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I. Introduction 
The area covered by this survey excludes Tibet, Chinese Turkestan, 

and Inner Mongolia. Strictly speaking, they do not belong to the region 
generally designated as Southeast Asia. The total number of people in 
this quadrant of Asia comprises almost a billion people, occupying a total 
area not much larger than the United States. 

Vegetables, rice, and fish have for ages been drawn on by the 
people of this region as their major food resources. This dependence 
is not likely to be changed, now in the face of rapidly mounting popula
tion figures. 

The fresh-water resources here are, however, among the most pro
ductive to be found anywhere. In large part, this is due to the fact 
that cyprinids, both fast-growing and amazingly fertile, make up the 
major portion of the fresh-water species found in the rivers, lakes, and 
ponds of the entire region. They are eagerly sought by great numbers of 
fishermen throughout the area and are readily salable to a population 
whose attitudes are not averse toward fish in general, or the carp family 
in particular. New ways are now followed to enhance the productivity 
of the waters by introducing new species and using more efficient 
cultivation methods (Hickling, 1948; Lin, 1951). 

II. China 
A. G E N E R A L 

In times past, the cultivation of fish was a very reliable source of 
income. It became so extensive that in some portions of South China 
fish-raising ponds have been reported to occupy more than 50% of the 
land area in several districts. One observer reported that in six districts 
near Canton in 1930 almost 70,000 hectares of land were employed in 
fish-farming and that the crop from this area was almost 66,000 metric 
tons. A survey made in 1937 indicated that cultural operations com
prised 166,667 hectares, gave employment to 13 million people, produced 
fifteen billion fry and 382,282 metric tons of fish (Shen, 1951). Although 
such estimates may be inaccurate, there is little doubt that the rearing of 
fish is a most important economic activity. 

The influence of the Communist regime upon this industry severely 
restricted its operations initially, since production depended upon in-
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dividual pond operators utilizing their own or rented ponds for profit. 
From the fry-fishermen through the dealers to the operators themselves, 
the whole system was capitalistic. A transfer to collectivization and em
ployment by the state must have caused serious disruptions. The flow 
of fry into the international market from China almost ceased. Formerly, 
it was of large proportions. To judge from recent statistics, these fry 
are now being employed in the rapidly expanding fish-rearing activities 
of the mainland. Estimates of 3 million hectares for ponds of all kinds 
and production of over 2y2 million metric tons of fish may both be in
accurate but indicates, nevertheless, the strong current interest in ex
panding fish cultivation (Yu-tien, 1959). 

Within China itself, pisciculture is seemingly older than in any other 
area of the earth. The earliest date generally accepted as being reason
ably accurate in the history of fish culture is associated with an essay 
written by Fan li, a land-owning official, of the feudal state of Yiieh 
toward the close of the Chou Dynasty in 475 B . C . In this essay he urged 
the widespread cultivation of the common carp to strengthen the econ
omy of the state. Yiieh was an area including the present city of Shanghai 
and the region west and south of the mouth of the Yangtze. Although a 
fascinating document to review, this survey has to deal with modern 
times. Nine fish species have been cultivated on a large scale in the 
ponds of China and they are all native to the natural waters of the 
country. A detailed study of Chinese fish culture as compared to that 
of Japan was executed by the present author at the end of the forties 
(Drews, 1952). Much of the information given on China and Japan was 
collected at that time. 

B . C A R P S A N D T H E G R A Y M U L L E T 

Most important today, as in earlier days, is the common carp. This 
large river carp of Asia is still the "king of fishes" to the Chinese and, 
due to its present global distribution, a good case can be made for its 
being the world's most important fresh-water fish. As a pond-reared 
animal, it is sold while still quite small at the end of its early and very 
rapid growth. Only breeding fish are permitted to reach any real size, 
and they do not have anything like the impressive proportions this fish 
achieves under wild conditions. Of all the species reared for food, only 
the common carp will breed readily in ponds, unless an exception is 
made for the goldfish. This latter species was not formerly considered 
a food fish in China. 

The remaining seven species, all but one of which is a carp, are 
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brought to the ponds as fry. Chief of these is the grass carp, a very com
mon river fish, which gets its name from its preference for vegetable 
foods. The grass carp resembles the common carp, but has no barbels 
and a considerably shorter dorsal fin. It is the size of the common carp 
and grows rapidly under pond conditions. Another member of the 
Chinese pond fauna is the black carp, also resembling the previously 
mentioned species, but somewhat larger, black rather than greenish in 
color, and carnivorous, its preferred food being snails. A few specimens 
are kept in many ponds for the chief purpose of keeping the snail popula
tion under control, explained by its dietary requirements. This species 
is not very common. 

Two other carps, closely related and looking much alike, constitute a 
large portion of the population of many ponds: the silver carp, very 
common but of smaller size, and the bighead, much larger but growing 
slowly. Both are plankton feeders. 

The small-sized mud carp is a subtropical species reared only in the 
ponds of southeast China. Around Canton, it is very common commer
cially, since it is highly regarded as a food fish. Its fry are very abundant 
and its feeding habits keep the bottom regions clean, thus averting waste, 
the common carp not being exclusively a bottom feeder. Finally, a 
cyprinid (carpfish), the bream Parabramis pekinensis (Basi l ) , is a me
dium-sized river fish with a rather deep and compressed body, but is 
not so commonly cultivated. 

The ninth species is the gray mullet. This is a widely distributed small 
marine fish of warm Pacific waters. Although this fish has been reared 
in estuarine ponds for a very long time and is highly esteemed as a food 
fish, its cultivation is somewhat of a local specialty of the pond operators 
of Hong Kong and not in other parts of South China. 

C. F R Y P R O D U C T I O N 

In order to supply the fish-rearing industry with fry of those species 
that will not breed in ponds, a subsidiary activity of collecting or pro
ducing fry has developed. Many regard this as the most important eco
nomic fresh-water fish enterprise of China. Many miles of the banks 
of the Yangtze, Han, and West rivers, as well as many others, are lined 
with fry-fishing stations equipped with nets and manned with operators 
who work around the clock when the fry start running during the spring. 
The little fish are caught in nets of various types. When a sufficient 
number have accumulated, they are sold to agents traveling up and 
down the rivers during this period. 
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The fry are sold in two basic units: the smaller one is the "wan," 
comprising 10,000 fish, and the larger one is the "bowl," numbering about 
800,000. 

Ideally, the fry arrive at nursery ponds within a few hours after they 
are caught. A typical pond of this type is shallow and not more than 
6 or 7 meters in length and breadth. Provisions must be made for pro
tecting its waters from the direct rays of the sun when the weather is 
hot. Finely divided starchy materials or egg yolks are supplied as feed. 
Coarser materials may be introduced as the fry reach slightly larger size. 
Most of the little fish are sold within two or three months after being 
caught. Whenever it is desirable to retain the fry in the nursery ponds for 
later sale or delivery, the growth of the fish can be almost suppressed 
without injury and the size kept conveniently small, to facilitate trans
portation, by means of crowding and of supplying less feed. 

To prepare the ponds to receive the new crop, it is customary to 
drain the water so that the bottoms may be exposed for some time to the 
sun. Further, the bottom may be treated with tea-cake and lime to kill 
predatory organisms and encourage growth of the minute vegetable 
and animal life upon which the fry normally feed. 

D . S T O C K I N G , F E E D I N G , A N D H A R V E S T I N G 

Replenishing the ponds has become a highly intricate procedure. A 
half-dozen or more species are available and considered of value in com
mercial operations. Each pisciculturist has his own particular formula for 
governing the association of species in the waters under his control, 
derived not only from market needs but from the feeding habits of each 
fish species. 

With the exception of the grass carp, which thrives on any type of 
vegetation, the fish are fed great quantities of silkworm residues and 
pupae, distillery, brewery and soya sauce plant wastes; human and ani
mal excrement, and oil cakes such as peanut or soybean. The feed pro
vided the fish is reduced in quantity as the water temperature drops 
below 15°C. or rises above 25° C , since the consumption of feed de
creases markedly beyond these points and unconsumed food may pro
duce toxic substances. To clear the flavor of the flesh of any unpleasant 
characteristic coming from rancid oils in the otherwise excellent feed 
that silkworm pupae are, the fish are frequently kept in clear water 
and deprived of feed for a day or two prior to marketing. 

As fish grow most rapidly during the first two years, it is rare to find 
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older fish, except for a few common carp retained as breeding stock. 
Frequent harvesting is practiced by many, rendering a continual income 
and providing more space for the remaining fish. The netting of the crop 
is done, often at night, by attracting the fish by light. The lower tem
perature makes it easier to handle the catch than during the heat of the 
day. 

The fish are transported alive in the water-filled holds of small craft, 
either sculled singly or towed, sometimes in strings of several, to the 
market. Although the harvesting size varies considerably, they are, in 
general, immature and small. The common carp reaches the market 
weighing between 1/4 and 1/2 kg. ( 1 / 2 - 1 lb.) . Grass carp, bighead and 
silver carp are frequently harvested when they weigh slightly more 
than 1 kg. (2 lb.) . 

E . F U T U R E P R O S P E C T S 

The future for fish culture in China is good, since the Chinese are 
accustomed to eating fresh-water fish and have been obtaining as much 
as a third of their enormous fish harvest from ponds. It is quite likely that 
new breeds of carp will be utilized in ponds. Such fish as Tilapia will 
possibly be found to have possibilities for rearing in subtropical South 
China. The milkfish, as well as the gray mullet, should thrive in brackish-
water ponds all along the extensive South China coast. 

Both pisciculture and the management of natural fish resources ap
pear to be expanding at a remarkable rate, a matter of great significance 
to the future of the Chinese people. There are obvious limits to the pro
ductivity from natural waters, so the production from pond-rearing 
operations and paddy cultivation constitute important assets for the 
future feeding of the swelling population. There may even be chances 
that the traditional fry trade covering Southeast Asia extensively may be 
resumed. 

III. Korea 
In Korea, also, fish cultivation is very ancient but never attained 

great significance. This country lay on the eastern periphery of the early 
Chinese empires. Hence, by the beginning of the Christian era, there 
were thriving Chinese communities in what is today North Korea and 
the natives of the region were strongly influenced by Chinese culture. 
Therefore, they adopted the cultivation of the common carp. It was 
reared in temple ponds in China, and with the introduction of Buddhism 
the use of carp ponds was introduced. A few centuries later, knowledge 
of carp rearing had certainly entered Southern Korea. 
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Several factors militated against an active development of fish cul
ture. The climate is far less favorable for carps than that of the warmer 
China. Only the common carp was distributed throughout Eastern Asia, 
and Korean fish cultivation became limited to this fish. Furthermore, the 
relationship between area and population in this peninsula was rather 
favorable, particularly in reference to the resources of marine and 
fresh waters. 

During the period in which Korea was developed as a Japanese 
colony, extensive cultivation of common carp was pursued in reservoirs 
and other public waters. In 1936, 16,000 acres of water were devoted to 
pisciculture, and their production was valued at more than three million 
yen (Lee, 1936). Less than 2 % of the production was identified as 
private. Fish culture, consequently, is insignificant to rural subsistence. 
This is also borne out by an exhaustive study, made prior to the disrup
tions caused by the Korean war. No mention is made in it of fish cultiva
tion, while fishing is stated to be the second most important industry 
(McKune, 1950). 

IV. The Philippines 

A. H I S T O R Y 

The inhabitants of this extensive archipelago claim to eat more fish 
per capita than any other people. Whether or not this is true, they derive 
most of their animal protein intake from fish and, although most of this 
comes from natural waters, a remarkable type of pond cultivation ac
counts for an important portion. For centuries, the milkfish or bangos 
(Chanos chanos Forskal) has been reared in great quantities in exten
sive pond operations especially located near Manila but found elsewhere 
in the numerous islands. For further particulars see Frey (1947) . 

Pond operations were reported in 1949 to cover 70,000 hectares from 
which is derived an annual production of over 23,000 metric tons with 
a total value of more than 17 million dollars. It is estimated that the 
total investment in ponds in the Philippines may be about 175 million 

TABLE I 
COMPARISON OF ACTUAL AND POTENTIAL AREA (1,000 HECTARES ) DEVOTED TO FISH 

CULTIVATION 

Fishponds in operation 1958 Swamplands suitable for development 

Private State owned Total Freshwater Mangrove Total 

54.5 62JL 116.6 186.7 383.9 570.6 
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dollars (Rabanal, 1949). In 1958, the acreage is given as 116,600 hectares 
—see table above. Extensive as this development may be, only a minor 
portion of the total potential for pond development has been utilized. 
Recent information assesses the potential resources as approximately 
five times the present acreage—see Table I (Anonymous, 1959). 

B. M I L K F I S H 

The milkfish is a marine fish subsisting primarily on filamentous 
green algae which the pond operators have learned to rear in impressive 
quantities in their ponds. Hence, the fish culturists of this area combine 
skilfully the technical ability to produce algae of a particular type as 
fish feed and the actual rearing of the fish (Herre and Mendoza, 1929). 
In addition, they harvest a considerable incidental crop of other species 
of fish, shrimp, and crabs. Fishponds are usually built in mangrove 
swamps and on tidal flats near tidal streams. These other species ac
cidentally enter the ponds while still young (larva stages) and grow in 
the ponds together with the bangos. Among them are various shrimps, 
the most important of which are the jumbo shrimp or "hipon-sugpo," 
Penaeus monodon, "hipon-puti," P. indicus, and "hipon-suaje," P. canali
culus. The crabs are of the family Portunidae represented by the 
swamp crab or "alimango," Scylla serrata. The other species of fish are 
the spadefish or butterfish, Scatophagus argus, and the white sea bass, 
Lotes calcalifer (Villadolid, 1952). 

C. O T H E R S P E C I E S 

To this efficient utilization of brackish waters has been added in 
recent years the culture of fresh-water fish (Roxas and Umali, 1937). 
Among these is the common carp which, in spite of a large population 
of Chinese extraction in Manila and other cities, has never been very 
popular, although the fish has become established in some of the 
rivers and lakes. The giant gourami, Osphronemus goramy, and a smaller 
species, the "pla-salid," Trichogaster pectoralis, have both been intro
duced with some success. 

D. M I L K F I S H F R Y , A N D F I N G E R L I N G S 

The fry of the bangos are caught along the sandy coasts in many 
places in the Philippines. Among the important fishing grounds are 
Balayan and Batangas Bays, the sandy coasts and the mouths of rivers 
in Mindoro, Marinduque, Quezon, Sibuyan, Samar, Leyte, Tablas. 
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The season for catching bangos fry in the Philippines begins in 
March and lasts until August or September of each year, depending 
upon the locality. The peak of abundance is in the months of May and 
June. The tiny and almost transparent needlelike fry measuring from 
12 to 15 mm. long are caught by means of a number of ingenious native 
devices, nets, seines, and traps, at the mouths of tidal streams. After the 
bangos fry are sorted out from those of other species such as the "buan-
buan" (Megalops cyprinoides), "apahap" (hates calcalifer), etc., they 
are placed in earthen jars (palayok) with fresh sea water, each jar 
containing 2,000 to 3,300 fry. 

Certain fish-pond owners limit the culture of bangos to raising the 
fry to the fingerling stage only. The fingerlings are sold to other fish-pond 
owners who continue the cultivation until the fish reach marketable size 
(300 to 600 g. weight). 

Bangos fingerlings are distributed from the nurseries to rearing-pond 
centers by means of live-fish boats, locally called "pamandawan" or 
"hatiran." These are wooden dugouts 10-20 m. long, propelled by an 
outboard motor. The bottom of the boat has two or more screened holes 
for the entrance of water. The boat is prevented from sinking by having 
the excess water bailed out. Each live-fish boat may carry from 10,000 
to 50,000 fingerlings. 

The growth of fingerlings can be arrested from one to two years and 
yet they can be kept in healthy condition by feeding them with rice 
bran. The stunting of fingerlings is resorted to in order to maintain the 
supply of the fish for the rearing-pond owners who may have a demand 
for them during any part of the year. 

E . Tilapia 

The greatest impact on the future availabiHty of fish for the national 
diet presumably will be exerted by the Tüapia. This cichlid was intro
duced from Thailand in 1950, and the species T. mossambica is almost 
ideal for tropical waters such as the streams and lakes of the Philippines. 
It is hardy, grows rapidly, breeds with ease and is highly regarded as 
food. If fresh-water pond rearing of fish assumes larger proportions in the 
future, it is likely that this Tilapia will become a significant portion of 
the diet. Nonetheless, the real possibilities for great development lie 
in the realm of more adequate utilization of swampy coastal areas as 
milkfish-rearing areas. 
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F . P R E S E N T R O L E O F C U L T I V A T E D F I S H 

Cultivated fish account for one-tenth of the total fish production of 
the islands. Such rearing has grown at the same rate as the catch in 
general and, consequently, maintained its relative standing but with a 
slight gaining trend in latter years—see Table II . 

TABLE I I 
FISH CATCH OF THE PHILIPPINES'

1 

(in 1 , 0 0 0 metric tons) 
1 9 4 7 / 4 8 4 9 / 5 0 5 1 / 5 2 5 3 / 5 4 1 9 5 5 1 9 5 6 1 9 5 7 1 9 5 8 

Total 2 2 3 . 5 
From fish ponds 2 1 . 9 

2 5 5 . 5 
2 5 . 0 

2 9 0 . 5 
3 0 . 3 

2 9 6 . 6 
3 4 . 2 

3 2 2 . 4 
3 6 . 7 

3 4 9 . 1 
3 8 . 5 

3 6 5 . 5 
3 9 . 4 

4 0 6 . 0 
5 7 . 6 

a Source: Anonymous, 1 9 5 9 . 

V. Indonesia 

A. G E N E R A L 

Cultivated fish provide an overwhelming portion of the animal pro
tein eaten by the population. An exact assessment of its contribution to 
the national diet is, however, impossible to make. On the north coast of 
Java and the south coast of the neighboring small island of Madura, 
especially, large parts of the mangrove swamps that fringe the coast 
have been converted into brackish-water ponds or "tambaks" for the 
cultivation of fish. The size of this industry is indicated by the fact that 
in 1953 the area of all ponds was about 120,000 hectares, from which 
a total production of about 33,000 metric tons of fish was obtained 
(Hofstede, 1951, 1953). Over a quarter of a million people make all 
or part of their income from rearing fish. 

B . M I L K F I S H 

The milkfish or "bandeng," the large herring-like marine fish from 
tropical waters mentioned previously as the mainstay of Philippine pisci
culture, is predominant. Large-scale fry-fishing operations, involving 
many individuals working in small cooperative groups, are found along 
the shores and in the shallows where the spawn are known to be avail
able. These groups are most active at times of particularly high tides. In 
general, two methods are employed to catch the fry. In one, a very thick 
strand of floating material is stretched out from the shore into the cur
rent and the fry are periodically harvested by a scoop net passed along 
the appropriate side of the floating obstacle to the movement of the 
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free-swimming little fish. The other method involves the use of a net 
encircling a portion of the shallows near shore. The circle becomes an 
ever smaller spiral and the fry are dipped finally from the pocket at the 
center of the net. Ashore, the unwanted species are removed, and the 
milkfish are purchased by a middleman who will usually dispose of them 
to local pond operators, although, under some circumstances, the fry 
may travel relatively long distances by ship, train, or truck to reach their 
ultimate destination. Earthenware jars or waterproofed bamboo baskets 
are employed in the trade. The water is only slightly brackish and is 
changed daily. The feed given the fish is rice flour and pulverized egg 
yolk. 

In the ponds, where a rich algal growth provides most of the food 
needed, the milkfish grow rapidly, reaching a marketable size (300 to 
600 g.) in 8 to 10 months. Twenty-five to thirty kilos of wet algae are 
required to produce one kilo of fish (Schuster, 1952). By holding the 
fish for another year or even longer, they will reach a size of between 
4 and 5 kg., approaching the size of the smaller adults caught in the 
waters of northeastern Indonesia. The ponds may be replenished twice a 
year in response to the fact that fry become available both during the 
west monsoon beginning in September and during the east monsoon be
ginning in April. A less intensive approach with the purchase of fry but 
once a year is also common. 

Although losses in "tambak" operations run somewhere from 60 to 
80% of the fry introduced, this is not excessive, since the remaining fish 
grow more rapidly with more space available and less competition for 
feed. Recent figures for the production from 79,000 hectares of ponds 
in Java and Madura (almost half of this total is in eastern Java) give 
three interesting figures: ( 1 ) 9,000 metric tons of milkfish; ( 2 ) 3,000 
metric tons of prawns; ( 3 ) 1,500 metric tons of other fish. 

Although the selection of milkfish fry is done most scrupulously, 
various other fish enter the ponds when the gates are opened to re
plenish the water. These varieties and Crustacea entering this way be
come part of the pond fauna and are harvested regularly. Besides prawns 
and shrimps, this incidental crop includes the familiar gray mullet, cat
fish, snappers, and eels. 

C . " T A M B A K S " 

The tambaks of Java are mostly rectangular, with an area of 0.4 to 
2.0 hectares (1 -5 acres) and a depth of 0.3 to 1.2 meters ( 1 - 4 ft .) . They 
exist along the coast with a breadth of some hundreds of meters to about 



132 R O B I N A . D R E W S 

4 km. (2Ύ2 miles) and are sometimes found as much as 16 km. from the 
sea. The first tambaks of Java were probably constructed about the 
year A . D . 1400. The ponds of Madura are presumably still older (D'An-
cona, 1954). 

The supply of water from the sea is controlled and depends on the 
position and on the communication with the sea. Some inland tambaks 
are supplied only by rain. Salinity varies from 0 to saturation at about 
260 p.p.m. Temperature is, however, relatively steady (24.0-38.5

0
 C.) . 

The tambaks may occasionally be invaded by exotic fish, among 
which are some food fish, as Mugil cephalus and M. dussumieri. They 
compete with the bangos for feed. 

The production of the tambaks can vary, according to the nature of 
the bottom, from 44 to 424 kg. (97-935 lb.) of milkfish per hectare 
(D'Ancona, 1954). 

There are also tambaks in the Celebes, Sumbawa, and North Sumatra, 
but these are less developed than those of Java and Madura; in these 
also bangos and mullets are the chief harvests (D'Ancona, 1954). 

D. " T A W E S " 

Tambaks have also been employed, especially in eastern Java, to 
rear a fresh-water cyprinid closely resembling the common carp and 
known to the Javanese as tawes, Puntius javanicus (Blkr.) . Like many 
cyprinids, this fish is tolerant of brackish water and is reared in the 
ponds during the rainy season from January to July, when the saline 
content of the water is sufficiently depressed to allow the growth of this 
fish. Two problems exist, however. Its fry are far more easily injured than 
those of milkfish. Tawes do not congregate themselves as do milkfish 
by swimming into a current of water but must be brought to the harvest
ing area by slowly converging bamboo screens. 

E . Tilapias 

To the brackish-pond fauna mentioned above, the Tilapia mossambica 
Peters has recently been added. A species native to Africa, its presence 
in Java has never been explained although its initial discovery was made 
in 1939. (Chimits, 1954; Vaas and Hofstede, 1952). From Indonesia it 
spread to Malaya, Thailand, and even to the West Indies. It is a warm-
water species which, while tolerating high salinity (69 p.p.m.), spawns 
in waters of from 30 to 48 p.p.m. A shortage of milkfish fry during World 
War II led the Japanese to distribute tilapias for use in the tambaks and, 
as a consequence, it became widely distributed. Although it is a good 
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table fish, it has been slow in getting general acceptance, owing to the 
extremely high regard Indonesians have for the milkfish, which in addi
tion is abundantly available throughout the year. The hardiness of 
Tüapia, the readiness with which it spawns, and the fact that it is useful 
in controlling malaria hazards where fish ponds are found near major 
populated areas are all factors which would indicate its ultimate ac
ceptance. 

F . O T H E R S P E C I E S 

The common carp was brought in by the Chinese and is now widely 
distributed. Because of special government efforts for over a century, 
West Java is a major center for carp culture. The west coast of Sumatra, 
Celebes, and Bali are centers of carp-rearing, too (Hofstede, 1953, p. 89 ) . 
In mountainous West Java it is common to rear tawes along with com
mon carp in fresh-water ponds. 

In addition to the species mentioned above, the following species are 
cultivated: "nilem," Osteochilus hasselti (Cuvier and Valenciennes), the 
"mata merah," Puntius orphoides (C.V.) , both cyprinids, and the "tam-
bakan," Helostoma temmincki (C.V.) , the gourami, Osphronemus gor amy 
L a c , and the "sepat-siam," Trichogaster pectoralis (Regan). Both these 
and the earlier-mentioned species are all employed in the rice-field pro
duction of fish. 

G . F U T U R E P R O S P E C T S 

Fresh-water pond operations have been carried out on less than one-
tenth of the area of brackish-water ponds, 9,000 hectares,* but have 
produced somewhat more than a quarter as much of a crop, 7,500 
metric tons. Rice-field fish culture has been employed on about 72,000 
hectares of fields with a production reported of 4,350 metric tons, al
most all from Java (Hofstede, 1953, p. 4 3 ) . For these three patterns of 
fish culture, only in the "tambak" industry of Java and Madura does 
the development approach the possible maximum. In that region, there 
may be some room for further expansion of the brackish-water pond 
activities, but elsewhere in the archipelago the possibilities are hardly 
touched. As for fresh-water pond operations, as well as the cultivation 
of fish in rice fields, the potentialities are great. Indonesia has an ancient 
and well-developed fish-rearing industry that already is making im
portant contributions to the diet of the people, but a future expansion 
seems readily conceivable (Saas, 1952, Ling, 1953). 

* This is the official figure given for 1950. 
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VI. The Indochinese Peninsula 

A. I N T R O D U C T I O N 

The eastern countries of this peninsula, such as the presently divided 
Annam as well as Cambodia, Cochin-China, and even Thailand, have 
acquired their knowledge of fish culture primarily from the Chinese in 
the larger cities. To satisfy demands generated by this very population, 
the common carp and the river carps, available as fry by means of trade 
with Hong Kong, have been imported and reared rather extensively 
since the beginning of the twentieth century. Heijo, Saigon, and Bangkok 
were centers around which fish-culture developed. Elsewhere, until 
quite recently, little was done, a condition w7hich apparently still exists 
in Laos. South Vietnam is also encouraging fish-culture. 

B. T H A I L A N D ( S I A M ) 

Thailand is the only country in which interest in fish cultivation is 
currently strong. Besides the common carp and other Chinese carps 
reared for some time, there are now to be found several Indian or native 
pond fish as well as the Tilapia mossambica. The "pla salid," or "sepat-
siam," Trichogaster pectoralis, the kissing gourami or "tambakan," Helo-
stoma temmincki and the giant gourami, Osphronemus goramy, are the 
species that have come to be reared more recently. Paddy cultivation 
of Tihpia and the common carp is also being undertaken. Interest is de
veloping for creating brackish-water ponds along the coast, primarily 
for the rearing of milkfish. As yet, this is on an experimental level but, 
since the fry are known to be present in large numbers, ultimate success 
for "tambaks" seems assured. The present emphasis on fish cultivation 
arises from official encouragement, as well as United Nations technical 
support through FAO (Anonymous, 1954). 

C. B U R M A 

Burma is another country with vastly more potentialities than de
veloped fish cultivation at the present time. The Chinese carps are not 
of major importance in this far western part of the peninsula, but both 
the Indian cultivated fish and tilapias represent real possibilities for 
pond, paddy, or wet-field cultivation. The potentialities for the develop
ment of brackish-water ponds are extensive but, perhaps, less significant 
than those in fresh water, since the population is located primarily in 
the great interior river valleys and in serious need of additional animal 
protein. Buddhist beliefs militate somewhat against the use of fish as 
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food but, since Thailand has solved this ideological problem in large 
measure, there is hope in this respect also for Burma. 

VII. Malaya and Singapore 

Malayan fish farming has been dominated by Chinese tradition. 
Singapore was the terminus of the traditional fry trade from China. 
In adjacent areas a flourishing pond industry developed, chiefly in the 
hands of Chinese settlers (LeMare, 1950b). Various carps were favored. 
Fish farming and brackish-water ponds were, however, started at various 
places in the Malay peninsula (de Zylva, 1952). The lengthy coast
line, frequently with mangrove swamps, constitutes ideal conditions for 
a more extensive fish cultivation and certainly points to potentialities 
other than those reflected in the present rather spotty exploitation. 
Malayan rice-growing areas offer conditions quite comparable and even 
surpassing those of the Indonesian archipelago (Gopinath, 1950). Grow
ers who have tried this combination are most satisfied. 

Realizing the potentialities of Malaya and the nutritional needs of 
Southeast Asia as a whole, a research and training center for fish culture 
was started in 1952 at Penang. A number of experimental ponds covering 
96 acres (38.9 hectares) were put at its disposal, allowing an important 
comparative, scientific, and economic study of Chinese and Javanese 
fish-raising methods (LeMare, 1951). 

Tilapia was successfully introduced to Malaya in 1943, and reared 
particularly around Singapore (Hickling, 1950; LeMare, 1950a). 

VIII. Hawaii 

In the Hawaiian Islands, estuarine ponds do exist of a type not too 
different from those that have been in use for many centuries in Indo
nesia, Taiwan, and the Philippines. Although their production was not 
large compared to that from the adjacent seas, the primary fishes reared 
were two species of widely distributed marine warm-water fish, the 
gray mullet and the milkfish, both very well known to the coastal pond 
operations of Southeast Asia. 

The care provided for the fish in ponds was reduced to a minimum 
(Schuster, 1952). Through a gate in the seaward wall of the pond, 
erected by crossing the narrowest part of a natural inlet, small fish were 
introduced as a mixed population. The fish ate the natural feed found 
within the pond and the owner had a source of fish for his use from 
those fish that survived. There was little reason, except convenience, for 
a major development of this activity at that time and place. The seas 
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were relatively rich, the native techniques of fishing were highly de
veloped and the population certainly not large enough to have strained 
the local resources. Even the famed climate of Hawaii was against the 
development of pond culture, as storms only rarely interfere seriously 
with the regular catching of fish. 

Hawaiian fish culture is an independent development, not related to 
those of Asia, although the two major fish-rearing industries are those of 
the mullet and the milkfish. This is explained by the fact that both are 
abundant in these waters and readily trapped at the tides. Tilapia 
mossambica was introduced as an innovation to the islands in 1952. 

IX. Taiwan (Formosa) 

A. I N T R O D U C T I O N 

Both the Chinese and the Dutch are credited with introducing fish 
cultivation prior to the eighteenth century. Its most important sector is 
that concerned with the rearing of the gray mullet and the milkfish as 
in neighboring Indonesia and the Philippines. The total production from 
fish culture approximated one-quarter of the very large catch from the 
surrounding marine waters during the Japanese occupation. Besides these 
two species, familiar marine species and fresh-water fish, including the 
common carp, the grass carp, the silver carp, the mud carp, and the 
bighead, were introduced from China. Ever since the fall of the Ming 
Dynasty in the mid-seventeenth century, the majority of the population 
were Chinese, mostly from South China, and ties with the mainland 
were strong even during the Japanese occupation from 1895 through 
1945. 

B. P R E S E N T P R O D U C T I O N 

The cultivation of milkfish, although a major industry, is limited to 
the southern part of the islands. The northern part is too cool for this 
species. Yields of milkfish reported in the south to attain a level of 1,100 
kg./hectare (968 lb./acre), primarily due to fertilizing with tea-seed 
cake, as well as with manure of animal and vegetable origin (d'Ancona, 
1954). Over 13,000 hectares of land were devoted in 1951 to ponds, and 
the production from this area approximated some 15,000 metric tons 
(Chen, 1952). Many former salt fields, salt no longer being heavily 
produced for export, have been converted into fish ponds. 

Recent FAO figures (representing 1,000 metric tons) show the present 
significance of fish culture (see tabulation given). 
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1948 1953 1954 1955 1956 

Total catch 83.5 130.4 152.2 180.3 193.2 
Fish culture 25.3 38.6 41.7 45.7 42.5 

C. F R Y 

Since the fish do not breed in captivity, the availability of fry in the 
neighboring seas is of extreme importance. Most of the fry are caught at 
the time of the spring tides in April and May, by means of netting opera
tions similar to those the Chinese employ for catching fry along their 
rivers. It presumably reaches a hundred million level. Stocking practice 
considers from six to eight thousand fry ideal for each hectare of pond 
surface, but this objective is seldom reached on an industry-wide basis. 
Although great quantities of the fry are swept along the Japan Current 
from Indonesia to Formosa, mature milkfish are virtually unknown in 
the area, although they are common near Celebes farther south and east. 
As in contrast to a mature weight of over 10 kg., the pond-reared fish are 
harvested when they weigh from 150 to 300 g. Natural feed is supple
mented by rice bran, soybean cakes, and peanut cakes. In fact, the 
treatment of the fish, once the initial natural food is consumed, is very 
similar to that accorded fish in the ponds of South China. In times past, 
the trade in the fry of Chinese river carp arriving in Taiwan from Can
ton and Hong Kong was quite extensive, reaching a total of over twenty 
million fry. Communist China has not encouraged this commerce and 
supplies have been undependable and will probably remain so as long 
as the present political conditions prevail. Hence, pond operators have 
turned to Tilapia mossambica. 

D. Tilapia 

Although actually introduced during the war years, in 1944, by the 
Japanese bringing fry from Indonesia, this fish did not become estab
lished at that time. A private enterpriser introduced the fish again in 
1946 with better success and finally, in 1952, the government launched 
an extensive effort to get Tüapia accepted by rice farmers for rearing in 
their paddies. The extent of this effort is shown by the fact that produc
tion of tilapias was reported as almost 3,500 metric tons from slightly 
less than 2,000 hectares of ponds and about 3,500 hectares of paddies 
in that year. Over 55 million fry were distributed through the active 
participation of the government. Tilapias may constitute a new element 
of real significance to the fish culture of Taiwan (Chen, 1953). Neverthe-
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less, in spite of deep wintering ponds protected by windbreaks from the 
colder winds, tilapias will probably be limited almost wholly to the 
more tropical southern portion of the island. 

The employment of fresh-water fishes in ponds and paddies may well 
increase if conditions remain stable. But even if the production of these 
waters may become much larger, milkfish and gray mullet will continue 
to be the bulk of the crop. 

X. Hong Kong 

A. F R Y T R A D E 

Chinese merchants located at Hong Kong played a very significant 
role for many years in the important fry trade carried on with Chinese 
pond operators in Singapore, Bangkok, and other centers in Southeast 
Asia. This highly profitable aspect of international commerce depended 
originally upon transportation via wooden tanks placed on the open 
decks of coastal steamers. Today, some merchants in the trade are 
making use of air freight to carry sealed tins with an atmosphere of 
pure oxygen for keeping the small fish alive. The fish involved are those 
familiar to the ponds of South China, the grass carp, the bream, the 
silver carp, the mud carp, the bighead and a marine fish, the gray mullet 
(Lin, 1950). 

The changes in mainland China had serious repercussions on the fry 
trade. It had a monopoly in reference to fry of all the cyprinids, since 
they came only from the great rivers of central and south China. Costs 
have risen and supplies have been short so that the fry trade based on 
Hong Kong has been seriously curtailed. Recently, the present govern
ment appointed persons to be in charge of the export of fry from Canton 
and from Wu Chow, both important centers of the trade. The sig
nificance of this innovation is not yet apparent. 

B. L O C A L P O N D S 

In the last few decades, Hong Kong has bought most of the crop 
from local ponds to supplement some 40 or 50 metric tons of live fish 
brought in daily. An uninterrupted flow of fry from neighboring por
tions of China has supplemented the quantity of common carp that 
could be produced by breeding in local ponds as well as the fry of 
marine fish, such as the gray mullet, which has also been reared in 
quantity here. With a drastic diminution in both fry and food fish being 
brought in from the mainland, Hong Kong pond operators have begun 
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to use their 500 acres of ponds in a somewhat different way. While still 
employing as many of the traditional species as they can get, they have 
turned toward the Tüapia, as well as some experimentation with the 
possibilities of the milkfish. Under the guidance of a Fisheries Division 
experimental station, efforts were begun to raise carp in paddy lands. 
This had to be given up, primarily because irrigation depended on rain
fall and this was neither reliable enough nor adequate to provide suf
ficiently deep water in the paddies for rearing the fish. 

Fish culture will continue to play a small but significant part in 
the economy of Hong Kong. The pond area is not very large nor can it 
be greatly increased due to shortage of space and of water sources. 
Without free trade with the mainland and the raising of restrictions 
imposed by the Communists, the former international trade in stockfish 
cannot be re-established. However, based on the metropolitan demand 
for common carp, mullet, and probably milkfish (Schuster, 1952, p. 138) , 
all these species breeding readily in ponds or with their fry locally avail
able, profitable operations should be feasible. 

XI. Japan 

A. S U R V E Y 

Some knowledge of the methods of raising carp in ponds was intro
duced from China, by way of Korea, at a time shortly after the close of 
the later Han dynasty, about A . D . 220. Japan was, however, a nation 
surrounded by well-stocked bodies of water and located in a portion of 
the Pacific Ocean teeming with fish. So carp-raising never became im
portant. The only other food fish that may have been reared in other 
than quite recent times is the gray mullet, still raised in brackish-water 
ponds. In these very same ponds, stocked from surrounding waters 
through fry, the carp is also found frequently in company with that dis
tinctively Japanese contribution to fish culture, the common eel, Anguitta 
japonica. Ever since the time of the Russo-Japanese war of 1905, this 
trilogy of species has dominated Japanese commercial pond operations. 

As to the history and development of Japanese fish cultivation, ref
erence is made to Drews (1952) . An extensive survey of Japanese fish
eries and of fish raising is found in Kyokai (1957) . 

B . E E L , C A R P , A N D M U L L E T 

So successful have been the eel-rearing activities that almost all of 
the eel served in the expensive restaurants specializing in this luxury 
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food come from pond operations. Today, the fish are fed on a combina
tion of sardines and silkworm chrysalids, both abundant and inexpensive 
materials which are carefully prepared to keep the fats contained in 
them from becoming rancid and thus tainting the flesh of the eel. 

Since the carp and the mullet are bottom feeders and the eel ranges 
throughout the water, the three species together make a very efficient 
team to consume food provided for their use. Although great variations 
exist, with some lightly populated ponds receiving little feed to sup
plement natural feeds available in the water, in general the ponds are 
provided with selected and abundant amounts of feed. If eel rearing is 
the most profitable undertaking, the raising of carp is the most complex. 
A separate chapter (Chapter 4, this volume) is devoted to this industry 
and its intricacies. 

Among the carp, two major varieties may be identified which have 
been known in Japan from early times. The western type is known as 
the "kansai," which is shorter and has a more highly arched back than 
the slenderer and less highly regarded variety known as "kanto," bred 
chiefly in the plains around Tokyo. 

Pond rearing is at present expanded by utilizing a large number of 
species native to the lakes and streams of the country. Interest is mainly 
focused on species of small-size, but with good culinary value. Further
more, an elaborate government program for more hatcheries is under 
way to restock waters depleted of their cold-water species. 

Among the fish now attracting attention is the "funa," Carassius 
auratus L., the wild form of the familiar goldfish. This small-to-medium-
sized fish is very similar, except for its color and its lack of barbels, to the 
common carp. Its breeding and food habits are virtually identical but in 
both these respects, if placed in a condition of competition with larger 
fish, it is generally the victor. Being so widely distributed in the natural 
waters and being regarded as an excellent food fish, even during the 
winter months when the flavor of the carp is inferior, it is raised widely 
throughout the country. 

The ayu, a small, troutlike fish, which is counted as a member of the 
salmon family and constitutes the quarry of the famous cormorant fish
eries on the Nagara River in Gifu Prefecture, is also reared in consider
able quantities. Fry are removed from the streams in spring-time and 
placed in ponds near the centers of population, where a considerable 
demand for its highly regarded flesh exists in better-class restaurants. 

The slender little fish known as the loach or "docho," Misgurnus 
anguillicaudatus, is reared in ponds to supply the luxury market with 
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a product regarded as the equivalent in flavor of the eel. An additional 
asset is the extreme hardiness of this species under conditions of both 
drought and heat. Burying itself in the mud, it may emerge only when 
rains return. 

Two species of trout are also reared commercially: the rainbow trout, 
and the brook trout, both familiar fish. The fry are obtained from govern
ment hatcheries. Trout fry must be handled with greater care than that 
of cyprinids. Special containers and speedy handling safeguard the 
delicate young. 

Commercial trout ponds are nearly always located near metropolitan 
centers. It is common for operators to permit angling in their ponds 
for a fee. The handsome rainbow trout, known to the Japanese as "niji-
masu," is preferred to the brook trout and is much more common. Under 
pond conditions, both species will supplement their basically carnivorous 
diet by consuming flour and vegetable materials. Frozen, these salmonids 
are exported to the United States market. 

The remaining fish are all small and reared in insignificant quantities. 
They include small cyprinids such as the dace ("uguf) , the roach 
("moroko"), and the interesting little fish, the "higai," Sarcocheilichthys 
variegatus, made famous by the fact that the great Emperor Meiji was 
very fond of angling for it with miniature tackle. Finally, some painstak
ing attention has been given to rearing the small and delicious pond 
smelt "wakasagi," Hypomesus olidus (Drews, 1952, p. 90 ) . 

The ayu, trout, and pond smelt are part of a distinctly different 
category of fish culture not to be found elsewhere in Southeast Asia. 
They are from cold, fresh waters, while all other species discussed here 
are from warm waters, either fresh or salt. 

Japanese conservation activities to protect the production of rivers 
and lakes are very complete, modern, and efficient. Before the war, nearly 
200 fish hatcheries produced as many as half a billion fry of trout and 
salmon for the replenishment of natural waters. With the loss of Karafuto 
and of the Kuriles, the pattern has changed to some extent but this is 
still a very important activity on the part of the government. 

In spite of the relatively large number of species of fish reared in 
ponds at the present time, one fact stands out: the warm-water ponds 
in which the common carp and the eel are cultivated produce virtually 
all the fish that enter the commercial food markets. 
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