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I:XPI:RIMI:NTS ON INDUCI:D BRI:I:DING 

OF THI: GRI:Y MULLI:T, 

MUGIL CfPHALUS UNNAEUS* 

I-Chiu Liaol ), Yeoung-Jaung LUI), Ting-Lang Huang2) 

and Mou-Chun Lin3) 

Abstract 

This paper is the sixth report of the Working Team on Artificial Propagation of 

Mullet. The team consisted of the research personnel of several fisheries institutions in 

Taiwan and was first organized in 1963. The site for work in the 1969-1970 season was 

Tungkang Marine Laboratory (also known as Tungkang Shrimp Culture Center) in 

south Taiwan. 

The grey mullet, Mugil cephalus Linnaeus, is one of the important commercial 

fishes in Taiwan, and is especially valued for its roe. For stocking in fresh and 

brackish water ponds, the fingerlings are normally caught from estuarip.e waters along 

the west coast of the island from December to March. Recently, the catch of fingerlings 

from natural waters has been poor and a shortage of supply resulted. In order to 

produce fingerlings by artificial propagation, the team has carried out experiments for 

six years during the mullet spawning season. Significant success was achieved in the 

experiment from November 1969 to February 1970. A total of 431 hatched larvae were 

obtained, measuring 3.28 cm and weighing 0.34 g on the 45th day. They were about 

1.5 times larger than the fingerlings normally collected from natural waters and were 

robust and strong. Some of them were stocked in fish ponds and grew to 28.1 Cm and 

217.4 g by the 200th day. 

1. Introduction 

The grey mullet is one of the important commercial fishes in Taiwan. 

Mullets, mainly of the four and five year class measuring 42-45 cm, migrate 

southward for spawning in schools. After entering the Taiwan Strait they 

* Contribution from the Tungkang Marine Laboratory, presented at the Symposium 

on Coastal Aquaculture, IPFC 14th Session, Bangkok, Thailand, November 18-27, 1970. 

1) Tungkang Marine Laboratory, Taiwan Fisheries Res. lnst., Tungkang, Taiwan, 

Republic of China. 

2) Tainan Fish Culture Station, Taiwan Fisheries Res. Inst., Taiwan, Republic 
of China. 

3) Taiwan Fisheries Bureau, Taipei, Republic of China. 
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head towards the middle region of the west coast of Taiwan and then proceed 

southward along the coast line. During this period from December to 

January, they are captured and the roe is dried for local consumption and 

export to Japan. 

Mullet fingerlings are caught from estuaries along the west coast during 

the period from December to March and are used for stocking either fresh or 

brackish water ponds. In recent years, the catch of mullet fingerlings from 

estuarine waters has been poor and mullet farmers often face the problem of 

shortage of mullet fingerlings for stocking their ponds. In order to supply 

enough fingerlings to fish farmers, a team of workers consisting of personnel 

from the Taiwan Fisheries Research Institute, Institute of Fishery Biology of 

National Taiwan University and Taiwan Fisheries Bureau, have carried out 

experiments on the artificial propagation of mullet each winter since 1963. 

The work was first carried out at Sanwei, Kaohsiung Hsien. A research 

fellow of the Rockefeller Foundation Fish Culture Research Project in Taiwan 

joined the team in 1968. Dr. S. W. Ling, FAO Regional Fish Culturist for 

Asia & Far East, participated in the experiment in 1968/69 and 1969/70 

seasons when the work was shifted to the Tungkang Marine Laboratory (also 

known as Tungkang Shrimp Culture Center). In the winter of 1969, Dr. Z. 

H. Shehadeh of the Oceanic Institute, Makapuu Oceanic Center, Hawaii, 

U. S. A. came and worked with the team under a Sino-US Science Cooper­

ation Project. 

In the first and second seasons of research, the work was mainly on 

selection, transportation and impoundment of the spawners and hormone 

treatment (Tang et al., 1964; Team of Artificial Propagation of Mullet, 

1965). In the third season, rearing of larvae was started (Team of Artificial 

Propagation of Mullet, 1966). In the next two seasons, effort was made to 

improve the method of rearing larvae and controlling environmental 

factors (Team of Artificial Propagation of Mullet, 1967; Liao et at., 1969). 

Finally, in the fifth season of the experiments, i. e. from December 1968 to 

February 1969, 2 larvae survived for 30 days; they measured 1.0 and 1.1 em 

and were covered with scales. The reason for their death was the laek of 

adequate warming equipment, with the result that they died when the water 

temperature dropped suddenly (Liao et .al., 1969). 

In the sixth season, 19 spawners received hormone treatment, of which 

12 ovulated successfully and the eggs of 9 of them hatehed. A total of 431 

larvae survived and measured. 3.28 cm and weighed 0.34 g on the 45th day. 
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They were about 1.5 times larger than those collected from natural waters. 

These were robust and strong, suitable for stocking. 

2. Materials and Methods 

2.1 Spawner 

A special raft (7.55 m x 1. 34 m), constructed of 8 plastic pipes (16.5 

em in diameter) and fitted with an outboard motor of 113 cc (Mitsub:shi 

Model S5), was used for going out to buy uninjured mullet from the catches 

of professional fishermen. To minimize injury to the fish, the fishermen 

were asked to release the fish gently into rectangular bags made of plastic 

pipe frames lined with nylon cloth. The technicians from the Laboratory 

selected the male or female fish in the bags and examined the stage of 

maturity. If they decided to buy the fish, they put it in a thick blue or 

black plastic bag of 60 cm x 90 cm. One to three spawners were held in 

each bag, which was filled with 30 liters of sea water and then inflated 

with oxygen. The bags with fish were then taken ashore to the stock tanks. 

2.2 Stock tanks 

Of the four outdoor tanks of 5m x 7m x 1.5m in size, one was divided 

into two parts with a nylon net for holding the spawners after hormone 

treatment. As required, the spawners were taken out for examination of 

their condition. Fresh sea water was pumped in with a 2-horse-power motor 

through a filter pipe inserted about two meters below the surface of the 

beach about 10 meters from the tide line. The flow speed in each tank was 

about 50 l/min. 

2.3 Hormone treatment 

According to the experience of the previous five years (Tang et al., 1964; 

Team of Artificial Propagation of Mullet, 1965, 1966, 1967; Liao et al .• 1969), it 

had been found best to give the first injection within one hour after stocking 

in the tanks and the second injection within the next twenty-four hours. 

The total dosage for each fish was 2.75 to 5 mullet pituitary glands mixed 

with 20 to 50 Rabbit Units of Synahorin. In addition, most of the spawners 

received 50 to 150 mg of Vitamin E. Some of the spawners were placed in 

50 ppm aureomycin solution for 40 minutes for sterilization. 

The pituitary glands used were collected from large matured male and 

gravid female mullets soon after capture or immediately after death. The 

pituitary glands were preserved in acetone and stored in a refrigerator . 

2.4 Egg collection and artificial fertilization 



Usually the eggs expelled by the spawner within 40 to 50 hours after the 

first injection had more chance to be successfully fertilized (Liao et at .• 
1969). To determine as closely as possible the ovulating time, . the spawners 

were netted and examined everyone to two hours. In carrying out artificial 

propagation, the mullet lost scales easily and became too weak to tolerate 

repea ted manipulations during its breeding season. Therefore, they could 

not be kept for more than three days after hormone treatment. 

The best response to hormone treatment was found in one spawner whose 

belly became extended in little more than ten hours after the first injection. 

On touch by hand, the belly felt loose and soft. When it was ready to 

ovulate, slight pressure on the anus would make the eggs flow from the 

genital pore. The ideal case was the so-called "water eggs", i. e., a large 

amount of eggs flowing out at the moment the spawner was caught. 

Eggs obtained in either of these ways were suitable for artificial fertilization. 

To strip the fish, one person held the tail of fish with his left hand and the 

trunk between his right arm and body, wiped the water from the fish body 

and pointed the fish head obliquely upward with the abdomen downward. 

A second person lightly squeezed the abdomen from the pelvic fin to the 

anus with his left hand and held a plastic basin with his right hand to receive 

the eggs. If the fish was ready, eggs would flow out. It would be best to 

have a third person hold the snout of the fish at the same time. 

Fertilization was generally carried out by the dry method. Stripping the 

milt was done in a manner similar to stripping the ova. However, the ma:le 

mullet was always smaller in size so one person could hold and squeeze it 

to let the sperms fall onto the eggs in a plastic basin. Meanwhile, a second 

person mixed the eggs and sperms carefully with a goose feather and rinsed 

them several times with sea water. Fertilization was then completed. 

Sperms in water do not survive for more than one minute. Therefore quick, 

skillful action was needed. 

2.5 Incubation patterns 

Hatching was done in round plastic tanks of 0.5 and 1.0 ton capacity in 

flowing and stagnant water. In the flowing water type of hatching, two to 

three conical hatching nets were hung in the water, and their tail ends 

connected with a plastic pipe to supply the continuous upward flow of fresh 

sea water so that the fertilized eggs would continue to roll in the net. In 

the other type of hatching, the tanks were aerated, and once the water 

became stale, it was changed. Usually when there were fertilized eggs in 
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the tanks, a siphon pipe was used to let water in and out at the same time 

so that water quality would not change sharply. 

2.6 Rearing of larvae 

The larvae were reared both indoors or outdoors. Plastic tanks of 0.5 

ton were used indoors and large tanks of 5m x 7m x 1. 5m (actual water depth 

0.6 to 1.0 m) outdoors. The latter were covered with plastic plates to 

prevent sudden changes of temperature. Water in the rearing tanks was 

refreshed gradually. 

2.7 Food for larvae 

Prepared materials such as cooked egg yolk, soy-bean milk, ground pig 

li ver, flour, milk powder, albumin from eggs, fish meal, yeast and artificially 

fertilized oyster eggs and trochophore larvae as well as rotifers, copepods, 

A1'temia nauplii were used as food for the larvae. 

3. Results 

3.1 Spawners 

The first spawner was obtained on December 19, 1969 and the 19th one 

on January 11, 1970. They weighed from 1.8 kg to 2.5 kg and measured 

51.5 cm to 61.0 cm. Twelve of them ovulated, and the eggs from 9 of the 

12 hatched with a percentag3 of 47.496 (Table I) which is more than four 

times higher than the 1096 of the previous year (Liao et al., 1969). 

Table I The response of spawners to hormone treatment. 

I Ovulated but' No ovulation I 
Ovulated eggs not hatched I Mistaken 

Response· and Fertiliz- Respon=---I)-:-d --~~~ - in sex Ttl 
eggs ed but Unferti- sive but f le No identifi- 0 a 

h h d 1· d I rom . atc e no lZe I,not ., response catlOn 1 . lfiJury 

0rp~~t~~d-I--9~ Ie ea~age!-2-rw:""gr--3--~-,- ;r-2 -~I -1;-

- % I 47.4 i 5.3 1 10 .5 i 0 I 15.8 11;5~;~~0.5 ~ 100 

* Including one fish which was found to have spawned naturally in the 

tank and the remaining eggs of which were artificially fertilized and 

ha tched well. 

Also shown in Table I, three spawners died of internal injury and the 

sex of two waS wrongly identified. The workers were successful in keeping 

most of the spawners alive with the help of accumulated experience, 

5 



3.2 Hormone treatment 

Twelve spawners out of 19 ovulated after hormone treatment, making a 

high percentage of 63.2%. Among these, the eggs of 9 spawners hatched 

(one ovulated naturally and the eggs were artificially fertilized). Two 

sp:lwners did not show any response at all to hormone treatment. 

Table 2 shows the dosage of injection and response of the 12 spawners. 

Spawner No.1 showed the slowest response. It took 67 hours and 15 minutes 

after the first injection to achieve ovulation. Spawner No.2 showed the most 

rapid response. Spawner No.3 received the least hormonal material. 

In general, most of the fish received hormone treatment of 3 to 3.5 

mullet pituitary glands combined with 30 RU Synahorin. All of them except 

No.n received an injection of Vitamin E. The 9 which hatched all received 

injection of 150 mg Vitamin E. 

than No.1 and No.2 to respond. 

for No.2. 

It took 40 to 51 hours for spawners other 

It took 67 hours for No.1 and 31 hours 

The time between two injections was 19 to 24 hours in spawners No.1 

to No .14. It was shortened to 12 hours in No .16 and 19. The time it took 

to obtain eggs was not shortened. 

3.3 Egg collection and .fertilization 

As shown in Table 2, it took 40-50 hours for spawners other than No.1 

and No.2 to release the eggs. Spawner No.2 ovulated in the stock tank 30 

hours and 40 minutes after the first injection and was caught for artificial 

fertilization within the next 15 minutes. However, more than 85% of the 

eggs had been expelled and could not be fertilized. 

Fertilization rate varied from 20 to 9096, averaging less than 70%. The 

low rate was due to the quality of the eggs themselves. 

3.4 Hatching 

As shown in Table 2, hatching rate of No.9 and No.10 waS as low as 

596, because inadeq ua te aeration during the late period of hatching caused 

the oxygen content to become low. Generally, the hatching rate was high. 

Water temperature was quite stable. Therefore, the time it took to 

hatch seldom varied. It took 34-28 hours to hatch at water temperature of 

23-24.6°e and 49-54 hours at 22.5-23. 7°C, with salinity of 30.1-33.8700 in 

both cases. 

3.5 Larvae and rearing of larvae 

The newly hatched larvae measured 2.08-3.40 mm and were unable to 

swim actively; however, they were capable of weaving or making darting 
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movements for a distance of 0.5-1. 0 cm. Then they drifted on the surface 

of the water for a short period and slowly sank to the bottom. On the third 

day, formation of the mouth occurred, and artificially fertilized oyster eggs 

were given as food to the larvae. As often as possible, seasoned stagnant 

sea water was used during the larval stages to simulate natural environ­

ment. "Green water" and artificially cultured diatoms were added respectively 

to keep the water clear and as compensatory food. "Green water" is produced 

by letting natural sea water, enriched with organic fertilizers, stand in an 

outdoor tank (5m x 7m x 1.5m) until a rich growth of micro-organisms 

occurs, giving the water a definite greenish color. It seems the larvae were 

able to feed upon oyster eggs, blue green algae, and ciliates (8-30,u) which 

can also be found in green water to fulfill their nutritional requirements. 

Due to the size increase of the four-day old larvae, yeast and albumin from 

eggs were added. It was noted that some larvae began to die on the third 

day and most had died by the fourth day. Phototaxis was demonstrated in 

the surviving larvae. The remaining larvae were found in the non-turbulent 

upper water layer and did not hunt for food in the dark. Oyster larvae 

were given continuously until the ninth day. On the sixth day, rotifers and 

copepods collected from fish ponds were added. It was observed that the 

larvae fed on rotifers and copepods which were about lOOp; in length. 

However. it was rather difficult to select and use only rotifers and copepods 

of this size. Many adult rotifers and copepods gave rise to mass production 

of their own larvae in the rearing water of the mullet larvae. The amount 

of food available was usually maintained at a concentration of 50 to 70 

organisms/liter. 

The rearing water was gradually refreshed from the sixth or seventh 

day. The muUet larvae became active, moved up or down as day and night 

passed, and had good app2tite. For example, 10 copepods of 170,u x 395 fL 

were found in one stomach. In addition to the above-mentioned prepared food, 

fish meal was added on the sixth day. Rapid growth was not observed 

before the ninth day (3.71-3.91 mm), but growth was easily detected by 

visual observation. A maximum length.of 4.8 mm was recorded on the 11th 

day. Also at this stage they became darker and larger with distended 

abdomen. Strong phototaxic responses were demonstrated in that the larvae 

preferred the upper or middle levels of the tank during the day and the 

lower levels during the evening and night. Some larvae died during this 

stage. Some stabilization of the survival rate occurred on the 13th day with 



the largest larvae survlvmg. The smaller larvae that survived 'were found 

to be floating on the water and contributed to the low survival rate of 

1.5596 for the total number of larvae on the 13th day. The survival rate 

dropped to 0.6896 by the 18th day. On this day> Some of the morphological 

characteristics were as follows: average total length 6.6 mm, scattered body 

spots, 

seemed 

and a silvery green color from the abdomen to the anus (scales 

to qe appearing). The skin color followed a diurnal cycle in 

which the color changed from brown in the night and early morning to black 

during the day. Swimming took place only on the upper level of the tank. 

The food of suitable size for the larvae after the 18th day varied between 

rotifers and adult copepods. 

Artemia nauplii were given after the 20th day in addition to prepared 

food and copepeds, although the mullet larvae were reluctant to feed on 

Artemia until the 22nd or the 23rd day. On the 21st day, the larvae 

appeared to be light brown or silvery green in color and still showed 

phototaxis during the day. At night, they floated on the water surface. On 

the 22nd and 24th day, the mullet larvae measured 8.8 mm and 10.9 mll. 

respectively. In this period the mullet larva consumed 244-833 Artemia per 

day. On the 24th day, the larvae assumed a silvery white color with the 

appearance of some scales. During this stage, active swimming was observed 

in the upper level of the tank, and any sound or action would cause ,them to 

dive to the middle level, remain for a short period, and drift back towards 

the top. They were scattered when floating until a light was installed, at 

which time grouping took place. The larvae were inclined to swim against 

the water current. On the 26th day, they measured 1.285 cm in length. On 

the 27th day, they looked grayish white instead of silvery white. On the 

28th day, the survival rate decreased to 0.3196 and the larvae measured 1. 5 

cm in length and acquired a silvery green color, scales, and fin rays. The 

larvae at this stage preferred Artemia and large copepods to the prepared 

food. The rearing water was freshened to a salinity of 20.66 960' A very 

rapid rate of growth was observed after the larvae measured 1. 5 cm. From 

the 29th to 32nd day, the fingerlings ate 655-2071 Artemia per day and fed 

only during the daytime (Fig. 1). They became very sensitive and difficult 

to catch. The swimming level was lowered to the middle or bottom part of 

the tanks. At night, they ascended to the surface of the water and were 

easily frightened. On the 34th day, they measured 2.22 cm and appeared 

grass green. They grouped and swam at the bottom in daytime, but scattered 

~ 10-
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