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I-Chiu Liao and Tzyy-Ing Chen

Tungkang 卸farine Laboratory
Tungkang, Pingtung, Taiwan

The induced breeding of milkfish has been attempted by
many institutes in the Philippines, Taiwan, Tahiti, Indone-
sia, and Hawaii. So far, a few successful trials have been

�.c�ieved only in the Philippines and Taiwan, although
�

spawners used were reared from 的 to sexual maturity in

ponds and concrete tanks. This paper summarizes the gonad-
-

maturation investigated from 1975 to 1980 and describes
three successful trials of induced breeding in 1979. 1982. and
1983 in Taiwan. Final 旬 . the problems that need further

study are discussed.

INTRODUCTION

Being tough and highly resistant to di 扭扭白
. milkfish is easy to culture and is

therefore one of the most important cultUred fishes in Southeast Asia. It is not only

an excellent food fish but also an ideal bait fish for tuna. In the past 2 years it has been
-

improved culture techniques like deeper ponds and artificial feeds.

There is an increasing demand for milkfish fingerlings owing to the adoption of

these improved cultUre techniques. In the past, 8 000-10 000 fingerlings were

stocked in a 1 ha pond; however, 10000-30000 are now needed for stocking deeper
- -
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42 MILKFISH BIOLOGY AND CULTURE

of the milkfish industry is the adequate supply of fingerlings. Therefore, scientists in

as engaged in mill 而 sh culture such as the Ph趴圳圳1叫叫山i址山Ii崢p ψ伊Ipn伊仰l叮me

trying t昀0 develop techni 呵ques for ar此吋ti 已 cial propagation. So far, there are only a few
0 .

'

-- .

and the other from tanks or ponds (Hsiao and Tseng 1979, Lin 1982) and cages

(Juario and Duray 1980, Juario et al 1984)..
-

.

pawners since 1970 (Liao and Chang 1976).

This paper summarizes and discusses gonadal �evelopment and three successful

trials of induced breeding of captive milkfish in Taiwan as well as related problems

that need further stUdy.
, .

GONADAL DEVELOPMENT

Results of studies on milkfish reared to maturity in outdoor cement tanks at the
Tungkang Marine laboratory are used in this review. The gonads were examined

�

已⋯
� .民

�阱
.

. . . --晶晶晶cult to determine the sex and

maturity of first 司 ime spawners. However, the fish were found to be heterosexual, and
�-Sî are

.也ωa叫1 developme 叫 ofm叫i址lk凶&缸ωshwa 缸s fo∞u叮r吋 tω0 be
-

,
-

nia in males a吋
-∞伀呵go∞nit 山um and chr岫叮uoma 缸白tin泣in-nν

,

s哎ta扭£!e臼
- -

�

Sperm cells at various stages were present in 4+ year old males. Mature spermatozoa

一
-

milt oozed out upon pressing the abdomen. Males older than 5 years had running milt..
-

-
� . -

occ 已 rred in 5+ year old stock, and oocytes at the yolk vesicle s叫e wer� present m

these fish. Y olky oocytes were present in most 6+ year old �tock and coincided with
- .. -

that, among tank-reared milk 晶晶 , males first attain maturity in 4+ years, females in
�

(older than 5 years) over a 5- 可lear period (1975-1980) is shown in Figure 1. The GSI

value increased in May and attained a maximum in.August, suggesting that the
breeding season of captive broodstock is between late May and August. The monthly

� .

con 如ms the annual cyclic changes of the GSI value (Fig. 2).

The frequency distribution of oocyte diameter showed a distinct spawning pattern

in matUre captive milkfish (Fig. 3). Examination of ten ovaries revealed that only

- 90 一
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Fig. 3. Frequency distribution of oocyte diameter of ten mature captive milkfish (Liao and Chen 1983),

yolk-laden oocytes ranging from 500 to 750 μm and immature oocytes ranging from

10 to 250 μm in diameter were present. The intermediate group of m�turing oocytes
was not found., The frequency distribution ef oocyte diameter and different stages of

development suggest that captive milkfish have a synchronous spawning pattern.

The fish spawns once a year during Ju 肘 -August.

INDUCED BREEDING

Work on the artificial propagation of captive milkfish in Taiwan has involved

maintenance of brood stock, induction of maturation and spawning, artificial insemi-

nation, and larval rearing. Broodstock has been reared in cement tanks or earthen

ponds which are in either low or highly productive condition. The pond area covers

150-750 m2. Salinity ranges from 14 to 34 ppt and temperature from 21 to 31 �C. The
stocking density ranges 'from 20 to 200 fish in each pond. The adult stock is fed daily
with formulated diets, occasionally supplemented with natural food. For example, a

high-protein diet (CPA5. 7%) together with shrimp meal or adult Artemia is used at

the T ungkang Marine Laboratory (Liao and Chen 1979); compound food for shrimp
and/or freshwater fish plus seaweeds is used at the Shin-Li Fish and Shrimp Hatchery

- 94 一



MILKFISH BREEDING IN T AIW AN 47

(Hsiao and Tseng 1979); a diet containing rice bran, cereal soybean cake, eel feed,

and some trash fish. is fed to the broodstock at the Tung-Hsing Fish and Shrimp

Hatchery (Lin 1982). During the breeding season, the adult stock shows an accele 凹 ,

tion in gonadal development, with vitellogenic oocytes appearing and increasing in

number. Some fish may become fully mature. At present, the percentage of brood-

stock which can reach full maturity and can be used for induced spawning trials is still

quite low compared with that of other captive fish species. In general, about 8 out of

20 captive fish attain maturity, and of the 8 only 1 or 2 females are fully marure.
In Taiwan, captive milkfish were first successfully induced to spawn in 1979 (Hsiao

and Tseng 1979). Much progress was made in 1982 (Lin 1982) and 1983 (Lin, pers.
comm. ). The results of successful trials to induce spawning are summarized in Table

3. Apparently, captive spawners can be used for induced spawning and mass produc-

tion of fingerlings. So far, the best results of induced spawning 溢mong captive stock

were obtained from females with egg diameters ranging from 0.6 to 0.8 mm which

were injected with 1000-1300 IU human chorionic gonadotropin (HCG )/kg body
weight. The suitable time to spawn/strip the fish was 15-20 h after injection. Males
were injected with 750-1500 IU HCG/fish to improve milt quality. Eggs collected

were art 的 dally fertilized and incubated at a salinity of 31-34 ppt at 29-32 �C.
The larvae started to hatch 20-25 h after fertilization. One day after hatching,

Chlorella sp. was added to the rearing tanks and fertilized oyster eggs, rotife 筒 , and
Anemia nauplii were given subsequently as feed. Twenty-one days after hatching,

the larvae attained a total length of 1. 2-1. 8 em, which is the size of milkfish 的 used

for stocking ponds. At present, the survival rate of the larvae ranges between 11 and

43%. Compared with other marine fish, it seems relatively easy to rear milkfish larvae

to fry. Furthet refinements of the technique will improve the survival rate.

DISCUSSION

Both wild and captive milkfish undergo regular, cyclic gonadal changes yearly. In
Taiwan, captive milkfish do not spawn spontaneously without hormonal treatment.

The annual breeding season occurs from late May through August, during which the.

GSI and the percentage of viable gametes increase. September is supposed to be the

postspawning or regressive period, and the remaining months of the year are the

resting or recovering period of gonadal development. Mature wild milkfish spawners

were captured from April to] une (Liao 1971), and the fry could be caught from April

through October in the coastal waters of southern Taiwan (Liao et al. 1977). Thus,
the breeding season of captive milkfish occurs later and is shorter than that of

milkfish in their natural habitat. Although most of the captive stock first attain

maturity at the age of 4 in males and 5 in females, females older than 6 years undergo

rapid development from the time yolk is first deposited in the oocytes, i.e., in late
May; some females reach full maturity in August. Males older than 5 years can auain

full marurity and produce viable sperm. The captive 6+ year old adults can auain

sexual maturity and be used for induced breeding regardless of their body len 月 th and
weight, suggesting that age is a more crucial factor for sexual maturity than other

parameters. In addition. as shown in Table 3, the probability of successful induced

breeding increases if the spawners are more than 8 years old.
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Although captive mill 晶晶 can attain full maturity, the percentage offully mature

ones is still low, and individual variations in gonadal development are remarkable.

This may be attributed to inadequate environmental and nutritional conditions.

Environmental factor. (such as size, shape, depth, and substratum of the pond, and

circulation, turbidity, temperature, and salinity of the water), rearing conditions
(such as stocking density and feeding rate), and type of feed seem to influence

gonadal development and spawning, but the key factors have not been identified.

However, it is recommended that for maintenance of spawners the holding pond

should not be too small and the stocking density not too high, since insu 晶 cient

exercise owing to limi ted spac:; may cause obesity of the spawners and probably retard

their gonadal development. Furthermore, the water quality should be kept as similar

as possible to the natural habitat of wild spawners.

Development of an optimal diet for both female and male spawners to reduce the
‘ accumulation of visceral fat, stimulate gonadal development, q.nd improve quality

and quantity of gametes is essential for the establishmep.t of captive broodstock.

According to the experience of Tseng and Un (pers. comm.), a high protein diet

does not seem indispensable to induce gonadal development. However, gonadal

development may require specific levels of some dietary components such as polyun-

saturated fatty acids, which are generally found in some natural foods.
Domestication of captive broodstock can contribute greatly to success in the

artificial propagation of milkfish. Captive fish are rather small, generally healthy,
and easy to handle. It is possible to control gonadal development and induce

breeding through environmental, nutritional, sociallbehavioral, and hormonal

manipulation, and thus to minimize stress or physical inju 叮﹒
With regard to induced spawning by hormone injection, pond-reared spawners

apparently need a dosage lower than wild spawners. Only one i叫 ection of 1000.

1300 IU HCGlkg was needed to induce spawning; however, Juario et al (l984)

used 10 mg salmon pituita 門 homogenate (SPH)lkg + 1000 IU HCGlkg body
weight for the first injection and 10 mg SPHlkg + 2000 IU HCGlkg body weight
for the second injection to indy.ce spawning in wild and captive stock reared to

maturity in floating cages. The difference in response to hormone treatment can be

attribu
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ponds as possible long before the breeding season. Techniques of determining sex

and oocyte maturity which minimize stress, such as ultrasonography or immunologi-

cal tests, should be developed. Furthermore, the milt of ripe males can be squeezed out

on pressure, but the quantity produced from one male at one time is usually

insu 品 cient to fertilize the eggs of one female spawner, or the milt is not available

when needed. Therefore, techniques to c 叮opreserve spe 口n effectively should also be

developed.

To recapitulate, the ideal way to induce gonadal development and to breed

milkfish is to allow them to mature and spawn spontaneously by a combination of

hormonal, environmental, nutritional, and sociallbehavioral manipulations, and

then to collect fertilized eggs or larvae for rearing. More research efforts must be

devoted toward further improvement of techniques in these particular phases of

milkfish culture.
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臺灣的池中養成武目魚之生受益腺發育

及其人工催熟

廖 久 . 球 紫 』其

摘 要

在菲律賓、畫灣、大溪地、印尼及夏威夷的許多研究機構中曾經有嘗試誘導R 目魚繁殖之記錄 ,
然而 ,

進目前為丘
,
只有在菲律賓及畫萬分別利用不同的種魚來源有數次成功之記錄。、畫灣所使用之

種魚為由魚苗階段即在池中或水泥池中養殖至成熟階段。本篇報告綜述 1975 至 1980 年池中養成軍

目魚性腺發育情形
, 亦闡述 1979 、 1982 及 1983 年三次誘導繁殖成功之試驗 , 有待更進一步研究之

問題亦在本文中討論。
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