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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
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(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



AQUACULTURE DEVELOPMENT IN SOUTHEAST ASIA

8

(L861) 09 TOA ‘S861

‘sonysne)s AI9Usiy JO j00qIied X OV :99Inog

$6'8 SI'é Se0l1 £€5°6 56 uononpoid pjiom o0}
uononpoid YIS 12104
00€ Sv6 V8 000 960 €8 00S 95T LL 006 T9L 9L 00v 08 VL uononpoid pros
¥6S ¥09 L vy S09 L €98 666 L 866 CI¢ L 69 LT1 L uononpoid vHs
000 008 000 S9L 000 OIL 00 019 000 ¢29 WeN RIA
009 €¢I ¢ 98 el ¢ ¥20 09C ¢ €l ocl ¢ S0 686 1 puereyL,
0 €C 89y ST 6vs ol ore ol I 91 a1ode3uig
10L L98 1 66¢ S¢€6 1 08S LL6 1 YL L8L 1 9¢9 989 1 sourddryq
S8l TE9 L96 99 680 IvL 69S 789 60 08 eiske[e]n
000 0¢ 000 0T 000 0T 000 0¢ 000 0T soe]
000 89 000 <9 0sL €9 0s9 8¢ 00L 89 voyondwey
060 L90 T SES T66 1 918 +0C ¢ 651 286 1 8GL 8I6 1 BIsauopuf
986 ¢ 9 ¢ GS0 ¢ LSe T L9¢ ¢ Tounig
31 7861 €861 861 1861 Anuno)

(yw ur) G8EI-1861 ‘SLIUNOD URISY ISLAYINOS Jo uononpoid sauaysiy g 2[qe]



9

OVERVIEW

Toyine o3 £q AoAIns & woly sojewnsd snoladid pue suonesrjqnd Juooar wol .

(S861) BRIV ©3S BUIYD) YINOS 10J UNS[ING [edNSHEIS AI0YSLT €861 DAAAVAS :99IN0S

SoLIRYSY o1Mnod pue ainided [yjoq sopnjour STy

(S861) 9 "[OA ‘SONSHEIS SILIAYSL] JO JOOQIBIX €861 OV A,

L3 901 0l uononpoid prom
uo uononpoid yHS 1ua0I0d
€0L 01T 01 L6L S¥0 L9 00§ 95T LL pouod owres 10J S[e10) PIIOA

981 $88 LLE VIT L €98 666 L soLyunod (V4s)
UBISY 1SBAYINOS 10 [BI10],
70 6000 ST 96 000 S89 000 O1L WweN 9IA
0 zSTL 16 96 66C 891 ¢ 20 09C ¢ puerey
Ul <6€0 C 06 OIS LT 6vS 61 o10degurg
€C zEL0 ST LL LOS CTES 1 08S LL6 T sourddrqiyq
LO 0FE €S €6 6vL L89 680 1YL eISAe[eIN
20 ,£09¢€ 86 019 61 000 0¢ soe
10 006 66 0S8 79 0SL €9 eoyonduwrey]
4! 668 99C 88 LT16 LE6 1 918 ¥0C T BISOUOpU]L
S0 £0ST S6 S06 T SSO € tounig

1210 () 1e303 (ur) (u)
Jo o, uononpoIg Jo o, uononpoig :Qoﬁosvoa Anuno)
amynoenby somaysy - amyde) SouRYsY [e10L

€861 ‘SOLNUNOD URISY IseayInos ur uononpoid amynoenbe pue souOyYsi{ ‘¢ 9[qeL
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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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14 AQUACULTURE DEVELOPMENT IN SOUTHEAST ASIA

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 Penaeids, 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
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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
secaweed, the FEucheuma 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

[N NS T NG I

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 secaweeds. 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
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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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