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A Swnmarized Report on 

Taiwan Fish Culture Research Supported by 
Rockefeller FOUDdadoD Gr~'t£unds for the Period 

" 1966 - 1'969 

In 1966 the Rockefeller Foundation approved a grant of US$150,OOO as 
allocation No.1 to support a fish culture research program in Taiwan for the 
first two years 1966-1968 and again in 1968 another grant of a similar amount 
as allocation No.2 for a second two-year period 1968-1970. Apart from the 
above, the Joint Commission on Rural Reconstruction contributed annually funds 
to the same program. These funds were placed under the administratiot:l and 
technical supervision of JCRR, and the Taiwan Fisheries Research Institute was 
contracted as the Sponsoring Agency to carry out the researches. 

Program of Research 

The program was drawn up with three objectives in VIew. The first and 
most important of all is to establish scientific bases for the improvement of 
existing fish culture practices in Taiwan as well as in the other countries of the 
world where similar conditions exist to make the introduction of improved 
techniques possible. Fish farming in Taiwan is quite diversified; in fresh and 
brackish-water ponds mono- and polyculture under various ecosystems are found 
of Chinese carps, milkfish, grey mullet, eel, perch, catfish, Tilapia, shrimp and 
soft-shell turtle. But as many techniques are developed from experience handed 
down by tradition, scientific explanations are lacking. 

The second objective is to introduce and to develop, wherever possible, new 
ecosystems of aquiculture. Along this line of programming three species of 
marine shrimps have been successfully propagated and their production culture 
is under experimentation.. Due to the shortage of land for pond construction, 
research on freshwater shrimp propagation and culture has not yet been started. 

The third aspect of research is an endeavor to coordinate investigations on 
inland water primary productivity to the International Biological Program. Work 
has been initiated to study the' primary productivity of fresh and brackish water 
ponds and some reservoirs. Later, when funds are available, rivers, lakes and 
estuaries will likewise be investigatf;d, and it is hoped that when the potential 
yields from photosynthesis in all these . inland waters are roughly known, the 
production of aquatic plants and animals of economic importance would be cor-
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related. In close connection with this research, the problem of pollution effect 
by industrial, domestic and agricultural wastes on inland water resources should 
be thoroughly studied. 

The program of research for the past three years (1966-1969) and some 
years to come are outlined as follows: . 

1. Milkfish culture 

1.1 Study of mineral nutrient dynamics and fertilization in pond water and 
soil 

1.2 Determination of primary production, bottom algal standing crop in 
different seasons in relation to milk fish yield 

1.3 Study of algal pasture in relation to bacterial and fungal growth 
1.4 Identification of bottom algae and study of their ecological succession 
1.5 Ecological study of wintering ponds 

. 1.6 Ecology of milkfish feeding 
1.7 Pure culture of bottom algae and comparative study on the value of 

different algae as feeds to milkfish 
1.8 Study of algicides and Chironomid control 
1.9 Study of yellow water causes and remedies 

2. Shrimp and grey mullet propagation and culture 
2.1 Experiments on artificial propagation of Penaeus japonicus, P. mono

don and 1vletapenaeus monoceros and grey mullet 
2.2 Shrimp feeding experiments and physiological and biochemical research 

3. Freshwater pond culture 
3.1 Pure culture of freshwater algae and feeding experiments 
3.2 Taxonomic study of freshwater algae 
3.3 Mineral nutrient dynamics and fertilization in ponds 
3.4 Feeding habits of Chinese carps and grey mullet 
3.5 Fish genetics and breeding study 
3.6 Primary productivity in ponds and lakes in relation to fish yield 
3.7 Ecological study of fish fry rearing 
3.8 Determination of optimum conditions for culture of Chinese carp spawners 
3.9 Fish parasites and diseases 

4. Oyster culture 
4.1 Experiments on hanging and long line methods of culture 
4.2 Enemies, pests and diseases of oyster 
4.3 Oyster seed production experiments 

5. Eel 
5.1 
5.2 
5.3 

culture 
Eel nutrition and mixed feed study 
Water conditioning of eel pond studies 
Elver distribution and production survey and rearing experiments 
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6. Gracilaria life history study and culture experiments 

Facilities and Staff of Research 

To facilitate the above program of study, the Tainan, Lukang and Chupei 
Fish Culture Stations of the Taiwan Fisheries Research Institute and the limno
logical laboratory of the Institute of Fishery Biology, National Taiwan University, 
are used as research centers. In addition, a new marine fish and shrimp propaga
tion laboratory is established in Tungkang, where experiments on artificial pro
pagation and culture of Penaeus japonicus, P. 17wnodon and Metapenaeus monoceros 
and grey mullet, Mugil cephalus, are carried out; life history and ecological 
studies of the above species and other marine fishes are also to be carried out 

there. 

Some 28 research fellows, consultants, research and administrative assistants 
are employed with Rockefeller Foundation Grant Funds, a small part of which 
is also paid as technical allowances to 22 regular technical and administrative 
staff members of the Taiwan Fisheries Research Institute for their cooperation 
in the research projects (see list of personnel). 

Accomplishments 

The results of the efforts made during the period July 1966 to November 
1969 can be briefly described as follows: 

1. Milkfish culture 
1.1 A general survey of culture management, techniques and problems was 

recently made and discussed by S. Y. Lin (Fish Culture Report No.3, 
1968). 

1.2 Mineral nutrients and fertilization in milkfish ponds -
Analysis of pond water and soil was made by C. Y. Liu and the work 
of fertilizer application experiments by S. Y. Lin, T. H. Wang and C. M. 
Lai who discovered that, although N-P-K like CO2, trace elements, 
vitamins and soil extracts are essential for algal growth in vitro, the 
application of inorganic fertilizers rich in N-P-K to ponds did not 
result in milkfish production increase. However, Si02 application did 
boost milkfish yield. Experiments on pond fertilization still continue. 

1.3 Primary productivity and milkfish yield -
The relatiollship between primary productivity and fish yield is positive, 
but more data are needed to establish any definite pattern of relation
ship. H. C. Chen is responsible for this project. 

1.4 Algal pasture and bacterial growth -
N. H. Chao observed the effect of bottom algal growth on bacteria 
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population in water and tried to determine whether bacteria population 
played an important role in the occurrence of the noxious "yellow water". 
Four species of bottom algae are found effective in antibacterial activi
ties. 

1.5 Identification of bottom algae -
T. P. Chang has published a part of his study in jCRR Fisheries Series 
No.7, 1969. 

1.6 Ecological study of wintering ponds -
Due to the lack of research personnel, the study of this subject has not 
yet begun. . 

1:7 Ecology of milkfish feeding-
This study was carried out by H. S. Lin who obtained some valuable 
data on milkfish feeding habits in a cycle of 24 hours, in different 
months and seasons, in relation to temperature, salinity, sunlight and 
biological conditions. A report on this subject is published in jCRR 
Fisheries Series No.7, 1969. 

1.8 Pure culture of bottom algae-
H. C. Chen is responsible for this work. In the past year he was able 
to isolate and make pure culture of Lyngbya, Oscillatoria, Nitzschia 
closterium and some other algae and to test how they responded to 
salinity, pH, aeration (to supply CO2 and turbulence), macro- and 
micronutrients. The preliminary report on this subject will be published 
soon. 

1.9 Chironomid pest control -
S. C. Tsai has been able, through research in the past two years, to 
reveal the different stages of development of the Chironomid (Tendipes 
longilobus) , the advantages and disadvantages of Chironomid larva and 
adult midges control by pesticides. On the basis of such findings a 
demonstration is planned to show the possibility of eradicating this pest 
from the milk fish ponds by a measure taken to attack the adult midges. 
Meanwhile he finds Abate 50% E.C. most economical and efficient in 
Chironomid larval control. 

1.1 0 Yellow water -
Preliminary investigation has been made by S. C. Tsai to find out the 
kinds of organisms, physical and chemical nature which cause "yellow 
water", oxygen deficiency and the destruction of bottom algae. In the 
1969-1970 program Dr. Y. M. Chiang and S. N. Chen are planning to 
continue this study. 

2. Shrimp culture and grey mullet propagation 
2.1 Experiments on artificial propagation of Penaeus japonicus, P. tlwnodon 

and Metapenaeus monoceros -
Dr. I. C. Liao, T. L. Huang, C. C. Hsieh and K. Katsutani are responsible 
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for this work, and satisfactory results have been obtained in the past 
two years. They were able to spawn the three species of shrimp and 
rear their larvae to adult shrimps. More experiments are required to 
improve the technique and commercial methods to raise the shrimps to 
marketable size. In order to carry out this project, a marine fish and 
shrimp propagation center has been established in Tungkang, Pingtung 
Hsien. 

2.2 Grey mullet propagation -
During the period November 1968 to February 1969, grey mullet was 
induced to spawn by pituitary injection and the larvae were able to 
live for 30 days to reach 1.1 cm in length, the most successful case 
known in the history of grey mullet artificial propagation. 

3. Freshwater pond culture I-

3.1 Study of the physical, chemical and biological conditions of the fertilized 
and unfertilized ponds -
The team working on this program consists of 6 technical staff members 
with Professor W. K. Liaw as team leader. It also obtained the services 
of Dr. Yoshihiro Satomi and Mr. Tokio Ito of the Freshwater Fisheries 
Laboratory in Tokyo, Japan. They were in Taiwan for three months, 
December 1968 to February 1969. Very significant and instructive 
data have been obtained to show the relationship between mineral nu
trients, especially N-P and Si, phyto- and zoo- plankton population and 
fish yield. The findings concerning phosphorus dynamics have led us 
to the determination of the frequency of P application and the economical 
dosage of the fertilizer. Now experiments are being carried out to 
decide the appropriate P concentration to be applied, the value of such 
commercial fertilizers as zeolite, kienyusu, fly ash, acetic acid and 
sodium acetate. The remarkable increase of fish production in the 
Taoyuan Fish Farm and many fish ponds in the country for the past 
two years significantly proves the value of scientific experiments and 
the application of their findings (S. Y. Lin, 1968). 

3.2 Taxonomic study of freshwater algae -
A monograph of freshwater algae in Taiwan is under preparation. 

3.3 Pure culture of freshwater algae and feeding experiments -
Experiments are carried out to determine the requirements of pure algal 
culture. So far we have been quite successful in the culture of Chlorella, 
Scenedesmus and Anabaena. When such requirements as light, tempera
ture, nutrients have been determined, large quantities of pure alga can 
be grown for feeding experiments. Knowledge obtained from such ex
periments will lead to the control or increase of phytoplankton growth 
in ponds for maximum fish yield by applying the right types of fer
tilizers in different seasons of the year. 

-5-



3.4 Feeding habits of Chinese carps -

In this study interesting data show that the silver carp, bighead and 
mud carp are all plankton and detritus feeders, the difference being 
that silver carp is a principal feeder of the net as well as nanno
phytoplankton in the upper layer, the bighead ingests comparatively 
more zooplankton and the mud carp mostly diatoms and detritus. The 
grey mullet has a feeding habit similar to that of the mud carp. 

3.5 Fish genetics and breeding-

Hybridization of the Chinese carps has been tried but with results of 
little value to fish culture improvement up to the present. However, 
the hybrids between Tilapia mossambica female and Tilapia nilotica 
male show better growth rate which would be of' great significance if 
large quantities of hybrids can be produced for stocking commercial 
ponds. The Lukang Fish Culture Station is now working on an exten
sion project of this hybrid. 

3.6 Fish parasites and diseases -
Two research fellows are in charge of this project. C. N. Wu is making 
a survey of the important parasites in fish ponds and S. Y. Wu studies 
the bacterical diseases of Tilapia and grass carp. Streptococcus pyogenes 
is found to be responsible for mass killing of Tilapia llwssambica in 
freshwater ponds. 

4. Oyster culture 

Y. S. Lin studied oyster seed collection and hardening methods fo the purposes 
of culture improvement and of reducing mortality in long distance trans
portation. He found that hardened oyster seeds endured better in long dis
tance transportation without water and grew faster for a certain period of 
time when they were transplanted in new culture areas. Meanwhile Lin 
carried out a series of experiments on the hanging and long line methods of 
oyster culture. Y. W. Huang investigated the oyster drill and teredo pest. 

5. Eel culture 

5.1 Eel feeding experiments-
Y. S. Lai and Y. Y. Su of the Taiwan Fisheries Research Institute 
carried out these experiments in 1966-68 and found that the mixed feed 
prepared by Lai has a conversion rate of 2.4 and 1.8, and the stocking 
rate of 200-300 g/m2 in static water ponds is optimum. 

6. Gracilaria culture 

Considerable efforts have been devoted to the study on collection and develop
ment of Gracilaria spores, and on weeds and weeding of the Gracilariaponds. 
Dr. Y. M. Chiang, R. G. Yang, M. N. Lin and T. L. Li are responsible for 
this study. 
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I. LIST OF ROCKEFELLER FOUNDATION FISH CULTURE RESEARCH 

PERSONNEL 

1. Joint Commission on Rural Reconstruction 
Ruth Lee Secretary (March 1968- ) 
Jia-shyang Su Apparatus mechanic, part time (September 

1968- ) 

2. Taiwan Fisheries Research Institute 

Tainan Fish Culture Station 

I-chiu Liao Shrimp culturist (July 1968- ) 
Tsang-pi Chang Algologist (September 1967-June 1968) 
Y oung-meng Chiang Consultant algologist (September 1968- ) 
Shan-ching Tsai Chemist (August 1966- ) 
Nai-hsien Chao Research assistant (November 1967-June 1969) 
Hon-cheng Chen Research assistant (August 1967- ) 
Huei-pin Chen Research assistant (July 1969- ) 
Huang-sheng Lin Research assistant (August 1966-June 1968) 
Mou-chun Lin Fish culturist, part time (September 1968-) 
Lei-chiang Tseng Research assistant (August 1969- ) 
Sheng-yu Wu Research fellow, part time (July 1968- ) 
Chin-pao Hung Assistant (July 1969- ) 
Young-jang Lu Assistant (July 1969- ) 
Kunio Katsutani Short term shrimp culture consultant (May-

November 1968) 

Lukang Fish Culture Station 

Fore-lien Huang 
Hon-cler Lin 
Yao-sung Lin 
Gen-chie Liu 
Yoshimitsu Ogasawara 

Research assistant (August 1966-June 1968) 
Chemist (January 1968- ) 
Research fellow, part time (August 1966- ) 
Research assistant (September 1968- ) 
Short term oyster culture consultant 
(December 1966-May 1967) 

Chupei Fish Culture Station 

Chang-jyi Chiou Research assistant (August 1966- ) 
Choi-ping Chang Research assistant (July 1968-May 1969) 
Huu-yun Chung Research assistant (July 1968-June 1969) 
Pi-ying Chung Research assistant (July 1969- ) 
Cheng-nan Lin Research assistant (August 1966-June 1968) 
Hong-siong Ong Research assistant (July 1968- ) 
Huei-yau Tsai Algal culture consultant, part time (Septem-

ber 1968- ) 

- 7 -



Ching-ning Wu 

Tsan-yi Chen 
Tokio Ito 

Y oshihiro Satomi 

Munenao Suginome 

Junichi Toi 

Research assistant, part time (October 1956-
June 1969) 

Assistant (July 1969- ) 
Short term fish culture consultant (December 

1968-February 1969) 
Short term fish culture consultant (December 

1968-February 1969) 
Short term fish culture consultant (September

October 1969) 
Short term fish culture consultant (September

October 1969) 

3. Limnological Laboratory, Institute of Fishery Biology, National Taiwan 
University 

Wen-kwang Liaw 

Wah-chao Hsieh 
Chyn-yuh Jaw 
Wan Kiang 

Yie-yung Lee 
Yen-pin Li 
Jung-fu Wu 

Limnologist, part time (January 1967-August, 
1969) 

Research assistant (July 1968-June 1969) 
Research assistant (July 1969- ) 
Research assistant, part time (September 

1969- ) 
Research assistant (July 1968-June 1969) 
Research assistant (July 1969- ) 
Research assistant (July 1967-June 1968) 

II. LIST OF ADMINISTRATIVE AND TECHNICAL PERSONNEL OF THE 
T AIW AN FISHERIES RESEARCH INSTITUTE RECEIVING TECHNI
CAL ALLOWANCE FROM ROCKEFELLER :FOUNDATION GRANT 

Taiwan Fisheries Research Institute 
Huo-to Teng Director 
Yu-lin Lien Accountant 
Meng-chi Hsu Personnel officer 
Yuan-yu Chen Administrative assistant 
Chung-cheng Chin Administrative assistant 
Ting-chi Yu Administrative assistant 
Ru-sung Tai Accountant, part time, Limnological Labora-

Tainan Fish Culture Station 

tory, Institute of Fishery Biology, National 
Taiwan University 

Shi-chin Hsieh Acting director 
Juin-kuo Liang Director (resigned 1968) 
Ching-yun Huang Assistant specialist 
Ting-Iang Huang Assistant specialist 
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Yun-yuan Ting 
Cheng-chi Chen 

Assistant specialist 
Accountant 

Lukang Fish Culture Station 
Ho Kuo Director 
Yung-shun Lai Director, Kaohsiung Technological Laboratory 
Wen-ping Huang Project employee 
Ying-wu Huang Assistant specialist (resigned 1968) 
Ying-yau Su Assistant specialist 

Chupei Fish Culture Station 
Chia-kang Liu Director 
Shuen-lien Chuang Assistant specialist 
Hon-kwong Peng Assistant specialist 
Hsin-fan Wu Assistant specialist 
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Artificial Propagation of Grey Mullet, Mugil Cephalus Linnaeus 

JiJ- - ~* 
(1969-f6J.120 El ~JN.) 

By I-chiu Liao* 
Research Fellow, Rockefeller Foundation Fish Culture Research Program 

SUlll1uary 

The grey mullet, Mugil Cephalus Linnaeus, is one of the important commercial 
fishes in Taiwan. From December to January, schools of grey mullet are found along 
the middle part of the western coast; they then move slowly southward for spawning. 
Most of them are 4-5 years old, measuring 42-45 em longll). Grey mullet are captured 
mainly during this spawning migratory period for their roe, which after removal from 
the fish is carefully dried for export mainly to Japan. 

In Taiwan for stocking fresh- and brackish-water ponds, fingerlings 2 to 3 em long 
are caught from river mouths and estuaries along the west coast during the period 
from December to March. The ailllual demand for such fingerlings is estimated at 6 
to 7 million, but unfortunately due to unpredictable changes of oceanographic and 
meteorological conditions the natural supply of grey mullet fingerlings fluctuates to such 
a great extent that fish farmers suffer ioss from the uncertainty in establishing a profit
able pond stocking system. 

In each of the last five years a team of workers was organized by the Taiwan 
Fisheries Research Institute, Taiwan Fisheries Bureau and the Institute of Fishery 
Biology to carry out a program of research on the artificial propagation of grey mullet 
with the objective to achieve constant supply of mullet fingerlings, but no satisfactory 
result had been obtained. Tliis difficulty lies principally in the rearing of the mullet 
fry, for in 1967 only one fry out of millions survived up to 23 days. 

In 1968 the same program was repeated in Tungkang Shrimp Culture Center with 
some improvement in technique and equipment. As a result two fingerlings 1.0 to 1.1 
cm long survived up to 30 days. The procedure and results of the present study carried 
out from November 1968 to February 1969 are summarized as follows: 

(1) From November to January, 30 spawners were obtained (body weight 1.7-3.0 
kg). Among those 30 spawners, 2 died from injury in the viscera, the sex of 2 were 
wrongly selected for hormone injection, 7 failed to spawn and 19 did spawn after 
hormone treatment (2.5-4 pituitaries of mullet combined with 10-35 rabbit unit of 

* S:l4Aoo.1ft;mnJ(; "~~AI~7i1l1iff~~" , J:t;mnJ(;Aj1:$11f.l~Jm#~$ffi.~~!/?JJ ' ~7.l<.llJt?JT 
it-m:Ji-?JT.T:a~ , §~:k~1J.\t~1o.!/?JJllJt~?JTl!~{~ffi.m-~~:€Z~t.7.l<.~~7i1l~ItJW<:€Z1mtJ.ffi.~
fA c**) ~6Ao 

* A team of workers from four agencies was responsible for, this study: M. C. Lin and Y. W. 
Hou of the Taiwan Fisheries Bureau, T. L. Huang of the Taiwan Fisheries Research Institute, I. H. 
Tung of the Institute of Fishery Biology, National Taiwan University, and C. P. Hung and I. C. Liao 
(the writer), Research Fellow of the Rockefeller Foundation Fish Culture Research Project in Taiwan. 
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Synahorin), but only the eggs of three females were successfully fertilized and hatched. 

(2) The effect of hormone treatment had some relation to the fishing season. 
Injection at the peak of the fishing season was more effective. Healthy eggs were 
obtained 40 to 50 hours after the first pituitary injection. 

(3) At a salinity of 32.4-32.7?6o and water temperature of 21 DC, fertilized eggs took 
60-65 hours to hatch, hut higher water temperature up to HOC shortened the hatching 
time to 44-50 hours. The hatching ratio showed no marked difference between the 
running water system and the still water system. 

(4) The newly hatched larvae measured 3.09 mm in body length (plate 1, fig. 1) 
with mouth not yet open. It could not .swim but lay at the bottom of the still water. 
On the third day, mouth formation was complete, and on the fourth day, it began to 
feed on minute organisms such as oyster larvae. When yolk sac was absorbed on the 
fifth day, it could feed on rotifera. The 19 day old fry measured 5.0 mm and fed only 
in the daytime. Scales began to develop on the 23rd day and body color became darker. 
Soft-rayed fins appeared on the 25th day and the body was covered completely with 
scales on the 27th day when it measured 1 cm long (plate 2, fig. 8). 

(5) The larva showed phototaxis under 600-1400 lux, an instinct favorable for 
raising the survival rate in rearing. 

(6) Mullet larva could not tolerate salinity lower than 17%0 and did not appear 
to adapt to frequent changes of salinity. 

(7) In running water the larva survived for 9 days only. In still salt water in a 
larva rearing vessel which was gradually diluted with brackish pond water, two mullet 
fry were reared to 30 days measuring 1.0 and 1.1 cm long. 

~m (Mug-it cephalus Linnaeus) i\t~.:m:~~~~~;Z- '~&f.12}!'?t1}!F",~~4-5~* 

, B* 42-45 a:?t;E1l;ZJ\(b~1) , ~TmN~~~If."@~f,!:?tiltJ:7Jh'?t1=f:t~1Et~ , ~W18'*-m 

r ' ~tEJttWlrdI1'IJ*:l:tiliaf 0 ~1Wi~;zN~*w:m~45 ' ~&f.*£~1:E 8*~JfMi-l1if 0 '?t~~-;-1'IJ 

tE~12}!3i3}!rl'!~~"@mf,!:t¥~lbk;j:fHc;zVlJI::t~:m' &f.ft~ 600-700 ~)ij1P' lZSl~tEt¥71<~ 

~*~~~1'IJ~~'~~~~~m*OO~m~J:M~~;z~~w~:m:~'~1'IJ~~~*~~~~ 

~J:~:¥J~71Jl\!j' t1rf!!ii\it:l<!l!~~tliIt*'l-lf~&HiJl!~Jl:tm 0 Jl:t~~~J:~~miH1~' *~Itft~ 

~71'ill~~m;1:E1:E~~~~'~~~~~~mo~T~~~~AI~71W~~:I:~~m; 

;Z l§®iEa~ , ~~~52:¥ (1963) M1 '&:.*~~!m.{il:*il~ "~~AI~¥iOCltF::tE~" , ~~&fJtt 
mmN~~W ' :tEj§j:kitfi1Ul,!l!,1£tm:l<!l!1!t'£DAI1t¥iOC~~I1'J: 3),4),5),6) , ~+Bli:¥* 0 n*1i~1f 

nxm;' ill~4I1'J:&f.ltBi~m~~:l%~~23~;zA6) 0 

Jtt**1tf::tE~~~~57:¥11}! 3iSl;!:¥2}! , ;fUm~*!l**ms~~~~IDtI=f:t ;zj1'.ifrJ(j,~~m:llkJJl 

~~I1'J: ' ~~~I=f:t 2~;Z~ff 8 ~~30~' ~B*B~fP7C~~m1i1i~I'fJ*!j\;Z1.0~?ttkl.l~ 
?t 0 ~~**~~~~tk;1t*ff~¥IHs:tmr : 

~m1*FEI1'J:A!i~ilf:~~51$:;zm~M11fi/±\~ , wr~!RJ7ffi.tJ3<;=1*~1Efll!lI!~tiIlaf;z.mm' 

~~60x90~?t;zmJm~f<1 (~*~mm1-3,!l!,' 7kt1*;f!f~ 30~7t") , ~i:EAmI;i;z~ 

* 56:¥ '(1967) FE~A!i '~.*1500;z:;Y::Jf{ifri!i-:¥ 0 
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,?&~~@l~~tm° 

~~tm (plate II, fig. 1) £f:tjJf€l.54&f.5) , {tJfl~lPltS1¥L~' tElP.l:!f!n\{~a:.R.~z.:m1W ' 
*FJj:#Iil~f-.J 1 a:fi.. ' [jinx: 4 X 6 a:fi..Z:Bt1J7&tmlill I=I 0 fJt7kfJ.IJ~fl[Ui7k"«~T~tt]l;~7Hl!;1$~10a: 

.R.Z~~A2a:fi..~ , Jfl1.5.~:t.JZ.~~tIl7k (80a:7t / ~) , 1ttf!;1 I=I tma:.7k ' ~tf!;2, 3I=1 illi~~tf!; 
4I=1illi~l:I:\ 0 

JUi~~i1~f:tjmH~* 4 &f.*~~FJf:{%.-pa:.Z1J~3)' 3)' 5)'6) , 3\liiJ~~1t::-1ilcA~~illi~z 1 /1\ 
~p'Hrtf!; 1 fit ' W1t::-lf;I:~z24!J\~P"l:fTtf!; 2 ftf ' ~J¥,Z~a:.~t£:$ 2.5-4 1lSL~i.\!.H~rfH:,~ , mil-
10-35 ~m.{ft~mVJ~l¥1j1!tJni~ (Synahorin) 0 .!J37f- ' 1f®fii.\!.:t.ma:. 150-300 mg M:WiMt1tl!. 
~ E , :l1ft1L1f®fii.\!.1t::-t:tM~~ 10 ~W£1t::- 100 ppm ~~~ (Aureomycin) il'{*J;l..Wlm* 0 

»P':f{t1J~~11J~*~:$Vft7k~:&1E:71Gtmfi 0 m::r:JrfJ;;\f:$lf:t:3'l(1!fiI{tJflt3i:*?N$ , gp tm7&~:W 
m~7k;f1 (plate II, fig. 2. 3. 4, m:~96a:~ , ~:I: 0.5~) 0 Vft71Gt;;\fm 1-3 OOMif.Il1 (plate 

II, fig 2. il[{lE40a:~) ~:ft*, 'ffii~-OOMif.Il1-r-r:r=M€~Jm"«' mr¥z#l);7kgpltlf:t~l:a:.A' {!if 
~mg~::r:lTi-&tElOOFltil{1fJ ; Jl::71Gt;;\ffJ.IJ1i:~.:y:fT~ 0 

~i.\!.z~1f~*JflVft7k~.ttJl::7ks;tMJj1Js;t , 'ffii~*3t~.~IAlYt~:$m:7.kiPJ1f;;\f .ttm:7.k;IJUi.\!. 
:§ffi.7.kjliJ1f*~ 0 

~~zjlj:*,,"1f~~H!t~ , !!~ , 1f1:.~A ' _A ' ~!J7k::i:.tt!l&f.~iifJ~~ 0 

& I.t. ~llM26IEl[~&f.1J.J7B;{t;~:fii.\!.27J¥,' 1J.J18B.&19B3t~3~il-m-30J¥, (am: 
1.7-3.0 a:Jf' ~ 53.0-63.5 a:~) 0 ~*:tm table 1 )'iJf~, t=l:!1t::-1":!lii.\!.aP"l~~W*~reL 

Table 1. The response of spawner to hortnone treattnent. 

i Ovulating but not hatching II Non-ovulating I. k 

I 
H tch I Mlsta en 

Reaction a tNt 11 I Fertilized I I Responsive Injured IN. in sexual 
ou aura. Y without i Unfertilized I but not II in on-. I selection 

spawmng, cleavage: , spawning:. viscera I responsIve I 

N~~~~:dofi~3~-~--2-·1 6 I 8 4 I 2 I ;---'--~··--2-
spawner . ___ --'-___ --'-__ -----'--~ ____ ~_---;-__ _ 

% 10 6.6 20 26.4 13.2 6.6 I 10 6.6 

;;\f~2~ , ~~tEglj*~1f 2 J¥, 0 -jijJt'ili* ' llt;;9(It1t::-~~Ji!IlJ:ff{*:t_~ t=l:!:illzllt~~iitm ' tEit{~-fID: 
i.\!.m:iJ1Jf§l~j:t1±&f.llli'[;f1j 0 

JUln't~JI 3m table 1 JiJT5f;' »ffi.J;J.f(m~jJgm1fjg 30 J¥,¥li.\!.*~~!J~~11!i~;fj19)1f, , ~ 
*gllfl:l:\~i.\!.*;ff3p§ , ~f.j'~g~;;\f;ff2p§ 0 ~9Ilfl:l:\~~z3J¥, , ~f.j'~!J~*zlJ¥,tJ,.&lJ.J 1813 :J'ill~;;\f 
*zl~m- 5 J¥,ztMJt:m~~ImJY:~)m7f:b3iU~J!.IJ~:lu:[ table 2 JiJf5f; 0 t=l:!*1iJ% ' ¥liRtiJ(m~~w 
ZJY:~~~~~,~~~:$~~~WlJY:~~~o~lf;I::3'I(~~;;9(~~9'3t~m~~W£~~~ 

JrfJW::r:J'1{'¥'JEitZltt3i: ' @t=l:!~{m11U!&?&1tSf§tl1iJ~l:I:\~1mffli~ 0 Jzllfi~@:fT-r-~1~~~~34!J\~ 

~1*Jj~ , W~l:I:\ZJj~~~ , ~'&lfLM~WltSfi~Q);jTrtf!;1~~~58/j,~:t3*Jj~ltSMJj;rjir$.iiJ 
~~jf 0 WtE?({t~~WlFJf:J'ill~;;\f , gp1":!liiIJID ... @ ... ®zJY:jl~H~7&J{!JM~t3i:~lUf 0 

~ ;fR 1±1f-1!fiI.J;J.~$~.1Jlliz. 3),4), If:l:::3'I(J;l..~~~1'ljt;~~M~J1:l::i*PJT:{~z.X:*1f*JF/j': 
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Table 2. The response of spawner to hormone treatment, 
ovulation and hatching. 

\ 

Injection 

I~~i~i- 1st. inj. '1- 2nd. inj. II 

~o_. _~~ate I Dosage Iht~~; 

Dec. ; 
26 i 0.5 P. 

15:15 ' 

Dec. 2P. 
27 +, 

16:00 10 RU. ' 

Ovulation 

Date ' % 

Dec. 
29 
1:10 

IP.+ i 
Jan. 10 RU. ' 2.5 P. Jan. 

2 1 + I 3 30 
16:00 V.E. 

10 RU.: 20:30 

3* 

4 

5 

Jan. 1 1.3 P. 
5 : + 

11:30 i 10 RU. 

Jan. 1.5 P. 
7 + 

11:45 15 RD. 

! Jan. i 1.5 P. 
: 18 I + 
117:00',15 RU 

Jan. 
8 

8:00 

2 P. 
+ 

20RU. 

2 P. 
+ 

lORU. 

Jan. 'I 2 P. 
19 + 

13:20 20 RU. 

P: Pituitary of mullet (pieces) 

RU: Synahorin (Rabbit units) 
V.E.: Vitamin E. (mg) 

Jan. 

7 1100 I, 
10:00 

Hatching I' Ovulating I 

------ time after! 
I I receiving: Remarks 

Date I % t~e. ini.tial'l 
I ,1llJectIon 
.. ____ .il_~~~~~_ 

I Under W. T. 23-

Dec. 
31 
3:00 

58 hrs. 

1 -I 52 hrs. 

! ' 

I 
Jan. 9 

90, 6:00 80' 
'Jan. 10 

1
3
-

4
:
00 

I 

, I 
, 

1-

47 hrs 

43 hrs. 

34 hrs. 

1

24°C, S. 32.3"-, 
, hatch out wit~in 

SO hours and lIVe 
for 11 days. 
Ovulate again at 
13:35, but un
fertilized: 

I 
Under W.T. 22°C, 
S. 34.1 ',6., hatch 

lout within 60 
: hours and Ii ve for 

13 days. 

i Naturally spawn
, ing at 10:00, Jan. 

7, immediately 
: artificially ferti
'lized and about 

30 X 10' eggs are 
got. 
Under W. T. 23-
HOC, hatch out 
within 44 hours, 
while W. T. 21°C, 
65 hours. 

Naturally spawn
ing in aquaria. 

Ovulate partially 
but unfertilized. 

*: Sterilization with 100 ppm Aureomycin solution. 

Table 3. The growth of larvae. (W.T. 19.7-24.9°C) 

Time after 
hatching 

Total 
length 

(The basic. Eye I Body j,""h I I 
region of diameter I 

dorsal fin) I (mm) , ._~~~~~_._~~(~m __ m~)_~~~~~ 
The first day 3.0906 ! 

The fifth day 3.3804 

The eleventh day 3.29041 

The fourteenth day I 3.4740 

The thirtieth day 110.0000 

0.5436 0.2167 

0.6822 0.2808 

0.6840 0.2952 

0.6660 0.3240 

2.0000 0.9720 

Yolk sac 1 Oil globule I 
Length I Height Length I Height I 
(mm) , (m~(mm)_(m_Ill) 

1.0062 0.3636 0.3438' 0.2833 I 

0 0 0.2952 0.2376 I 
0.0792 0.0684 ' 

0 o , 
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Number 
of 

specimens 

10 

10 

6 

2 



PLATE I 

Fig. 1. 

Fig. 3. 
Fig. 5. 

Fig. 7. 

Fig. 8. 

Explanation of Plate I. 

10- 12 hours after hatching. Fig. 2. 25-30 hours after hatching. 

3.5 days after hatching. Fig. 4. 5.5 days after hatching. 
9 days after hatching. Fig. 6. 15 days after hatching. 

30 days after hatching and measured 1.0 in body length. 

The compar ison of natural fingerling ( upper) with artificially propagated fingerling 

of present work (lower). 
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PI,ATE II 

Fig. l. 
Fig. 2. 
Fig. 3. 

Fig. 5. 

Fig. 7. 

Explanation of Plate II. 
Aquar ia for spawner. 

Hanging net for hatchi ng in running water system. 
Indoor hatching- rea ri ng plastic tank . Fig. 4. H eating appara tus. 

Larva and oyste r larvae. Fig. 6. Discharging oyste r larvae from an us. 

Swimming larva. Fig. 8. Scales of the larva of 1.0 em body 
length. 
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J1:71Gt1Jij' Jlt~;fUm~~ (3.0 x 3.3x 0.8 a:,R.) *7kti' 1it~!±I~3t~ 6.:;R;YJJ1.«f-) 1 ~~ , 
~-m¥.gfl1.ft~~23:;R~1iIl~t: ,;tMt-rsOu~m¥.~16:;R' 5jf;~~~W;R' 3~~¥.~Z3~ 0 

.• ~WJt(H:BE:·1 &:5.i'*' :fk:tE<l.5 ~mJll»*1t*;z,t3(~j~W7k*1it~~ 3,000 ,ij,W~-m~ 0 ~ 

7kli-' Jl!%;z~{t11~j(J:[ fig. 1 PJf~' fjljWWm~,~~~jJU1.«:!:i!7kit~' ~ 15:;R~ , l2SI-mr*~ 
-r.~-m:tJflH!il' ]]ifl'1~ (Nitrite-N)* 1!!~.$-'-~' JiJfth$:lJu~1.«m7k' ~%~1!f¥.26%o 

t£;;{j 0 3.i;ltllrJ.!;YJJ1.«;Zm~-m:tur ' !tr~':f~jJi~ , iiU~~IIZ;~fIUfi! (plate II, fig. 6, 7) o1El 
~$27~*Vft~~*~ , 7km8~ , ~ 8 J!~1l1¥1l1; , !ilIt13P~l:i*liIDtfilif (plate II, fig. 4) , it7k 

llU::M- ' (IrS:fJt;YJJ1.«:JliilF ' Ht:!.ft~! .RJt;YJJ~:f~~:tE7ktil:rl'Vft!J ' ¥.$ 30 ~if$1!f~t: ~ 
~1t~'%H£ "fin-head" AAn!l '))l'13P:tE~IfttJLfB!(~n!lr~t: 0 

.B9i- ' Jlt~:tE~W;ltllrFl'Ii\~;YJJ1.«il!~H~*if:W: ' ~:tEm\Ift 600~ 1,400 lux z~1Il ' :YJJ..1.«Jt;ij"j{:l 
7t,~ 0 !ZSIll:t:tEll:tm\Iftr?t.~:Y;/J1.«mf~ilF ' ]ltRJjj-:lJu~:Jlit!f~irmf:m:~~§:£;ff* 0 

3. 1t 

:fI1.«z~mf&~'iI~.IfF ' ~~tm&f.3). 4), 5), 6) *z:f~a1c~ , B1W11c T~!prR'm' :;tth~ 
::9tthF-1fi5!~ZJlJIlIlilOC!±I~ , 7IDtn-~r~'*:m~~ , 1t3l;:fI1.«l:a1c~T:f!P 0 

: JU}1j~~W*if:W:B~:m:~*j(J:[ table 1 m~~{~~.Z 63 % ,{§gfl1!±1~1.«*JtIJ~{~~ltz 
10% '.f&J}t~J(ilR1~~W~M~¥lJA.I~ffll§~ '. fP.J;;ff:;f!P;;ff~g.{(~z~ 0 :fi&i' lJ!.fF:fI*,~W 
th~Jtt3C~~F£~' ~1.«lrHImZm~:m~lfl' mflJ!.~~~i$®~1.«fF_WJtt3CJ!:fk.l::IJ~. 0 ll:t 
~mJfntl4ftJ,iP E; !ilIt*1ig~:;iE~~:W: ' {§1tl:p.Jt~*1ig~:BE:~1.«§o.;ffz~r~' 0 .B9i- ,tE:tr~~J.m 
~&~ Joo ppm ~it~~r:f:t 10 %. ' 1tl:p.~!PT 1.«H!ZSI~~fifJUI8ii'~~zf;t 0 {§lLt~i~ 
.:...tJ711f:'JElfft1{o 

. m.ft1Jrm' Jlt~~thVfC7K&J1:7kw.i~1J:ltJtt3C*if:W:' w.i*,zrJ.!_.~Z~}Jlj' mf~gJlf1t*~ 
iEi~ 80 %thl: ' iiUi&i*m.ft*~t![:t(\lJ}t 0 PJf~.~J.R~:tE~~¥.m.ft~~1l1.::p:.B_~*rJjm 0 lltMt 
::9t:tEm{~~r:f:t ' Vlbk:ltgfl1.ft;jf*z1illffi-~~~~~~T*I8ii" *if:W:~~§!ZiF:mt:!.Wif,JI! 0:f~ 
, ~~~rJ.!~M~lfliiU*gnX:*.w. 0 J}t*I8"ii'ilJth Tetracycline** ]lt~.7t7lIft 15%0 ~-'Fz7$7k 

IWJ1: 0 ¥.~~~~,~, $'~' £:;§;;ff:!1fJ.~'~ (~*:tEMftt!,jJiif ' *1t!±l3;fli&i) ~rRljmJ{IJ*~~qj' 
z.jjff:'JEo , 

.1Il:~'. ~~tm&f.7kJ}t::9t~~*if*' B1igm!±l~tt;YJJJ.R' r..1j~:tE~PJf"Utz~1.«9.£?fm 

~~W*1ig~1f Jt(;&: 0 J}t~~~::ElJ!.1§ ~~~:l<J:!{iiJ~W ;YJJ1.«l: 0 1I~~1.«;;-Z§:£Ji\H~Pl!f1W;tt~ 
~.~~I=!z'll·~' J}t]J.~I!i~;&:*;;ff~[fi]t3C~Z7k~§:£-mz·M 0 :mT;l1I§-tf7l!fMJ}t;YJJ1.«~· 
Jl!%7IIftzHl1* ' iW~1tfF~:#('fJifilif~~ , ~~.~~§:£;ffZ\f;l%ilJtt~II;ff!'i".' 13P 17 -44%p 
., :;t:!-t:fJi~1:E~®£:!-t:tf1i5;Jl!%7Iti:zffiitIftRJ1l1;¥.17%o' :f~' t-t.%7IIft~.ftz~~·~JtIJ~!!f 
~® 0 ~:llIJ}t~'llM:' lf~.IfF]J'i':m~:l<J:!{iiJit:I4J1.«~~~~7k ,·J}t~*mr~~'M1J7*' 
~~~~~~~'jf~.%7Iti: ' %~J{IJ~'i'!4J~±Jt(:BE:~tf7:IJn~ 9 *if*!It~~:I%W 30 :;RWJt(:BE: 

. ~ 1.0 JJ:.1.1 a:%tI;&:Z2 JI!]J.~iW*' ;ltJl!:$}~.ft11~j(1l fig. 1 PJf~ 0 :tEJ}ti&i~*#J~-m:t.r~ 

tE 'iWlf~~t!f:f53-!t~iiU~~Ij:'/fl5fjgi*~D:AAn!l '¥lJ~lf~J{IJ:f:tE~rJ.!TJ'ij;I:~a~~t!f' ~ 
:Jli1t-ml!J*:mfB:~' Jt(;&:5*EJt~~ 0 :f**~gfl1.f[::~~27~~Vffi*g , 71<li~ll1¥3£ 17a e , J}t~.~ 

* m G. R. ~~Jtt!.~U:;iE 0 

** :llI~]JJVHlI.Z~~ , J}t~*Blii'RJth Tetracycline 2 ppm I3PRJ1JIlilflJ;lt§:£:BE: 0 
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Fig. 

Fig. 2 
Fig. 3 

Fig. 4 

Explanation of Figures 

The cu lture tank used for thi s experi
ment. 
Eggs a t the end of 1st cleavage. 
Nauplius in egg-shell immed iate ly be
forc hatching, 12 hours after spawning. 
1st nauplius. 

( Penaells mOllodon) 

Fig. 5 2nd zoea. 
Fig. 6 3rd mysi s. 
Fig. 7 Postlarva, 2.3 em In length (29 days 

afte r hatching). 
Fig. 8 Young prawns. 
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Fig. 1 
Fig. 2 
Fig. 3 

Fig. -+ 

Explanation of Figures ( Melapellaelts monoceros) 

Eggs at the end of 1st cleavage. 
Embryo, 6 hou rs aftcr spawning. 
Nauplius in egg-shell , 11 hours .after 
spawning. 
5th nauplius. 

- 73 

Fig. 5 
Fig. 6 
Fig. 7 

Fig. 8 

2nd lOea. 
1st mysis . 
Pos.t1arva, 1.-+ em in length (32 days 
after hatching) 
Young prawns. 

























































































This hybrid of m !?- x 1l if appears to be more resistant to low tempera
ture than T. nwssambica, although specific tests remain to be made at different 
low temperatures. 

f 

o c."" 
I ' . 

5 
I 

10 
I If 

Figure 1. Hybrid of T. rnossarnbica If X T. nilotica d" 
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