistent supply of prawn
spawners, experiments or use of dry formulated feed to do away with
dependency on trash fish as main feed for grow-out marine finfish, and
investigations on diseases of prawns under intensive culture.

Constraints for large-scale production of finfish seeds lie in the
large tank facilities required for producing live feed; for nursery opera-
tions, time and manpower required for grading and feeding; for grow-
out systems, disease prevention and control; for prawn production, in-
consistent spawner supply; and for mussel production, low consumer de-
mand.

The species with the highest potential for fanning in Singapore is
the banana prawn, Penaeus merguiensis as its culture can be intensified
and high yields can be obtained.
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INTRODUCTION

Fish and fish products are popular in the diet of Singaporeans.
The per capita consumption of chilled, landed marine foodfish is
around 30 kg, while that of fish products like fish cakes and fish
balls is about 2-3 kg. Since the introduction of floating net-cage
farming in coastal waters in 1981, there has also been increasing
demand for marine fish to be sold live in the restaurants.

Total supply of fish in Singapore for 1986 was 111 019 mt, with
98.7% (109 529 mt) chilled and frozen marine foodfish, and the
remaining 1.3% (1490 mt) farm fresh, mainly marine foodfish and
frequently sold live. Fish products, like fish cakes and fish balls,
supplied for the same period was about 7800 mt.

Fresh fish supply is mainly imported from neighboring countries.
In 1986, imports accounted for 80.4% (89 250 mt) ofthe total supply.
The other source is local production, mainly from offshore trawling.
In 1986, local landings accounted for 18.3% (20 279 mt) of total
supply. Production from aquaculture formed only 1.3% (1490 mt).

Fish consumption in 1986 was 82 606 mt or 74.4% of total
supply, giving a per capita fish consumption of 31.8 kg. Most of the
produce is sold in the local market.

STATUS OF AQUACULTURE PRODUCTION

Production trend is toward increasing contribution from marine
and brackishwater aquaculture. It is envisaged that by 1995, this
sector will supply about 10% of total supply with about 10 000 to
14 000 mt produced annually. Production from offshore trawling is
not expected to increase significantly in the future.

Freshwater aquaculture will be increasingly focused on production
of ornamental fish. The export of ornamental fish is a multi-million
dollar business in the Republic, with value of export reaching
S $51.7 M in 1986. Production from farming of freshwater food fish
is unlikely to increase significantly.
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CONTRIBUTION OF AQUACULTURE TO
FISH PRODUCTION

Aquaculture production in 1986 was 1490 mt contributing
6.8% local fish production of 21 769 mt. Production from marine
and brackish aquaculture in 1986 was 1290 mt or 86.6% of overall
aquaculture production, while that from freshwater aquaculture was
only 200 mt (13.4%).

In 1986 production from marine and brackishwater aquaculture
comprised 340 mt finfish, mainly groupers (Epinephelus tauvina),
sea bass (Lates calcarifer), and golden snapper (Lutjanus johni), 332 mt
crustaceans, mainly prawns (Penacus merguiensis) and crabs (Scylla
serrata), and 618 mt molluscs, mainly mussels (Perna viridis).

Only 200 mt of finfish was produced through freshwater aqua-
culture in 1986. The species comprised mainly grass carp (Cteno-
pharyngodon idella), silver  carps (Hypophthalmichthys — molitrix),
bighead carps (Aristichthys nobilis), red tilapia (Oreochromis niloticus
hybrid), Lampam jawa (Puntius gonionatus), —Marble goby (Oxyleotris
marmorata), and tomans and aruans (Channa spp.).

PRODUCTION TECHNIQUES
Finfish Culture
The aforementioned species are the commonly farmed finfish.

Broodstock production. There are presently five commercial
marine/brackishwater hatcheries, two specializing in the production
of sea bass fry/fingerlings, two in marine prawn fry production, and
one in both. The finfish hatcheries combine floating and shore-based
techniques; the marine prawn fry producers are also planning to start
on sea bass fry production; and one floating net-cage operator is colla-
borating with the Government in raising sea bass fry entirely through
floating net-cage methods. The government hatchery premises are
used for development of techniques, and studies are carried out on the
commonly farmed fish, both freshwater and marine brackishwater.

In breeding marine finfish like sea bass, the breeders are reared
in net-cages. Net-cage dimensions vary: in the government floating
farm specifications are 4 x 4 x 3 m whereas specifications of nets in
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commercial farms are 6 X 3 x4 mto 6 X 4 x 2 m.

Brooders are kept at either 1 male to 1 female ratio, or 2 males
to 1 female. Stocking density is around 4-6 kg/m” net area. No water
management or induced maturation is practised. In the former, water
exchange is through tidal currents; in the latter, natural maturation
is through the lunar effect.

The breeders are fed with trash fish, consisting of small fish of
low economic value, at 1-3% body weight daily during the spawning
season. Predominant species is the goat fish, Upeneus spp. Feeding is
done up to 3 times daily.

The breeders are raised from fingerlings and usually not disturbed
unless for net changing. If required for placement in shore-based
tanks, e.g., in induced breeding or batch treatment, fish are transported
in tanks on the boat during the trip to the shore.

Gonad development and sex determination is monitored through
cannulation, or for commercial operators, through visual assessment.
Sexing is relatively simple in sea bass because of size dimorphism, while
degree of bulging of the abdomen indicates the stage of maturity of the
female. Monitoring gonad development through bioassay has been
attempted by government researchers.

Very low mortality rates is observed for sea bass breeders. How-
ever, grouper breeders may suffer high mortalities caused by swollen
air-bladder syndrome. The swelling of air bladder causes the affected
fish to swim upside down on the water surface, leading to off-feeding
and bacterial infection of the exposed portion of the ventral abdominal
region. Puncturing the air bladder with a needle deflates the bladder
and helps to right the fish. However, affected fish may re-inflate and
revert to upside down position a few days later. Antibiotics like
oxytetracycline (20 ppm) and chloramphenicol (10 ppm) can be used
as a bath for the affected fish.

Main constraint to the commercial sector holding the broodstock
is the vertical-integrated system of farming presently practised by
hatchery operators. These people are not only involved in hatchery
operations but also in farming. Hence the breeders occupy valuable
space in the farm, and considerable effort has to be expended by the
farmer to cover both hatchery and farming aspects simultancously.
Over time, operators may specialize in different fields.
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Seed or fry production. Larvae of sea bass are reared in fiberglass
tanks, either in the floating farm or on land. Tanks are either circular
or rectangular, varying from 5 m’ each in the government hatchery to
10 m® each in the commercial sector.

Rearing method of sea bass basically follows that developed by
Thailand. Stocking density is 30-55/1. Water exchange starts at 20%
daily from Dj;.s and reaches 50% after larvae attain D ;.

Feeding 1is with rotifers (Brachionus plicatilis), brine shrimp
(Artemia sp), and Moina (Moina micrura). Feeding regime in govern-
ment hatchery is as follows: D, — rotifers at 2-3/ml; D;_;, — rotifers
at 3-5/ml; D .1, — rotifers at 5-10/ml and Artemia nauplii at 0.2/ml;
Dis.1s  — rotifers at 5-10/ml and Artemia nauplii at 0.5-1/ml; Dy¢.17
— Artemia nauplii at 0.5-1/ml; Djg,9 — Artemia nauplii at 0.5-1/ml
and Moina at 0.10-0.15/ml.

Disease is mainly due to bacterial infection. Treatment is with
oxytetracycline at 2-10 ppm once every 2-3 days from Djs_s.

Harvesting is done by simply using hand nets.

Constraints to large-scale fry production lie in the large tank
facilities required for producing the rotifers and supporting green
algae (Chlorella) used to feed rotifers.

Nursery operation.  Fry can be raised either in tanks, usually
fiberglass or in floating net-boxes. In the government hatchery, tanks
of 8 m® capacity are used. Floating net-boxes 1.8 x 12 x 0.9 m are
used commercially at the farm site.

Stocking density in tanks starts at 5000/m°, with gradual thinning
at different sizes of the fingerling to a final 2000/m® when fingerling
is 1.5-2.5 cm total length. The density applied commercially in floating
net-boxes is said to be higher, varying from 9000-14 000/m” initially.

Where floating net-boxes are used, water exchange is through
tidal flow. For tank culture, exchange is 30% daily.

Minced trash fish and minced grago (Acetes sp) are fed to finger-
lings until satiation, 4-6 days. The fingerlings at this stage can also be
weaned over to dry feed. This is being studied by government
researchers.
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The fry may be attacked by isopods especially if they are held
out at sea. A formalin bath of 200 ppm for 1 hour is effective in
removing the isopods but may be traumatic for the fry.

Main constraints encountered in the nursery operation are
frequent grading required to minimize cannibalism during this stage
and feeding the fish to satiation, operations which require time and
manpower.

Grow-out production. ~ Marine food fish raised in floating farms
are held in net-cages 3 X 3 x 2-3 m or 5 X 5 x 2-3 m. The popular fishes
reared are (1) finfish such as groupers, sea bass, snappers, rabbit fish,
and red grouper, and (2) crustaceans such as crabs, prawns, and
lobsters. A net-cage farm may rear a few types of fish and crustaceans.
One farm consists of several net-cage units connected by walkways and
anchored within a water space of 5000 m?.

Freshwater carps are reared in earthen ponds, each usually 0.6-1
ha. Plankton feeding carps such as bighead and silver carps are reared
in floating net-cages measuring 7 x 7 X 2 m in the reservoirs. However,
rearing of fish in reservoirs are mainly for cropping down on the plank-
ton load and not for fish production.

Freshwater ornamental fish are reared in tanks or in nets held
in earthen ponds. In the case ofthe latter, the nets measure 2 X 2 x 1 m,
with pond area ranging from 240 m” to 4000 m?.

Stocking density for marine food fish in net-cages starts at 100-
150/m? initially when the fish are only 7.5-10 ¢cm TL, then to 44/m?
when fish attain 12.5-15 cm TL. At harvest when fish reach market-
size of 600-800 g or 30-50 cm TL, density is around 40/ m?. Water
exchange in net-cages is through tidal currents. Nets are washed as
frequently as monthly to remove fouling organisms like tunicates,
mussels, and barnacles, and to clear it of silt. Nets with larger mesh
are used as the fish grows.

Stocking density in ponds for bighead carps is around 0.13-0.17/
m’? and for common carp, 0.5/m”> For floating net-cages, fish are
stocked at 7/ m* Red tilapia is stocked at 0.5/m? in ponds and around
70 m® in sea water under intensive experimental culture. There is very
little water exchange in carp ponds. However, ponds stocked with
Toman have water exchange of 25% every 2 weeks due to the use of
trash fish as feed. Water exchange is also very minimal in ponds holding
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freshwater ornamental fish.

Marine food fish are fed with trash fish at 3-10% body weight
daily. Fingerlings of 50 g are given feeds at 10% of body weight, 100 g
at 8%, 300 g at 3-5%, and 500 g at 3%. Feed Conversion Ratio (FCR)
is around 4-5. Government researchers are developing dry formulated
feeds for groupers, sea bass, and golden snappers. FCRs obtained for
dry formulated feeds are around 2.

Freshwater carps are fed with dry formulated diet, either imported
or locally produced. Main ingredients are fish-meal, wheat products,
rice bran, and bread left-overs. Tomans are fed with trash fish. Fresh-
water ornamental fish are given dry formulated feed and/or live food
like Tubifex and Moina.

Fish loss during grow-out usually occurs 2-3 weeks after stocking
the imported fingerlings in the net-cages out at sea. Survival can be
improved considerably through sanitation — a series of 3 treatments
done at various stages of shipment of the fish consignment: prior to
shipment, i.e., pre-shipment, wherein fish are treated in acriflavine
bath of 10 ppm for halfan hour; during shipment, i.e., transhipment,
antibiotics such as nitrofurazone are added to the packing water at
10 ppm; and at the time of stocking, i.e., post-shipment, fish are
further treated in formalin at 100 ppm for 1 hour, followed by nitro-
furazone at 10 ppm for 4 hours.

During grow-out of marine food fish, the most common disease
problem encountered is that of infestation by protozoans, the most
common being the ciliate Cryptocaryon irritans. Treatment is through
a formalin bath at 200 ppm for 0.5 to 1 hr depending on the fish
condition and infestation level. Vibrosis, caused by the bacteria of the
Vibrio species, like V. parahaemolyticus and V. alginolyticus, is a
common disease occurring mainly as a sequel to protozoan infestation
or to physical damage sustained after importation or handling. Treat-
ment at the earlier stages of the disease is by oral feeding of the fish
with antibiotics, namely, oxytetracycline (0.5 g active ingredient/kg
feed for 7 days), or chloramphenicol (0.2 g per kg feed for 4 days).
Bath treatment can be attempted if the fish are off-feed: nitrofurazone
at 15 ppm for 4 hours, or sulphonamides at 50 ppm active ingredients
for 4 hours.

The main parasites and disease organisms in the freshwater food
fish in Singapore are the ciliates.  These include Trichodina,
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Ichthyophthirius, Odinium, and Chilodinella species. The copepod
Lernea sp. is also a common parasite. Nematodes and trematodes may

infest the freshwater ornamental fish.

Harvesting in floating net-cages is done simply by manually
lifting the nets. For ponds, harvesting is by seining or draining the
pond.

Production constraint, in the case of marine food fish, is the limited
availability and high cost of fingerlings of certain popular fish species
like groupers, snappers, and siganids. Sea bass is presently the only
marine food fish which can be commercially bred in captivity, and the
government is therefore working closely with the private sector to
help farmers establish sea bass hatcheries by transferring the breeding
technology to them. Government researchers are also working on the
breeding of groupers and snappers.

Other constraints are the difficulty of getting local labor to work
in the farm, and the limited demand for live fish in local restaurants.
The government has, in certain cases allowed farms to engage foreign
workers and has designated certain land on the main island and outlying
islands for intensive, high-technology farming, thereby giving investors
an option to establish land-based aquaculture as well. Land-based farms
with higher automation will not only be able to attract local workers but
will also require less workers. Farmers would have to lower production
cost through better management and automation so that price of fish
is within the means of ordinary consumers to buy. Exportation of live
fish is also being explored by some farmers.

Shrimp/Prawn Culture

The marine prawn species cultured in Singapore is the Penaeus
merguiensis (banana prawn).

Broodstock production. Commercial hatcheries obtain their
spawners from the wild and do not hold any broodstock for matura-
tion. A maturation program on banana prawns has been initiated
by government researchers.

Seed production. Larvae are reared in tanks or canvas bags. For
land-based hatcheries, larvae are usually reared in circular or rectangular
fiberglass tanks of 10-15 m® capacity. For floating hatcheries, canvas
bags of 2 x 2 x 1 m are used.
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Stocking density practised commercially is 100/1. Water change
is limited to 30-50% daily.

Skeletonema and Artemia are the two organisms fed to the prawn
larvae, the former from D,.;, and the latter from D4 ;4. The feeding
regimes are as follows: Skeletonema — D, g at 10 000/ml, Dy, at
5000/ml; Artemia nauplii - D4 4 at 0.5-1.5/ml, D;.g at 2/ml, and
Dy.;4 at 3/ml.

Infections by bacteria, causing reddening of the larval body,
and by protozoans, namely, Zoothamnium, and fungus, namely,
Lagenidium, are some of the common diseases encountered during
larval culture. Preventive measures include good water and tank
management, proper feeding regime, and periodic prophylaxis with
antibiotics like oxytetracycline, and with chemicals like Cutrine-Plus®.
Jelly fish infestation can also totally wipe out the culture. Treatment
with 20 ppm formalin for half hour is only partially effective. How-
ever, cultures which are heavily infested have to be discarded.

Harvesting can be by hand nets or by draining the culture contents
into a harvesting chamber which concentrates the fry within its screens.

Main production constraint is the present reliance on sourcing
spawners from the wild. Supply is sometimes restricted to catch during
spring tides. A technique of maturing the spawners under captivity is
being looked into by government researchers.

Nursery operation. Fry are raised either in tanks, floating net-
cages or ponds. Tanks used are usually fiberglass and of 10 m capacity.
Floating net-cages are constructed of plankton nets of 0.5 mm mesh.
Ponds are earthen and about 0.5 ha.

Stocking density varies from about 900/m? in ponds to 6000-
8000/m” in floating net-cages. In ponds, daily water exchange is esti-
mated at about 5-10%, being effected by tidal flows. In tanks,
exchange is 80% daily, while in floating net-cages, water exchange is
continuous by tidal currents.

Diseases common during this process include infestations by
Leucothrix sp. and ciliates like Zoothamnium sp. on the gills, and
vibrosis by Vibrio spp. in the haemolymph. Treatment for Leucothrix
is through prophylaxis with copper compound (Cutrine-Plus®) at 2.8
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ppm for 3 hours; Zoothamnium through a formalin bath at 75 ppm
for 4 hours and vibrosis through an oxytetracycline bath at 10 ppm
for at least 4 hours or through oral feeding at 0.75 g/kg feed for 8 days.

There are no serious constraints for the production of prawn
fingerlings or juveniles.

Grow-out  operation. Grow-out is commonly done in either
earthen ponds or floating net-cages. A commercial company is also
attempting to culture Kuruma prawn (P. japonicus) in raised, rubber-
lined ponds of 2500 m?” each. Experiments are conducted by govern-
ment researchers on the use of 40 m? raceways for intensive prawn
farming.

Stocking density in ponds vary from 20-30/m? and 300-600/m?
in floating net-cages. In raised, lined ponds, densities are 50-60/m>
while in raceways, the stocking density is around 600/m®  Water
management in ponds is through tidal exchanges and pumping. In
raised, lined ponds, water intake is solely through pumping; resulting
in 30% exchange daily- In raceways, exchange is also effected by
pumping.

In all cultures, the prawns are fed with formulated dry feed,
either imported or produced locally. Ingredients include fishmeal
and prawn by-products. In certain cases, as in floating net-cages,
prawns are also given trash fish aside from formulated dry feed.

The main loss of prawns in pond culture is due to poor water
quality or plankton build-up in the pond due to difficulty in changing
sufficient water daily. However, with higher stocking densities there
is an expected higher incidence of disease, and prophylactic treatment
is necessary.

The causative organisms are bacteria and virus, Vibrio spp., which
causes vibrosis in the haemolymph (as in nursery stage), chitinoverous
bacteria suspected to cause burnspots on the exoskeleton, and Hepa-
topancreas Parvo Virus (HPV) which causes lesions in the hepato-
pancreas of the prawn. Treatment for the first is by oxytetracycline
bath at 10 ppm for 4 hr at least or through oral feeding at 0.75 ppm
feed for 8 days. There is no direct treatment for the second, but
oxytetracycline bath at 10 ppm for 4 hr may prevent secondary vibrosis
in the haemolymph. No treatment is presently available for HPV
infection. Other common diseases include muscle necrosis most likely
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caused by severe stress due to overcrowding and other environmental
stress, white pleura disease of unknown origin, the other diseases
described for the nursery stage, namely, Leucothrix and Zoothamnium
infestations.

There is no serious constraint in the production of prawns in
Singapore. In fact the culture of prawns has considerable potential
in the Republic as it can be farmed intensively and there is tremendous
local demand for prawns. More in-depth studies are, however, needed
on diseases.

Mollusc Farming

Mollusc culture in Singapore is restricted to farming of green
mussels (Perna viridis).

Broodstock production.  Spats are obtained from natural spatfalls,
and no attempts at broodstock management are made by the commer-
cial farms except through retention of some percentage of the grow-
out population as broodstock.

Seed production and nursery operation. Spats are usually col-
lected on strips of old netting or nylon ropes, both usually at 2 m long.
It is estimated for net strips that a good spatfall could result in the
settlement of 10 million spats of 0.5 g each on each strip of rope.

No thinning is practised commercially as this has been found to
be too time-consuming and labor-intensive by the farmers. Instead,
the spats are allowed to thin out naturally. This, however, results
in wasteful drop-out of the spats, and only an estimated 10-15% of
spats attain market-size 6-8 months later. This technique can be used
in areas which are good spat grounds. However, for poorer spat
grounds nylon ropes and nettings are not suitable as spat collectors,
and coconut coirs have been found to be better spat collectors. Govern-
ment researchers have devised a rope called poly-coco for such situ-
ations. This type of rope combines both collection of spats on the
coconut coir sections, and grow-out on the polyethylene main rope.

Grow-out production. Mussels are farmed on ropes suspended
from rafts. Specifications of rafts vary, but all are usually rectangular
with the long axis parallel to the direction of the tidal current. Ropes
are usually each 2-3 m long in the water, with another 1.5 m for tying
on the raft.
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Ropes are suspended at 4 ropes/m”? and are kept about 2 m
off-bottom. Water exchange is by tidal flow.

Mussels are filter-feeders, feeding on plankton in the sea. At
Lim Chu Kang, where commercial farming of mussels is practised, it
has not been necessary to induce plankton blooms as the waters there
are relatively eutrophic throughout the year.

There is no serious disecase or parasites observed to date.

However, water stagnation in the farming area, leading to low
dissolved oxygen in the water, and persistent rainfall resulting in
lowered salinity, may at times cause localized high mortalities.

Harvesting is by manual lifting of the ropes. This process can be
mechanised.  Government researchers have been conducting on-site
depuration trials with the mussels.

Main production constraint is not in the farming but in the low
consumer demand for the product.
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ABSTRACT

Aquaculture practised in Thailand is in the form of pond culture
and cage culture in freshwater, brackishwater and coastal areas. The
main species cultured include freshwater prawns, brackishwater shrimp,
cockles, mussels, and various freshwater and marine finfishes. There is
good potential for increased production from freshwater, brackishwater
and marine aquaculture. However, the 1983 production of 145 000
mt represents only about 6% of Thailand's total fish production and
production in this subsector has fluctuated widely. It will be several
years before aquaculture production will contribute substantially to
total production. Nonetheless, the culture of high value species of
shrimp and fish could contribute significantly to export earnings during
the next 5 to 10 years.

Conducted primarily by government agencies, research and deve-
lopment are along the lines of increasing seed supply, establishing new
culture techniques or improving older ones. The Department of Fish-
eries (DOF) together with some private companies have ventured into
the development and testing of artificial diets for the various cultured
species using a variety of indigenous feed stuffs.

It is estimated that with adequate investments and appropriate
support, aquaculture production will increase from 145 000 mt in 1983
to 378 000 mt in 1991, showing an annual increase ofabout 13% over
this period. Major increases would come from bivalve mariculture
(131 000 mt), brackishwater ponds (36 000 mt) freshwater ponds
(46 000 mt) and brackishwater cage culture (20 000 mt).
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PRODUCTION AND DEMAND FOR FISH AND
FISH PRODUCTS

Fisheries form an important industry in Thailand. Total fish
productions in 1982 and 1983 were 2.1 million mt and 2.3 million mt
valued at US $857 million and US $916 million, respectively. In terms
of gross domestic product the fisheries sector contributed 1.7% in 1982
and 1.6% in 1983. Fisheries is one of the largest foreign exchange
earners with export revenue at US $517 million in 1982 and US $551
million in 1983.

Inland Capture Fisheries

Inland capture fisheries has shown slow growth during the past
several years. Although production data for this subsector may be
inadequate, there are some indications that catch is declining. Conti-
nued effort by the Department of Fisheries (DOF) to stock fish and to
conserve freshwater fishery resources is required to
maintain production at 100 000 mt annually.

Aquaculture

Aquaculture in both fresh water and brackish water is practiced as
pond and cage culture and along the coast as mariculture. The main
species cultured are brackishwater shrimp, freshwater prawns, cockles,
mussels, and various marine and freshwater fish species. There is good
potential for increased production in aquaculture. However, the 1983
production of 145 000 mt represents only about 6% of Thailand's total
fish production, and production in this subsector has fluctuated widely.
It will take several years before aquaculture production can contribute
substantially to total landings. Nonetheless, the culture of high-value
species of shrimp and fish could contribute significantly to export
earnings within the next 5 to 10 years.

With adequate investment and appropriate support, it is estimated
that aquaculture production will increase from 145 000 mt in 1983 to
378 000 mt in 1991, an annual increase ofabout 13% over the present
volume. Major increases would come from bivalve mariculture (131
000 mt), brackishwater pond culture (36 000 mt), freshwater pond
culture (46 000 mt) and brackishwater cage culture (20 000 mt).
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The projected demand for table fish for local consumption is
presented in Table 1. Although this is based on a steady increase in
demand, actually demand will continue to fluctuate as in the past,
particularly in response to climatic factors and variation in the rate
of growth of real income. There is no evidence of any long-term
shift in underlying demand (i.e., a change in consumers' preference
for fish) although it is possible that taste may shift in favor of poultry
and red meats as supplies increase.

Table 1. Projected demand for table fish for local consumption 1983-1991
(Minimum estimate)

Consumption Table fish demand
per capita +2% +3%
(ke) ('000 mt) ('000 mt)
Base period 198-83 20.0 970 970
Required 1983* 990 1000
1984 1010 1031
1985 1030 1060
1986 1050 1090
1987 1070 1120
1988 1090 1160
1989 1110 1190
1990 1140 1230
1991 1160 1270

a/ Preliminary estimate of apparent consumption is 1 059 000 mt.

PRESENT STATUS OF AQUACULTURE

Freshwater

Latest data indicate that the culture of freshwater finfish in
Thailand primarily occurs in about 6000 ha of ponds and 53 000 ha
of abandoned rice paddies. Finfish is also cultured in cages suspended
in rivers and reservoirs. The yield varies with species and culture
system. In ponds it is 1.2-120 mt/ha/yr and in paddies about 1.4 mt/
ha/yr. Production from cage culture is 1-2 mt/yr/cage area of 20 m* .
The principal species cultivated with their corresponding culture
systems and yields are shown in Table 2.
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Table 2. Principal culture systems of freshwater finfish in Thailand

Culture system Stocking Rearingtime  Yield
Species M = Monoculture Rate Per Crop (mt/yr)
P = Polyculture (m?) (mo)
Tilapia nilotica Pond:
M or P, fertilized water 3 6 4.8/ha
M, supplemental feed 3 4-6 6.2/ha
M, integrated farming 3 4-6 7.2/ha
Carps (common
Chinese, Indian)  Pond:
M, supplemental feed 0.7 12 1.2-3.6/ha
P, fertilized water 0.7 12 1.2-2.4/ha
M or P, integrated farming 0.7 12 4.8/ha
Puntius  gonionotus  Pond:
M, fertilized water 3-4 6 2.4-4.8kg/ha
M, supplemental feed 3-4 6 4.8-6.0/ha
Paddy fields:
P - 12 3-4 kg/ha
Clarias spp. Pond:
M, complete feed 40-100 3.5-5 30-120/ha
Ophiocephalus sp. Pond:
M, complete feed 30-40 8 90/ha
Trichogaster sp. Paddy fields:
M, fertilized water _ 12 0.9-1.4*/ha
Pangasius sp. Pond:
M, complete feed 3 12 30/ha
Cage:
M, complete food 20 12 30 kg/m* /crop
Oxyleotris  sp. Cage: ,
M, complete feed LOO 15 35 kg/m*/crop

*Includes about 0.5 mt of "wild" fish trapped in ponds and harvested with

Trichogaster sp.

The Macrobrachium

culture

growing

rapidly

in Thailand.

Annual production exceeds 3000 mt in 1984 from more than 200
farms ranging in size from 800 m® to 40 ha. Average yield is 1000 kg/

ha.
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Brackishwater

The production of fish through aquaculture has recently acquired
significance in Southeast Asia.

Attention is now being focused on the coastal environment prima-
rily because saline and brackishwater have limited use for agriculture
but can be used for aquaculture. There are several marine species
of economic importance used for coastal aquaculture. Production from
fisheries activities in a year was more than 2 million mt: 171 000 mt
from aquaculture, 1 900 000 mt from marine fisheries, and 200 000 mt
from freshwater fisheries. Aquaculture production is about 8.6% of
the total.

The status of coastal aquaculture and mariculture can be seen
in the production data in Table 3. Finfish from culture activities is
not included as a separate category in official statistics.

Table 3. Production (metric ton) and value (x 1,000 Bahts*) of coastal aquaculture

products
Year Shrimp Cockle** Mussel Oyster
Product Value Product Value Product Value Product Value

1979 4064 460 586 23 741 61727 49 397 65698 9876 91452
1980 8063 458908 17666 77 735 31386 129 633 6015 60 105
1981 10 728 657 264 23 354 81373 36 746 78 469 8429 85951
1982 10091 765683 8636 29302 65509 128 263 5671 39 598
1983 11 550 950370 16 575 56 095 43 130 106 983 5322 38669

*30 Bahts=US $11.10
* Includes Hoy Krang, hairy cockle, Scapharca inequivalvis

STATUS OF PRODUCTION TECHNIQUE

Finfish Culture

The culture systems for various finfish species of greatest eco-
nomic importance are described below.
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Clarias culture. The culture of Clarias batrachus and C. mac-
rocephalus is well established in Thailand. More than 5 000 mt of
Clarias valued at more than $50 million is being produced annually.

Stocking rates of 3-7 cm fingerlings is 60-300/ m’. The feed
input is a mixture of 9 parts trash fish and 1 part of rice by-products.
Marketable fish, 100-350 g, are attained in 3-5 months; most yields
are 3-12 kg/m* of pond area depending primarily on mortality.

Management practices include liming the ponds to ensure suitable
water quality, changing water when necessary, disease control and
prevention by using formalin and dipterex to get rid of ectoparasites,
and applying antibiotics in feeds to control or prevent bacterial diseases.

High fish mortality are often related to poor water quality due
to contaminants. Increasing cost of feeds and unstable market prices
are prevailing problems of the industry.

Sepat Siam (Trichogaster pectoralis) culture. Trichogaster s
primarily cultured in abandoned paddy fields modified to form 5 ha
ponds by constructing a peripheral ditch and an enlarged dike to
maintain water depth greater than what is necessary for rice produc-
tion. Returns from this culture system are more profitable than rice
cropping. Present annual production is in excess of 13 000 mt in 1984
valued at $20 million.

The stock comes from brood fish introduced into the ponds.
One pair of spawners is stocked per 16 m* of water surface. Resulting
fry densities are about 185/ m”. Emergent vegetation in the shallow
central part of the pond is mowed regularly to enrich the water. Water
exchange is practised. Fish are harvested when they reach about 100 g
in 6-7 months. Yields of Trichogaster are usually 0.7-1.1 mt/ha;
another 0.3-0.6 mt are obtained from wild fish (e.g., Ophiocephalus,
Anabas, Clarias, etc.) which accidentally enter the ponds and are
harvested along with Trichogaster.

Pangasius spp. cage culture. Commercial scale culture of Pangasius
in cages is well established. The present yield is about 9000 mt. In
1984 market prices fluctuated widely and the value of this crop ranged
from $1.5 to $3 million.
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Cages, mostly 20 m® , are made of wooden slats usually attached
to floating family dwellings. Fingerlings, 8-10 cm, are stocked at
50/m> of cage volume. Basic feed consists, of rice bran, broken rice
and trash fish mixed at a ratio of 9:1:1, respectively. Additional
feed are soya bean and vegetable wastes. The typical feeding rate is
2% or less of the body weight daily. Mortality in cages is low and
the normal yield is about 100 kg/m* for a 15-month growing period.

Sea bass (Lates calcarifer) culture. Seabass has been produced
for more than 40 years in shrimp ponds in the coastal areas of Thailand.
The method involved collection of sea bass fry from estuaries near
the river mouth, mangrove areas, and from shrimp farms. The major
problem was lack of fry for stocking which limited the expansion of
culture areas. In 1973, the Department of Fisheries succeeded in
artificially spawning sea bass. With sufficient fry available, the Depart-
ment developed culture systems. Cage culture was demonstrated to
be effective.  Following the Department of Fisheries, the private
sector also engaged in commercial breeding and culture of sea bass.

During the last decade the Department of Fisheries succeeded
in establishing different techniques for producing sea bass fry:

1. Natural breeding. Usually 12-15 pairs of breeders are stocked
per 150 t breeding tank. Breeding pairs are about 3 years old.

2. Hormone injection. The method was established at Prachuap
Khiri Khan Station and is being used by many private farms.

The Fisheries Department can produce more than 30 million
fry/yr. After 30-45 days, when the fry are approximately 1-1.5 c¢cm in
total length (TL) they are distributed to farmers. The fry can be
cultured in brackish or freshwater arcas. The culture techniques for
sea bass are:

1. Earthen pond culture.  Fingerlings, 2-3 inches long (50-100/
pc), are stocked in ponds. Production period is 6 months to
produce 2500 kg/ha.

2. Cage culture. Technique is commonly used in the southern
and eastern coast of the coastal area. Two cage dimensions
are used, namely, 10 x 10 x 2 m and 5 x 5 x 2 m. Average
production is 21.8 kg/m?*/yr. Stocking density is 25/m?
and harvest weight is 500 g. There are at present about
100 sea bass cages in Thailand (Table 4).
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3. Pen culture. This system is not popular in Thailand because
of the difficulty in finding suitable production areas.

Thailand is well known throughout Southeast Asia for sea bass.
Large numbers of seed are exported to Hong Kong, Singapore, and
Taiwan.

Grouper (Epinephelus spp.) culture. Grouper is a popular food
fish in Southeast Asia. The fish can be cultured in ponds or cages.
It grows fast to marketable size 0f400-900 g.

The Department of Fisheries succeeded in artificial breeding of
grouper by hormone injection in 1981. Other methods of breeding
are natural spawning and stripping. In the latter, eggs are fertilized
after the dry method. The fry are reared in a net-cage and fed with
chopped fish until they reach 5-8 cm. After attaining the desired size,
the fingerlings are transferred to a net-cage 3 x 3 x 2mor 5 x 5% 2m
at 25 fish/m?. The stock is fed with trash fish until the fish weighs
400-500 g. The culture period is usually 6-7 months. Production is
25 kg/m* /yr.

Cage culture of grouper is practised throughout southern Thailand.
There are about 900 cages in the coastal zones. The Department of
Fisheries is conducting research on rearing of the larvae to metamor-
phosis.  After the techniques have been established, the technology
will be transferred to the private sector. Grouper culture in Thailand
is presented in Table 5.

Feed development. A variety of feeds is used in freshwater
aquaculture in Thailand. Growth of natural food is often enhanced
with organic and sometimes inorganic fertilizers. Rice by-products such
as rice bran and broken rice is commonly used as supplemental feed.
Trash fish is the primary food for carnivorous species such as Clarias
and Ophiocephalus. The use of artificial diets is gaining momentum
with some commercial companies now producing specific feeds. The
following diets have been developed by the DOF.

1. Feed formula for Carp and Tilapia broodstock
(Protein = 26%)

Fishmeal 18%
Peanut meal 26%
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Fine rice bran
Cassava root meal 20%
Horse tamarind meal 4%
Vitamin & Mineral 2%

AQUACULTURE DEVELOPMENT IN THAILAND

30%

100%

2. Feed formula for carp fry (Protein = 33%)

3.

Fine rice bran
Peanut meal
Vitamin & Mineral 1%

Fine rice bran

30%
45%
24%

100%

Feed formula for growing tilapia (Protein = 18%)

18%

Cassava root meal 41%
40%

Vitamin & Mineral 1%
100%

4. Feed formula for growing Puntius (Protein = 23%)

5.

Peanut meal
Fine rice bran
Cassava root meal 20%
Horse tamarind meal 4%
Vitamin & Mineral 1%

Peanut meal
Fine rice bran
Alpha starch

12%
23%
40%

100%

Feed formula for Clarias fry (Protein = 36%)

60%
&%
8%

16%
6%

Vitamin & Mineral 2%

100%

139



140 AQUACULTURE DEVELOPMENT IN SOUTHEAST ASIA

6. Feed formula for growing Clarias (Protein = 32%0

Fish meal 20%

Peanut meal 14%

Cottonseed meal 16%

Caproc seed meal 10%

Shrimp head meal 10%

Fine rice bran 10%

Cassava root meal 9%

Bone meal 2%

Horse tamarind meal 4%

Fish oil 3%

Vitamin & Mineral 2%

100%
Seed production. Some seed for culture operations is provided
by government hatcheries and many are generated by the farmers
themselves. Fry and fingerlings of some species like Clarias,

Trichogaster, and Tilapia are produced by brood fish reared in ponds
with some special provisions. Ophiocephalus fry are obtained from
wild sources. Seeds of certain species are obtained mainly through
controlled reproduction by hormone injection. Hormone treatment
varies depending on species.

Shrimp and Prawn Culture

Macrobrachium rosenbergii culture. The annual production
of 3 100 mt in 1984 of Macrobrachium is valued at $17.5 million.
Some farmers grow their own seed stock in hatcheries ranging from
backyard operations production with a few thousand larvae to indus-
trial operations with an output of 10 million larvae. Current postlar-
vae supply is about 30 million/yr with 6 million originating from
government hatcheries. Larval diets consist of egg custard and minced
fish fed several times a day and Artemia nauplii fed once every evening.
Grow-out prawns are fed a variety of diets ranging from farm-pro-
duced moist pellets to commercial poultry pellets. Feed conversion
of the wet diets averages 1:6-7. Stocking density varies from 5-
20/m?.

Harvesting usually begins on the fifth month when the thinning
out process starts and larger prawns are sold. The optimum market
weight is 75 g each. The crop is harvested in about 8 months.



AQUACULTURE DEVELOPMENT IN THAILAND 141

Total yield per ha is often less than 1 000 kg/yr. Survival can be
as low as 20-40%, particularly when high stocking rates are employed.
The low recovery is attributed to predation by crabs, carnivorous
fishes, turtles, and poachers. Pond water is not normally renewed
continuously but some larger farms replace 20% of the water daily.

Shrimp (Penaeus monodon, P. merguiensis) culture. Shrimps are
produced in earthen ponds. In most areas the traditional or extensive
method of production is used. Methods are normally simple, land is
subject to flooding at high tide and wooden sluice gates are installed
to control water flow. Excavation is limited to a perimeter area yield-
ing just enough material to make a narrow dike. Fry are allowed
to enter the ponds with the incoming tide. They stay in the ponds
for some time growing in the rich condition of the swamp. Average
yield of P. monodon is 3750 kg/ha/year. The existing and potential

Table 6. Existing and potential shrimp farming area in Thailand as of 1983 (Coastal
Zone Survey, 1983)

Province Existing Farms Potential
(ha) (ha)
Bangkok 881 141
Samut Sakhon 2321 1039
Samut Songkhram 5057 527 480
Phetchaburi 1211 106 640
Prachuap Khiri Khan 358 63 280
Chumphon 88 8 600
Surat Thani 1592 233 3200
Nakhon Si Thammarat 8658 1735 4800
Songkhla 58 9 240
Pattani 16 1 2560
Narathiwat 8 10 184
Trat 8 9 3200
Chanthaburi 548 62 480
Rayong 7 5 176
Chon Buri 544 56 320
Chacnoengsoa 681 42 480
Samut Prakan 7841 985 160
Ranong 11 10 576
Phuket — — 32
Phangnga 99 10 720
Krabi 16 6 352
Trang 1 1 1040
Satun 256 3 640

Total 36 905 5334 23 160
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areas for shrimp culture are listed in Table 6 and production from
shrimp farming is shown in Table 7.

Table 7. Shrimp production in Thailand (Fisheries Statistics, 1986)

Year Area Quantity Value
(ha) (mt) (million baht)
1979 24 675 1 706 407 460.59
1980 26 036 706 305 458.91
1981 27 459 1072 787 657.26
1982 30 790 1 009 077 765.68
1983 35 537 1 154 985 950.27
1984 36 792 1 200 675 1 024.01
1985 40 769 1 584 956 1 348.42

Table 8. Production in millions of brackishwater shrimp seeds for 1982-1986

Year 1982 1983 1984 1985 1986
Banana Shrimp 11 000 11 700 14 200 15 800 18 500
Jumbo Tiger

Prawn 10 200 12 700 19 400 20 600 21 900

Total 21 200 24 400 33 600 36 400 40 040

Hatchery seed production of Penacus monodon does not meet
the demand. Production in 1984 was only 18.8 million postlarvae but
demand was over 180 million. Insufficient seed supply is attributed to
shortage of gravid females from the wild. Intensive research on brood-
stock development using eyestalk ablation has been conducted by the
Brackishwater Fisheries Division. The Department of Fisheries is
increasing the number of stations providing fry and is extending techno-
logical information to private investors to increase seed supply. The
target production for shrimp seeds in government hatcheries for 1982-
1986 is shown in Table 8.

Mollusc Culture.

Opyster culture.  There are 4 species of oysters found in the coastal
waters of Thailand. The important species for culture are Saccostrea
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cucullata, Crassostrea belcheri, and Crassostrea Iugubris. The former is
distributed along the river mouths and coastal areas of Trat, Chanthaburi,
Rayong, Chonburi and Prachuap Khiri Khan Provinces while the latter
are found in Krabi, Phangnga, Surat Thani, Pattani and Chumphon.
Oyster culture has existed in Thailand for more than 40 years. Several
traditional methods have been practised depending on the nature of
the substratum. Stones, stakes, or concrete blocks are used as sub-
strates for attachment of oysters. Oyster seeds are small organisms
generally suspended in the water. Pairoj (1974) conducted an experi-
ment with Crassostrea lugubris on concrete culvert material. The oyster
was harvested within 7-12 months. Yield was 250 000-312 500
oysters/ha. The yield of the small oyster (S. cucullata) culture in
Chantaburi Province was 19 mt/ha.

At present, oyster culture area is approximately 1127 ha (Table 9),
while the potential area for development is nearly 6400 ha (Table 10).
Recent production figures are 5663, 8442 and 5171 mt for 1980 to
1982.

Mussel culture.  Culture of the green mussel has been carried out
in Thailand for more than 60 years. The fishermen first collected
mussels attached to the stakes of certain types of stationary fishing
gear. It was relatively easy to use strong lengths of bamboo or date
palm stakes driven into muddy bottoms of shallow water zones as
collectors of mussel spats. The method is commonly and successfully
used along the coastal areas of Thailand. The attached spats are
allowed to grow for 6-8 months before harvesting them for the market.
Pairoj (1971) reported that yield of about 62.5 mt/ha could be ob-
tained.

It is believed that the first mussel farming in the south began
in Chumphon Province about 16 years ago. Promotion and extension
of mussel farming were slow because of lack of natural seed in the
coastal areas . of Nakhorn Sri Thammarat, Pattani, Surathani, and
Phangnga. The Department of Fisheries introduced adult male and
female mussels into other areas. The first introduction was in 1977
at Pattani. Later, mussels were transplanted to Nakorn Sri Thammarat
and Phangnga. The results of these attempts have been moderately
successful.

At present, mussel farms occupy 661 ha while the potential area
is estimated to be 10 605 ha for the 21 maritime provinces (Tables 9 &
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10). The production of green mussel is almost entirely from culture
activities.

Table 9. Existing bivalve farm (ha) as of 1983

Province Green Horse Blood Oyster Total
mussel mussel cockle
Samut Sakhorrn
Samut Songkhram 320 320
Chachoengsao 240 240
Chon Buri 224 240 274 738
Rayong 83 83
Chanthaburi 467 467
Phetchaburi 48 128 176
Prachuap Khiri Khan 12 3 15
Chumphon 119 86 205
Surat Thani 160 79 239
Nahkorn Sri Thammarat 37 37
Phatthalung 0
Songkhla 0.16
Pattani 5 37
Narathiwat 0
Ranong 100 100
Phangnga 11 245 0.16 96
Krabi 2 1.6
Trang 16 16
Satun 300 300
Phuket 0
TOTAL 659 240 1206 1127 3232

Horse mussel culture.  The two economically important species
of the horse mussel found in Thailand are Modiolus metcalfei (Hanley)
and Arcuatuala arcuala. Culture of these species have been conducted
for more than 30 years. There were 117 ha of farming area in 1973.
This was increased to 146 ha in 1978. Other species are found on the
coast of Andaman Sea in smaller quantities.

Two methods of farming are usually employed. First horse mussel
seed 5-10 mm in size are spread over the mud flat at a rate of 56-62/ha.
After 8-12 months at the size of 2-3 cm the mussel are harvested by
dredging. Production ranges widely at 75-225 mt/ha. In the second
method, mussels are spread over the bottom of shrimp ponds. No
data on yield/unit area are available.
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The horse mussel, 2-3 cm in length, are sold for human consump-
tion at 1.4 baht/kg. Smaller horse mussel are harvested and sold for
animal feed at 0.75 baht/kg.

The potential area for horse mussel production is over 4500
hectares.

Table 10. Potential bivalve area (in ha) as of 1983

POTENTIAL AREA
Province

Green Horse Blood Grand
Mussel ~ Mussel Cockle Oyster Total Total
Samut Sakhorn 320 96 320 736 736
Samut Songkhram 640 528 1168 1488
Chachoengsao 800 480 192 1472 1712
Chon Buri 320 320 80 160 880 1532
Rayong 640 160 80 240 1120 1203
Chanthaburi 575 480 1056 1523
Phetchaburi 320 532 160 1012 1188
Prachuap Khiri Khan 640 80 160 320 1200 1215
Chumpohon 608 160 200 150 1118 1324
Surat Thani 640 200 2880 90 3970 4209
Nakhon Sri Thammarat
Thammarat 1000 300 2272 140 3872 3909
Phatthalung
Songkhla 160 80 248 248
Pattani 320 320 400 1040 1077
Narathiwat 500 500 500
Ranong 480 500 2000 500 3480 3580
Phangnga 960 2000 2000 1000 5960 6216
Krabi 480 160 752 201 1591 1595
Trang 400 1056 500 1956 1972
Satun 480 150 1000 500 2140 2440
Phuket 160 96 256 256
TOTAL 9944 4616 1447 5749 34 777 37 923

Cockle culture. Cockle farming has been conducted in Thailand
for many years with the early farms located in Phetchaburi Province.
In that area, approximately 50 cm high bamboo sticks are used to
fence each production area which averages 1 ha. Farms are located
in mud flats or shore lines and adjacent to river mouth or canal. The
site must be intertidal, have sufficient width, and a small gradient.
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Cockle seeds are collected from the wild in the same location. The
prevailing species is Anadara nofidera.

During the last decade a different culture system has developed
in the southern provinces, on the Andaman Sea Coast, and the Gulf
of Thailand. Production is on mud flat with water depth of 2-5 m.
Farm size is 32-320 ha. Farms require a large amount of seed for
stocking. More than 4000 mt of cockle seed Anadara granosa are
imported from Malaysia annually. This is stocked at 3375-6750 kg/ha.
The seeds are dredged after a certain growth period to spread them
evenly. The market size cockles are harvested after 12-18 months.
The culture period depends on initial size of seed.

Seaweed Culture

Thailand does not produce large quantities of seaweed. Harvest
is from natural beds. The Department of Fisheries is conducting
research and examining the feasibility of mass propagation of seaweed
species, especially Gracilaria sp. This species of algae is found in Trat,
Songkhla, Pattani, and Trang Provinces. Local fishermen collect the
scaweed and dry it for sale to middlemen for export. The price is
about 20 baht/kg (approximately US $1.10). Total export in 1982
was 68 mt valued at 21 thousand baht.

Laver (Porphyra sp.) is collected from natural areas during the
cool season (December-January) principally from Songkhla Province.
Production is very limited, amounting to only 100-300 kg annually.
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ABSTRACT

Research on the maturation of Penaecus monodon at AQD has
focused on three broad areas, namely, reproductive biology and ecolo-
gy, induced maturation and broodstock management. Studies on repro-
ductive biology provided information on the life cycle, ovarian matura-
tion stages, courtship and mating behavior, minimum size at sexual
maturation (sperm occurrence, first spawning), and morphological egg
types. Induced maturation has mainly been done through the eyestalk
ablation method. Nutritional and environmental parameters were
studied to enhance reproductive performance or as an alternative to
ablation. Pond-reared and wild broodstock sources and marine pen and
land-based tanks as maturation systems were also tested and compared.
Size, shape, color, substrate material and other aspects of tank design
and construction, sex ratio, stocking density, water management, and
other parameters of the management system were also studied and
refined.

Early techniques in larval and postlarval rearing of P. monodon at
AQD were based on the community culture method of growing natural
food in larval tanks. However, low and inconsistent survival led to a shift
in rearing methods toward pure phytoplankton culture grown in sepa-
rate tanks as food for the larvae. Henceforth, refinement of rearing
methods have been conducted to improve larval survival through effec-
tive water management, nutrition, and disease control. Efforts are con-
tinuously being geared toward making the technology affordable to
Filipino farmers.

INTRODUCTION

In 1973, when the Aquaculture Department was first established,
there was no commercial prawn culture in the country to speak of -
prawns and shrimps were harvested as incidental crops from milkfish
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ponds. Recognition of penaeids as an important aquaculture commodity
is evidenced by the start of prawn research that very same year. Since
then, continuing research on prawn biology and culture at AQD has ge-
nerated technology particularly in the areas of maturation and larval rear-
ing which are highlighted in this paper.

BROODSTOCK DEVELOPMENT AND MANAGEMENT

Reproductive Biology and Ecology

Much of the available information on the life cycle of Penacus mono-
don, can be traced to the five-year study of Motoh (1981) on the
fisheries biology of the species. He described five ovarian maturation
stages - undeveloped (1), developing (2), nearly ripe (3), ripe (4), and
spent (5) - based mainly on progressively increasing mean egg diameter
(35-235 pm) and external appearance. Other workers (Santiago 1977;
Pudadera and Primavera 1981; Primavera 1982, 1983) also used external
and dissected appearance of ovaries and histology to classify maturation
stages. More recently, Tan and Pudadera (unpublished) gave a compre-
hensive classification into four stages using histological (egg diameter,
gonadosomatic index) and histochemical criteria:

1. previtellogenic stage - oogonia and oocytes in chromatin nucleo-
lus and/or perinucleolus eosinophilic,

2. vitellogenic stage - eosinophilic yolky oocytes,
3. cortical rod stage - oocytes with peripheral rod-like bodies, and

4. spent stage - remaining oocytes with yolk and/or cortical rods,
thicker follicle layer, and few dark irregular perinucleolar
oocytes.

Motoh (1981) found that over a three-year period, occurrence of
wild P. monodon spawners peaked in March and October in Tigbauan,
Iloilo (Southern Panay Is.) and in February, July, and November in
Batan Bay, Aklan (Northern Panay Is.). Minimum spawner size was 48
mm carapace length (CL) and mean size was smaller (62 mm CL) in
Batan Bay, a river mouth, compared to large sizes (64-72 mm CL) in the
offshore waters of Tigbauan, Iloilo and Himamaylan, Negros Occidental
(Motoh 1981).
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Table 1 summarizes data on minimum size of P. monodon at sexual
maturation: functional maturity or ability to mate of the male (petasma
jointed) and female (presence of sperm in thelycum) and physiological
maturity or production of eggs and sperm (Motoh et al 1976; Motoh
1981; Primavera 1978). Interestingly, pond stock reached maturity at
sizes smaller than wild animals.

Table 1. Minimum size at first sexual maturation of Penaeus monodon (Motoh et
al 1976, Primavera 1978, Motoh 1981)

Maturity Male Female

+

Functional jointed petasma sperm, thelycum
= 34 mm CL wild = 47 mm CL wild
39 mm CL pond

Physiological + sperm, testes maturation, spawning
= 37 mm CL wild = 48 mm CL wild
= 31 mm CL pond = 75 g BW wild
= 40 g BW pond

Copulation in closed thelycum penaeids, such as P. monodon, re-
quires molting of the female. Primavera (1979) described three stages in
the courtship and mating behavior of P. monodon starting with the pa-
rallel swimming of female and male or males up to the insertion of sper-
matophores inside the thelycum by one successful male. Such informa-
tion has been valuable in designing maturation systems.

Based on his observations, Motoh (1981) concluded that first
mating occurs at 4-5 mo in brackishwater areas where ovarian maturation
also commences but full maturation is completed followed by spawning
only after migration to offshore waters at around 10 mo.

A positive correlation was established between fecundity and
female size in terms of CL (Motoh 1981) and body weight (Villegas et
al 1986). Development of P. monodon eggs was described by Motoh
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(1981); incubation period or hatching is 12-15 hr after spawning. Incu-
bation period and hatch rate of eggs were observed under different
temperature-salinity conditions (Reyes 1981). Time to hatching was
inversely proportional to temperature whereas salinity did not affect it.
Conversely, salinity affected hatch rate of eggs, but not temperature.

Based on morphology and hatch rates, Primavera and Posadas
(1981) developed an egg classification system (Fig. 1) useful in predict-
ing the number of nauplii from a given prawn. There is a highly signifi-
cant linear relationship between the proportion of good (A;) eggs and
hatch rate.

Spawners are disinfected with 50-100 ppm formalin and spawning
water with 10 ppm chlorine. Treatment of spawned eggs with 10 ppm
detergent gave significantly higher hatch rates (97.2%) compared to
those treated with other fungicides and untreated controls (Po and San-
victores 1986).

Induced Maturation

Three basic approaches have been employed to induce ovarian
maturation in penaeid shrimps: endocrine stimulation by ablation, nut-
tritional, and environmental. So far, maturation and successful spawning
have been reported only for eyestalk-ablated P. monodon although diet
and environmental parameters may also enhance reproductive per-
formance.

Completion of the cycle of P. monodon was first achieved in 1975
(Santiago 1977). Maturation was observed in both unilaterally and bila-
terally ablated females but the latter did not spawn and suffered total
mortality. Unablated females as controls did not mature.

Although cutting, tying and cautery have been tried the preferred
ablation method is by incision-pinching because of its convenience and
lack of stress on the prawn (Primavera 1978, 1983).

Monitoring of tagged (Rodriguez 1976) ablated females shows an
increase in rematuration rates in 1977-1979 from 10.4 to 23.2% for
second spawnings and from 1.6 to 5.9% for third spawnings (Primavera
1982).

Nutrition plays an important role in maturation. In the wild, 85%
of ingested food of adult P. monodon consisted of small crabs and
shrimps and molluscs (Marte 1980). The more frequent occurrence
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of molluscs and other non-crustaceans during months of higher feeding
index may reflect changes in dietary requirements related to gonad deve-
lopment during the spawning season (Marte 1982).

Wild immature P. monodon females showed an increase in ovarian
lipid levels upon reaching full maturity from 5.8 to 17.0% and from
7.5 to 21.9% in unablated and ablated females, respectively (Millamena
et al unpublished). The fatty acid profile showed 12.1-24.9% and 11.8-
21.5% total fatty acids in unablated and ablated females, respectively,
consisting of 20:4w6, 50:503 and22:6 ® 3 fatty acids. The same poly-
unsaturated fatty acids (PUFA) were reflected in the spawned eggs,
indicating their importance in the reproductive process.

A study of different feeding regimes showed highest larval produc-
tion and hatch rates when ablated P. monodon were fed with molluscs
(squid, mussel) in combination with a pellet (Primavera et al 1979).
More recently, Millamena et al (1986) obtained the best reproductive
performance from ablated females given pellets with cod liver oil (longer
chain C,;y and C,, PUFA and higher ®3:w6 ratio) compared to those
with soybean lecithin (C;3 PUFA and lower ®3:®6 ratio).

A few environmental studies at AQD have focused on light. In an
early study, unablated P. monodon attained only partial maturation
under blue and natural light but not under red light (Pudadera and
Primavera 1981). Only ablated females reached full maturation and
spawned. An ongoing study incorporating recent improvements in
broodstock management and nutrition will verify these results.

Broodstock Management and Maturation System

Broodstock from the wild or pond source may be stocked in matu-
ration tanks or pens, and retrieved as gravid females, eggs or nauplii
(Primavera 1985).

Broodstock source. P. monodon broodstock may be obtained from
the wild or from ponds. Wild broodstock are caught from coastal waters
by trawler or motorized pumpboat such as a baby trawler and from es-
tuaries by tide-dependent stationary gear such as fish corrals, lift nets,
and lever nets (Motoh 1980, Primavera 1983). Age at ablation from
spawning varies from 5 mo (Primavera 1978) tol5 mo (Santiago 1977).
Satisfactory maturation, spawning, and metamorphosis of larvae to post-
larvae have been obtained from females with a minimum age of 8 mo
(Primavera 1982, unpublished; Millamena et al 1986). In the wild, P.
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monodon attains full maturity and spawning at 10 mo (Motoh 1981).

Early studies showed poor reproductive performance of pond stock
compared to wild stock with the proportion of good eggs and cor-
responding hatch rates lowest from pond-ablated followed by wild
ablated and best hatching from wild spawners (Primavera and Posadas
1981). Hence for the last three years, studies at AQD have concentrated
exclusively on pond stock.

Even with production of good quality larvae and postlarvae from
pond-reared P. monodon, the state-of-the-art is to use wild broodstock
for three reasons. First, the non-availability of pond broodstock-
holding the prawns beyond the 3-4 mo cropping period means a loss to
the farmers. Second, wild broodstock give a faster turnover producing in
6 weeks the same number of nauplii pond broodstock can yield in 12
weeks. Lastly, pond stock require a maturation pellet often not com-
mercially available (Millamena et al 1986) whereas wild broodstock can
be maintained on natural food alone.

Maturation systems. Primavera (1983, 1985) traced the evolution
of a suitable maturation system for P. monodon dating back to the Igang
pens in 1975 through varying sizes of land-based tanks to the present
12 m® tank. The tank system offers advantages of security and con-
venience in maintenance and broodstock sampling over the pen.

Tanks may be made of cement, ferrocement, fiberglass, and plastic
or canvas-lined aluminum or wooden tanks. Tank size is a compromise
between the biological requirements of the broodstock and the con-
venience of the hatchery personnel as can be seen in the popularity of
the 10-12 m’ circular tank. In a recent study, Primavera et al (unpub-
lished) observed consistently higher total egg and nauplii production and
hatch rates from females in a black-walled tank compared to those in un-
painted tanks. A white sand substrate gave significantly higher nauplii
production and hatch rates from ablated P. monodon compared to black
sand (Pudadera et al 1980a).

Ideally, maturation tanks should have a flow-through water system
with 100-400% daily exchange rate. However, water should be recircu-
lated when flow-through is not feasible as when sea water is polluted or
turbid during typhoons (Primavera 1983).

Depending on water quality and exchange rate and prawn size,
stocking density of P. monodon is 2-7/m” (Primavera 1985). Sex ratios



156 AQUACULTURE DEVELOPMENT IN SOUTHEAST ASIA

of 12 females to 1 male are more economical because they maximize
egg and larval production per tank (Pudadera et al 1980b).

Although ablated P. monodon can mature and spawn at a salinity
range of 15-32 ppt, full salinity is required for incubation and hatching
of eggs (Posadas 1986).

Monitoring and Retrieval

Nauplii collectors have been tested for P. monodon (A.T. Young
pers. comm,), but spawner retrieval gives the advantages of individual
records of body measurements, egg numbers and hatch rates, and easier
processing of eggs (Primavera 1983). Examination of broodstock and
retrieval of spawners is more manageable in 10-12 m® tanks than in tanks
larger than 20 m® ,and more efficient with frequent monitoring of brood-
stock. Nightly checking of a 12 m’ tank yielded 48 spawnings pro-
ducing 6.8 x 10° nauplii compared to only 3.0 x 10° nauplii from 29
spawnings with thrice weekly monitoring (Pudadera et al 1980a).

The maturation requirements for P. monodon including size and
age, feeding and tank parameters are summarized in Table 2.

Table 2. Summary of maturation requirements for Penacus monodon, SEAFDEC
Aquaculture Department, 1975-1987

Size 70-150 g female, 45-120 g male
Source Pond or wild
Age, pond Minimum 10 mo (from spawning)
Ablation Required
Feeding

Regime Pellet + natural food

(mussel, squid, annelids)
Lipid source 6% cod liver oil
(pellet)

Light intensity
Light quality
Tank size

Tank color (inner walls)
Substrate

Water

Density

Sex ratio

Reduced ( ~ 100 lux)
Ongoing study
12 m® tank, circular

Black

White sand

100-400% flow-through
3-5/m* (300-400 g/m?)
1-2 females to 1 male
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LARVAL AND POST-LARVAL REARING

Rearing Facilities

Seed production of Penaeus monodon in SEAFDEC AQD started in
1975 with rearing techniques similar to those used in the MSU-IFRD.
Larvae were reared in rectangular 50, 120, and 200-t concrete tanks
installed under a structure with translucent plastic roofing (Platon 1979).
With the barangay hatchery concept, a more compact hatchery model
was introduced in 1977. The basic unit consisted of 2-t larval rearing
tanks, 2 units 1-t algal tanks, 2 units 1-t Brachionus culture tanks, and
1 unit 1t Chlorella culture tank, a small compressor or blower for aera-
tion, and 2 sets of water pump. Larval tanks were made of marine ply-
wood shaped into a cylinder with an octagonal cross section and a
conical bottom fitted with a drain valve to facilitate draining and har-
vesting (Platon 1978).

In 1981, the use of shallow (not more than 1 m deep) bathtub-
shaped larval tanks made of concrete, wood or fiberglass was recom-
mended. Instead of gate valves, 2 inch PVC drain pipes were installed for
draining and harvesting. Brachionus and Chlorella culture tanks were no
longer necessary as the feeding scheme was modified. Aeration was pro-
vided by portable electric aerators (Gabasa 1981).

The continuous search for low-cost materials for tanks led to the
use of locally-available materials such as bamboo and wooden slats with
polyethylene plastic sheet linings (Anon. 1984). There was more flexibi-
lity in the materials and shapes of larval tanks to be used as shown in
Table 3.

Rearing Methods

Seed production of P. monodon at SEAFDEC AQD started with
techniques adopted from the community culture method where phyto-
plankton was allowed to bloom in the larval rearing water as food for
the animals. A modification in the system was the hatching of eggs in
the spawning tank and not in the larval tank (Anon. 1975). Water was
introduced to the larval tanks to a depth of 2 m and was fertilized so
that there will be a diatom bloom by the time animals molt to the zoea
stage. Nauplii were stocked at a density of 6 000/t as mass mortality
occurred at densities beyond this. Baker's yeast was introduced at the
zoea and Artemia nauplii or rotifers (Brachionus) at the mysis stage
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(Table 4). About 20% ofthe total water volume was changed daily start-
ing at mysis stage. Survival rate at harvest (Py ) was very low and incon-
sistent, attributed to the non-selective production of natural food and
uncontrolled blooms that fouled the water.

An important innovation in the feeding method was initiated in
1976.  Diatoms such as Chaetoceros or Skeletonema were grown in
separate algal tanks and concentrated with the use of a sand filter before
feeding (Yap 1979). This lessened the possibility of unwanted algal
blooms and allowed the culturist to choose the species of phytoplankton
to be fed.

To scale down the hatchery technology to a level which can be
adopted by local farmers with a minimum of financial and technical in-
put, the barangay hatchery was conceptualized in 1977. Smaller tanks
and a more compact hatchery model was used (Platon 1978). Stocking
density of larvae was increased to 30-50/1 and harvest was at P5. The
1977 barangay hatchery feeding scheme in Table 4 was used. However,
the basic concern was the culture of natural food which needs specific
technical skill and which involved use of more tanks and synchronization
of mass production of food with larval rearing. Studies on optimization
and simplification of production techniques were thus conducted.

Optimization studies included testing of media for phytoplankton
production (Anon. 1977) and screening of phytoplankton species for lar-
val food (Aujero et al 1983). Simplification of production techniques in-
volved studies on the use of preserved natural food so these may be cul-
tured during off-culture periods of larvae.

The use of 100 ppm alum or lime or NaOH to raise the pH of the
phytoplankton medium and cause floc formation was tried. The
harvested phytoplankton were successfully preserved by freezing at -20
to -22°C with a cryoprotectant but had to be neutralized before use (Au-
jero and Millamena 1981). This technique was not adopted by private
operators as this entailed use of a pH meter which is quite costly.
Frozen rotifers and sun-dried phytoplankton were also tested as food but
did not perform as well as live phytoplankton (Anon. 1979).

Other attempts in lessening phytoplankton requirement or depen-
dence on this were made by testing possible phytoplankton supplements
such as baker's yeast (Villegas and Kanazawa 1980), marine yeast
(Aujero et al 1984), whole egg, brown mussel meat, trash fish, soybean
cake (Quinitio et al 1983) and egg yolk (Quinitio and Reyes 1983).The
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most popular among those tested was the eggyolk introduced by Gabasa
(1981). Using the feeding scheme in Table 4, an average survival rate of
52.9% (Ps) was obtained while only 2.5% resulted from the previous
scheme (Gabasa 1981). The stocking density of nauplii was increased to
50-100/1, so more larvae could be reared in a given volume of the tank.
Furthermore, tanks for Chlorella and Brachionus cultures were no longer
necessary. The ratio of algal tank to larval tank volume, therefore, de-
creased (Table 5). With this technology, rearing of Ps for 10-15 more
days in nursery tanks before transferring to ponds was recommended. A
further modification of this culture method (Anon. 1984a) is presented
in Table 4. This allowed more freedom in selecting the phytoplankton
species to be given as food to the larvae.

Later studies, however, revealed thategg yolk was deficient in po-
lyunsaturated fatty acids which was shown to be an important compo-
nent of larval diet (Millamena and Quinitio 1984.) This was one of the
causes of the shift toward the use of commercially available micro—
particulate diets (Table 4 present feeding scheme). Use oflocally availa-
ble feed such as powdered Acetes also gave promising results (Kungvan—
kij et al 1983). However, feeding of these artificial diets still involved
use of natural food (Table 4). With the carageenan-microbound diet
formulation, preliminary results showed that this could be used as a total
phytoplankton substitute (Bautista and Millamena unpublished).

The Aquaculture Department has also probed into the possibility of
using substitutes for Artemia. But Brachionus, Moina sp. and Tisbintra
as food for mysis and postlarvae did not perform as well and were not as
convenient to use as Artemia (Anon. 1982). To make this expensive
food item available locally, Artemia culture in tanks (Sorgeloos et al
1980) and in salt ponds (De los Santos et al 1980; Primavera et al 1980;
Jumalon et al 1983) has been successfully undertaken.

Studies on biology and larval stage identification by Motoh (1979)
were valuable as feeding and water management in a hatchery system
vary with larval stage. Investigation ofthe larval tolerance to various en-
vironmental factors such as salinity (Reyes 1981) and nitrite and
ammonia (Catedral 1977) also contributed to the determination of opti-
mal rearing conditions.

Diseases and Parasites

Research on the prevention and control of diseases and parasites in-
cludes (1) isolation and identification of possible pathogens, (2) screening



Table 5. Feeding schemes at SEAFDEC AQD

PRAWN HATCHERY 163

Feeding Scheme

Food Items Used
Until Ps Rearing

Ratio of Tanks for
Natural Food Culture
to Larval Tanks

Modified Community
Method (Anon. 1975)

Barangay Hatchery
Method (Platon 1977)

Small-scale Hatchery
Method (Gabasa 1981)

Small-scale Hatchery
Method (Anon. 1984)

Present Method

Phytoplankton
Baker's yeast
Artemia or
Brachionus or
Copepods
Diatoms

Brachionus (to
be fed with

Chlorella)
Tetraselmis

Artemia

Tetraselmis sp.
Egg yolk

Artemia

Diatoms or

Tetraselmis sp.
Egg yolk

Artemia

Diatoms
Microparticulates

Artemia

No separate tanks for
natural food culture

1-1.5:1

0.5:1

0.17-0.2:1

0.17-0.2:1

for a suitable prophylactic (prevention or chemotherapeutic (control),

and (3) bioassay experiments to test larval tolerance to the chemothera-

peutic.

Several microorganisms have been identified to cause mortalities in

the larval stages. These include the suctorean parasite Ephelota gemmi—

para (Gacutan et al

1977),

the ciliates Zoothamnium, Vorticella, and

Epistylis (Gacutan 1979), fungi of the Lagenidium (Baticados et al 1977)
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and Haliphthoros philippinensis (Hatai et al 1980) species, and bacteria
such as Leucothrix and Vibrio (Anon. 1985). Infestation by ciliates
were, in many instances, cast off by successful molt. These pathogens
were not very lethal to P. monodon (Gacutan 1979).

Lagenidium and Haliphthoros were the most prevalent causes of
larval mortalities in prawn hatcheries in the late seventies (Gacutan
1979). Several chemicals were tested for the prevention and control of
these mycotic agents. At its effective dose, malachite green was tolerat-
ed only by mysis and post-larvae (Lio-Po et al 1978) while furanace not
only caused reduction in phytoplankton population (Baticados and Ga-
cutan 1977) but also caused deformities in the larvae (Gacutan et al
1978). Mycostatic and mycocidal chemicals were identified by Lio-Po et
al (1982 and 1985) as potential control agents. Tolerance experiments
indicated that Treflan-R at a dose of 0.2 ppm was effective against both
pathogens and did not cause significant reduction of larval population
(Lio-Po and Sanvictores 1986).

SUMMARY

Based on techniques used in the community culture and the Galves-
ton (separate culture of natural food) methods, SEAFDEC AQD has
adopted the technology to suit local conditions. It has also scaled down
the hatchery technology to a level local farmers can afford.

Despite the achievements of the Department, several production
constraints could be identified:

1. lack of spawner or nauplii supply
2. lack oftechnicians, and
3. occurrence of disease.

Research must, therefore, be directed toward improvement of the
reproductive performance of pond-reared or wild broodstock and the op-
timization of rearing conditions for increased survival rate.
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BROODSTOCK MANAGEMENT AND SEED
PRODUCTION OF MILKFISH

Clarissa L. Marte
Aquaculture Department
Southeast Asian Fisheries Development Center
Tigbauan, Iloilo, Philippines

ABSTRACT

Milkfish (Chanos chanos Forsskal) remains one of the cheapest
sources of protein for developing countries in Southeast Asia, particu-
larly in the Philippines. The unpredictable supply ofwild fry, the only
source of seed for the milkfish farmer, contributed largely to the slow
growth of the milkfish industry. Research on the artificial propagation
of'this fish was, therefore, given emphasis.

Major  research  achievements in milkfish breeding of the
SEAFDEC Aquaculture Department in the last decade include: (1) suc-
cessful induced spawning of wild and captive breeders using gonadotro-
pin preparations and gonadotropin-releasing hormone analogues
(GnRHa); (2) spontaneous maturation and spawning of captive breed-
ers; (3) completion of the life cycle ofmilkfish in captivity; (4) deve-
lopment of a simple egg-collecting method; and (5) development of
techniques for mass production of milkfish fry.

Information on fry ecology and behavior, larval morphology and
physiology were also gathered. These published data constitute the
bulk of current knowledge on milkfish biology and natural history.

Milkfish breeding technology is currently being pilot-tested in
several breeding sites of the Bureau of Fisheries and Aquatic Resources
(BFAR). Spontaneous maturation and spawning of milkfish have been
verified in four sites which differ in environmental characteristics. The
economic feasibility of producing milkfish fry and the socio-economic
impact of artificial propagation of milkfish are now being assessed.

INTRODUCTION

Of the finfish species cultured in Southeast Asia, milkfish contri-
butes 56.2% to total fish production from aquaculture (Rabanal 1987,
this Proceedings) thus, emphasizing its economic importance. In the
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Philippines and Indonesia where milkfish has been cultured for cen-
turies, fry collected from the wild is the only source of seed for the
farmer. The relatively slow growth of the milkfish industry has been, in
part, due to unpredictable and seasonal supply of fry. Research on the
artificial propagation of milkfish was initiated at the SEAFDEC Aqua-
culture Department in 1976 to ensure an adequate and steady fry

supply.

As part of an overall effort to fully understand the biology of
milkfish and to document practices related to its culture, ecological stu-
dies to identify and characterize milkfish spawning grounds, fry
grounds, and nursery grounds were undertaken. The results of these
studies have been reviewed by Kumagai (1984) and Bagarinao and
Kumagai (in press). Traditional methods used in fry capture, handling
and storage have also been documented (Kumagai et al 1980, Villaluz
1984). This paper presents the achievements and results of studies on
milkfish breeding and artificial propagation at the SEAFDEC Aquacul-
ture Department.

BROODSTOCK DEVELOPMENT AND MANAGEMENT

The methods of rearing milkfish to maturity are described in
Marte et al (1984). Pond-reared stock (BW = 250 g) are collected from
brackishwater ponds and transported to the rearing site in canvas hold-
ing tanks filled with sea water and provided with aeration. Transport is
by van and pumpboat and may take from 2-8 hr.

Broodstock rearing facilities used at SEAFDEC AQD are floating
cages, concrete and canvas tanks. The floating net-cage, however, is
preferred for reasons of economy and convenience. The fish are ini-
tially reared from 1-3 years in smaller net-cages (4-5 m diameter) or
stocked directly in 9 or 10 m diameter cages. Stocking densities nor-
mally do not exceed 1.5 kg/m’. Broodstock reared in small cages are
transferred to large cages (6-10 m diameter) on the fourth year of rear-
ing.

The floating net cage facilities at Igang Substation, Guimaras Is-
land, are located about 100 m from shore in an areca protected from the
open sea by small islands. It has a sandy-muddy substratum and a water
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depth of 7-10 m. Water transparency is about 5 m; annual salinity and
temperature ranges are 26-34 ppt and 25-32°C, respectively. A limited
number of broodstock used for various experiments are also reared in
canvas or concrete tanks.

One- to three-year old fish are given commercial feed pellets con-
taining 23-32% protein at 1.5%-2% body weight. On the fourth year of
rearing or the year before the fish are expected to mature, commercial
feed pellet containing 43% protein are fed at 3-5% body weight. The
proximate composition of the commercial feed pellets is given in Table

1. The floating net cages are periodically checked for damage and
fouling.

Table 1. Proximate composition of milkfish broodstock feed

Crustacean Feed®

Fish Pellet® No. 2
Crude protein (%) 35.86 44.26
Crude fiber (%) 6.10 2.26
Crude fat (%) 5.12 4.62
Nitrogen-free Extract (%) 43.18 37.88
Moisture (%) 11.56 8.03
Ash (%) 9.76 10.97

*Fed to 1-3 year old milkfish at 1.5-2% body weight
°Fed to 4-year old and older milkfish at 3-5% body weight

Reproductive Biology of Captive Milkfish

Captive milkfish sexually mature at 3.5-5 years (Lacanilao and
Marte 1980, Marte and Lacanilao 1986). Hatchery-bred fry reared
from artificially fertilized eggs from a wild adult female caught in 1978,
sexually matured and spawned in 1983 marking the first completion of
the life cycle of milkfish in captivity (Marte et al 1983, Marte and
Lacanilao 1986). Subsequently, several stocks of milkfish from wild-
caught or hatchery-bred fry have matured and spawned at five years.
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The results have been verified at four breeding sites of the National
Bangus Breeding Program (NBBP) of BFAR located in different regions
of the country. Milkfish also matured and spawned at five years in
these sites under different environmental conditions.

Captive milkfish undergoes an annual reproductive cycle (Marte
and Lacanilao 1986). Sexual maturation occurs during the natural
breeding season of wild fish. Gonad development starts in February or
March and peaks in April-June (Fig. 1). All fish sampled during these
months were maturing or mature (Fig. 2a and 2b). Most fish sampled
in July-September were spent. Only regressed and immature fish
were obtained in October-December. Sexual maturation appears to
coincide with rising seawater temperature and lengthening photoperiod.

Milkfish held in cages smaller than 6 m in diameter have never

matured or spawned although fish from the same stock held at the same
stocking density but in larger cages spawned (Marte personal observa-
tion).

Gonadosomatic index (GSI) of milkfish at different maturity stages
is shown in Table 2. GSI for mature females is 1.24-8.12; for mature
males, 0.32-3.95. Fecundity is estimated at 250 000-350 000/kg
body weight.

The involvement of the pituitary gland in gonad development is
well documented in many fish species. In milkfish, the changes in the
pituitary during gonad development have been described (Tan 1985),
providing a morphological basis to assess the effects ofhormonal mani-
pulation on gonad maturation ana spawning.

The number of natural spawnings from various broodstock ob-
served from 1980-1987 has increased (Table 3). Spawnings of a hatch-
ery-bred stock from 1985-1987 indicate that the month of peak
spawning varies and may be influenced by the condition ofthe brood-
stock. In 1985, peak spawning from Cage 43 occurred in June and July
while in 1986 the spawning peak was in September and October. Some
fish in this cage were transferred to another cage in March 1986 when
gonad development was in progress. The disturbance caused by the
transfer may have induced gonadal regression of maturing fish resulting
in delayed maturation of the stock. The number of spawnings from
Cage 43 (Fig. 3) with 10-16 females from July-October 1986 (23)
and June-August 1987 (30) also indicates that milkfish spawns at least
twice during the breeding season. Data from fish sampled from various



MILKFISH HATCHERY 173

cages since 1980 indicate that a sex ratio of 1 female to 1 male is the

norm.
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Fig. 1. Mean gonadosomatic index (GSI) of hatchery-bred milkfish sampled in
1980-1983. Points are means, vertical lines represent standard devia-
tion, bracketed numbers denote sample size. Mean surface tempera-
tures are shown on top of figure (From Marte and Lacanilao 1986)

Natural spawning of captive broodstock occurs around midnight
although occasional spawnings have been observed at daytime. Wild
milkfish was also reported to spawn at around midnight (Senta et al
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Milkfish broodstock from wild-caught fry at different maturity
stages: a. fish from Cage 5 sampled July 1980-October 1981; b.
fish from Cage 6 sampled November 1980-September 1981.
*'Maturing or mature gonads in atresia. Numbers denote sample
size (From Marte and Lacanilao 1986)
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Table 3. Natural spawnings of milkfish 1980-1987 in floating net cages

No. of  No. of No. of Eggs Range

Year Spawnings Cages Collected (In Thousands)

1980 2 1 1 400 0. 50- 0.90
1981 8 1 15 765 0.342- 6.293
1983 14 1 315 421 0.770- 114.00
1985 41 4 6 317 132 1. 50- 143.00
1986 64 6 29 196 500 1. 20-2 226.00
1987 (May to Aug.) 61 4 49 279 801 21. 00-2 928.00
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Fig. 3.  Monthly spawning of 1980 hatchery-bred milkfish from Cage 43

1980). This observation was based on the developmental stage of milk-
fish eggs obtained by plankton tows in ecological studies done to identi-
fy and characterize milkfish spawning grounds. From the number of
eggs collected from the wild and the frequency of fry occurrence,
spawnings of wild milkfish were reported to be influenced by lunar
phase (Kumagai 1984). The observed spawnings of captive milkfish
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from floating cages, however, do not indicate a similar lunar periodicity
(Table 4).

Table 4. Moon phase and frequency of spawning of milkfish reared
in floating cages

New First Full Last

Moon Quarter Moon Quarter
1985 6 11 15 9
1986 6 14 14 17
1987 19 13 12 17

31 38 41 43

Egg Collection

Although milkfish spawns spontaneously in net-cages, collection of
spawned eggs was a technical problem. Various methods of collecting
eggs were tried from 1980-1983 with only limited improvement in
the number of eggs collected (Table 5, Marte et al 1987b). Eggs were
lost through the cage bottom and from predation by other fishes that
had easy access into the cage. Recently, a nylon net-cage of 1 mm mesh
(hapa) installed inside the broodstock cage partially solved the problem
(Marte in press). The number of eggs collected by manual seining in the

Table 5. Egg collector type, spawning frequency, and egg collection (1980-1985)
(From Marte et al 1987b)

Number of  Number of Eggs

Egg Collector Type Year Cage No. Spawnings Collected

Type A stationary plankton 1980 C-5 2 500 - 900
net

Type A stationary plankton 1981 C-6 8 342- 6 293
net

Type B Stationary plankton 1983 C-2 14 770 - 114 000
net

Type C stationary plankton 1985 C-5 1 1 050
net

Seine net 1985 C43 35 1 500-769 000

Egg sweeper 1985 C-42 5 4 280 - 212 000
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hapa enclosed cage increased more than tenfold (Table 6). Manual
seining, however, is laborious and requires at least two persons to do
the collection at dawn. Recently, a manually operated "egg sweeper"
has considerably facilitated egg collection (Garcia et al 1988). The
total number of eggs collected from May-August 1987 in four cages
holding about 120 fish was 45 115 000. This is a marked improvement
over the number of eggs collected in 1986 from 5 cages during the same
period (Table 7).

Egg Transport

Milkfish eggs are transported from the spawning site at Igang Sub-
station to the hatchery at Tigbauan Research Station. Duration of
transport is from 2-5 hr. Estimate of hatching rates of eggs after trans-
port was consistently lower compared to hatching rates of eggs from
the same batch retained at Igang. In addition, a high percentage ofab-
normal larvae was observed from several batches of eggs indicating that
conditions during transport may have adversely affected early embryo-
nic development. Eggs are transported at gastrula to neurula stages.
Preliminary results of simulated egg transport experiments indicated
that eggs may be transported: (1) at densities of 7 000/1, (2) at salinities
of 20-32 ppt, and (3) at ambient temperature of 28°C (Garcia and
Toledo in press). Lowering the temperature of the transport water
resulted in significantly higher egg mortality and decreased hatching
rate. Eggs are routinely transported in oxygenated plastic bags inside
pandan bags at densities of 100 000 eggs/15 1 of sea water.

Induced Spawning

Initial efforts to breed milkfish focused on the development of
techniques to spawn wild adults or sabalo. Methods of capturing and
techniques of handling wild adults have been developed (Vanstone et al
1976). A method for sexing wild spawners based on the external
appearance of the urogenital apertures has also been reported (Chaud-
huri et al 1976). To confirm the sex of breeders, gamete samples are
obtained by inserting a polyethylene cannula (Clay-Adams PE 100)
through the abdominal or urogenital pore. Yolky eggs obtained in this
manner are measured to determine readiness of the female for induced
spawning. Salmon pituitary homogenate (SPH) alone or in combina-
tion with human chorionic gonadotropin (hCG) were used for spawn-
ing wild adults or captive breeders (Vanstone et al 1977, Liao et al
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1979 and Juario et al 1984). The results of these early experiments are
summarized in Table 8. The hormone solution was injected intramus-
cularly (IM) from two to four times at intervals of 6-24 hr. Ovulation
occurred 6-15 hr after the last hormone injection. The ovulated eggs
were stripped and artificially fertilized by the "wet" or "dry" method
from milt obtained from 1 to 3 males. Mature males were induced to
spermiate with injections of SPH or testosterone. In these experiments,
females with oocyte diameter of 0.66 mm or greater were found to
respond to the hormone injections. Often, wild adult females and
males were not caught together. To partially solve this problem, experi-
ments to prolong spermiation in males by administration oflong-acting
hormone preparations were done. Durandron forte (Organon), a long-
acting testosterone preparation, was found to prolong spermiation for
as long as seven days (Juario et al 1980). Experiments to cryopreserve
sperm were also carried out. Milkfish serum was reported to be a good
extender for cryopreserving milkfish sperm (Hara et al 1982). Fertiliza-
tion rate of ovulated eggs from a hormone-treated wild female was com-
parable with eggs fertilized with fresh sperm.

Difficulty in obtaining wild adults and the few available captive
broodstock hampered efforts to define an effective spawning regime
using fish gonadotropins or hCG. Wild fish were always in a badly da-
maged condition after capture and handling, and this greatly affected
response to the induced spawning treatment.

With the availability of captive broodstock, recent methods for in-
ducing ovulation and spawning fish using synthetic analogues of luteini-
zing hormone releasing hormone (LHRH-a) and salmon gonadotropin
releasing hormone (sGnRH-a) were tried. A single injection, pellet im-
plantation, or osmotic pump implant of LHRH-a and sGnRH-a were ef-
fective in inducing ovulation and spawning in maturing milkfish (Fig. 4,
Marte et al 1987a). A single injection of 1000 IU/kg hCG was also as
effective as the LHRH-a treatments (Marte et al in press). Spontaneous
spawning occurred from 16-32 hr after treatment with the analogues
of LHRH. Fertilization rate ranged from 20-88%.

Induction of Gonad Development

Early attempts to induce gonad development in fish younger than
5 years old and in refractory fish were unsuccessful. Chronic adminis-
tration of gonadotropins in cholesterol pellets (SPH, SG-G100 or hCQG)
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alone or in combination with estradiol or oral administration of thyro-
xine failed to induce gonad development in 3-5 years old fish or wild-
regressed adults (Lacanilao et al 1985). Factors which may have
contributed to the negative response include stress, unfavorable holding
conditions, and ineffective hormone preparations. The expected slow
and sustained release from the gonadotropin-cholesterol pellet was not
obtained even at the highest dose given. Gonadotropin levels were
elevated in hormone-implanted fish one day after treatment but
dropped to control levels after 2 or 3 days (Marte and Crim 1983).

Recently, maturation of 4-year old fish was enhanced with chro-
nic administration of testosterone and LHRH-a (Marte et al in press).
Testosterone (1 mg) and LHRH-a (100 pg) incorporated in cholesterol
pellets were implanted intramuscularly to 4-year old fish held in tanks.
More mature 4-year old males were obtained in the hormone-implant-
ed groups than in the controls and the two hormone-implanted females
that matured were induced to spawn with LHRH-a. The females (BW=
1.8 and 2.5 kg) were about halfthe size of captive spawners. This is the
first report of maturation in fish younger than 5 years. A single intra-
peritoneal implant of 1 mg testosterone together with monthly im-
plants of 100 pg LHRH-a pellet also induced rematuration from 2-4
times in three regressed females.

Diseases of Broodstock

Good water exchange in the floating cage site and low stocking
densities have ensured healthy rearing conditions for milkfish brood-
stock. A few cases of localized infections at hormone implantation
sites in fish repeatedly implanted with hormones have been reported
(Lio-Po et al 1986).The causative organism was tentatively identified as
Vibrio parahaemolyticus, a normal bacterial flora of seawater. The
same organism was associated with the occurrence of opaque eyes in
transport-stressed milkfish and in some fish cultured in earthen ponds
(Muroga et al 1984). Milkfish broodstock often develop opaque eyes
after capture from the net cage during hormone induction experiments
or whenever they are transferred or disturbed. The histological changes
found in the cornea ("adipose membrane"), iris, retina, and lens in fish
with the opaque eye syndrome were described (Tamse et al 1983).

Broodstock held in canvas or concrete tanks have occasionally
been infected by the parasitic copepod Caligus. The recommended
treatment is a gradual change from sea water to fresh water (Lio-Po,
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pers. comm.). Caligus can also be controlled by a dilute solution of
90 ppm formalin (Lio-Po pers. comm.) or 0.25 ppm Neguvon (Lavifia
1978).

SEED PRODUCTION

The fish hatchery facilities at SEAFDEC AQD include 250-1 to
1.5- ton fiberglass tanks, 2.5-5-ton canvas tanks and 3.0-12.0-ton con-
crete tanks. These are used for rearing larvae and for production of na-
tural food such as Chlorella and Brachionus. The layout of a pilot
hatchery for the NBBP now currently used for verification trials is
shown in Fig. 5.
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Fig. 5. Lay-out ofthe National Bangus Breeding Project Pilot hatchery at SEAFDEC,

Aquaculture Department, Tigbauan, Iloilo
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Food and Feeding

Larval rearing procedures for milkfish were described by Juario
and Duray (1983). Several feeding schemes have been tried with suc-
cess (Table 9). Survival rates ofup to 71% in larvae fed with a combi-
nation of the algae Chlorella virginica, Isochrysis galbana, and Tetrasel-
mis chuii together with the zooplankton Brachionus plicatilis (BP) and
Artemia salina (AS) were reported (Juario et al 1984). Stocking densi-
ties used, however, were relatively low. The feeding scheme currently
adapted is shown Fig. 6. This involved feeding larvae with Chlorella-
fed Brachionus at 15 individuals/ml from day 2 to day 15 and at 5 in-
dividuals/ml from day 16 to day 21. Green water or Chlorella is main-
tained in the larval rearing tank to condition the water and maintain
Brachionus. Brine shrimp nauplii is introduced only at day 15. Water is
changed daily and gentle aeration is maintained throughout. Survival
rates in pilot-scale hatchery runs are 11-90.6% (Table 10). Although
survival rates are relatively lower than in previous reports, hatchery pro-
duction using this feeding scheme is simpler and requires less facilities
to grow natural food.

To reduce dependence on live feed, experiments were conducted
to wean larvae to artificial diets (Duray and Bagarinao 1984). Results
indicated that 14-day old larvae may be weaned abruptly to artificial
diets such as the artificial plankton AS and BP, SEAFDEC-formulated
diets, commercial feed, and moist egg diets. Survival rates of larvae fed
with the different diets were comparable to larvae fed with newly
hatched Artemia nauplii and was higher in BP-fed larvae. Growth, how-
ever, was significantly higher for Artemia-fed larvae compared to those
fed with artificial diets.

The hepatocyte ultrastructure of milkfish fry fed different live and
artificial feed differ markedly indicating that hepatocyte ultrastructure
may be used to evaluate the quality and acceptability of feed and nutri-
tional condition of the fry (Storch and Juario 1983; Storch et al 1983,
1984; Juario and Storch 1984). Histopathological changes similar to
those found in starved larvae were seen in the hepatocytes and intesti-
nal cells of larvae and fry fed only with Chlorella (Juario and Storch
1984, Segner et al 1987) indicating that larvae and fry could not direct-
ly utilize Chlorella.  Milkfish, however, could utilize Tetraselmis and
Isochrysis but these algae when fed alone were nutritionally inadequate
to support growth (Juario and Storch 1984).
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Water Management

Cleaning of Tank Bottom

be —3
Water Volume Changed
” 30 % : 50-70 /oﬁ”
Feeding Scheme

Artemia salina

0.5 1.0ind/mL
]
Brachionus plicatilis
10-15ind/mL 05ind/mL
—e >

Chiorella sp.
1.0-3.0 X 10° cells /mL 1.0 X105¢ells/mL
. i »

J 1 )] 1 1

0o 5 10 15 20

Fig. 6. Feeding and water management scheme followed in the larval rearing of
milkfish (Juario and Duray, personal communication)
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Table 10. Larval survival of milkfish, pilot-scale production runs, 1987

Stocking Survival
Tank Vol. Density Rate No. of
Live Food ) ( (Larvae/1) (%) Runs
C+ R + BS 2 500° 30 16 - 90.6 9
3 000 30 11 -39 5
5 000 30 12-30 5

“C: Chlorella, 1-3 x 10° cells/ml (DI - D15), 0.5 x 10°
cells/ml (D16 -D20)

R: Brachionus, 15 ind/ml (D1 - D15), 5 ind/ml (D16 - D21)
BS: Artemia nauplii, 0.5 - 1.0 ind/ml (D15 - D21)
®NBBP pilot-hatchery

Histochemical and ultrastructural observations on fry fed with dif-
ferent artificial diets support previous observations on survival and nut-
ritional effects of these diets. Degenerative changes in the hepatocytes
were seen in fry fed with egg yolk and rice bran, indicating that these
feeds are nutritionally inferior (Segner and Juario 1986). Egg yolk is
commonly used as feed for fry by milkfish concessionaires while rice
bran is given as supplemental feed in nursery ponds. From growth and
hepatocyte ultrastructure, mixed diet consisting ofa SEAFDEC artifi-
cial diet (43.2% crude protein, 9.4% crude fat, 32.8% carbohydrate,
7.1% ash and 7.5% water) fed together with Artemia gave the best re-
sults (Storch et al 1984). The fry, however, can be successfully reared
on the artificial diets.

Larval Development

Artificially fertilized or naturally spawned eggs hatch 25-32 hr
after fertilization at a water temperature between 26.4 and 29.9°C
(Liao et al 1979, Chaudhuri et al 1978). The embryonic and post
larval development of milkfish was described by Chaudhuri et al (1978)
and Liao et al (1979).

In unfed larvae, yolk is completely resorbed at 138.8 hr, time after
hatching (TAH), while first feeding occurs as early as 77.0 hr TAH. All
larvae start to feed by 125.0 hr TAH (Bagarinao 1986).
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Five phases of larval development are recognized based on early
morphological changes and transition from endogenous to exogenous
feeding (Kohno et al in press). These are:

1. rapid early growth due to rapid resorption of yolk (hatching at
about 10 hr TAH),

2. rapid growth with a relatively slow slope and organogenesis
based on utilization ofyolk (to about 75 hr TAH),

3. slow growth and organogenesis owing to yolk (to about 75 hr
TAH),

4. slow growth based on yolk and exogenous food (to about 120
hr TAH), and

5. accelerated growth from exogenous food only (beyond 120 hr
TAH).

Development of fin supports and branchial system were described
and correlated with mode of swimming and feeding in larvae and fry
(Taki et al 1986, 1987). Milkfish larvae acquire efficient swimming
ability at around 10.5 mm standard length (SL) when major compo-
nents of the caudal skeleton develop and ossify. This supports the view
of active shoreward migration of milkfish larvae in the wild and corro-
borates earlier drift card experiments which indicated that surface cur-
rents are not the major factor in the shore-ward transport of milkfish
larvae (Kumagai and Bagarinao 1979).

Fry gathering is an important industry in many coastal villages.
These are caught with a variety of catching gears (Kumagai et al 1980,
Villaluz 1984). Behavioral studies of milkfish larvae were conducted
to explain phenomena of fry distribution, recruitment, and mass
appearance near the shore of fairly uniform-sized larvae (10-17 mm).
Milkfish larvae initially exhibits strong rheotactic but weak optomotor
response. Positive optomotor reaction becomes pronounced as larvae
transforms into the juvenile phase ("metamorphic stage" .) The well-
developed optomotor response and the histological structure of the
larval eye support the view that milkfish larvae feed primarily by
vision (Kawamura and Hara 1980). Abrupt changes in optical behavior
during the "metamorphic stage" is also thought to be related to the
abrupt disappearance of larvae from the shore.
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Diseases and Parasites

Incidences of larval mass mortalities have been frequently ob-
served. Low hatching rates and mortalities during the early rearing
stage seem to be related to unfavorable conditions during egg transport.
Some mortalities are due to the presence of gas bubbles in the abdomi-
nal cavity or within the digestive tract (Lio-Po et al 1983). Gas bubble
disease appears to be associated with high level of oxygen in the rearing
tanks during periods of plankton blooms. These observations empha-
size the need to improve methods of transporting eggs including water
and tank management procedures during larval rearing.

Milkfish Seed Production Constraints

With proper management and adequate feeding, milkfish matures
and spawns at five years. Care for the broodstock entails huge invest-
ments which can discourage most fish farmers from rearing milkfish for
hatchery production of fry. Various means to reduce the cost of
rearing broodstock are possible but still have to be tried. Recent re-
sults in the hatchery indicate that low survival is, in part, due to inade-
quate nutrition of broodstock. The nutritional requirement of milk-
fish broodstock is not known. This needs to be investigated to obtain
the information needed to formulate a practical diet which can provide
the nutrients for better-quality eggs and fry.

The hatchery technique developed for rearing milkfish larvae is
adequate for small quantities of eggs. Mass production techniques to
accommodate the large number of eggs spawned by a few females still
need to be tested. Improvements in hatchery rearing such as increasing
stocking densities of larvae and adopting more efficient water manage-
ment procedures are being investigated.

Artemia is still an important component of larval diet. Artificial

diets, however, are being developed and tested to replace or at least
reduce the dependence on this costly imported larval food.
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SIGANUS GUTTATUS (BLOCH) AND THE
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Aquaculture Department
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Tigbauan, Iloilo, Philippines

ABSTRACT

This paper reviews results of studies conducted on the rabbitfish,
Siganus guttatus (Bloch) and the sea bass Lates calcarifer (Bloch) at the
Aquaculture Department ofthe Southeast Asian Fisheries Development
Center. Studies include broodstock development and management, in-
duced breeding, effect of handling stress and diet on egg quality, early
life history, food, feeding strategy, weaning to artificial diets, effect of
stocking density and salinity on egg development, larval growth and sur-
vival, and advancement of metamorphosis in sea bass by using
thyroxine.

A seed production technique had been developed for rabbitfish
with survival rates ranging from 5-35% while the seed production tech-
nique for sea bass developed in Thailand had been modified to suit local
conditions. Based on results from recent morphological and physiolo-
gical studies, the stocking density, water management, and feeding
scheme for the production of rabbitfish and sea bass fry had been mo-
dified to reduce cannibalism and improve survival.

INTRODUCTION

Rabbitfish and sea bass are two ofthe major marine and brackish-
water species cultured in Southeast Asia (Rabanal, this volume). The
major constraint to increase production of rabbitfish is seed supply
(Juario et al 1985) while that of sea bass is availability of economically
feasible weaning and grow-out diets and cannibalism in the hatchery
production phase. The Department, therefore, started to conduct
studies on the rabbitfish, Siganus guttatus, in 1980 to develop an eco-
nomically feasible seed production technique and on the sea bass,
Lates calcarifer, in 1982 to develop an appropriate and economically
feasible weaning diet and to reduce cannibalism. This paper reviews the
results of these studies.
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BROODSTOCK MANAGEMENT
Rearing Facilities

Hatchery-bred or captive juveniles of S. guttatus and sea bass are
reared to sexual maturity in floating net-cages at the Igang Substation,
Guimaras Island. The cages are either rectangular (4 x 4 x 2 m) or cir-
cular (10 m dia X 3.0 m deep) and are made either of galvanized iron
pipes or bamboo. Each cage is provided with cylindrical styrofoam
floats. Fine-meshed net (0.5 cm) is used for fish weighing 50 g or less,
1.0 cm mesh net for 100-300 g, and about 3.0 cm for over a kg fish.
Fish is stocked at a density of 2-3 kg/m®, thinned, and size-graded
every 3-4 months. Nets are regularly cleaned of fouling organisms.

In Tigbauan, fish are reared to sexual maturity in 4-10 m dia
x 1.0 m deep (15-40 t capacity) canvas tanks or in 6-50 t rectangular
concrete tanks. The tanks are provided with aeration and flow-through
system. A drain pipe is installed either at the center or periphery of the
tanks. Bottom sediments are siphoned out weekly for S. guttatus
(feeds are given on trays) and daily for sea bass. Tanks are thoroughly
cleaned weekly for sea bass, monthly for siganids, or as the need arises.
Broodstock tanks are either provided with green plastic roofing or
covered with black sack cloth to prevent diatom or algal blooms.

Rearing Method

Juvenile guttatus are stocked at 20 fish/m’; sea bass juveniles at
10 fish/m® in floating cages. The density is gradually thinned out
as the fish grow. Rearing temperatures and salinity range from
26.1-30.9°C and 31.1-34.7 ppt, respectively. Siganids are fed ad Iibi-
tum twice daily with filamentous green algae or at 3-5% BW, with com-
mercial fish pellets containing 35% protein or a combination of both.
For spawning purposes, the breeders are fed with SEAFDEC lipid-en-
riched formulated diet at the same feeding level and frequency. Sea
bass, on the other hand, are fed once daily with trash fish at 8-10%
body weight (BW) if they are less than 100 g and 3-5% BW if bigger.
Ration is reduced to 1-2% BW during the peak of spawning season.

Guttatus spawners are stocked at 1 female to 1 male ratio. Six
pairs are stocked in each 6 m dia canvas tank provided with a flow-
through system and aeration. For spawning, a pair is transferred to
500 1 fiberglass tanks during the first lunar quarter. Sexes are deter-
mined by cannulation. Spawners are not fed during the spawning



RABBITFISH AND SEA BASS HATCHERY 197

period lasting 5-7 days. In sea bass, breeders with a sex ratio of 1:1 or
1:2 are transferred to spawning cages (1.5 x 3 x 2 m). As in guttatus,
sexes are determined by cannulation in the absence of reliable external
features that distinguish males from females.

Gonadal Maturation and Sexual Maturity

Captive wild guttatus matures at 200 g with a fork length (FL)
of 34.0 cm (Soletchnik 1984). Hatchery-bred males mature in 10
months at 19.0 cm FL (Juario et al 1985) and females in 12 months at
21.5 cm FL (Soletchnik 1984, Juario et al 1985). One gonadal cycle is
complete within 27-28 days (Soletchnik 1984, Hara et al 1986). Fish
spawns every month throughout the whole year.

Gonadal development of sea bass is monitored every month by
cannulation. Males mature ahead of females. Males mature when they
are two years old, weighing about 1.5 kg with a TL 0f45.0 cm, females
at three years old, weighing 2.0 kg with a TL of 50.0 cm (Tan pers.
comm.). Sexual maturation begins in January and peaks in February to
August. The number of mature individuals decrease from October to
November. Males appear to undergo gonadal regression earlier (Octo-
ber) than females (November), (Anon. 1985). Rematuration in the
same season and multiple spawning were observed if gonadotropin-re-
leasing hormone (GnRH-A) pellets are implanted in the breeders (Al-
mendras pers. comm.).

Food abundance and diet quality proved to be important factors
for guttatus maturation (Soletchnik 1984). Most of the females fed
with commercial diet containing 43% protein spawned monthly for 11
consecutive months. However, Juario et al (1985) observed a decline
in the fertilization and hatching rates and in larval quality with age of
spawners fed with a commercial diet containing 43 % protein.

Fecundity and Gonadosomatic Index (GSI)

A 400 g captive guttatus broodstock with GSI of 13.8% had 0.8
million eggs, while a 520 g with a GSI of 12.6 had 1.2 million eggs
(Soletchnik 1984). About 400-500 g captive females spawned 0.45-1.3
million eggs. Hara et al (1986b) reported 0.2-1.2 million eggs from cap-
tive females averaging 410 g.

A 2.7 kg female sea bass had 3.6 million eggs; a 2.8 kg, 4.9 million
eggs (Garcia pers. comm.).
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Spawning

Natural or induced spawning for both species is not a problem.
Guttatus spawns naturally the whole year 2-3 days after the first
lunar quarter (Soletchnik 1984, Hara et al 1986b). Females mated for
the first time spawned without failure. Weekly sampling of guttatus
collected from Cebu and Bohol, Philippines from April to June 1986
showed that a fish with a GSI value of 7.0 may spawn during the new
to full moon period with a peak at the first quarter (Hara et al 1986d).

Guttatus having oocytes with an average dia of 0.46 cm spawned
after one injection of human chorionic gonadotropin (HCG) at 2 IU/g
body weight while those having oocytes with an average dia of 0.43 mm
did not spawn or spawned only after several injections (Juario et al
1985). Harvey et al (1985) reported that LH-RH pellet implantation
advanced spawning in both the first and second gonadal cycles after
treatment.  Stress due to routine hatchery operation also enhanced
spawning but did not affect survival performance of resulting larvae
(Ayson 1987).

Sea bass reared to sexual maturity in floating net-cages at the
Igang Substation also spawn naturally (Anon. 1985). LH-RHa ad-
ministered as saline injections or as cholesterol implants were com-
parably effective in inducing sea bass to spawn while osmotic pump
triggered successive spawnings at 24 hr intervals (Harvey et al 1985).
The same response was exhibited by females injected with LH-RH
analogue D-ala®-D-Gly'’-ethylamide at 100-400 pg /fish (Nacario and
Sherwood 1986). An LH-RH dose of 150-300 pg/kg body weight in-
duced a lower spawning frequency in sea bass, whereas lower dosages
of 37.4-75.0 npg/kg induced higher spawning frequencies in mature
females. At all doses tested, the total number of eggs collected per
spawner decreased after four daily spawnings. Mean fertilization and
hatching rates from four sequential spawnings of fish treated with 300
pg LH-RH were relatively lower compared to those implanted with
lower doses. A dose with a range 0f4.7-38.0 ng/kg increased spawning
frequencies (Garcia pers. comm.).

The use of mammalian or salmon LH-RH during the new or first
lunar phase was not clearly different. Although 1:1 sex ratio is effec-
tive, a ratio of 1 female to 2 males gave better fertilization and hatch-
ing rates. Pellets, pumps, and repeated injections induced multiple
spawnings in sea bass, but the pellets proved to be more reliable,
cheaper and less stressful to the fish (Almendras pers. comm.).
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Spawning Behavior

Spawning behavior of guttatus is characterized by male chasing the
female, nudging her abdomen, continuous swimming close to her
nudging the operculum, anal region and caudal peduncle in sequence.
After a minute of male display, female releases a small quantity of eggs
and male releases milt. They stay quiescent for a time and another
display is exhibited. Then more eggs and milt are released by both
(Hara et al 1986c¢).

Active swimming of sea bass at night wherein male chases the
female, characterizes their spawning behavior (Garcia pers. comm.).

Sperm Preservation

Significant results were obtained on the effect of pH, type of ex-
tender, dilution rate, and concentration of cryoprotectant on sperm
viability of guttatus at 0.4-19.6°C (Anon. 1984).

After 24 hr in liquid nitrogen and cryogenic preservation in 150
mM KCI, 150 mM NaCl, and freshwater teleost Ringer's solution ad-
justed by tris-citric acid, good sperm motility was observed from pH
6.0-7.0. For 125 mM citrate, best sperm motility was at 6.5-1.0 pH,
while glucose adjusted by HCI and NaOH at 4.0-10.0 pH.

Extenders like 100-200 mM KCI1, 100-200 mM NaCl, 200-400
mM glucose, 75-175 mM Na citrate, freshwater Ringer's solution and
Cortland medium yielded good results. Sera of tilapia, silver carp, milk-
fish, marine teleost Ringer's and Mounib medium yielded lower motili-
ty scores for cryopreserved sperm after thawing.

Cryoprotectant concentrations were best between 5-20% for di-
methyl sulfoxide (DMSO) and 5-20% for glycerine. Ethyl alcohol
yielded considerably lower scores than DMSO and glycerine.

Diseases

The ectoparasite, Caligus epidemicus, commonly infest captive S.
guttatus spawners. This is effectively eradicated if salinity is kept at
0 ppt at least for 24 hr. Captive fish were also infected with nematodes
leading to poor appetite.

No mortality due to infection or parasite have been reported for
sea bass.
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SEED PRODUCTION

Rearing Facilities

Larval rearing tanks vary in size and shape and are made of dif-
ferent materials. Size of experimental tanks ranges from 200-500 1.
They are either circular or conico-circular and made of fiberglass.
Pilot and large scale production tanks range from 3-10 t and are either
circular, conico-circular or rectangular and are either ferroconcrete,
concrete, or canvas. All tanks are housed in a roofed hatchery to pro-
tect larvae from direct sunlight or heavy rain. The roof is made of
transparent corrugated plastic sheets.

Conico-circular concrete tanks are easier to clean than rectangular
tanks; the former, however, are more expensive to construct and oc-
cupy more space. It is easier to maintain good water quality and to pre-
vent harmful effects of aeration on young larvae in larger tanks. Thus,
it is generally assumed that better survival rates are obtained in larger
tanks. For rabbitfish results are contradictory (Juario et al 1985, Hara
et al 1986b).

Egg Collection and Handling

Guttatus eggs are adhesive and demersal. Egg collectors consisting
either of plankton nets or plastic sheets are placed at tank bottom prior
to spawning. After spawning the collectors are removed and transferred
to incubators.

Sea bass eggs are pelagic. Eggs from broodstock reared in floating
net-cages are collected as follows: A day or two prior to quarter
moons, cages are lined with hapa net (mesh size, 150 pm) to prevent
loss of eggs. If spawning occurs, eggs are collected by using a net with a
mesh size of 150 um. Eggs spawned in tanks are collected in the same
manner.

Sea bass eggs collected from floating net cages at Igang Substation
arc packed in doubled oxygenated plastic bags at a density of 100,000
eggs/10 1 of sea water. Plastic bags with eggs are placed in pandan bags
and transported to Tigbauan Research Station where they are reared to
fry or until metamorphosis.
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Incubation

Eggs are incubated in 500 1 tanks or directly in 3 or 10 ton larval
rearing tanks. A maximum stocking density of 400/1 may be used for
the former and 100 for the latter. Water is changed 1 or 3 times by
allowing it to flow through for 30 min to 1 hr depending on water
quality (Juario et al 1985). The total number of incub?ted sea bass
eggs are estimated by collecting five samples from different parts of the
tank by using a PVC pipe. Depending on temperature, incubation for
guttatus ranges from 18-26 hr; and for sea bass, 15-18 hr, (Juario et al
1985, Duray et al 1986, Hara et al 1986b).

A comparative study on the effects of salinity on guttatus egg de-
velopment and hatching showed that naturally spawned eggs are more
tolerant to salinity changes than inductively spawned ones (Duray et al
1986). Higher hatching rates and greater number ofviable larvae were
obtained when eggs were transferred at the gastrula stage than at the
blastomere stage. Highest total hatching and percentage of viable larvae
were obtained at 24 ppt and lowest at 8§ ppt. Larvae that hatched at
lower salinities (8, 16 ppt) were relatively longer than those at 32 ppt
and 40 ppt (Duray et al 1986).

Larval Rearing

Both guttatus and sea bass larvae are reared in semi-static system
with aeration. Sediments and detritus that settle on tank bottom are
siphoned out daily. Water management and feeding schemes in rearing
guttatus and sea bass larvae to metamorphosis are presented in Fig. 1
and 2. The phytoplankton Chlorella, Tetraselmis, or Isochrysis are
added to rearing tanks as water conditioners and as food for rotifers.

Newly hatched guttatus larvae were more resistant to low and high
salinities (8-37 ppt) than 7-14 days old larvae while older larvae are
more resistant to abrupt salinity (2-55 ppt) changes (Anon. 1984).
Survival of larvae reared at 20-32 ppt salinity from 0-21 did not differ
significantly (Hara et al 1986b). First-feeding larvae reared under con-
tinuous lighting grow and survive better than those reared under day-
light (Duray and Kohno in press).

Survival of sea bass larvae reared at a density of 15, 30, and 45
ind/1 did not differ significantly from each other. By day 21, however,
the mean weight of larvae stocked at 5/1 and 30/1 were significantly
larger than those stocked at 45/1. Based on size and weight of larvae,
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Water management

Siphoning of Tank Bottom -

i‘ !
Water Volume Changed
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Artificial Diet
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- 1.0 - 2.0 x 10° cells/ml !
| | | 1 1 1 L
0 5] 10 15 20 25 30

Rearing Period (Days)

Fig. 2. Feeding scheme and water management for Lates calcarifer.

the stocking density of 30 ind/1 is the most appropriate in mass pro-
ducing sea bass fry (Juario and Duray unpublished).
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Larval Development

The development of guttatus larva was first described in detail by
Hara et al (1986c¢). Of interest is the appearance of cupulae on free
neuromasts about 6 hr, time after hatching (TAH); these disappeared
39 hr TAH. When present, the larvae are highly sensitive to handling.
Guttatus larvae, therefore, should be handled only after 40 hr TAH to
ensure better survival.

The development of swimming and feeding apparatus of guttatus
and sea bass larvae is presented in Table 1.

Based on early morphological and behavioral development and
initial feeding of guttatus and sea bass to the transition of endogenous
and exogenous sources, Kohno et al (1986) divided larval development
of guttatus into seven phases, and sea bass into five phases. In guttatus,
these include:

1. rapid larval growth due to rapid yolk resorption (from hatch-
ing to about 15 hr TAH)

2. slow growth and organogenesis based mainly on energy from
yolk (to about 50 hr TAH)

3. slow growth based on energy from yolk, oil globule, and exo-
genous food (to about 70 hr TAH)

4. slow growth based on energy from oil globule and exogenous
food (to about 90 hr TAH)

5. slow growth based on energy from oil globule and certain
amount of feeding (to about 120 hr TAH)

6. accelerated growth and effective swimming and feeding based
only on exogenous food (to about 150 hr TAH); and

7. same mode as in the preceding but with increased feeding
(beyond 120 hr TAH)

In sea bass, these include:

1. rapid early growth due to rapid yolk resorption (from hatching
to about 15 hr TAH)
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2. morphological differentiation and slow growth based on
energy from yolk until yolk is exhausted (about 50 hr TAH)

3. slow growth with initiation of feeding and swimming activi-
ties, based on energy from oil globule and from exogenous
food (to about 110 hr TAH)

4. accelerated growth and effective feeding and swimming based
on the same two sources of energy as in the preceding stage

until the oil globule is exhausted (to about 120-140 hr TAH);
and

5. accelerated growth, effective feeding and swimming, and fur-
ther development based solely on exogenous energy (beyond
140 hr TAH). The energy sources during the developmental
phases are the yolk, oil globule, exogenous food, or any com-
bination of these.

Sea bass eggs and larvae are bigger than guttatus (Bagarinao 1986,
Avila and Juario 1987). At similar ambient temperatures (26-30°C),
guttatus larvae grow much faster than sea bass in the first 24 hr TAH.
This appears to be a compensatory mechanism for survival. Full eye
pigmentation and opening of the mouth occur at 32-36 hr TAH for
both species; sea bass larvae learn to feed earlier than guttatus.

Sea bass larvae of different ages were immersed in 0, 0.01, 0.10,
and 1.0 ppm thyroxine to advance metamorphoses (Ordonio 1987).
Growth, survival, and yolk resorption were not affected but fin dif-
ferentiation and epidermal thickening in treated larvae were enhanced.
Abnormalities in vertebral column were observed only among larvae ex-
posed to a concentration of 1.0 ppm from day 7-14 and 0.1 and 1.0
ppm from day 15-21. Metamorphosis without deleterious effects was
advanced in larvae exposed to T, from day 21-28. The absence of thy-
roid follicles from day 0-35, i.e., until metamorphosis, suggests that the
thyroid gland may not be directly involved in the early development of
sea bass larvae.

Food and Feeding

Guttatus larvae are reared on rotifers, newly hatched brine shrimp
nauplii and artificial diet (Juario et al 1985, Hara et al 1986b). Initially
they feed on rotifers at a total length (TL) of 2.6 mm (day 2) and on
brine shrimp at 4.4 mm TL (day 12). A change in feeding habits occur
at about 7.0-9.5 mm TL with rotifer as prey and at 7.2 mm TL with
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brine shrimp as prey. Preference for brine shrimp over rotifers was ob-
served in 8.0-9.0 mm TL or longer larvae. These changes in feeding
habits coincide with the full osteological development of the feeding
apparatus in 7.0-8.0 mm TL larvae.

In sea bass, initial feeding on rotifer was observed at 2.5 mm TL
(day 2) and on brine shrimp at 4.0-4.5 mm TL (day 10). The amount
of food consumed increased exponentially with larval growth. Food
preference shifted from rotifers at 4.5 mm TL to brine shrimp at 6.0-
7.0 mm TL.

The timing of events related to the onset of feeding in both species
is presented in Table 2. Although sea bass larvae are about the same
size as guttatus at the onset of feeding, mouth size of the former is
twice larger than that of the latter. Thus, availability of food with ap-
propriate size is critical to the survival of guttatus larvae during the first
feeding period. Feeding guttatus larvae with rotifers less than 90 um at
a density of 10-20 ind/ml improved survival (Duray 1986). This was
confirmed later by Hara et al (1986b).

The phytoplankton, Chlorella, Tetraselmis, or Isochrysis when
given as the only food for guttatus larvae will not support life during
the first-feeding days (Duray 1986). A feeding combination of the
three phytoplankton and small-sized rotifers resulted in better survival
although this was not significantly different from a feeding combina-
tion of Isochrysis and small-sized rotifers. A feeding combination of
Chlorella and rotifers resulted in poor survival. Survival of larvae fed
with rotifers at a density of 10-20 and 20-30 ind/ml did not differ signi-
ficantly but differed significantly from those fed with rotifers at a den-
sity of less than 10/ml.

Guttatus larvae exhibit a diurnal feeding pattern. The percentage
of larvae with food in the gut decreased in the evening and reached zero
at 2200 hr. The time of active feeding shifted earlier in the day with
larval growth. Satiation occurs at 0800-1000 hr (Hara et al 1986a).

Under natural illumination, the amount of rotifers in the gut of
10-day old sea bass larvae decreased from 1800 hr and started to in-
crease at 1500 hr. No food was found in the gut at 0100 hr. The maxi-
mum food intake was 0800 hr at 20 rotifers/larva. Under artificial illu-
mination, only 30-50% of the larvae had 0.5-11.0 rotifers in their guts
from 2200-0500 hr. Maximum food intake was at 1300-1600 hr with
24-27 rotifers/larva (Anon. 1982).
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Table 2. Some ofthe early life history characteristics of sea bass and siganid reared
at 26-30°C (Bagarinao 1986)

Characteristics Siganid Sea Bass
Usual time of spawning Midnight Evening
Incubation period (hr) 20 14
Fertilized egg, type Demersal Pelagic

diameter (mm) 0.55 0.80

volume (ul) 0.871 0.2681
Larval length at hatching (mm) 1.50 1.72
Yolk volume at hatching (ul) 0.0251* 0.0859%*
Maximal larval SL attained on

yolk reserves (mm) 2.55 2.45
Time from hatching to attainment

of maximal SL on yolk (hr) 24 24

Yolk volume remaining when
maximal larval SL attained
(ul) 0.0032* 0.0072*

*Total of yolk plus oil globule

Delayed feeding experiments showed that mortality occurred
among unfed guttatus larvae in 88 hr while 7-12% of those fed within
32-56 hr survived beyond 88 hr. Unfed sea bass larvae died 144 hr
TAH (Bagarinao 1986).

Guttatus larvae fed with newly hatched San Francisco Bay (SFB)
brine shrimp nauplii for three days followed by SELCO-enriched Great
Salt Lake (GSL) brine shrimp nauplii thereafter have significantly
longer TL than those fed only with newly hatched GSL brine shrimp
nauplii throughout the experimental period or newly hatched GSL
brine shrimp followed by SELCO-enriched GSL brine shrimp nauplii
(Duray unpublished). For sea bass larvae, better growth and survival are
obtained if newly hatched GSL brine shrimp nauplii are fed on day 15
or 18 rather than on later stages (Kohno pers. comm.). A feeding level
of 1.0 ind/ml is better than at lower (0.5/ml) or higher concentration
(2.0/ml) (Gallego pers. comm.).

Diseases

Red spots sometimes appear on sides and bottom ofrearing tanks.
These red spots consist primarily of the bacteria, Vibrio sp. Continuous
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direct application of fresh water for 2-3 days effectively controls the in-
fection. Bacterial (Vibro sp.) diseases observed in 22-25 days old sea
bass larvae often result in total mortality of sea bass reared in outdoor
tanks at high ambient temperatures (26-32°C), salinity (35-37 ppt),
illumination, and dense diatom bloom (Bagarinao and Kungvankij
1986).

Transport and Handling of Fry

Fry are transported in doubled oxygenated plastic bags placed in
buri or pandan bags for further protection. The density in each bag de-
pends on fry size. Survival is better if sea bass fry are transported by
day 21 when they are about 1.0 cm TL at a density of 3 000-5 000 fry/
10 1 water/bag (Juario pers. comm.).

Production Constraints

Although a technique to mass produce guttatus fry had already
been developed, more work needs to de done before artificial propaga-
tion can be carried out on a routine basis. Survival rates are still very
variable and there is no diet for guttatus broodstock that will lead to
production of good quality eggs. In addition, practical diets for rearing
guttatus larvae to metamorphosis and for its nursery phase still needs to
be developed.

Although an appropriate diet had already been developed to suc-
cessfully rear as early as 10 days old sea bass larvae to metamorphosis,
its economic feasibility should be assessed and the most appropriate
time and way of weaning the larvae to artificial diets should be deter-
mined. Cannibalism is still a serious constraint to sea bass fry and
fingerling production. A technique to minimize it has to be developed.
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BROODSTOCK MANAGEMENT AND
SEED PRODUCTION OF TILAPIA AND CARP
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ABSTRACT

Bighead (Aristichthys nobilis) and silver (Hypophthalmichthys
molitrix) carps were reared in ponds, pens and floating cages in Laguna
Lake until maturity. Spontancous gonadal maturation and rematura-
tion of carp broodstock occurred within 2-2.5 years with average
weight of 3-4 kg. Under lake conditions, broodstock were not given
supplemental feeds. Induced spawning of gravid females was done by
intraperitoneal injections using HCG combined with either common
carp pituitary homogenates or LHRH-A. Stripping and dry-fertiliza-
tion of eggs were done 6-8 hr after the final injection. Eggs were incu-
bated in water containing 300-500 ppm Total Hardness. Fertilization
and hatching rates were 23-88% and 7-36%, respectively. Post-larval
carps were reared in tanks and fine-meshed nylon net cages installed in
manured ponds. Tank-reared post-larvae were fed with Brachionus pli-
catilis and subsequently with Moina macrocopa in combination with
powered formulated feeds containing 40% crude protein. Fry were
harvested and stocked in nursery cages after 30-45 days of rearing in
tanks.

Four-month old 50-100 g tilapia (Oreochromis niloticus) stocked
in hapa net cages, tanks or ponds were used for breeding. Egg and fry
production was significantly high at 4 females/m*> stocking density
Different sex ratios, however, did not affect fry production. Spawn-
ing frequency and total growth of broodstock was highest in fry fed
formulated diets containing 50% crude protein. Harvesting of fry was
done every 15 days during summer months and every 21 days during
cold months. Fry were reared in tanks and hapa cages and fed diets
containing 35% crude protein. Supplemental feeding in the lake was
suspended when productivity reached 3 gC/m* /day.
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TILAPIA

Introduction

Tilapia culture in the Philippines started in the 1950's with the in-
troduction of Tilapia mossambica (also known as Oreochromis mossam-
bicus) from Thailand (Guerrero 1986). The fish, due to its prolific
nature, did not gain much popularity because the ponds where the
fishes were stocked became overpopulated with small fishes.

In the early 1970's, there was a renewed interest in the growing of
tilapia.  Tilapia nilotica (also known as Oreochromis niloticus) was in-
troduced from Thailand and Israel in 1972 (Guerrero 1985). The cul-
ture of Nile tilapia was readily accepted by farmers because of its fast
growth and lighter color compared to the Mossambique tilapia. Gov-
ernment as well as private institutions has taken much interest in O. nilo-
ticus culture.

Since 1977, the Binangonan Freshwater Station (BFS) of the
Southeast Asian Fisheries Development Center (SEAFDEC) has under-
taken researches on tilapia farming in Laguna Lake. Studies were done
on stocking density (Basiao 1986), supplemental feeding (Santiago et al
1982), natural feeding (Pantastico et al 1985), broodstock development
and production of high-quality fry and fingerlings (Bautista 1986),
among others.

Today, tilapia ranks second to milkfish in economic importance.
The annual production of tilapia from inland waters, i.e., fresh and
brackishwater ponds, lakes and reservoirs, was estimated at 50 200 mt
(Guerrero 1985). In 1984, about 13 111 mt oftilapia were produced
from 15 311.46 ha of fishponds in 12 regions of the country.

Broodstock Development and Management

Rearing facilities.  Among the various rearing facilities used for
breeding tilapia, the three most commonly used are: hapa net cages in-
stalled in the lake, concrete tanks, and earthen ponds. Hapa net cages
with mesh of 0.5 mm are 3 x 3 x 2 m. The cages in the lake are sus-
pended from either fixed bamboo posts or floating bamboo modules ar-
ranged in series. The cages are submerged at a depth of at least 1.0-1.5
m, leaving an allowance of 0.5-1.0 m ofthe net above the water surface.
The cages may or may not be covered.
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Concrete tanks are constructed in series, each measuring 4 X 5 x 1
m. The series of tanks is not less than 20 tanks to minimize water
temperature fluctuations. Each compartment is designed with a catch
basin occupying about 15-20% of the floor area with depth of about
10-12 cm. This serves to collect both the breeders and fry during
harvest. Water is drained through a removable PVC (polyvinylchloride)
stand pipe (about 7 cm dia) which also maintains the water level at
50-75 cm.

Earthen ponds with rectangular shape have an area of 100-320 m?
(10 x 10 m or 16 x 20 m) per compartment. Each compartment is pro-
vided with water inlet and outlet, both of which are protected with a
net barricade. Water level in the pond is maintained at a depth of at
least 70 cm.

Rearing methods.  Four-month old tilapia with weights ranging
from 50-100 g are used for breeding. The stocking density varies ac-
cording to rearing facility used.

In hapas, the breeders are stocked at 5 females/m®. In concrete
tanks, a density of 4 females/m> is used without aeration and 6
females/m® with aeration. A lower density of 2 females/m” is used in
earthen ponds. The sex ratio for all types of breeding facility is 1:4 or
1:7 male to female (Bautista 1987).

A study was conducted on the effects of the different stocking
densities and sex ratios on egg and fry production of Tilapia nilotica
bred in hapa cages and in concrete tanks (Bautista 1987). Results
showed that both lake-based hatchery using hapas and land-based using
concrete tanks, the highest average production of egg and fry were ob-
tained at the lowest stocking density of 4/m®. The most efficient sex
ratio for both hatcheries was 1:4, male to female, although it was not
significantly different from the other ratios used, i.e., 1:7 and 1:10
(Fermin et al 1986). The frequency of spawning per female was highest
at 1:4 sex ratio; however, there were no significant differences among
the three ratios.

In a related experiment, the effect of varying dietary crude protein
of T. nilotica breeders were determined. Results showed that spawning
frequency and total growth (body weight plus total weight of eggs col-
lected) had a tendency to increase as the dietary crude protein level in-
creased to 50% (Santiago et al 1983)
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Size differences among fish are not so great as to minimize aggres-
sion especially by the males (Basiao 1981). The premaxilla of the male
breeder is removed by clipping with scissors to prevent injury or death
of females during courtship (Santiago et al 1983).

The broodstock are fed daily with formulated dry pellets with
50% dietary crude protein (Santiago et al 1983). The feed is given
twice daily at 3.0% of the biomass, once in the morning and once in the
afternoon.

Capture, handling, and transport. —Tilapia broodstock are selected
from different grow-out systems like pens, cages, and ponds at BFS
and from other government and private institutions. Broodstock from
fishpens and earthen ponds are collected by seining. Harvested fish are
held in a more convenient container like small cage or tank with aera-
tion for the selection process. From the cage or tank, fish are directly
transferred to the transport containers, i.e., plastic bag and bayong
(buri bag).

Sex is determined during the selection process, by examining the
genital papillae located near the anus. Males have pointed papillae with
one opening, the urogenital, while females have rounder papillae with
two openings, the urogenital and the ovipository. In general, males are
larger than females of the same age (Basiao 1981).

At least one day before transport, the broodstock are temporarily
held in tanks with aeration for conditioning.

Fish are transported in oxygenated doubled plastic bags placed in
bayongs. The density of fish varies according to size, from 8-12 breed-
ers (about 100 g each per bag) filled with 10-15 1 of water. The breed-
ers are transported early in the morning or late in the afternoon when
ambient temperature is low. A few ice cubes are placed in one or
both sides of the outer bag to keep ambient temperature to about
24-26°C.

Diseases and parasites.  Newly transported breeders are prone to
disease and parasite infestation due to stress. Fish are subjected to dis-
infection in salt baths, at 1 000-2 000 ppm prior to stocking in the
hatchery (Palisoc 1986).

Lernea infestation has occasionally been observed in tilapia brood-
stock. Infected fish is treated with 0.25 ppm Dipterex.
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Constraints to broodstock production. = The continued deteriora-
tion of tilapia stocks through inbreeding could result in the production
of poor quality fry and fingerlings. This leads to slow growth and body
deformities of the progenies and adversely affects succeeding genera-
tions.

Tilapia broodstock in the lake are constantly subject to environ-
mental hazards especially during typhoons. Unfavorable weather con-
ditions may cause severe damage or complete loss of stocks.

Seed Production

Rearing facilities. Lake and land-based facilities are used for
rearing newly harvested tilapia fry. Lake-based nursery consists of
floating hapa cages measuring 3 x 3 x 1.5 m with cover. Covered cages
may be suspended in fixed bamboo posts or in floating bamboo
modules, arranged in series at 1-1.5 m intervals. The set-up is protected
from strong waves and water hyacinths during typhoons by a peripheral
bamboo barricade constructed at least 10 m away from the set-up.

Land-based nursery is made of concrete or wooden tanks. Nursery
tanks are either square or rectangular ranging from 4 x 4 x 1.5 m —
3 x 8 x 1.5 m and arranged in series. Each compartment is provided
with inlet and outlet for easy draining of water during cleaning and
harvesting. About 120 1 glass aquaria are used to incubate eggs and rear
yolk-sac fry until yolk has been resorbed. Aquaria are provided with
moderate aeration to keep eggs in suspension throughout the incuba-
tion period.

Rearing methods. Newly harvested fry from breeding cages are
stocked in hapas at 300-500/m”. While in hapas, the fry are given sup-
plemental feeds such as hard-boiled egg yolk, blended trash shrimps,
formulated feeds or commercial livestock starter feed (Table 1).

Supplemental feeding of fry is suspended when primary and
secondary productivity in the lake is at least 3 g C/m? /day.

In tanks, fry are stocked at 1000/m”. At least 1/3 of the total
water volume is changed daily. Fry are fed with formulated dry diets
containing at least 35% crude protein (Table 2) (Santiago et al 1982).
Feed is given twice daily at 15% biomass. The feed is a mixture ofall
the ingredients including vitamins and minerals. Oil and gelatinized



216 AQUACULTURE DEVELOPMENT IN SOUTHEAST ASIA

Table 1. Types of feed given to tilapia fry reared in hapas in Laguna Lake (Bautista

1986)
Form of Feeding Feeding
Feed Type Feed Rate Frequency Period
Chicken egg mashed, 1 pc/20 000
yolk moist fry 2x/day Days 1-3
Trash shrimp blended, 25g/10 000 fry 2x/day Days 4-7
wet
Formulated meal form 10-15% of fish
feed 35% CP biomass 2x/day Days 4-7
Broiler starter finely ground 50 g/10 000 fry 2x/day Day 7
mash onwards

Table 2. Percentage composition of formulated feeds for tilapia fry (Santiago et al

1982)

Ingredient %

Fish meal 30.17
Soybean oil meal 25.95
Ipil-ipil leaf meal 8.10
Copra meal 11.48
Rice bran 12.24
Dextrin 2.73
Cod liver oil 1.00
Vegetable oil 1.00
Starch 3.00
Vitamin premix® 0.69
Mineral premix® 3.60
Butylated hydroxytoluene 0.04
Est. crude protein (%) 35.00
Anal. crude protein (as fed) (%) 36.00
Est. digestible energy (Kcal/100 g) 250.00

*For complete and practical diets (Nat. Res. Council 1977)

Based on values for channel catfish: protein, 3.5 Kcal/g; fat, 8.1 Kcal/g; NFE,
2.5 Kcal/g (Nat. Res. Council 1977, Wilson 1977)
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starch are added last. The mixture is then extruded through 2 mm dies
of a heavy-duty meat grinder. The resulting pellets are oven-dried at
70°C until moisture content is about 10% or less. The dry pellets are
crumbled and sieved. Feed particles that pass through the No. 60 mesh
sieve are fed to fry for the first two weeks. During the 3rd and 4th
week, fry are given feeds that pass through No. 45 mesh sieve. Larger
crumbles are fed subsequently. Stocks of prepared feeds are kept in a
refrigerator.

The rearing tanks are maintained by siphoning uneaten feeds and
feces. Water is changed every 10 days by draining at least 1/3 of the
total water volume. Growth of phytoplankton in tanks, especially the
blue-green algae and diatoms, is encouraged. In some cases, uni-algal
cultures ofthe desired species are used to inoculate the rearing tanks on
a regular basis. These serve as food for the growing fry aside from main-
taining good water quality in tanks. The blue-green algae Chlorococcus
dispersus and the diatom Navicula notha enhanced growth and survival
of tilapia fry (Pantastico et al 1985).

Diseases and parasites. Tilapia nilotica fry infected with Tricho-
dina and Dactylogyrus are treated with salt bath at the concentration of
1 000-2 000 ppm. Pseudomonas has also been found in tilapia fry
reared in nursery tanks. Aside from salt bath, fry are fed oxytetracy-
cline-treated artificial feeds at 7.5 g/100 kg fish body weight per day
for 7-12 consecutive days.

Harvest and transport. ~ Fry are harvested after 21-30 days of
rearing in hapa cages in the lake or 30-45 days in tanks. Fry are sorted
according to the mesh size of the cage to which they were to be trans-
ferred, i.e., A-net (2 mm sq mesh), B-net (4 mm diagonal mesh) or C-C
net (20 mm diagonal mesh). Fingerlings measuring about 2-2.5 cm
total length are stocked at 200-250/m” using A-net or B-net cage in the
lake for further rearing. In a related experiment by Tabbu et al (1986),
tilapia recovery was highest in breeding hapas than in the ponds. Fry
were collected from the ponds either by seining or by means of fine
mesh scoop nets. Low fry recovery in ponds was attributed to canni-
balism and other factors such as asynchrony of spawning cycles and
variable fecundity.

Fingerlings are transported in doubled plastic bags filled with oxy-
gen at a fry density of 500-1 000/bag in 10-15 1 of water.
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Production constraints.  In general, tilapias are prolific breeders
so that the production of fry is not much of a problem. However,
some unfavorable environmental parameters in the lake like low water
temperature during cold months, scarcity of natural food, and adverse
conditions during typhoons could lower their reproductive capacity.
Likewise, growth and survival of tilapia fry are affected by these para-
meters.

CARP
Introduction

Carp culture in the Philippines began in 1966 when fingerlings of
Chinese carp, i.e., bighead, silver and grass carps, and the common carp
were grown in ponds at the Tanay Experimental Station ofthe Bureau
of Fisheries and Aquatic Resources (Chaudhuri 1979). Subsequently,
mass seed production ofthese species was conducted. In 1969, the first
successful induced spawning of bighead and silver carps by hormones
was achieved (Reyes as cited in Chaudhuri 1979). Despite these
pioneering efforts, the carp culture technology did not flourish due pri-
marily to the limited production of fry and fingerlings.

In the mid-1970's, two enterprising fish culturists ventured into
hatchery and grow-out culture of Chinese carps. They developed carp
broodstock from the fingerlings obtained from Taiwan (Santos, pers.
comm.). However, fry and fingerling production was limited to their
own requirements for grow-out.

The potential of bighead and silver carps for cage culture in the
lake was further recognized when several studies were undertaken by
SEAFDEC AQD in 1980. From the fingerlings of Chinese carp ob-
tained from a private hatchery in Bulacan, broodstock was developed
and subsequently induced to spawn for seed production. Studies on
broodstock development resulted in the successful gonadal maturation
and rematuration of bighead and silver carps in floating cages in the
lake all year round (SEAFDEC Asian Aquaculture 1984). The first
record of induced spawning of lake-reared carps was achieved at
SEAFDEC AQD in 1983. The fingerlings produced were made availa-
ble to the fishpen and cage operators in Laguna Lake. The following
year, more than 100 000 bighead carp fingerlings were made available
to several fishpen and cage operators in the lake. The number of fish-
pen operators has increased to 14 in 1985-1986, operating an aggregate
arca of 1 862 ha for bighead carp grow-out (Almazora 1987). At the
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minimum stocking density of 10 000/ha, a total of 18.6 million carp
fingerlings are needed for cropping every 6-8 months.

At present, there are about 16 private carp hatcheries around
Laguna Lake, ready to supply fingerlings. These hatcheries operate at
varying production rates ranging from 0.1 to 1.5 million fingerlings/6-
month operation (Almazora 1987). Carp fingerlings (about 4-6 cm
length) are sold at the current price of P2-2.50 each.

Broodstock Development and Management

Rearing facilities.  Fishpens, cages, and earthen ponds are used
to rear bighead and silver carp broodstock. Broodstock pens are
10 x 50 x 2.5 m, each lined with size 20 mm mesh nylon netting. The
net is buried at least 0.5-1.0 m deep and held in place with bamboo
stakes. It is extended to about a meter above the water surface.

Cages are 4 x4 x3 m or 5x10 %3 m covered, and with mesh size
of 4-20 mm. The cages arranged in series are suspended in stationary
or floating bamboo modules. It is protected from strong waves and
heavy growth of water hyacinths during typhoons by a peripheral bam-
boo and net barricade.

Earthen ponds have each a total area of 500 m® (20 x 25 x 1.0 m)
with mean water depth of 0.75 m. Each compartment has individual
inlet and outlet gates for easy draining and refilling.

Rearing methods. One-year old bighead and silver carps are
stocked and maintained at densities of 100-200/500 m” fishpen or at
10-20/m? in floating cage. The two species are reared separately. In
ponds, bighead and silver carps are reared in polyculture in compart-
ments at 25 pcs/500 m*. A female to male ratio ofat least 1:1 to 1:2
is maintained in all rearing facilities.

In the lake, carp broodstock are not given supplemental feeds. Big-
head carps feed on zooplankton while silver carp thrives mainly on
phytoplankton, both of which grow abundantly in the lake (Carlos et al
1986). Preliminary experiments on the supplemental feeding of carp
broodstock in floating cages in the lake were done (Castro et al 1984).
The experiments aimed primarily at enhancing the gonadal maturation
and subsequently the spawning capacity of the fish. The fish were fed
daily, once in the morning and once in the afternoon, at 3% biomass
with the dry pellet that contained about 35% crude protein. Initial
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data, however, showed no significant results. Further investigations are
still needed.

Broodstock ponds are prepared by draining, sun-drying, and fer-
tilizing with chicken manure prior to stocking of fish. Chicken manure
is applied initially at the rate of 2-3 t/ha and subsequently at 1-1.5 t/ha/
7-10 days. The breeders are given supplemental feeds twice daily at
3.0% biomass. Pond water is partially flushed and replenished at least
twice a week.

Gonadal development. Carp broodstock are sampled monthly to
assess gonadal development and growth. During sampling, fish are held
in a large rectangular styrofoam box (0.5 x 1.0 x 0.7) m) filled with
lake water and aerated.

Fish are anesthetized with 2-phenoxyethanol at the rate of30-40
ml/100 1 of water. At least 6-8 breeders weighing 3-4 kg each are held
in the box at a time during sampling. Broodstock are measured indivi-
dually for total length, weight, and body girth. Each fish is coded by
marking the surface of the head with a lead pencil. The mark could last
more than a month and is renewed every sampling time.

Sex of breeders is determined by means of their pectoral fins. A
mature male broodstock has rough pectoral pins due to the presence of
"ctenoid teeth structures" which appear prominently along the first
ray. A male broodstock is selected for induced spawning when it readi-
ly gives off milky white milt when press gently along the abdominal por-
tion. A female breeder has smooth pectoral fins. When fully mature,
its belly is distended with pinkish genital papilla. Gonadal maturity is
assessed by cannulation. Stage IV mature eggs are yellowish in color,
easily dispersed in freshwater, and are 1.0-1.4 mm dia. The nuclei of
mature eggs are polarized when placed in a petri dish containing FAA
solution (9.05% formaldehyde, 4.55% acetic acid, and 86.4% ethyl al-
cohol) (Fermin 1986a). The fish is then selected for induced spawning.

Gonadal maturation and spawning. Under Laguna Lake condi-
tions, bighead and silver carps attain sexual maturity in 2-2.5 years,
each ranging 3-4 kg. They undergo spontaneous gonadal maturation
and rematuration throughout the year without hormonal inducement
(Fermin 1986b). Carp broodstock maturation rates peak in summer
(March-May) when natural food in the lake are most abundant. This
gradually declines to its lowest approaching the cold months (Decem-
ber-January) (Fig. 1).
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Gravid females with mature Stage IV eggs are selected for induced
spawning. The fish are conditioned in a circular pool (5 m dia and 1.3 m
depth) made of G.I. sheets and lined with plastic canvas. The tank is
provided with water jet effecting a continuous circular flow of water.
Two to three males are used for every female. The fish are held in the
tank for 18-24 hr prior to hormone injection. The hormones used for
carp spawning are: Human Chorionic Gonadotropin (HCG), leuteinizing
hormone-releasing hormone analogue (LHRH-a) and common carp
pituitary gland (PG). The females are injected with an initial dose of
HCG at 10% of the total dosage of 2 000 IU/kg body weight. During
the second injection, about 6-8 hr later, the remaining 90% of HCG is
injected in combination with either 20 pg of LHRH-a or 3-4 pcs of
common carp PG homogenized in 1-2 ml of distilled water. At this
point, males are also injected with 1 000 IU of HCG/kg body weight.
The hormones are given by intraperitonial injections behind the pec-
toral fin.

During the latency period, about 6-8 hours after injecting the final
doses, the fish display aggressive movements causing intermittent rip-
pling on the water surface. The female is then taken out of the tank
and stripped of its eggs which are collected in an enameled basin. A
3-kg breeder can spawn about 15 000-200 000 eggs. Simultaneously,
2 or 3 males are stripped of their milt directly into the eggs which are
stirred with feather. Fertilization rates vary from 23-88% (Table 3).
Eggs are incubated in well water with total hardness of 300-500 ppm
(Gonzal et al 1987) (Fig. 2 and Table 4). Lake or underground water
with total hardness of about 75-150 ppm may cause premature bursting
of carp eggs within 5-8 hours of incubation. The normal incubation
period for carp eggs ranges from 13-18 hr at water temperature of
28-30°C. Hatching rates vary from 7-36%. Under favorable conditions,
a spent female may remature in 2-3 months in Laguna Lake.

Diseases and parasites. Injuries by handling and crowding during
the process of induced spawning sometimes lead to some bacterial and
fungal infections of the breeders. Broodstock are subject to indefinite
salt bath at a concentration of 1 000-2 000 ppm after spawning and
before putting back in cages (Palisoc 1986). Aeromonas hydrophila and
Citrobacter micrococcus have been found in silver carp broodstock used
in induced spawning. The fish were injected with oxytetracycline at
7.5 g/100 kg fish body weight/day for 7-12 consecutive days. Parasite
infestation has not been observed in carp broodstock reared in the lake.
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Table 4. Mean egg diameter, hatching rate and larval production of silver carp
spawn after 7-hr, incubation at varying levels of water hardness (Gonzal

et al 1987)
Total Hardness Mean Egg Hatching Larval
Diameter Rate (%) Production
mm) (%)
100 5.0 3.67° 7.95°
200 3.8 4.50° 29.45°°
300 2.7 22.50° 40.20°
400 2.3 27.50° 67.50°
500 2.0 28.83° 71.80°
600 19 3.67° 40.20°

"Means with the same superscript are not significantly different (P >0.10)

Production constraints. The production of carp broodstock is
adversely affected by poor weather conditions in the lake. During
typhoons, broodstock cages and pens are prone to destruction by
strong waves resulting in complete loss of fish. Poaching is another
perennial problem being experienced by hatchery operators. Bighead
carp broodstock are easy prey to poachers because of their sedentary
nature.

Seed Production

Rearing facilities.  Carp fry are reared in indoor tanks made of
fiber glass, marine plywood, cement, or plastic canvas. Fiberglass
tanks are oval-shaped with total capacity of about 1.3 t each. Water
can be kept at a depth of 0.5-0.6 cm. Marine plywood and cement
tanks are rectangular measuring 1.2 x 2.4 x 0.6 m and 2.0 x 2.8 x 0.7
m, respectively. Plastic canvas tanks are circular with a diameter of 3 m
and water depth of about 0.3 m. Mean water depth of rearing tanks is
0.5 m.

Carp fry are also reared in fine-mesh net-cages installed in earthen
ponds. Net-cages of about 80 p mesh size measure 1 x 3 x 1.5 m or
2 x 5 x 1.5 m. The cages are tied to bamboo or ipil-ipil (Leucaena leu-
cocephala) posts spaced about 1 m apart. The cages are arranged in
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series in the middle of the pond. The pond has an inlet and outlet
which permits periodic flushing of water.

Rearing methods. Three to four day old bighead or silver carp fry
are stocked in the nursery tanks at 10/1 of filtered lake water or un-
chlorinated tap water. Each tank is moderately aerated.

During the first 2 weeks of rearing, fry are fed daily in ad libitum
with small-sized zooplankton like Brachionus plicatilis in combination
with artificial feeds. Brachionus, a marine rotifer, are mass produced in
artificial sea water with 10-15 ppt salinity in 120 1 capacity glass
aquaria or in 240 1 capacity galvanized iron tanks. The zooplankton
are fed daily with freshwater Chlorella plus bread yeast (Acosta et al
1986). Harvesting is done starting on the 3rd day of culture up to the
7th day, after which the culture is renewed. Brachionus is washed with
sufficient freshwater before feeding to fry. Fry can be fed artificial
feeds with 40% crude protein (Table 5), (Fermin 1985).

Table 5. Composition of artificial feed used for rearing carp fry (Fermin 1985)

Ingredient %
Fish meal 40.60
Soybean meal 36.13
Rice bran 15.00
Vitamin-mineral premix 5.00
Cod-liver oil 3.27
Estimated crude protein % 40.066
Analyzed crude protein % 40.21
Estimated digestible energy 270.503

In the next 3-6 weeks the fish are gradually shifted to larger zoo-
plankton such as nauplii and small adults of Moina macrocopa. Mixed
sizes are given in the latter part of the rearing period. Artificial feed is
given in addition to Moina.

Moina, a cladoceran, is mass-produced outdoors in circular cement
tanks about 1.3 t capacity, using fermented leaves and stalks or water
hyacinths (Eichhornia crassipes) mixed with filtered lake water at
50:50 ratio (Baldia 1986). Peak production of Moina is attained at
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the 9th day; then it gradually declines. Cultures are renewed every
10th day.

Throughout fry rearing, phytoplankton in the form of "green-
water" is added daily to the culture tanks after each water change.
Phytoplankton improves the water quality in the rearing tanks and en-
hances fry survival (Fermin 1985). They have the ability to assimilate
nitrogenous end-products of fish wastes and excess feeds.

Fry are stocked in nursery cages installed in the ponds, at the rate
of 1 000-1 500/m*. They are given artificial feed ad libitum to supple-
ment the natural food in the pond. Ponds are fertilized every 2 weeks
with chicken manure at 0.1-0.2 kg/m?. The manure is placed in sacks
and hanged at different sites within the pond. Water depth in the pond
is maintained at 0.5-0.75 m throughout the rearing period. Carp fry are
cultured for 21-30 days in cages after which they are released directly
in the pond.

Diseases and parasites. Carp fry reared in indoor tanks are vulnera-
ble to disease and parasite infestation particularly under conditions of
crowding, handling stress, and poor water quality. Bighead carp fry in
tanks were found to be infected with Pseudomonas. The fry were
treated with indefinite bath of formalin at concentration 15-25 ppm
(Palisoc 1986). Preventive measures like daily change of water, and re-
moval of excess feed and other wastes are generally practised.

Harvesting and transport. ~ Fry are harvested after 30-45 days of
rearing in tanks or 25-30 days in cages in the pond. They have a total
body length of about 1.5-2.5 cm.

Harvesting is done by slowly draining the water in the tanks
leaving at least 1/3 of the total volume. The fry are either scooped out
or completely drained into the collecting basins half-filled with water
and lined with soft, fine-meshed net.

During transport, fry are kept in 10-15 1 of water in oxygenated
doubled plastic bags (60 x 90 x .003 cm) packed in buri bags (bayong).
Density of fry ranged from 70-100/1. Bags are inflated with oxygen
and secured by tying each layer with rubber bands. A few pieces of
ice cubes are put on opposite sides of each bag to cool water to about
24-26°C. Transport of fry is done preferably in the morning or late in
the afternoon when ambient temperature is low.
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Production constraints.  The insufficient supply of natural food
organism could adversely affect growth and survival of fry reared in in-
door tanks. The adverse conditions in the lake especially during the
rainy months can cause heavy mortality of fry. Fry reared in ponds
have better growth rate. However, recovery during harvest is very low.
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FARMING OF MUSSELS AND OYSTERS

Hermenegildo S. Sitoy

Aquaculture Department
Southeast Asian Fisheries Development Center
Tigbauan, Iloilo, Philippines

ABSTRACT

This paper reviews the works on mussel and oyster culture con-
ducted from 1975 to 1985 by the Southeast Asian Fisheries Develop-
ment Center Aquaculture Department at Tigbauan, Iloilo, Philippines.
Innovative techniques developed in increasing collection of natural
seeds and in improving farming techniques are presented. Results of
the work on artificial seed production, bacterial depuration, uptake and
elimination ofheavy metals by green mussel, investigations on red tides,
and microbiology of spoilage are discussed.

INTRODUCTION

In Asia and the Pacific, bivalves represent a high quality food
resource, either harvested from the wild or cultivated in farms. Com-
pared to crustacean culture, annual production of bivalves per ha is
higher at 1.5 x 10* kg oysters, 1.0 x 10* kgto 2.5 x 10* clams
(depending on market size), and 3.0 x 10* to 5.0 x 10* kg mussels
(Utting 1987).

Interest in bivalve culture in Southeast Asia has grown conside-
rably. The most important species are oysters, mussels, clams, cockles,
and scallops. Mollusc production, however, has declined significantly
in recent years primarily due to the decreasing production in Malaysia
and Thailand arising from the rapid depletion of natural breeding stocks
of cockle and mussel (Table 1). Nevertheless, molluscs accounted for
approximately 35% of the total production of coastal aquaculture
in 1984 in terms of gross weight (Shang 1986).
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SEAFDEC AQD started its work on bivalve molluscs in 1975
when a Mussel Research Project was set up with the assistance of the
New Zealand Government. The project first undertook a survey
of the mussel farming industry. Later, it conducted a baseline study
on the biology of local mussels and preliminary experiments on mussel
farming (Tortell et al 1978, Yap 1978, Yap et al 1979).

SEED COLLECTION

SEAFDEC AQD started a spatfall-forecasting program in Hima-
maylan River in Negros Occidental in 1979 for oysters and another
in 1981 in Batan Bay, Aklan for mussels. The main activities of the
forecasting program were: (1) monitoring of daily counts of oyster
or mussel larvae in the plankton and (2) monitoring of actual setting
of larvae on standardized collectors installed in oyster-mussel farm sites.

For oysters, series of collectors were set out in the sampling area:
one upriver, another located seaward, and a third in-between. The
sample collectors are retrieved and examined every week at a desig-
nated day. In addition, plankton tows were carried out daily during
flood tide at a standard distance of 360 m. For mussels, a set of
5 sample collectors, each consisting of 30 cm lengths of rope collectors
strung across a frame hung from a floating raft, was installed. At
weekly intervals, 5 new sample collectors were exposed while 5 old
ones were retrieved. This provided good indications for cumulative
settlement of mussel spat. For analysis, samples were passed through a
series of sieves which grade the spat according to size and age.

The preliminary reports (Young et al 1981) are not adequate
as yet for formulating a spatfall forecasting scheme, but a few general
observations are significant:

1. When the count of mature larvae exceeds 5 oyster larvae/100
sample and persists for at least 3 days, spatfall maybe expected
very soon. This spatfall period may last up to 1 month so that
the best strategy for collecting oyster spat is to spread out the
collection effort over the spatfall period instead of putting out
all spat collectors at the same time.

2. For commercial farming operations, a good or substantial set
of oyster seed should yield at least 15 spat/shell in a surface
area of 40m”. For mussel seed, a count of 200-500 spat/m of
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rope or 70-85 spat/30 cm of sample rope collector indicates a
good settlement for commercial production.

FARMING TECHNIQUES

Countries which have successfully cultured bivalve molluscs have
developed their own system of culture which depends entirely on
natural seed stock. Seeds for farming are either gathered from natural
seed beds or collected by using suitable materials for collecting seed
from natural grounds.

A number of natural and synthetic ropes have been used for
spat collection. Natural rope fibers have been found to be attractive
to mussel larvae, but they do not last long. On the other hand, syn-
thetic ropes like polyethylene or polypropylene ropes will stand up to
several years, but they catch less spat unless a heavy spatfall occurs.
The catching qualities of synthetic ropes, however, can be improved
by inter-weaving more suitable cultch among the strands of the rope
by wrapping fibrous materials externally around or by tying short
pieces of fibrous materials into the rope. Coir, a natural coconut
fiber, can be interwoven among the synthetic braid during the making
of the rope or may be wrapped around it. Coir biodegrades rapidly
in sea water but the mussel larvae because of its ability to move will
have attached themselves securely before the coir is destroyed.
Another is to intermittently insert into the ropes short segments of
sacking material or husks segments cut from a mature dried coconut
(Yap et al 1979, Sitoy et al 1983). Other materials that can be used
are old frayed ropes, polyethylene strands used in making rice sacks,
plaited ropes of vegetable fibers, and other fibrous materials (Young
1984).

Farming methods for oyster and mussel in the Philippines make
extensive use of bamboo stakes which increase siltation rate in areas
occupied by such stake-farms. The bamboo poles serve as cultch for
the settling of mussel larvae, and no thinning or transplanting is done
during the grow-out. An alternative method is the floating raft culture
shown in Fig. 1 (Anon. 1979, Sitoy et al 1983, Sitoy 1984).

Mussel farming using rafts has several advantages: mussel grow
faster; regular thinning can be done; rafts can be moved around to
prevent siltation. It can easily be constructed out of durable materials
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lasting for several years. Aside from providing higher production per
unit area the technique offers a convenient method of transplanting
seeds to other areas without natural stocks (Aypa 1980; Walter 1981,
1982;Tabbu et al 1983).

SEED PRODUCTION

Seed production of bivalves at AQD started in 1979. Young
(1979) successfully spawned the green mussel (P. viridis) in the labo-
ratory.  The slipper oyster (C. iredalei) and the windowpane shell
(Placuna placenta) were also successfully reared through its larval
stages to metamorphoses and settlement. A detailed description
of the larval development and morphology of C. iredalei is presented
in Table 2 and that of P. placenta in Table 3. Recently, the Asian
moon scallop  (Amusium pleuronectes) was successfully spawned
and the eggs reared through metamorphoses (Young unpublished).
Newly developed D-veliger larvae measure 107 pm in length 83 pum
high, reaching the umbo veliger stage at 145 pm. Unlike Placuna,
Asian moon scallop shell is equivalve and broad. Pediveligers average
107 pm in length and show alternate swimming and crawling move-
ments. After day 13 from spawning, prediveligers attach bysally to
objects and remain there until they reach an average diameter of 5 mm.
As early as 1 mm in size, Amusium juveniles already show characteristic
jet-propulsion movements in pectinids.

Young (unpublished) successfully reared oyster larvae at a density
of 3-5 ind/ml and fed with a combination of Isochrysis galbana and
Chaetoceros calcitrans at  3.0-5.0 x 10*  cells/ml. The larvaec were
successfully induced to set on crushed windowpane shells spread on
the bottom of a floating screened PVC-frame after 17 days of rearing
from hatching. A week from setting, about 5.0-6.0 x 10° young oyster
spats were retrieved and transferred to an upwelling-type nursery system
where they were fed ad libitum. But growth in the nursery was limited
by insufficient food and less than 3% survived. After a month the
remaining spat reach 3-11 cm. A batch of mussel larvae was also
reared to metamorphosis. After 19 days, ready-to-settle larvae attached
themselves to strips of knotless nylon netting suspended in the tank.

An experiment to assess the suitability of Tahiti's low-density
technique (AQUACOP 1979, 1980, 1984) against China's high-density
method (Fusui et al 1981) was conducted. Four 750 1 cylindrical
tanks were stocked with mussel larvae at 5/ml and two U-shaped
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3-ton tanks with 15 larvae/ml. The tanks were maintained on a 24-hr
basis after which about 30-50% of the bottom water was siphoned
and replaced by rearing water pretreated with sodium hypochlorite
and filtered through a P-5 polypropylene cartridge of the dirt/rust type
capable of removing particles of 5 pm and further disinfected through
a UV sterilizer. Larvae were fed with Isochrysis galbana during the
first week and then a combination thereafter of Isochrysis with either
Tetraselmis chuii or Chaetoceros calcitrans at 5.0 x 10* cells/ml.
Total water renewal was done every fifth day. The high density stock-
ing method yielded an average of 2.36 million ready-to-settle (5.3%
survival) mussel larvae in 20 days.

Mass mortalities caused by bacterial population reaching lethal
levels in the larval tanks were encountered in the trials. Contaminants
were traced to bacterized algal feed from 10 1 plastic carbouys used
in mass production of feeds. Poor growth and survival were particularly
evident in larvae fed with algae at 7. 5 x 10* cells/ml. The production
of pseudofeces of overfed larvae promoted the proliferation of bacteria
in the cultures, and despite total water renewals, cumulative blooms
from residual bacterial populations still prevailed. Vibrio sp., a well
known pathogenic bacteria, especially virulent to bivalve larvae, was
present. Of the anti-bacterials tested, only the mixture of penicillin
and streptomycin was found effective in promoting growth and survival
of larvae. Sulfadiazine and sulfamerazine were ineffective in depressing
bacterial growth.

DEPURATION

Oysters and mussels, which have high bacterial concentrations
can be purified by placing them in unpolluted water and allowing
such water to be filtered by the bivalves. The bacteria, usually concen-
trated in the guts are excreted as feces and those in the gill region as
pseudofeces. This purification process ensures that bivalves are safe
for consumption.

In 1983, a prototype low-cost depuration unit suitable for local
conditions was set up in the Tigbauan Main Station (Fig. 2). Experi-
mental tank No. 1 is made of 20 mm marine plywood coated inside
with fiberglass resin. Oysters are placed individually in plastic trays
at 20 pieces/tray, and loaded on the rectangular depuration tank,
(No. 4). Water, prefiltered with a P-5 polypropylene cartridge of the
dirt/rust type enters the tank at 71/min and trickles through a per-
forated PVC pipe placed at the proximal end of the tank (No. 2).



AQUACULTURE DEVELOPMENT IN SOUTHEAST ASIA

240

pus Mo|}IN0 X0, (DISIQ,,

)
' '
' '
]

' J .
p '
oo ;
S 3
! '
i 1)
; 8 :
! :
(]

T TmET eIy
' 1
t ]
: v !
: '
\ i
| T
N —

PUB MOIJULI0, 2DIOLL,,

®

(9861 T® 10 uenoEn) J31Un voneIndop [eyuowLIOdxyg 7 "SI

adid motjsend

L

MUY BMIDA '



MUSSEL AND OYSTER FARMING 241

Water is disinfected further by passing it through a UV sterilizer.
At the distal end, water is drained through a 2.5 cm overflow pipe
located at a height level with the tank floor (No. 13). Freshly harvested
oysters were depurated by using microbiologically clean sea water
sterilized by treatments with chlorine, UV, ozone, polyvinylpyrroli-
done-iodide-iodine and sand-filtered in a flow-through system. In
terms of bacterial disinfection efficiency, ultra violet-treated water
was found to be 99% efficient after 48 h (Gacutan et al 1986). UV
radiation may be most suitable for the region as it has no residual
effect, is easy to use, and is comparatively inexpensive. Figure 3
shows the changes in the fecal coliform load in oysters during depu-
ration.

Bivalves are known to accumulate heavy metals in their body
tissues. In 1981, a sample of the natural population of green mussels
in Batan Bay, Aklan was found to contain mercury. A study was
therefore conducted to determine mercury uptake by the mussel,
its depuration capability, and the possible pathway of mercury bio-
accumulation. Results show that the green mussel accumulates mer-
cury rapidly from its surroundings but is very slow in self-cleansing
(Fig. 4). This is significant since mussels can be utilized as indicators
for presence of trace metals and organochlorines in tropical waters.
In July-August 1983, a red-tide occurred in Western Samar and Leyte,
covering approximately 300 km of coastlines and lagoons. The causa-
tive dinoflagellate was Pyrodinium bahamense var. compressa, the same
organism that caused several red-tide outbreaks in Papua New Guinea,
Sabah, Brunei, and Palau.

Average toxicity of red-tide contaminated green mussels was
1165 MU/100 g (range 945 1, 310 MU/100 g) (Gacutan et al 1984).
On the basis of the equivalence of 1 MU to 0.18 pg of saxitoxin, the
toxicity was 213 pg/100 g) almost triple the threshold set by the US
Food and Drug Administration for closure of shellfish beds (i.e., 80 pg/
100 g). When undiluted extracts were injected into mice, killing times
averaged 2.5-3.5 minutes. The shortest killing time was recorded at
1.5 min (Gacutan et al 1986).

Preliminary results pointed to the possibility of using ozone
and PVP-iodide-iodine to inactivate PSP toxins in green mussels (Gacu-
tan et al 1984).
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Fig. 4. Accumulation and elimination of mercury by green mussels (Rosell
1985)

TRANSPORT AND HANDLING

In 1976, the Department started conducting experiments on
Postharvest handling.  Results showed that large mussels are more
hardy than small ones and that keeping them wet with sea water
prolongs their survival after harvest (Yap and Orano 1980). The
bacteriological flora of the slipper oyster was also examined and the
results shown in Table 4 (Llobrera et al 1986). A related study showed
that while other forms of storage such as freezing and chilling arrest
meat spoilage for several days, the most practical storage condition
is by placing the meat under a blanket of ice. Oyster meat under a
blanket of ice retains its wholesome quality for 14 days, thus extending
its marketing possibilities.
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ABSTRACT

The results of research on nursery and grow-out rearing of prawn
conducted by the SEAFDEC Aquaculture Department for over a
decade are reviewed. Different rearing facilities designed to accommo-
date hatchery-produced prawn fry are presented with corresponding
data on growth, survival and production. Studies on stocking density,
fertilization/natural food production, water management, feeds and
feeding schemes and harvest/post-harvest handling are evaluated and
viable technology identified. Diseases, pests and predators and other
factors considered as production constraints are also mentioned.

The success in hatchery operation for prawn coupled by the
gradual emergence of nursery and grow-out rearing technology have
triggered off a technology-dependent prawn industry. When SEAFDEC
AQD was established in 1973, there were very few commercial prawn
monoculture ventures in the country. Prawn pond production was
mostly an incidental crop in milkfish culture. At present, various
prawn grow-out techniques ranging from extensive, semi-intensive and
intensive culture systems are in practice. SEAFDEC AQD focused its
research on the extensive and semi-intensive culture systems which are
within the reach of most farmers in contrast to the intensive system
that is highly capital-intensive.

There have been much work done in nursery and grow-out opera-
tions, but much remains to be done in research, among which are the
development of nutritionally-efficient and low-cost feed, control of
diseases, etc.
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INTRODUCTION

According to the Food and Agriculture Organization, total world
shrimp production increased by no less than 32% in 1974-1984. The
Philippines ranked 12th among the 14 major shrimp-producing coun-
tries of the world. Its production rose from 5.4 mt in 1974 to 52.2 mt
in 1984. The Asian region produced 49-61% of the world total (Sjeb
von Eys 1986).

More than 75 000 mt of cultured shrimp was produced in 1983
and it is estimated that by the end of this decade, shrimp production
will be about 200 000 mt (Feller 1986). Although India, Indonesia,
Thailand, and Taiwan are considered the most important countries that
culture shrimp, other Asian countries are increasing their production
significantly, one of them being the Philippines. Cultured shrimp pro-
duction in the Philippines was 2700) mt in 1977 and increased to
4250 mt in 1983 (Feller 1986) and is projected to produce about

20 000 mt by 1990. Likewise, Thailand produced 10 091 mt in 1983
and is projected to produce 35 000 mt by 1990.

The demand for shrimps in the world market, particularly in
Japan, United States, and Europe, brought about the upsurge in the
production of shrimps. Around 90% of the cultured shrimps in the
Philippines is exported to Japan while about 5% are exported to the
United States and 5% to Hongkong and Europe (Fernandez 1985).
Shrimp consumption in the U.S. reported to be 1 000 mt in 1973 and
increased to 11 100 mt in 1982. Likewise, Japan consumed around
109 200 mtin 1973 and 162 700 mt in 1982.

This paper reviews results of studies on the nursery and grow-out
phases of prawn at the Leganes Brackishwater Station of the SEAFDEC
Aquaculture Department (AQD) since its establishment in 1973. Re-
search results and recommendation on the nursery and grow-out phases
of P. monodon have been disseminated through training, extension, and
consultative meetings.

NURSERY OPERATION
Rearing Facilities

About a decade ago, milkfish ponds were utilized for nursing
hatchery-produced prawn fry using a similar management method for
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milkfish fry culture. However, the system could hardly obtain profit-
able rates of survival. To improve prawn post-larval production, various
nursery systems were studied by the Leganes Brackishwater Station,
namely, suspended hapa net, earthen pond, concrete tank, and floating
cage nursery systems.

In a study by Primavera (1976) using suspended hapa nets as nur-
sery facility, survival of prawn fry at different stages were consist-
ently within the range of 50-70%. The suspension nets measured
3 x 2 x 2 m with a stocking density of 200 fry/m*. Comparable re-
sults were obtained by Apud (1979) when the earthen nursery system
consisting of 200 m* and 500 m® compartments (Fig. 2) were utilized.
However, the former was found to be best suited for postlarvae, PL;;s
and older, while younger postlarvae, PL; to PLs, could be reared in the
latter system. With the use of concrete tanks for nursery operation,
Mochizuki (1979) obtained survival of 70-80%. Likewise, using the
tank nursery system with tank sizes of 3-40 t integrated in hatchery sys-
tem, Gabasa (1982) achieved comparable results. In a preliminary run
using marine plywood tanks a much higher survival (96-98%) was ob-
tained by Soeprayitno (1976).

The use of floating cages made of bamboo measuring 2 x 5 x 1.5
m with cement-coated styrofoam sheets as floats was tried by de la
Pena et al (1985). These cages were installed offshore where water
depth was at least 2 meters during the lowest tide. Based on 25 produc-
tion runs, an average survival of 41.0% was obtained in a 2-3 week cul-
ture period.

Among the nursery systems studied, the tank nursery system has
been found to be superior in production output, but it requires re-
latively higher initial capital investment compared with the other sys-
tems. Unlike the earthen or tank nursery, the floating cage nursery sys-
tem is more economical to operate as it requires no aeration and pump-
ing. It can be installed inside the fishpond just like hapa nets, but is
more appropriate in coves with slow currents and other protected areas
with suitable conditions.

Rearing Methods

Nursery rearing facilities are necessary and technical knowledge of
the rearing method is a prerequisite for higher post-larval production.
The unavailability of a good culture method for nursery system some-
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time in 1974 resulted in very low survival rates of from 0-10% when
prawn fry from the hatchery were stocked directly in ponds by fish
farmer cooperators of SEAFDEC AQD. Since then, different culture
techniques have been tried by the Leganes Brackishwater Station re-
search staff on optimum stocking density, feeding rates, fertilization
rates, and proper water management.

Stocking Density

Various stocking densities from as low as 15 fry/m” to as high as
150 fry/m® have been tried in earthen nursery ponds by (Apud et al
1979). Generally, stocking densities lower than 50 fry/m” gave higher
survival rates. Higher survival rate at 100 fry/m> which tended to
decrease as stocking density increased to 150 fry/m® were obtained by
Tabbu (1984). Both studies showed that prawn fry can be reared at
higher than 50 fry/m’ in earthen nursery ponds with survival rates of
40-80% provided feeding is supplemented with mussel meat at 100-20%
body weight or artificial diet at 50-30% body weight and water is fre-
quently renewed.

In 1978, Platon obtained an average survival of 50% at stocking
density of 5 000 fry/t of sea water using the tank nursery system. On
the other hand, fry survival was very much improved (70-90%) when
stocking rates from 2 500 to 3 000 fry/t was used (Gabasa 1982).

In the floating cage nursery system, the highest stocking density
tried was 50 000 fry in 10 t of water but the optimum density recom-
mended is 30 000 fry (De la Pena et al 1984).

Feeding versus Fertilization

Prawn fry have been found to prefer natural food or lablab which
consists of microbenthic organisms such as algae and diatoms. The
growth of natural food in pond is influenced by the amount of nut-
trients in the water and soil; hence, natural food varies from one pond
to another. Problems related to propagation and maintenance of lablab
have led to the search for alternative feed.

Experiments with prawns fed with mussel meat at various feeding
rates showed that fry stocked at 150 fry/m?*, fed 100% of body weight
daily for the first 16 days and subsequently reduced to 20% for the rest
of the rearing period, attained an average survival of 57.4% (Apud et al
1979). When feeding was abruptly stopped after 16 days, survival
dropped to 25.5%. Very low survival (15.5%) resulted when mussel



PRAWN CULTURE 253

meat was given at 20% body weight daily throughout the rearing
period. The storage and erratic supply of mussel meat led Mochizuki
(1979) to compare mussel meat with artificial feeds as supplementary
feed. He suggested that prawn fry should be fed with artificial feeds
twice daily at an adjusted feeding rate of 100%, 50%, and 25% body
weight. Results from a study by Tiro et al 1984 showed that there was
no significant difference in growth and survival between those fed with
fresh mussel meat and those fed with artificial feed containing 40%
protein.

With the use of a SEAFDEC AQD formulated-feed given at
adjusted feeding rates of 50%, and 30% body weight, better growth and
survival of fry compared with those completely dependent on natural
food was obtained by Tabbu (1984). The artificial feed contained
approximately 35% crude protein and 3 400 kcal of M.E./kg of diet.
Natural food was propagated by using chicken manure and inorganic
fertilizer/ammonium phosphate (16-20-0) at the rates of 3 t and 50 kg/
ha, respectively, with subsequent application of 16-20-0 at 25 kg/ha
every 2 weeks to maintain good growth ofnatural food organisms.

Water Management

Water quality is another critical factor in fry rearing. The
common practice of changing pond water by tidal fluctuation is
possible only during spring tides which occur at a 2-week interval. This
method can not maintain the desired water quality with high stocking
densities and artificial feeds, hence, the use of water-moving devices
were studied.

Apud (1979) found out that aeration has a significant effect on
fry survival. Higher survival was obtained in earthen ponds with
aeration compared with those without aeration. Frequent water flow
prevented increase in salinity and at the same time replenished water
lost through evaporation and seepages. Water flow-through was effect-
ed through an adjacent reservoir pond where water was pumped in and
flowed out at periods of low oxygen at 0500r800 hr and at 1300-
1600 hr when temperature was usually high.

Harvest and Post-harvest Handling
Prawn fry are normally harvested after reaching the PL;s - PLyy

stage or one month after stocking from the hatchery. At this time, the
prawn size may vary from 0.5 - 1.5 g depending on the age at stocking,
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stocking density, and management techniques. The method of harvest-
ing is similar for tank and earthen pond nurseries except that harvesting
from the earthen pond is more laborious and tedious. When lablab is
abundant, fry is entangled in it, making sorting and counting difficult.

The bagnet and the harvesting box are useful but their effective-
ness have to be assessed. The 2-3 days it takes to completely harvest
the juveniles in earthen ponds causes some mortality.

The problem of transporting prawn juveniles for stocking in grow-
out ponds was solved by Yap et al (1979). Their study on optimum
packing density and ice quantity showed that prawns of40 mg size can
be packed to as much as 3 000 per plastic bag containing 8 1 sea water
and 16 1 oxygen for a maximum transport period of 15 hours. Packing
densities above 3 000 per bag with 8 1 sea water and 16 1 oxygen can be
used only for short transport periods. They also found out that about
50 g ice/hr is needed to maintain the packing temperature of 20°C.
Packing density depends largely on distance or travel time, fry size, and
storage facility.

GROW-OUT REARING OPERATION

Rearing Facilities

Prawn grow-out rearing ponds were mostly developed out of fish-
ponds originally designed for milkfish production; hence, rearing of
prawns to marketable size in such ponds was not very efficient. These
ponds could hold only 30 cm of water, had only one gate, and were
irregular in size resulting in abrupt fluctuations of water temperature
and salinity and difficulty in water exchange.

Apud and Sheik (1979) found that milkfish ponds characterized
by big and irregular compartments with a single gate could not facilitate
total movement of water in the pond because water at the farthest side
of the gate remained practically unchanged. Santiago et al (1975) indi-
cated that higher survival rates of P. monodon are obtained in compart-
ments with deeper water, close to the gate, and with proximity to fresh
tidal water for replenishment. Likewise, Primavera et al (1976)
observed that the compartments near the gate had the advantage of
being in the direct line of water flow; hence, growth rates of prawn
were consistently higher in these compartments than in those with the
same stocking densities opposite the gate. The shallow depth affected
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the growth of prawn because less water volume means less living space
for feeding. Mochizuki (1978) observed that milkfish pond which is
usually 30 cm deep causes abrupt fluctuations of water temperature
and salinity during intense sunlight or heavy rain and is, therefore, too
shallow for prawn culture.

Apud et al (1984) studied the effect of water depth on the growth
and survival of P. indicus stocked at 50 000/ha with supplementary
feeding and cultured within a period of 90 days. Favorable results were
obtained in ponds with water depth of 70-100 cm compared to those
with 40-70 cm depth. Mean survival of 70.4% and production of 343
kg/ha/crop were significantly higher in deeper ponds compared with
those in shallow ponds, 37.5% and 180 kg/ha/crop, respectively. This
confirmed the need to use ponds of about one meter deep for prawn
culture.

Another important factor for the successful production of prawns
is pond size. In determining pond size, the ease in water change or
movement and the convenience in harvesting are of primary considera-
tion (Apud and Sheik 1978). In addition, the pond bottom should dec-
line toward the outlet gate for convenience in water management, stock
manipulation, and harvesting (Esguerra 1979). Mochizuki (1978)
found out that the pond size suitable for extensive culture without
feeding is 1—3 ha while 3 000 m* - 5 000 m*> was appropriate for inten-
sive culture.

SEAFDEC AQD has recommended an appropriate pond design
and layout for prawn culture. Salient features of the design include
provisions for a canal and a two-gate systems as supply and drainage
facilities. For a 1-ha pond, construction of a diagonal canal of 5-10
meters wide and 0.3-0.5 meters deep extending from inlet to outlet
gates was recommended for convenient draining of water and harvesting
and as hiding place for shrimps during daytime (Kungvankij et al 1986).
In the development of these prawn ponds with earthen dikes, problems
related to reconstruction of leaking dikes and erosion were solved by
the use of plastic sheets along the dike or by digging a trench along the
leaky area and using the excavated materials as reinforcement for the
dike (Apud 1984). The pond gate systems introduced by SEAFDEC
AQD were the monk type culvert (Fig. 1) and the open sluice gates
(Fig. 2) made of ferrocement. These gates are cheaper, more conve-
nient to construct and install, and effective as tertiary and secondary
gates.
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Rearing Methods

The lack of an effective rearing method for prawns was earlier con-
sidered one of the main constraints to prawn culture. Fish farmers
were hesitant to raise prawns in monoculture, thus, for many years
prawns remained a secondary crop to milkfish in brackishwater ponds.
Studies have been conducted at the Leganes Brackishwater Station to
develop pond culture technology of prawns that can be adopted by the
private sector.  Studies have been focused on the monoculture of
prawn, polyculture with milkfish, stocking density, water management,
feed and feeding schemes, fertilization, and other pond management
techniques.

Fertilization

The effect of fertilization on the growth of P. monodon has been
tested through the years. Santiago et al (1975) showed that by fertili-
zing the pond with an inorganic fertilizer (mono-ammonium phosphate
16-20-0 ) at 200 kg/ha at a stocking density of 10 000/ha an average
survival rate of 72.7%, mean body weight of 16.4g, and a production of
160 kg/ha was obtained in 5 months of culture. However, a compara-
ble production of 150 kg/ha was also obtained in unfertilized ponds. In
a related experiment, where chicken manure was applied at approxi-
mately 1 200 kg/ha during pond preparation, prawn production
reached only 66 kg/ha in 4 months. In contrast, Apud et al (1984)
obtained a yield of 105 kg/ha when chicken manure at the rate of
2 000 kg/ha was used. The effect of organic fertilizer in the form of
mudpress at 5 t/ha and a combination of0.5 t/ha chicken manure plus
4.5 t/ha of mudpress was evaluated. Both treatments gave relatively
low production (40 and 60 kg/ha, respectively), attributed to inade-
quate growth of natural food and the presence of competitor and
predators. A combination of chicken manure at 1 t/ha and inorganic
fertilizer consisting of 15 kg nitrogen and 30 kg phosphorus/ha
yielded 180 kg/ha in 86 days of culture; the prawns were stocked at
7 000/ha (Subosa unpublished). The source of nitrogen and phospho-
rus were taken from chemical fertilizers, di-ammonium phosphate
(18-46-0), and urea (46-0-0), applied during pond preparation and sub-
sequently at 15-day intervals following every water exchange by tidal
movement.

At present, SEAFDEC AQD recommends that soil analysis should
be conducted prior to application of fertilizer to determine the organic
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matter content of the soil and subsequently the amount of fertilizer to
be used. It was reported that when organic matter is higher than 16%,
fertilization is not required (Kungvankij et al 1986). Generally, chicken
manure is applied at 12 t/ha followed by inorganic fertilization at 75-
150 kg/ha of mono-ammonium phosphate (16-20-0) and 25-50 kg/ha
of urea (46-0-0).

Stocking Density

Results of fertilization studies indicate that the optimum stocking
density of prawn is below 10 000/ha for stock completely dependent
on natural pond productivity. As pond yield is relatively low, higher
density levels from 10 000/ha and above have been tried with supple-
mental feed and frequent water exchange by tidal movement and by
pumps.

Apud et al (1981) obtained good growth and survival at a stocking
rate of 25 000-50 000/ha with artificial diet as supplemental feed. In-
creasing the density from 100 000-200 000/ha did not affect the survi-
val rate but the growth rate significantly decreased. Furthermore, the
pelleted feed given twice daily at feeding rates of 10%-5% of biomass
resulted in feed conversion ratios (FCR) of 1.5-2.6.

Results from a study by Kungvankij et al (1984) showed best
growth performance at 40 000/ha stocking rate of prawn fed with arti-
ficial diet at 10% to 3% of biomass per day. Overall yield was high at
higher stocking rates, but body weight at 80 000/ha and 120 000/ha
was low (mean weight of 11 g) compared to a mean weight of 25 g
when stocking density was at 40 000/ha. Higher yield of 284 kg/ha
was also obtained by Tiro et al (1986) at stocking rates of 40 000/ha
compared with 171 kg/ha at 10 000/ha and 317 kg/ha at 20 000/ha.
However, pond yield in 40 000/ha was lower compared with those ob-
tained by other workers probably because supplemental feed was given
only after the second month of culture, whereas others started feeding
a few days after stocking (Apud et al 1981, Tabbu 1984, Kungvankij et
al 1984, Corre unpublished). In general, results indicate that the op-
timum stocking rate of prawn in monoculture with supplemental feed
and improved water management is 40 000/ha with corresponding
pond yield of 300 kg/ha-850 kg/ha in 3-4 months culture.

The polyculture of prawn and milkfish at varying stocking com-
binations has been studied to maximize pond production through effi-
cient utilization of available space and food. A study by Pudadera and
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Lim (1980) showed that a stocking combination of 2000 milkfish/ha
plus 6000 prawn/ha was economically feasible with combined net pro-
duction of 463.6 kg/ha in 100 days. Moreover, the polyculture treat-
ments had higher total production than monoculture although prawn
production in monoculture (144.3 kg/ha) was significantly higher than
in polyculture with 2000 (75.6 kg/ha) and 4000 (49.8 kg/ha) milk-
fish/ha. Comparable results were obtained by Eldani and Primavera
(1981) except that combined net production (492.1 kg/ha) slightly in-
creased at stocking combination of 8000/ha prawn and 2000/ha
milk fish.

The possibility of raising prawn with Nile tilapia (7. nilotica) has
also been tried and results showed that the polyculture of 6 000/ha
prawn and 4000/ha tilapia proved profitable (Corre 1983). In this
combination, the presence of tilapia is favorable, evidenced by higher
production of prawn in polyculture (137.69 kg/ha) compared to mono-
culture (123.21 kg/ha). Competitive relationship did not exist in the
above combination but was evident at a stocking combination of 6 000
prawn/ha plus 6 000 tilapia/ha.

The efficiency of integrating polyculture of shrimp and milkfish
with poultry has been evaluated (Apud et al 1983). Results of two suc-
cessive experimental runs consistently achieved higher net production
(80-129 kg/ha) and mean body weight (10-14.6 g) of P. indicus culture
in ponds with poultry than in those without poultry. The net produc-
tion did not vary for milkfish which is 401-549 kg/ha.

The problem related to overgrowth of plankton due to continuous
manuring of ponds with poultry led to the search for additional species
which efficiently feeds on plankton. 1In a study by Pudadera et al
(1986) tilapia (T. nilotica) at varying densities were tested with P. indi-
cus and milkfish stocked at 50 000/ha and 2 000/ha, respectively, in-
tegrated with poultry (chicken broiler). A total production of
680.2-936.3 kg/ha can be attained with best net production of tilapia
at 15 000 ha. The poultry operation with chicken broiler production
of 1809-2174 kg/ha gave major contributions to the total net earnings
and a free source of fertilizer from the droppings.

Baliao (1985) tried the modular method of prawn culture at
5 000/ha and 10 000/ha. Similar growth (39.8 g and 38.4 g,respect-
ively) and survival (96.5% and 90.5%, respectively) were obtained in
both stocking densities. However, production at high density (348
kg/ha/crop) was more than double than at low density. At 20 000/ha.,
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Tiro et al (1986) obtained higher yield of 525 kg/ha/crop in 120 days
culture when the prawns were transferred 60 days after stocking. A
slightly lower yield (422 kg/ha/crop) was obtained when transfer was
done every 45 days.

Water Management

Basically, water management in prawn ponds is patterned after
that used in milkfish culture. Water change at 20-30% ofwater volume
is done once a week or every two weeks by tidal fluctuation. This
method is normally practised in ponds where stocking density is low
(10 000/ha) and the stock completely dependent on natural producti-
vity.

The need to increase production by increasing stocking density
and supplementing natural food in pond has led to studies to determine
effective water management. Yokokawa (1978) earlier suggested that
water supply must be checked frequently. Water must be changed fre-
quently with tide and water pump, and whenever there is sudden
change in the color of the water and unhealthy prawns are observed,
water renewal must be more frequent.

The need for water renewal by tidal movement and pumping and
the effect of feeding/artificial pellets at varying rates in prawn culture
were studied by Norfolk et al (1982). Increasing water renewal daily
at 5-20% of water volume did not influence the growth and survival of
prawn but affected the low early morning dissolved oxygen particularly
at higher feeding rates. On the other hand, Suemitsu (1983) obtained
better growth of prawn in ponds provided with aquamill as a water-
moving device in addition to tidal movement in contrast to prawns
grown in ponds completely dependent on tidal fluctuation.

Feeds and Feeding

The amount of natural food in pond declines at a certain period
depending on stocking density and pond fertility and thus becomes in-
sufficient to meet the growing demand of prawns. Supplementary feed-
ing is needed when stocking density is more than 10 000/ha (Apud
1981). Supplemental feed such as rice bran with trash fish, chopped
frogs, snakes, chicken entrails, mussel, and clam meat are commonly
used but problems related to their availability and storage have led to
the search for alternative feed.
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The Feed Development Section of SEAFDEC AQD has been un-
dertaking studies related to the nutritional requirements of P. mono-
don. Results of these studies are used in the formulation of diets
screened under laboratory conditions and then tested under pond con-
ditions. SEAFDEC-formulated diets and commercial pellets were
tested by Mochizuki (1978). Growth of prawn fed with SEAFDEC diet
at 10%-5% of biomass was similar to that obtained with a commercial
pellet. Both feeds resulted in high survival 74.7-82.8% and production
of 645.6-695.9 kg/ha in 3 months. A comparable yield (518-581
kg/ha) was obtained when SEAFDEC-formulated practical diet contain-
ing 40% crude protein was pilot-tested in ponds stocked at 25 000/ha.
The artificial diet was given daily one month after stocking at a de-
creasing feeding rate of 10, 8, 6, and 4% of the biomass; feeding rate
was adjusted every 2 weeks. High yield and low feed conversion ratios
(1.6-2.1) achieved in this study demonstrated the efficiency of
SEAFDEC-formulated prawn grow-out diet in semi-intensive culture
(Pascual unpublished). Results from a study by Tabbu (1985) showed
that the pelletized feed containing 45% crude protein resulted in better
growth than the formulated diet with 35% crude protein, both with
high survival of 82.6-91.8%. Better growth (23.96 g mean weight) and
yield (839.7 kg/ha) were obtained when pelleted feed (75%) contain-
ing 35% crude protein was fed in combination with trash fish (25%) in
ponds stocked at 40 000/ha (Corre unpublished).

Supplemental feeds are given either by the broadcast method or
by the use of feeding trays or both. In the broadcast method, the feeds
are spread over the pond surface. For bigger ponds, a flat-bottom boat
is used so that the mid-portion ofthe pond can be reached. Kungvankij
et al (1984) pointed out that the use of feeding tray is very advan-
tageous because it prevents feed wastage, at the same time provides in-
formation on prawn condition and feed consumption. A combination
of the broadcast and feeding tray methods is being employed to ensure
efficient feed utilization.

In computing feed requirement, a decreasing feeding rate is
generally used with 10, 8, 4% of the biomass given daily and adjusted
every 15 days after the stock are sampled by cast net or prawn trap.
The feeds are given 2-3 times a day and daily feed ration is apportioned
accordingly.
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Harvest and Post-harvest Handling

Prawns are normally harvested upon reaching marketable size (25
g or more or after 3-4 months. Traditionally, harvest is done during full
moon or right after the water is changed, thus fish farmers oftentimes
harvest molting or soft-shelled prawns. To minimize this problem, a
good time to harvest is 2-3 days after the peak of spring tide or 5 days
after an abrupt change of water. The stock must be checked or
sampled to determine prawn condition before harvesting.

Harvesting may be complete or partial depending on demand.
Complete harvest is commonly done with a bagnet attached to the
sluice gate while partial harvest is accomplished with bamboo traps,
pound nets, or cast nets. The new harvesting technique documented
by SEAFDEC is staggered harvesting using an eight-knot pound net
(stretched mesh =2-4 cm). Results from a study by Suemitzu et al
(1985) showed better growth, survival, and feed conversion rates in
staggered-harvest treatment than in a single-harvest treatment. In the
staggered harvest, bigger prawns are caught earlier thus reducing com-
petition and giving the smaller ones a better chance to grow.

Upon harvesting, Kungvankij et al (1986) suggest that prawns be
washed in clean water and soaked immediately in chilled water (10-
15°C) for about 15 minutes prior to packing. The prawns should be
packed in styrofoam boxes with alternate layers of crushed ice at a
ratio of 1:1. Moreover, if bigger styrofoam boxes are used, the box
should be filled up with chilled water, prawns, and ice to avoid
physical damage to prawns.

Diseases and Parasites

Very few cases of disease-related problems have been reported
in ponds with extensive and semi-intensive methods of culture. There
has been a report of "red disease" in prawn. Gram-positive cocci were
consistently isolated; however, experiments with the disease have to be
replicated to determine other possible factors that influence its inci-
dence (Lio-Po pers. comm.). The incidence rate of black shell syndrome
among prawn juveniles in ponds is being checked. The preliminary data
are currently being analyzed (Lio-Po and Pitogo pers. comm.).

A field survey of prawn ponds in the island of Panay conducted
by the SEAFDEC AQD Fish Health Section staff showed that occur-
rence of soft-shelled prawns could be predicted with 98% accuracy with
poor pond soil and water conditions. In soft-shelled prawns, calcium



264 AQUACULTURE DEVELOPMENT IN SOUTHEAST ASIA

and phosphorus levels were significantly higher in the hepatopancreas,
and phosphorus was significantly lower in the exoskeleton compared to
hard-shelled prawns. Chitinoclastic bacteria, Vibrio and Aeromonas,
were isolated from soft-shelled prawns but experimental infection with
these species to induce soft-shelling gave largely negative results. Labo-
ratory experiments with an organostannous pesticide revealed that a
96-hr exposure to at least 0.0154 ppm of the pesticide could result in
soft-shelling of 47-60% of the prawns and that soft-shelling could be re-
versed by dietary manipulation (Baticados et al 1986). Successful re-
growth and survival were observed in prawns fed with 14% mussel meat.

ECONOMICS

A comparative economic analysis of different culture systems in
1985 showed that all production systems are profitable with integrated
production systems generally more profitable than individual produc-
tion systems (Israel unpublished). The profitability indicators (Table 1)
show that the integrated hatchery-nursery system is the most profitable
and that the extensive polyculture of prawn and milkfish is the most
profitable grow-out culture method. A similar result was obtained in
1986 in a polyculture study by Kuntiyo and Baliao (unpublished).
Economic analysis showed a higher annual profitability of US$135.3
net income after tax, 45.2% return on investment (ROI) and payback
period of 2.21 years for polyculture of 20 000/ha prawn plus 2 000/
ha milkfish as against the monoculture of prawn (20 000/ha) having
annual profitability of US$2 660.7, 38.69% ROI and 2.49 years pay-
back period. The most recent culture system introduced which is high-
ly viable is the monoculture of prawn in a modular pond system. Cost
and return analysis showed ROI of 69.5 and 72% and payback period
of 14 and 1.3 years for prawns stocked at 15 000/ha and 20 000/ha,
respectively (Pudjatno and Baliao unpublished).

PRODUCTION CONSTRAINTS
In spite of the headway that AQD made in the culture of P. mono-
don through research, problems continue to beset both the nursery and

grow-out phases ofthe industry. Some ofthese are:

1. Erratic and insufficient supply of seeds for intensive culture.

2. Lack of knowledge of nutrient requirements.
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Table 1. Profitability indicators of individual and integrated prawn production

systems
Payback
period B/C IRR
(yr) ratio

Backyard hatchery 1.1 1.47 123
Pond nursery 2.2 1.08 54
Extensive monoculture 4.5 1.14 29
Semi-intensive monoculture 4.5 1.11 28
Extensive polyculture of

prawn and milkfish 3 1.27 45
Extensive polyculture of

prawn and shrimp 5.5 1.08 23
Integrated hatchery-

nursery system 0.5 1.58 225
Integrated hatchery

nursery-grow-out

system 1.2 1.38 86

Israel unpublished.

3. Insufficient supply of locally produced good quality
feed ingredients.

4. High cost of formulated diets. About 60% ofthe operational
cost of the culture of prawn is due to feed.

5. Financial constraints. Although the intensive method of culture
has been found profitable, the development and operational
cost is staggering.

6. Shortage of trained and qualified technicians.
7. Absence of effective harvesting devices for P. monodon.

8. Unacceptability of shrimps in the world market due to sub-
standard quality resulting from inefficient post-harvest handling
of product. Lack of ice plants, lax quality control measures,
lack of marketing infrastructure, transport and handling facili-
ties.

9. Lack of systematic technology verification and transfer of
prawn culture under different environmental conditions.
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NURSERY AND GROW-OUT OPERATION
AND MANAGEMENT OF MILKFISH
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ABSTRACT

This paper reviews the results of studies on the pond culture of
milkfish Chanos chanos Forsskal at the SEAFDEC Leganes Brackish-
water Station, Leganes, Iloilo since its establishment in 1973. Substan-
tial contribution on the nursery system includes increased stocking den-
sity and survival through the use of nylon substrates, supplemental
feeding with rice bran, the use of hatchery-reared and stunted finger-
lings as alternative sources of stocks, and improvements in the accli-
mation process. Studies on monoculture and polyculture in grow-out
ponds investigated the use of stunted fingerlings, kitchen or algal nur-
sery ponds, stock manipulation techniques, increased stocking density
using the plankton method, method frequency and quantity of fertili-
zation, modular pond culture system, and initial findings on fish
diseases. Constraints setting back increased production in the
Philippines are discussed.

INTRODUCTION

Milkfish farming is one of the major aquaculture ventures in the
Philippines. Milkfish culture originated centuries ago starting with the
enclosure of nipa swamps or inlets indenting the shores with dikes at
their narrowest entrance. Stocking was by chance entry of fry carried
by the incoming tide. With the conversion of swamp-lands into produc-
tive culture areas, it became necessary to dispense with this inadequate
and uncertain method of stocking the ponds.

Traditional milkfish farming employed an enclosed portion within
the nursery pond which served as acclimation area. The delicate fry
were allowed to grow for a few weeks before they were released into
the rest of the nursery pond (Pillai 1962). Those in the Visayas and
Mindanao, however, were generally without nursery ponds. As a result,
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only one harvest could be made in one year with an average production
of 70 kg/ha/yr (Villaluz 1953). Milkfish fry were stocked at 25-50/m?
and rice bran was fed at 5-10 kg/ha/day once the natural food was de-
pleted (Pillai 1962). The fry were kept for 1-2 months and could be
overstocked to keep them stunted until ready for stocking into rearing
ponds.

There was no definite stocking density in rearing ponds as stocking
was primarily dependent upon the availability of /umut to support the
stock (Adams et al 1932). Villaluz (1952) reported that this practice
was a real hit-and-miss method as oftentimes lumut was depleted long
before milkfish were ready for harvest. In some fish farms, a transition
pond was used before fish were stocked in rearing ponds. The finger-
lings were stocked at 1 500-2 500/ha and reared for 3 months until
they have grown to three inches length. They were then transferred to
rearing ponds and raised for 4-7 months depending upon the quantity
of lumut available (Pillai 1962). Some progressive farmers, such as
those in Dagupan City, use bigger post-fingerlings, so that culture usual-
ly took only 6-8 weeks.

Fertilization was carried out primarily by using organic fertilizers
such as chicken, cow and pig manure, human night soil, rice bran, and
leaves of leguminous plants (Pillai 1962). Pests and predators were
eradicated by thorough drying of pond bottom for 1-2 weeks until it
cracked. Screens made of abaca or sinamay cloth were installed at the
sluice gates to prevent entry of unwanted species.

Various strides have since then been made and, noteworthy of
which was the introduction of the shallow-water method commonly
called lablab method by a Taiwanese consultant in the 1960's. In
1974, one year after the establishment of SEAFDEC in Iloilo, the first
cooperators' program was launched to collect benchmark information
on the traditional pond management practices under varied pond con-
ditions (Agbayani et al 1975). Out of 16 cooperators, six applied
chemicals such as Aquatin, DDT, and Bayluscide to eliminate pests and
predators such as snails, tilapia, ten-pounders, and gobies during pond
preparation. Fertilization seemed accepted among cooperators. Nine
cooperators applied inorganic fertilizers in different quality and quan-
tity. This suggested that in spite of its long existence, some milkfish
farms were extensively managed.

A socio-economic survey of the milkfish industry reported that
the average inorganic fertilizer rates varied from two applications of 37
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kg/ha/yr of nitrogen to seven applications of 40 kg/ha/yr of phosphorus
to somewhere between these two extremes (Librero et al 1977).

Some traditional farms yielded, 50-300 kg/ha/yr (Hopkins and
Hopkins 1983). In 1975, the national average production was 605
kg/ha/yr (PCARR 1978). A decade later, it increased to 870 kg/ha/yr
(Samson 1985). Milkfish production from brackishwater ponds alone
yielded 135 951 mt in 1980 which rose to 198 729 mt in 1984
(BFAR 1984). By 1990, milkfish brackishwater production is pro-
jected to be 395 000 mt, a demand at 145 690 mt and exports at
1 129 mt (Samson 1985).

This paper highlights the results of experiments on milkfish
nursery and grow-out culture at the SEAFDEC Leganes Brackishwater
Station. Other results need refinement before their application while
other techniques have already been disseminated to the industry
through in-situ training programs, publications, cooperators' programs,
and consultative meetings with fish farmers. At these meetings,
SEAFDEC researchers come to know the problems of the industry, so
that research thrusts of the Department can be geared towards their so-
lutions.

MILKFISH POND OPERATION AND MANAGEMENT

Rearing Facilities

The experimental ponds used for milkfish nursery and growing
studies at the SEAFDEC Leganes Brackishwater Station are of
24-144 m?, 12-350 m?, and 6-2 000 m?*. Four units of 1 ha each serve
as production ponds. The nursery system consists of 4-1 000 m” and
2-1 500 m® ponds which supply milkfish fingerlings for both research
and production. The milkfish modular system consists of 4 sets of
modules at sizes 1:2:4. On the other side of Gui-gui Creek, a 1-2 000
m’ pond serves as transition area for one set of module at sizes 1:3:5.
The transfer gates between the modules facilitate the movement of
stocks. Generally, the ponds are rectangular and oriented according to
the prevailing wind direction to minimize dike erosion by wave action.

Nursery System

An effective method of eradicating predators consists of applying
lime at 1 t/ha and ammonium sulfate (21-0-0) at 10 g/m2 to undrained
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canals, holes, and gate areas when the water pH is still high. Gobies,
tilapia, and shrimps are killed in less than an hour when eradication is
carried out under strong sunlight when the air is still, as wind increases
ammonia loss considerably (Norfolk et al 1981). Since liming is routine
during pond preparation, the only additional cost incurred is that of
21-0-0. This is an improvement over the use of chemical pesticides
which leaves residual effects and destroys the pond ecology.

With the breakthrough in the spawning of milkfish in captivity, it
was imperative to compare the performance of the hatchery-produced
fry with those of the wild-caught ones. Results showed that there was
no significant difference in survival and growth in both sources of fry
(Baliao et al 1980). This suggests that the hatchery-produced fry can
be an alternative fry source to alleviate shortage.

Nursery studies were directed towards improving the survival of
50-60% and stocking density of 25-50 fry/m’. The highest mean sur-
vival of 71.5% was obtained for fry stocked at 75/m* and fed with rice
bran and the lowest mean survival of 51.7% at 50 fry/m”> without supple-
mental feeding (Villegas and Bombeo 1981). High survival rate of 81%
at 100 fry/m”> was attained by installing nylon screen substrates to in-
crease the surface area for attachment of food organisms (Anon. 1982).
Rice bran was given at 5% biomass one month after stocking fry. The
possibility of mass fry production was investigated in a 1-ha pond using
the lablab method stocked with 500 000 fry. A high survival rate of
88.7% was largely due to an effective predator control (Anon. 1979).

Stunting of milkfish fingerlings has long been practised in the, in-
dustry. However, the effects ofstunting duration and stocking density
on the survival of stunted fish were poorly understood. Hence, a study
was conducted with stocking densities of 15, 20, 25, and 30 finger-
lings/m® subjected to 6-month stunting. Results showed that highest
survival of 86.9% was attained at 20 fingerlings/m* although this was
not significantly different from those in 15 and 25 fingerlings/m’.
Based on these results, a follow-up study was undertaken with 20
fingerlings/m”> subjected to various stunting durations. Those stunted
for 6 and 9 months were not significantly different in mean body
weight and survival. Only the 12-month stunted fingerlings yielded sig-
nificantly lowest results (Baliao et al 1987). From the economic point
of view stunting for 6-9 months at 20 fingerlings/m” is most cost effec-
tive. This permits the production of milkfish fingerlings at lower cost
than they can be purchased (Baliao et al 1987).
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It should be noted that acclimation ponds and hapa nets which are
tedious and time-consuming methods are no longer used in the stocking
of fry in the nursery ponds. Researchers at SEAFDEC Leganes Station
realize that acclimation is still a vital process before stocking. However,
acclimation is now made simple and easy by the gradual adjustment of
salinity and temperature of the fry right inside the plastic bags to
that of the pond water. Stocking is done during the cooler time of
the day.

Grow-out System

Monoculture. The argument against the use of stunted fingerlings
in grow-out ponds rests mainly on whether stunting per se could ad-
versely affect growth of stunted fish. Hence, a preliminary study was
carried out to compare growth and survival of stunted and non-stunted
fingerlings. Non-stunted fingerlings clipped at the right pectoral fin
and stunted ones clipped at the left pectoral were stocked in the same
pond. Results indicated that there was no significant difference in the
growth and survival between two treatments (Lijauco et al 1978). In a
related study, a comparison was made using 2-month old non-stunted
fingerlings initially weighing 3.3 g, 3-month old and 6-month old
stunted ones initially weighing 7.8 g and 43.1 g, respectively. Results
showed that survival, weight gain, and total harvest did not differ sig-
nificantly among three treatments. This suggested that stunting does
not adversely affect growth and production of milkfish and can there-
fore be practised by fish farmers to provide a year-round supply of
fingerlings (Tuburan unpublished).

The use of kitchen algal nursery pond at varying sizes of 3%, 6%,
and 12% ofthe grow-out area was verified. The rationale behind its use
was to produce maximum biomass [lablab for fish in grow-out ponds.
Results revealed that the control (without algal nurseries) yielded the
highest body weight and survival (Anon. 1982). There is, therefore, no
need to employ kitchen pond as this reduces the area for fish produc-
tion.

The possibility of adopting here the stock-manipulation technique
popular in Taiwan was tested with two-size groups of fingerlings com-
prising 50% each of the total population. The total stock in each treat-
ment was 6 000/ha. The study was on the time intervals in stocking
which were programmed at 0 (control), 15, 30, and 45 days. The 45-
day stocking interval yielded the highest weight gain of 216.6 g, those
in the control the lowest value of 165.7 g (Anon. 1983). A subsequent
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pilot study was undertaken to refine this technique in a modular pond
system. Two production runs at a stocking density of 3 000/ha based
on the area of the last module yielded 2.2 mt, 200.8 g, and 93.3% for
the first run while the second run yielded 2.4 mt, 198.4 g, and 99.4%
for gross production, body weight, and survival, respectively (Anon.
1983).

An attempt was made to increase the usual stocking density of
3 000/ha using the deep water or plankton method. This bears an as-
sumption that as the plankton method requires bigger water volume,
more food organisms are produced to support higher stocks. The
highest mean weight increment of 1.64 g/day was attained at 4 000/ha
while the lowest value of 0.76 g/day was attained at 8 000/ha (Anon.
1983). Based on these results, a subsequent study was made with lower
densities of4 000/ha, 5 000/ha, and 6 000/ha which attained weight
increments of 1.4 g/day, 1.2 g/day and 1.0 g/day, respectively (Anon.
1984). In the next run, the stocking density was placed at 4 000/ha
and different supplemental feeds such as rice bran, trash fish, a mixture
of rice bran and trash fish, and no supplemental feeding were evaluated.
Fish fed with a mixture of trash fish and rice bran grew best with a
weight increment of 1.4 g/day (Anon. 1985). From the results, it ap-
pears that further tests on the plankton method are needed before it is
recommended to the farmers. It requires deeper water and pond
renovation which is expensive.

Lumut was primarily the natural food base in the traditional milk-
fish culture. However, it was found out that milkfish trypsin was in-
hibited by a tryptic inhibitor from Chaetomorpha brachygona, a major
algal component of /umut. This may explain the slow growth rate of
milkfish fed with lumut (Benitez 1985).

Water exchange in milkfish farming is usually done once every two
weeks during high tide. An optimum combination of water exchange
and fertilization, however, needs to be determined to maximize pro-
duction. The biweekly water exchange and biweekly fertilization
scheme yielded the highest production of 530.2 kg/ha/crop while the
biweekly water exchange and weekly fertilization gave the lowest yield
of 414.1 kg/ha/crop.  No significant difference existed between the
weekly and biweekly water exchange when considered as a single
factor. The biweekly fertilization, however, resulted in significantly
higher production than that ofthe weekly application (Tuburan unpub-
lished). It is therefore suggested that farmers combine water exchange
and fertilization biweekly as this is less laborious and not time-con-
suming.
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Fertilizer application in brackishwater ponds has not been stand-
ardized. The use of 16-20-0 at 50 kg/ha and of 45-0-0 at 15 kg/ha,
their half-dosages, chicken manure at 0.5/ha, and MASA organic fer-
tilizer (processed from agricultural and industrial wastes) at 0.5/ha
applied biweekly were evaluated in milkfish ponds. Mean body weight,
survival, and gross fish production were not significantly different among
treatments. The net profit, however, was highest with 16-20-0 at 50
kg/ha and 45-0-0 at 15 kg/ha (Tuburan et al unpublished). During the
succeeding dry season these fertilizer dosages, their half-dosages and
two levels of 18-46-0, were tested. The best fertilizer treatment was
that of half-dosages (Tuburan unpublished). It appears that 16-20-0 at
50 kg/ha and 45-0-0 at 15 kg/ha are more efficient in providing
nutrients for primary productivity during the wet season while the half-
dosages are effective during the dry season. Results, however, need
further tests although it appears that inorganic fertilizer enhances good
lablab growth enough to support milkfish to marketable size.

The broadcast method of fertilization has been popular among fish
farmers. Another method used is the silo wherein baskets containing
fertilizers are submerged in pond water, allowing continuous supply of
nutrients instead of the single biweekly dose. Results showed no sig-
nificant difference in growth and survival between the broadcast and
the silo methods (Gerochi et al unpublished).

The most widely practised milkfish culture system is the straight
culture. Recent innovations, however, lead to the modular system
which consists of monthly stock transfers in three modules of in-
creasing sizes. This modular pond system was verified in sizes of 1:2:4
at two schemes: (a) 3 000/ha based on the area ofthe last module, and
(B) based on the total area of all modules. Mean body weight and sur-
vival were 251 g and 87% for scheme A and 242.8 g and 89% for
scheme B. Net production of 608.5 kg/ha/crop in scheme A was
higher than 357.4 kg/ha/crop in scheme B (Anon. 1983). A similar
study was made with two sets of modules: one set with 1.47 ha, 2.08
ha, and 3.21 ha and another set with 0.68 ha, 0.76 ha, and 1.27 ha.
Three consecutive monthly harvests yielded a total of 10.11 mt for A
and 2.57 mt for scheme B. Six croppings per year are likely.

Polyculture.  Systematic polyculture was not popular before the
establishment of the Department. Milkfish was the main culture species
while prawns and shrimps were only incidental products. The first
polyculture study was with Penaeus monodon at 1 500/ha and milk-
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fish at 3 000/ha which gave the highest combined yield of 432 kg/ha
(Santiago and Santiago unpublished). In a related study, highest com-
bined production was obtained at 2 000 milkfish/ha and 8 000
prawns/ha which gave 521.3 kg/ha compared with milkfish only which
yielded 286.7 kg/ha. Mean net production of both milkfish and prawns
considered singly were highest in a combination of 2 000 milkfish/ha
and 8 000 prawns/ha although no significant difference existed among
treatments (Eldani and Primavera 1981). In another study, highest
combined production of 463.6 kg/ha was attained with 2 000 milk-
fish'ha and 6 000 prawns/ha. At stocking rates of 2 000/ha and
4 000/ha, monoculture of milkfish yielded slightly higher production
than polyculture. The competition of prawn against milkfish was
almost negligible while milkfish exerted a greater competition against
prawn (Pudadera and Lim 1982).

Use of formulated feeds in milkfish monoculture and its polycul-
ture with prawns was tested. Results indicated that highest total pro-
duction of 335.7 kg/ha was attained in milkfish alone without supple-
mental feeding. However, this was not significantly different from
those stocked with 2 500 milkfish/ha and 3 000 prawns/ha with and
without supplemental feeding (Villegas and Baliao 1980).

A comparative study of milkfish and prawn cultured singly and in
combination yielded a production of 923.5 kg/ha/crop in polyculture
with return on investment (ROI) of 45%. Chopped trash fish was given
daily to prawns at 10%, 8%, and 6% of the biomass adjusted monthly
(Kuntiyo and Baliao unpublished).

Polyculture of milkfish with crabs yielded the highest combined
production of 661.7 kg/ha with 2 500 milkfish/ha and 5 000 crabs/ha
(Table 1). As early as day 60, size and weight of crabs varied widely
and some crabs had already attained fairly good marketable sizes. The
net production of crab was higher in polyculture than in monoculture
but the opposite was the case for milkfish (Lijauco et al 1980).
Another study confirmed earlier results that 2 500 milkfish/ha and
5 000 crabs/ha had 500 kg/ha crab production and 600 kg/ha milkfish
(Baliao 1983).

Polyculture of 3 000/ha milkfish and 6 000/ha prawns was
tested in a modular pond. Milkfish attained a mean body weight of
220.2 g while prawns attained 38.75 g (Anon. 1984).
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Table 1. Average Production and Survival in Monoculture and Polyculture of the
Mud Crab, Scylla serrata, and Milkfish

Gross Production Survival
(Kg/Ha) (%) Feed
Treatments Milkfish Crab Milkfish Crab Conversion

Milkfish only:
2500/ha 533.4 97.3

Crab only:
5000/ha - 336.2 37.0 18.4

Crab only:
10 000/ha - 4453 - 26.5 68.1

Polyculture:
Milkfish:
2500/ha 372.9 91.3

Crab:
5000/ha 449.7 56.0 9.0

Polyculture:
Milkfish:
2500/ha 395.0 100.0

Crab:
10 000/ha — 529.0 - 26.5 37.3

(Lijauco, Prospero, and Rodriguez 1980)

An attempt was made to polyculture sea bass with various stock-
ing densities of milkfish and tilapia. Results indicated that the best
combination of sea bass, milkfish, and tilapia was 5 000/ha, 1 500/ha,
and 4 000/ha with survival rates of 75.6%, 89.7% and 70.6% and net
production of 1 459.4 kg, 229.9 kg and 168.21 kg/ha/crop, respec-
tively (Anon. 1984).

HARVEST AND POST-HARVEST HANDLING

The harvest method is locally known as pasulang or pasubang
which takes advantage of the behavior of milkfish to swim against the
current. This involves draining 85-90% of the pond water during low
tide and allowing in water at the incoming high tide so that the fish
swim against the current through the tertiary gate and into the catch-
ing pond. The gates are then closed after a greater percentage of fish
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has been impounded while the rest swim back to the rearing area.
From the catching pond the fish are seined while the remaining ones are
handpicked during the total drain.

PRODUCTION CONSTRAINTS

The various problems that beset milkfish production in the Philip-
pines are technical, social, economic, institutional, environmen-
tal, and political (Schmittou et al 1985). Typhoons, acid sulphate
soils, and other physical factors are also constraints in some areas. Fili-
pino fish farmers are equipped with skills to practice intensive fertiliza-
tion and extensive feeding in ponds. The prohibitive costs of imported
inorganic fertilizers and commercial feeds, however, restrict them from
improving their technology. Generally, the farmers are responsive to
technological change and may even take risks in ventures that promise
quick returns. The major economic constraints, however, are the high
capital required and the high cost of credit. Infrastructure, in relation
to availability of ice and transportation, are difficult problems espe-
cially outside the Manila-Central Luzon area. Research facilities are be-
lieved adequate for effective research but well-trained scientists are still
insufficient. Generally, budgets barely meet salary requirements,
leaving a small portion for research. The well-trained technicians and
researchers often join private companies which offer attractive salary,
incentives, and the opportunity to learn the intensive prawn culture
techniques which is now the trend. Future expansion is also limited
by some regulations on mangrove swamp alterations to protect an
important ecological resource. The peace and order situation in the
country also poses a threat to the further development of aquaculture.

REFERENCES

Agbayani JA Jr, Mesa R, Casalmir C, Torrendon G, Villa R. 1975. Preliminary report on the
first cooperators program. Tigbauan, Iloilo: Aquaculture Department, SEAFDEC. 89

p.

Baliao DD, Rodriguez EM, Gerochi DD. 1980. Growth and survival rates of hatchery-produced
and wild milkfish fry grown to fingerlings size in earthen nursery ponds. O Res. Rep.
SEAFDEC Aquacult. Dep. 4(4): 11-14.

, Ticar RB, Guanzon NG Jr. 1986. Effect of stocking density and duration on stunt-
ing milkfish fingerlings in ponds. J. Aquacult. Trop. 1:119-126.



MILKFISH CULTURE 279

, Franco NM, Agbayani RF. 1987. The economics of retarding milkfish growth for
fingerling production in brackishwater ponds. Aquaculture 62:195-205.

Benitez LV. 1984. Milkfish nutrition. Juario JV, Ferraris RP, Benitez LV, eds. Advances in
milkfish biology and culture: proceedings of the 2nd International milkfish aquaculture
conference; 1983 4-8 October; Iloilo City, Philippines. Metro Manila: Island Publ.
House: 133-143.

Eldani AA, Primavera JH. 1981. The effect of different stocking combinations on growth, pro-
duction and survival of milkfish (Chanos chanos Forsskal) and prawn (Penaeus monodon
Fabricius) in polyculture in brackishwater ponds. Aquaculture 23:59-72.

Gerochi DD, Lijauco MM, Baliao DD. 198? The efficacy of the silo method in applying
organic fertilizer in ponds. Aquaculture. (In press)

Hopkins ML, Hopkins KD. 1983. Philippines. Brown EE, ed. World fish fanning - cultiva-
tion and economics. 2nd ed. Westport, Conn.: Avi Publ. Co.: 459-472.

Kuntiyo, Baliao D. 198? Comparative study between mono- and polyculture system on the
production of prawn and milkfish in brackishwater pond. Tigbauan, Iloilo: SEAFDEC
AQD. 29 p.

Librero AR, Nicolas ES, Banasihan AL, Fabre RM, Lapie LP, Nazareno AM, Vasquez EO. 1977.
Milkfish fanning in the Philippines: a socio-economic study. Los Banos, Laguna:

SEAFDEC AQD, PCARR: 367p. Socio-economic survey ofthe aquaculture industry in
the Philippines. Res. pap. sen, no. 8.

Lijauco MN, Grino EG, Gerochi DD, Rodriguez EM. 1978. A preliminary study on the growth
and survival of stunted and non-stunted milkfish fingerlings. O, Res. Rep. Aquacult.
Dep. SEAFDEC 2(3):35-36.

Lio-Po G. 1984. Diseases of milkfish. Juario JV, Ferraris RP, Benitez LV, eds. Advances in
milkfish biology and culture: proceedings of the 2nd International milkfish aquaculture
conference; 1983 4-8 October; Iloilo City, Philippines. Metro Manila: Island Publ.
House: 145-154.

Muroga K, Lio-Po G, Pitogo C. 1983. Vibrio sp. isolated from milkfish Chanos chanos Fors-
skal) with opaque eyes. Paper presented at the 2nd International milkfish aquaculture
conference, Iloilo City, Philippines, 4-8 October 1983.

Norfolk JRW, Javellana DS, Paw JN, Subosa PF. 1981. The use of ammonium sulfate as a
pesticide during pond preparation. Asian Aquacult. 4(3):4, 7.

PCARR. 1978. The Philippines recommends for bangus. Los Banos, Laguna: PCARR. 69 p.

Philippines (Republic) Bureau of Fisheries and Aquatic Resources. 1984. Fisheries statistics
of'the Philippines, vol 34. Quezon City: BFAR. 364p.

Pillai TG. 1962. Fish farming methods in the Philippines, Indonesia and Hong Kong. Rome:
FAO. 68 p. FAO fisheries biology tech. pap., no. 18.

Pudadera BJ Jr, Lim C. 1982. Evaluation of milkfish (Chanos chanos Forsskal) and prawn
(Penaeus monodon Fabricius) in polyculture system. Fish. Res. J. Philipp. 7:51-59.

Samson E. 1984. The milkfish industry in the Philippines. Juario JV, Ferraris RF, Benitez
LV, eds. Advances in milkfish biology and culture: proceedings ofthe 2nd International
milkfish aquaculture conference; 1983 4-8 October; Iloilo City, Philippines. Metro
Manila: Island Publ. House: 215-228.

Santiago AC Jr , Santiago CB. 1977. Growth and survival of Penaeus monodon Fabricius and
Chanos chanos Forsskal in a polyculture. SEAFDEC Aquaculture Department. Read-
ings in aquaculture practices. Tigbauan, Iloilo: 2:33-44.



280 AQUACULTURE DEVELOPMENT IN SOUTHEAST ASIA

Tabbu MY. 1981. Polyculture of milkfish (Chanos chanos) Forsskal with green mussel (Perna
viridis Linnaeus) in brackishwater ponds. Iloilo City: University of the Philippines
System. Thesis. 52 p.

Tamse CT, Piedad-Pascual F, De la Cruz M. 1982. Some histopathological observations on the
opaque eyes of milkfish Chanos chanos (Forsskal). Paper presented at the 2nd Interna-
tional milkfish aquaculture conference, Iloilo City, Philippines, 4-8 October 1983. 5 p.

Tuburan, IB. 198? The effect of stunting on the growth of milkfish (Chanos chanos Forsskal)
in a straight culture system. Submitted to Aquaculture.

. 198 . Comparison ofvarious water replenishment and fertilization schemes in milk-
fish brackishwater ponds. Submitted to Appl. Ichthyol.

198? Growth and survival of milkfish at various inorganic fertilizers. Tigbauan,
Iloilo: SEAFDEC AQD.

,  Subosa PF, Agbayani R. 198? Evaluation of various organic and inorganic fer-
tilizers in milkfish ponds. Submitted to Aquaculture

Villaluz DK. 1953. Fish farming in the Philippines. Manila: Bookman. 336 p.

Villegas CT, Baliao DD. 1980. Polyculture of milkfish (Chanos chanos) and tiger prawn
(Penaeus monodon Fab.) with and without supplemental feeding. Q. Res. Rep.
SEAFDEC Aquacult. Dep. 4(3):12-14.

, Bombeo I. 1932. Effects ofincreased stocking density and supplemental feeding on
the production of milkfish fingerlings. Fish. Res. J. Philipp. 7(2):21-217.



NURSERY AND GROW-OUT OPERATION
FOR TILAPIA AND CARP

Manuel H. Carlos
Corazon B. Santiago

Aquaculture Department
Southeast Asian Fisheries Development Center
Tigbauan, Iloilo, Philippines

ABSTRACT

Most researches conducted at the Binangonan Freshwater Station
of the SEAFDEC Aquaculture Department were directed toward en-
hancing growth and survival of the young tilapia and carp in the nursery
as well as increasing yields in grow-out cages, pens, and ponds. Studies
included the culture and evaluation of phytoplankton and zooplankton
as feeds of the tilapia and carp fry to fingerlings; determination of pro-
tein and amino acid requirements of young Nile tilapia; development of
practical dry diets; evaluation of feeding regimes, feeding rates, and
feeding frequencies ; and the use of fertilizers in nursery ponds.

For the grow-out aspect, one ofthe earliest studies demonstrated
the profitability of the monoculture of tilapia in cages which triggered
the initial proliferation of tilapia cage culture by the private sector in
areas near the Station. Subsequently, supplemental feeds were de-
veloped and evaluated; non-conventional feedstuffs were tested as feeds
or feed components; and the growth rates of Nile tilapia fingerlings in
cages at varying stocking densities were evaluated at three distinct
rearing periods covering one year.

Prior to the successful mass production of bighead carp finger-
lings at the Station, studies on polyculture oftilapia, milk fish, and dif-
ferent species of carp were conducted in cages and pens with remark-
able results. This led to the technology-verification projects on poly-
culture at various areas in Laguna Lake. With the availability of fresh-
water fishponds for research purposes, studies on polyculture in ponds
were also conducted.
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INTRODUCTION

The Indo-Pacific Region produced as of 1983 about 83% of the
world aquaculture production of 10.5 billion mt (FAO 1985). The
largest contribution came from China (56%), India and Japan (11%
each). Korea (6.1%), Philippines (4.2%), and Indonesia (1.9%) have
also contributed significantly.

On the basis of production, the Chinese carps are the most im-
portant food fishes in Asia followed by the Indian carps, tilapias, milk-
fish, catfishes, and gouramis (Guerrero 1986 and 1987). In terms of
distribution, tilapia ranks first followed by common carp (Cyprinus
carpio, bighead carp (Aristichthys nobilis), and silver carp (Hypoph-
thalmichthys molitrix) consecutively.  The estimated tilapia and carp
production in Southeast Asia from 1976 to 1984 showed an increasing
trend (BFAR 1980 and 1984) which may also reflect the increasing de-
mand for fingerlings of both groups.

Tilapia culture in the Philippines started when Tilapia mossambica
(Oreochromis  mossambicus) from Thailand was introduced in the
country in 1950. However, it was the impressive performance in terms
of growth and consumer acceptance of the Nile tilapia (O. niloticus),
introduced in 1972, which led to the development of tilapia farming in
the country. Culture of Nile tilapia in cages in the Philippines was first
done in 1974 (Delmendo and Baguilat 1974). Although Indian carps
and some species of Chinese carps became available in 1966 through the
Bureau of Fisheries and Aquatic Resources (BFAR) (Reyes 1972,
Chaudhuri 1979), only the Chinese carps are being commercially pro-
duced to date.

The SEAFDEC Aquaculture Department, through the Binangonan
Freshwater Station (BFS) which was established in 1976, developed
various techniques for tilapia culture which were readily accepted by
the fish farmers in the vicinity and eventually in other areas. In 1983,
the Aquaculture Department also succeeded in the large-scale produc-
tion of bighead carp fingerlings.

This paper presents studies conducted at the BFS concerning
tilapia and carp nursery and grow-out operations.
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REARING FACILITIES

Nurseries

The tilapia and carp fry are reared in tanks, cages, or ponds. For
experiments, size of rearing facilities is influenced by construction cost
and availability of experimental fish for a given number of treatments.
Net cages of various meshes (fine-meshed net, 0.30 cm or A-net, and
0.40 cm or B-net) are used in the lake. The dimensions are 1 X 1 x 1 m,
I x1 x1.5m, 3 x 1.5 x 1 m. Cages are usually covered with the same
netting material used for the other sides. Oval fiberglass tanks (1.3-ton
capacity) coated with white epoxy paint and concrete tanks
(I x 2 x 1 m) are used for land-based studies. In 1985, nursery ponds
(5 x 10 m) were available for fry to fingerling production.

Grow-Out Facilities

For rearing tilapia fingerlings to marketable size under experi-
mental conditions, cages (1 x 1 x 1 m, 2.5 x2.5%x2.5m,and 5 x 10 x
1.5 m) and fishpens (40 x 20 m) have been used.

The grow-out facilities for carp consisted of pens (10 x 50 m)
and cages measuring 5 x 10 x 1.5 m and 5 x 20 x 1.5 m. Nets for
the cages or pens have mesh sizes of 0.40 cm (B-net), 0.50 cm
(CC-net # 22), 0.70 cm (CC-net # 17),and 1.5 cm (CC-net # 8).

Grow-out as well as nursery cages recommended for commercial
operations are usually larger and their actual size is determined primari-
ly by the ease of management and the financial capability of the fish
farmer.

REARING METHODS

Nursery

A study showed that sustained supply of phytoplankton as feed
for Nile tilapia fry produced higher growth and survival compared to
rice bran alone (Pantastico et al 1982). Growth of fry was also en-
hanced when phytoplankton concentration in the rearing medium was
increased from low to moderate (90-120 x 10° cells/ml) and high
(150-175 x 10° cells/ml). The acceptability of five species of fresh
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water algae was tested and it was found that Navicula notha (a diatom)
and Chroococcus dispersus (a unicellular cyanophyte) as feeds resulted
in highest growth and survival of the tilapia (Pantastico et al 1985).
Oscillatoria  quadripunctulata, a filamentous cyanophyte, has limited
acceptability to tilapia fry probably because ofits larger size compared
to Chroococcus.  In terms of assimilation of '*C-labelled algae, the
highest assimilation rates were obtained in fry fed with Navicula and
Chroococcus, whereas only negligible amounts of Chlorella, FEuglena,
and Oscillatoria were assimilated by the fry. Another study showed the
poor performance of Nile tilapia fry fed with Chlorella but it also de-
monstrated the suitability of Moina macrocopa (a cladoceran) as feed
for the fry (Baldia 1984). Thus, although phytoplankton in general
enhances the growth of young Nile tilapia, some algal species have
higher nutritional value.

Cannibalism among the different sizes oftilapia fry and fingerlings
has been recognized as a factor that decreases recovery of fish in
nurseries. It was observed that cannibalism became more intense as the
difference in sizes of fish increased (Pantastico et al 1987). However,
feeding with phytoplankton, particularly the blue-geen alga, Spirulina,
proved effective in reducing cannibalism.

Because tilapias readily take artificial feeds from the first feeding
up to adult stage, studies on certain aspects of feeding Nile tilapia
with prepared feeds have been undertaken. The protein requirement
of Nile tilapia fry was determined under laboratory conditions to
be 35% of the diet (Santiago et al 1982). This supplements what was
earlier known about the protein requirements of older Nile tilapia
and the juveniles of other mouth-brooding tilapia. Subsequently,
it was shown that the optimum daily feeding rate for Nile tilapia fry
stocked at 5 fry/l1 was 30-45% of the fish biomass when a formulated
dry diet was the only feed for the fry (Santiago et al 1987a). Moreover,
survival rate was higher when the fry were fed with dry pellet crumbles
rather than an unpelleted diet ofthe same formulation.

In the formulation of practical fish diets the quality of protein
as reflected by its essential amino acid components is as important as
the quantity of protein required by the fish. Recently, the essential
amino acid requirements of the Nile tilapia fry were quantified
(Santiago 1985). As in other fishes studied so far, the essential amino
acid requirement pattern for the Nile tilapia was highly correlated with
the essential amino acid pattern of the muscle of the fish.
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Stocking rate of 5 fry/1 is used under laboratory conditions. Water
in the rearing containers is partially replaced daily to maintain good
water quality. Natural food is given ad libitum while artificial feeds are
given three times a day. In nursery cages, stocking rate of 300 to 500
fry/m* is recommended (Bautista 1987). The fry are initially placed in
fine-meshed net cages, then transferred to A-net and B-net cages as the
fish grow. Supplemental feeds are given when supply of natural food is
low.

Silver carp and bighead carp fry are usually stocked in tanks at
500/m’® with the water replaced daily. The combination of an artifi-
cial diet having a crude protein level of 40% and the zooplankton,
Brachionus and Moina given ad libitum, was found best for the carp fry
(Fermin 1985, Anon. 1985). With an artificial diet alone given 1-3
times/day (Table 1), the suitable daily feeding rate is 30% of the fish
body weight (Carlos 1985). On the other hand, the cyanophyte,
Spirulina platensis, seemed to be the most promising natural food for
very young silver carp (Pantastico et al 1986a). Based on assimilation
rates of '*C-labelled live food organisms, acceptability of specific
phytoplankton to bighead carp fry occurred at a later stage (Baldia et
al 1985).

Table 1.  Percent composition of formulated feeds for carp larvae/fry

Ingredients g/100 diet
Fishmeal 56.6
Soybean meal 11.4
Shrimp meal 9.0
Rice bran 10.7
Oil 5.0
Starch 3.0
Vitamin-mineral premix 4.3
Estimated crude protein 40.0

The initial stocking rate in fine-meshed nursery cages (hapas) is
1500-3000 carp fry/m*. It is reduced to 750-1500/m? in A-net cages
after two weeks, then to 400-800/m> in B-net cages (Fermin pers.
comm. 1987). In ponds, the normal stocking rate is 35 fry/m®. Pond
water is fertilized to enhance natural food production by using chicken
manure at 60 kg/ha/2 weeks, or an inorganic fertilizer, ammophous
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(16-20-0), at 20 kg/ha/2 weeks and Sesbania at 60 kg/ha/2 weeks
(Anon. 1985).

Studies on tilapia culture were both monoculture and polyculture
while carp researches were mainly polyculture with tilapia, milkfish,
and sea bass.

The first tilapia species used for cage culture was O. mossambicus.
The fish, 10 g each, were stocked in B-net cages at 75 pieces/m’ and
were given the combination of rice bran, fish meal and ipil-ipil (Leu-
caena leucocephala) leaf meal (60:20:20), or the combination of rice
bran and chopped snails (70:30) as supplemental feed. Results showed
that fish given supplemental feeds had much higher growth compared
to the controls (Pantastico et al 1979). The feasibility of using ipil-ipil
leaf meal as a low-cost feed ingredient was also demonstrated. Sub-
sequently, O. niloticus fingerlings, stocked at a density of 150/m?,
were given supplemental feeds consisting of ipil-ipil leaf meal and rice
bran in varying proportions: I — 33.3% ipil-ipil: 66.7% rice bran;
II - 66.7% ipil-ipil: 33.3% rice bran; III — 100% ipil-ipil; and IV -
100% rice bran. Fish given ipil-ipil leaf meal at varying dietary levels
grew faster compared to those given rice bran alone (Pantastico et al
1980). Fresh Azolla pinnata, a tiny aquatic fern, was also an effec-
tive supplemental feed for tilapia fingerlings in cages, particularly when
the primary productivity of the Lake was low (Anon. 1980, Pan-
tastico et al 1986b) while dried and finely ground 4. pinnata was
desirable component of feeds for Nile tilapia fry (Santiago et al 1987b).
Within a range of protein required by Nile tilapia fingerlings, practical
diets with higher protein content did not necessarily produce better
growth than those with lower protein level (Santiago et al 1986).
Furthermore, diets with fish meal (18%) resulted in higher weight in-
creases compared to those containing 0 or 5% fish meal.

The growth of Nile tilapia in cages is greatly influenced by the
seasonality of natural food and water temperature. Tilapia fingerlings
reared in cages in Laguna Lake at different months of the year showed
marked differences in growth and survival (Basiao and San Antonio
1987). Fish reared in April-July had much higher growth than those
reared in August-December or December-April. Without supplemental
feeding, fish stocked at 50 and 100 fingerlings/m* in April-July
attained a marketable size of over 100 g during harvest. At 150 and
200 fingerlings/m> growth was much lower. Information from this
study has guided fish farmers as to the time ofstocking and the stock-
ing rates of young Nile tilapia in cages in the Lake.
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In 1984, an experiment on pen culture of Nile tilapia compared
the growth rates of fish at different stocking densities (5/m?, 10/m?,
and 15/m?) (Anon. 1984). Results showed an inverse relationship
between stocking rate and mean weight of tilapia. At 5/m?, mean body
weight after 4 months was 161.35 g. Net yield was only 0.188 kg/m?
based on a recovery rate of 23%. Better harvesting technique for
tilapias in pens has to be developed.

As part of the limnological project at BFS, fish growth was
monitored in March-August 1984 (Anon. 1984). Hapa net cages
(I x 1 x 1 m) were installed in the West Cove of Laguna Lake and
stocked with 10 fish/cage. After five months, tilapia (O. niloticus) at-
tained a mean weight of 145 g. Net yield was 1.4 kg/m?.

In collaboration with two private fish cage operators in Bo. Kali-
nawan, Binangonan, Rizal, two stations were established in 1985 at
the West Bay of Laguna Lake. Station 1 was inshore and Station 2 was
offshore. Tilapia fingerlings with mean initial weight of 0.55 g were
stocked in B-net cages (50 m?) at 16/m?. After six months (May to
October) without feeding, mean weight of 43.4 g was attained by the
tilapia reared in cages in Station 2 compared to only 28.5 g by those in
cages in Station 1.

Polyculture of carps with other fish species was done in 1980
using a stocking rate of 6.6 pieces/m” at three varying stocking ratios
(Castro et al 1980a, Castro et al 1980b). All species reached market-
able size after 3 to 4 months. Final mean weights of milkfish and silver
carps as the major species were highest at a stocking density of4.5/m?,
followed by 3/m” , and 5/m?®. Fastest growth rate was exhibited by big-
head carp, followed by silver carp, milkfish, tilapia, and common carp.
With milkfish as the primary species, highest average net production of
558.16 kg/500 m® was obtained at a ratio of 4.5 milkfish:0.5
tilapia:0.1 bighead:0.5 common carp/m>. With silver carp, the highest
average net production obtained was 1218.85 kg/pen at a ratio of 5
silver:1 tilapia:0.1 bighead:0.5 common carp/m®. The two studies de-
monstrated locally that polyculture of fish species with complementary
feeding habits is an effective means of increasing fish yield per unit area
of cage or pen.

Another polyculture was undertaken in 1984, this time in seven
areas representing the four distinct areas of Laguna Lake:Central Bay,
West Bay, East Bay, and South Bay (Anon. 1984, Lijauco and Paraan
1984). Tilapia were grown with silver, bighead, and common carps at
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13/m* and at a stocking ratio of 10 tilapia:2 common carp:0.5 big-
head: 0.5 silver. Mean final weight of tilapia in the various bays was
63-181 g after six months of culture. There was not much difference
in the mean final weight of common carp but the mean weight of big-
head carp ranged from 699-1600 g while that of silver carp was
325-525 g. Tilapia from the southwestern part of the West Bay had
the highest mean final weight of 181 g. Growth of tilapia as well as
that of bighead, silver, and common carps in the South, East, and
Central Bays was high.

Two technology verification projects were pursued in 1985 to
determine the areas in Laguna Lake suitable for polyculture. Tilapia
and bighead carps were stocked in CC-net cages (50 m?) at 10 tilapia:
6 bighead carp/m’ in the first project (Anon. 1985). The mean final
weight oftilapia after 180 days (May to October) was 38.8 gand 41.4 g
for the West Bay (inshore) and West Bay (offshore), respectively, from
an initial weight of 0.55 g. Mean weight oftilapia from the South Bay
(177.5 g) was much higher. The same trend was observed on the
growth of bighead carp. Higher mean weight of 770 g was obtained in
the South Bay compared to 187 g and 422 g for the West Bay (inshore)
and West Bay (offshore), respectively. The second project was con-
ducted simultaneously with the first and fish farmer cooperatives
around Laguna Lake were involved in the implementation (Tabbu et al
1986). Bigger CC-net cages were used (200 m* and 100 m?). These
were stocked with 10 tilapia, 1.2 bighead carp and 0.6 common carp/m?.
Compared with the first project, higher mean weights of tilapia were
obtained: 66 g at West Bay, 108.3 g at South Bay, and 102 g at East Bay
Mean weights of bighead carp were: 1540 g (southwestern part of West
Bay), 1170 g (South Bay), and 1290 g (East Bay). From the two poly-
culture studies in 1985, highest fish yield was obtained in the South
Bay, followed by East Bay, and the southwestern part of West Bay.
Moreover, bigger cages allowed higher fish growth.

Additional researches were subsequently conducted in ponds.
Tilapia was cultured singly or in combination with bighead carp and sea
bass in cages installed in ponds. Results showed highest yield from
tilapia-carp-sea bass combination and tilapia-carp combination after six
months (Anon. 1986, Tabbu 1986). On the other hand, the effect of
different inorganic and organic fertilizers and their combinations on
fish yield was evaluated. A stocking density of 4.6/m® and a ratio of
2.5 tilapia and 2.1 bighead carp were used. Among the fertilizers used,
chicken dung alone or phosphorous (0-18-0) alone gave the highest
yields (Anon. 1986, Acosta 1986).



TILAPIA AND CARP CULTURE

DISEASES AND PARASITES

The Fish Health Laboratory at BFS has reported occurrence of
parasite infestation and diseases in tilapias and carp (Palisoc 1985).
Samples came from land-based hatcheries or nurseries as well as from
pens, cages, and open waters. Recommended treatments for affected
fish are presented in Table 2. It is impractical to treat infected or
diseased fish in cages or pens in large bodies of water. However,
valuable fishes such as carp and tilapia broodstock may be harvested
and transferred to land-based facilities for treatment.

Table 2. Parasites and disease organisms of tilapia and carp and their treatment

Infective
Fish species organism Treatment Dosage Duration
T. nilotica Pseudomonas Oxytetracycline 7.5 g/100 kg 7-12 days
of fish/day
Trichodina Salt bath 1000-2000 ppm indefinite
Dactylogyrus Salt bath 1000-2000 ppm indefinite
Bighead Carp  Trichodina Formalin 150 ppm 1 hour

Pseudomonas Oxytetracycline 7.5 g/100 kg 7-12 days
of fish/day

Silver Carp Aeromonas Oxytetracycline 7.5 g/100 kg 7-12 days
of fish/day

Citrobacter Oxytetracycline 7.5 g/100 kg 7-12 days
of fish/day

Micrococcus Oxytetracycline 7.5 g/100 kg 7-12 days
of fish/day

Lernaea Salt bath 1000-2000 ppm indefinite

Formalin 15-25 ppm indefinite
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PRODUCTION CONSTRAINTS

The main problem of tilapia and carp production is the insuffi-
cient supply of high quality fingerlings, particularly when these are
needed for stocking. Although many hatcheries exist, it is difficult to
obtain at one time the desired number and size of fish. For cage cul-
ture of both species, poaching is a serious problem. Also, typhoons
cause destruction of cage and pen installations, loss of fish to open
waters, and fish mortality. Lack of technical knowhow by some fish
farmers also affect fish production.
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AQUACULTURE DEPARTMENT

J. Honculada-Primavera
Aquaculture Department
Southeast Asian Fisheries Development Center
Tigbauan, Iloilo, Philippines

ABSTRACT

With training as one of its three mandated functions, the
SEAFDEC Aquaculture Department offered its first training course
in 1974. Since then it has trained some 6 519 participants in various
degree and non-degree programs. The degree courses are MS. Fisheries
(Aquaculture) and M. Aquaculture in collaboration with the University
of the Philippines in the Visayas.

The non-degree programs include regular short-term courses, on-
site seminars internship training and practicum for graduating stu-
dents. The "hands-on" short-term courses cover Prawn Hatchery and
Nursery, Marine Finfish Hatchery, Brackishwater Pond Culture, Sanita-
tion and Culture of Bivalves, Freshwater Aquaculture, Aquaculture
Management, Aquaculture Engineering, and Aquaculture for Social
Scientists. A profile of 637 1982-1986 training participants show
82.3% from Southeast Asia, 79% male and 57.5% from government
sector.

The paper discusses planning and implementation of training
programs, funding support (Japanese Government, International
Development Research Centre of Canada, FAO Network of Aquacul-
ture Centres in Asia), and future trends.

INTRODUCTION

Research, training, and information dissemination are the three
mandated functions of the Southeast Asian Fisheries Development
Center Aquaculture Department (SEAFDEC AQD).

The strength of the AQD training program is derived from ex-
perience in research, training, and exposure to the industry. The Depart-
ment has some 80 professional staff with masteral and doctoral degrees
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who have published more than 200 papers in various scientific journals
and conference proceedings. It has also sponsored 16 national, regional
and international conferences, seminars and workshops on aquaculture
research and development.

Parallel to research has been the training program with the first
short-term course offered in 1974. Lecturers and instructors are drawn
from the research staff. Many ofthe research facilities including labora-
tories, hatcheries, nurseries, ponds, pens and cages, and library services
are also utilized for training. Moreover, the 13-year lead time has
enabled the Department to develop training facilities (audiovisual equip-
ment, training laboratories, and ponds), and manpower (a core training
staff) exclusively for training purposes.

In addition, AQD trainees have access to private sector practices
in the thriving aquaculture industry in the Philippines. Given the coun-
try's extensive coastal areas, the potential contribution of training to
aquaculture development cannot be underestimated. At the regional
level, training is even more significant as Asia is considered the cradle of
aquaculture, and contributed around 80% of the total 1984 world aqua-
culture production of 10.2 million mt.

TRAINING PROGRAMS

The training programs of SEAFDEC AQD consist of a degree prog-
ram and four non-degree offerings: regular short-term courses, on-site
seminars, internship, and student practicum. The practicum and on-site
seminars are exclusively national while internship of degree programs are
open to international participants.

The regular short-term courses are "hands-on" 4- to 7-week techni-
cian courses conducted in any of the Department stations in Tigbauan
and Leganes, Iloilo and in Binangonan, Rizal, and are open to national
and international participants.

The 3-day on-site seminar has been designed for fish farmers and
other aquaculture entrepreneurs who have neither means nor time to
come to AQD. Organized upon the request oflocal aquaculture associa-
tions and in collaboration with the Department of Agriculture Burecau of
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Fisheries and Aquatic Resources, this outreach activity aims to bring the
latest aquaculture technologies to the farm site.

Internship training is for participants with some aquaculture back-
ground either from previous research or industry experience or upon
completion ofa short-term course and who need further specialization in
such areas as nutrition and feed formulation, proximate analyses of
feeds, disease diagnosis, plankton culture, and instrumentation. Practi-
cum or "on-the-job" training is designed to complete the 400 to 800
practical hour requirement of the Philippine government for graduating
students in fisheries and related fields in order to supplement their theo-
retical knowledge.

The academic program in collaboration with the University of the
Philippines in the Visayas, which grants the degrees, includes the two-
year M.S. Fisheries (Aquaculture) program which requires a thesis and
the one-year M. Aquaculture program. The latter is also called the Train-
ing Course for Senior Aquaculturists in Asia and the Pacific and is sup-
ported by the FAO Network of Aquaculture Centres in Asia through fel-
lowships, equipment, and personnel.

Table 1 and Figure 1 summarize the various training programs of
SEAFDEC AQD from 1974 to 1986 which show a total of 6776 parti-
cipants and 6399 man-months. The on-site seminar leads in terms of
number of participants trained (51%) but has only around 7% of total
man-months because of its short duration. Next are the short-term
courses and the student practicum with 29% and 14%, respectively, of
the total number of participants.

The degree program has the greatest number of man-months (34%)
but constitutes only 3% of the total participants reflecting its 1- to 2-
year period. Also ranking high in man-months are the 4- to 7-week
short-term courses and the 2-month student practicum at 24% each.

Short-Term Training Courses

Forming the centerpiece of AQD training, the regular short-term
courses are characterized by a mix of 80-90% laboratory exercises,
practical/field work and field trips, and 10-20% lectures.
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Table 1. Summary of participants and man-months of the training programs of the
SEAFDEC Aquaculture Department, 1974-1986.

Man-
No. % month %
A. National
1. Student practicum 925 13.6 1 512 23.6
2. On site seminars 3 481 51.4 434 6.8
3. Short-term courses 1 065 28.7 469 23,59
Sub-total 5 471 2 415
B. International
1. Internship 191 2.8 748 11.7
2. Degree program 231 3.4 2 201 34.4
3. Short-term courses 883 28.7 1 035 23.5
Sub-total 1 305 3 984
TOTAL 6 776 100.0 6 399 100.0

“Includes both national and international programs.

Areas

The five areas offered at present are (1) Prawn Hatchery and Nur-
sery, (2) Marine Finfish Hatchery, (3) Brackishwater Pond Culture, (4)
Sanitation and Culture Techniques of Tropical Bivalves, and (5) Fresh-
water Aquaculture. Other courses occasionally offered are Natural Food
Culture, Aquaculture Engineering, and Aquaculture Management.

Among the various courses, Brackishwater Pond Culture and Prawn
Hatchery lead in both participants and man-months (Fig. 2) reflective of
both the extensive coastal areas and the recent heightened interest in
prawn culture in the country and the region.

Timetable

The activities of a training course are numerous and varied:
1. Scheduling. The choice and scheduling of courses within a
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Fig. 1. Summary of participants of the SEAFDEC Aquaculture
Department training program, 1974-86

given year are based on demand in terms of industry feedback
and the number of applications received in previous year, sea-
sonality of aquaculture commodity, availability of faculty and
accommodations. Scheduling is done at least six months in
advance to give lead time for announcements.

2. Circulation. Announcements of the scheduled training courses
are made through an extensive mailing list and through mass
media.
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Screening for admissions/fellowships. ~ Three basic qualifications
for applicants are a college degree in fisheries or related fields or
background in aquaculture; proficiency in English, the medium
of instruction; and good health. If the number of qualified
applicants exceeds the 20-24 slots per course, other secondary
factors are considered. These include age (25-55 years), sex
(female), and sector (government). The bias for females is be-
cause of the predominantly male profile (79% of 637 trainees,
1982-1984) of participants. The preference for public sector
applicants is due to the "multiplier effect" of training trainors
such as government fisheries extension workers.
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At this time, participants are also screened for available
fellowships which provide financial support in form of air fare,
stipend, and various allowances from such donors as the
Government of Japan and the International Development Re-
search Centre (IDRC) of Canada.

4. Preparation. Prior to the start of a given course, the assigned
Course Officer prepares a schedule of activities (lectures and
practical work), equipment, supplies and materials, stocking of
a demonstration pond, and other facilities. Lecturers and in-
structors from the Department research staffand from the out-
side (academe, private sector) are also selected.

5. Course proper. This covers opening ceremonies and orientation;
lectures, practicum and field trips; panel discussions; written
and oral examinations; course evaluation and closing ceremo-
nies.

6. Non-technical aspects. Because of the live-in nature of the
short-term courses, the non-technical activities also require at-
tention. These include arrangements for arrivals and departures,
travel (visa, tickets), opening and closing ceremonies, stipend
and allowances (for fellows), health and accident insurance,
accommodations and meals, banking and communications, cul-
tural tours, socials such as picnics and parties, and group dyna-
mics.

7. Course evaluation. This includes evaluation of lecturers, in-
structors, lodging, meals, and overall course assessment.

IMPACT

The impact of AQD's continuing training program may be gauged in
terms of aquaculture policy and aquaculture production in the region.
Figure 3 shows that out of a total of 1305 participants and 3984 man-
months for the international training programs, 76.4% of trainees (997)
and 77.3% man-months (3079) came from Southeast Asia.

Policy

Many of AQD's training alumni, particularly from the degree prog-
rams now help formulate national and regional policies in aquaculture
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and fisheries in their respective countries.

Production

The Southeast Asian region shows a 100% increase in aquaculture
production from 1975 to 1983 compared to only 20% from capture fish-
eries for the same period (Rabanal 1987).

Prawn Hatchery. In the Philippines, production of prawn
(Penaeus monodon) fry increased from 3 million in 1974 to ap-
proximately 100 million in 1983 (Primavera 1985) to more
than 200-300 million at present.

Pond Culture. Average yearly brackishwater pond production
of milkfish in the Philippines has increased from 300 kg/ha in
the mid-1970's to more than 1 000 kg/ha at present.
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FUTURE DIRECTIONS

Short-Term Courses

There will be a continued demand in the country and the region for
the technician courses, particularly Prawn Hatchery and Brackishwater
Pond Culture. With intensification of aquaculture, there will be a need
for training in such specialized topics as Fish Diseases and Natural Food
Culture.

On-Site Seminars

The Philippine Government through the Department of Agriculture
and Food has focused on the need of small fish farmers. Therefore,
future efforts will emphasize the on-site seminars as a means of reaching
out to small farmers in the areas of pond culture and mariculture of sea-
weeds, bivalves, and finfish.

Major Training Courses in the Region

SEAFDEC AQD's strong offerings in marine seed production
(prawn and finfish) and brackishwater culture can be seen from the
popularity of these courses (Fig. 2). Singapore is offering courses in net-
cage (marine) fish culture and bivalve microbiology while Thailand has
courses in freshwater and marine shrimp hatchery.

Perhaps a regional workshop may be useful to evaluate past training
programs, to determine future needs, and to rationalize the various train-
ing efforts in the region.
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SUMMARY OF WORKSHOP
RECOMMENDATIONS

A special workshop among participants was conducted to assess the status
of the aquaculture industry in Southeast Asia, particularly in Malaysia, Philippines,
Singapore, and Thailand. Although hatchery, nursery, and grow-out culture tech-
niques had already been developed for most ofthe economically important species
cultured in Southeast Asia, the outcome ofthe workshop showed that there are still
major constraints to be able to increase production. Further studies have to be con-
ducted to have greater control of factors that lead to better production. The parti-
cipants prioritized the economically important species and the research area for

each species for the Region.

The summary of workshop recommendations are as follows:

I.  FINFISHES
A. Marine and Brackishwater
Priority Species

1. Sea Bass

2. Grouper

3. Red Snapper

w

AW o~

Research Areas

. Diseases in nursery and grow-out

a. ciliates

b. bacteria

c. virus

d. stress-induced

. Feed development for nursery
. Feed development for grow-out

. Development ofhatchery techniques

. Development of feed for nursery

. Development of artificial diet for grow-out
. Diseases in nursery and grow-out

a. bacteria
b. virus
c. stress-induced

. Diseases in nursery

a. ciliates

. Development ofreliable hatchery techniques
. Feed development for nursery
. Diseases in nursery and grow-out

a. ciliates
b. bacteria
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4. Golden Snapper

5. Mullet

6. Rabbitfish

7. Milkfish

B. Freshwater
Priority Species

1. Red Tilapia

AW o—

AW~

WO =

c. virus
d. stress-induced

. Development of artificial feed for grow-out

. Development of reliable hatchery techniques
. Development of feed for nursery

. Development of feed for grow-out

. Diseases in nursery and grow-out

a. bacteria

b. virus

c. stress-induced
d. ciliates

. Development ofhatchery techniques
. Development of feed for grow-out

. Development of feed for nursery

. Diseases in nursery and grow-out

a. bacteria

b. virus

c. ciliates

d. stress-induced

. Development of feed for grow-out
. Development ofreliable hatchery techniques

Development of feed for nursery

. Diseases in nursery

a. ciliates

b. bacteria

Diseases in grow-out
a. Stress-induced

b. Bacterial and ciliate

. Refinement ofbroodstock management

technique

. Development of practical diets for hatchery,

nursery and grow-out

. Development of disease prevention and

control methods for hatchery, nursery and
grow-out

. Economic assessment of hatchery systems

Research Areas

. Selective breeding

Refinement of hatchery techniques

. Feed development for nursery

Feed development for grow-out
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2. Marble Goby 1. Refinement of hatchery techniques
2. Feed development for nursery
3. Feed development for grow-out

3. Clarias sp. 1. Refinement of hatchery techniques
2. Feed development for nursery and grow-out

3. Selective breeding
4. Other Tilapias 1. Selective breeding
2. Feed development for nursery
3. Refinement of hatchery techniques
4. Feed development for grow-out
5. Carps (Grass Carp) 1. Refinement of hatchery techniques
II. CRUSTACEANS
Priority  Species Research Areas
1. Penaeus monodon 1. Development of captive broodstock

2. Development of economically feasible diets
for grow-out

3. Development of economically feasible
broodstock and larval diets

4. Refinement of existing hatchery-nursery
technology'

5. Development of techniques for disease
prevention and control in hatchery

6. Water management for grow-out

2. P. merguiensis/P. indicus 1. Development of economically-feasible diets

for grow-out

2. Water management

3. Development oftechniques for disease
prevention and control

4. Development of captive broodstock

5. Refinement of existing hatchery-nursery
technology

6. Selective breeding

3.  Macrobrachium

rosenbergii 1. Selective breeding
2. Refinement of existing hatchery-nursery
technology'

3. Water management

ncludes feeds, disease prevention and control, and water management.
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4.

4. Scylla serrata 1.
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Development of techniques for disease
prevention and control

. Feed development for grow-out
. Development of captive broodstock

Refinement of existing hatchery-nursery
technology'

2. Development of captive broodstock

w

5. Metapenaeus ensis/

M.  monoceros 1.

. Feed development for grow-out
. Development oftechniques for disease

prevention and control

. Water management for grow-out

Development of captive broodstock

2. Water management for grow-out

III. MOLLUSCS AND SEAWEEDS
A. Molluscs

Priority Species

1. Perna viridis 1
2
3
4
5
6.
7
8.
2. Crassostrea sp. 1
2
3
4
5

Refinement of existing hatchery-nursery
technology'

. Feed development for grow-out
. Development of techniques for disease

prevention and control

Research Areas

. Product development and other uses
. Depuration

. Resource evaluation

. Site identification

. Spatfall forecast

Transplantation

. Evaluation of culture technology

Refinement of grow-out techniques

. Resource evaluation

. Site identification

. Depuration

. Spatfall forecast

. Evaluation of culture technology

Includes feeds, disease prevention and control, and water management



3. Anadara sp.

4. Placuna placenta

B. Seaweeds

Priority Species

1. Gracilaria

2. Porphyra

3.

Eucheuma

WORKSHOP RECOMMENDATIONS

Product development and other uses

7. Transplantation

[e o]

AW - AW~

A WO~

N R

R e

Refinement of grow-out techniques

Depuration

Resource evaluation

Site identification

Spatfall forecast

Transplantation

Product development and other uses
Development of hatchery techniques
Refinement of grow-out techniques
Evaluation of culture technology

Spatfall forecast

Resource evaluation

Development of hatchery techniques
Transplantation

Site identification

Refinement of grow-out techniques

Product development and other uses

Research Areas

Refinement of culture techniques

. Basic biology
. Product utilization

Screening and characterization of natural
products

. Basic biology

Refinement of culture techniques

. Product utilization

Screening and characterization of natural
products

. Refinement of culture techniques
. Basic biology

. Product utilization

. Genetics/selective breeding and establishment

of seed banks
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